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CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

BACKGROUND

Embodiments of the present description generally relate to the field of
microelectronic device fabrication and, more particularly, to the fabrication of capping
dielectric structures within non-planar transistor gates.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. 1 is a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG. 2 illustrates a side cross-sectional view of a non-planar transistor fin formed
in or on a microelectronic substrate.

FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited over
the non-planar transistor fin of FIG. 2, according to an embodiment of the present
description.

FIG. 4 illustrates a side cross-sectional view of a trench formed in the sacrificial
material deposited to expose a portion of the non-planar transistor fin of FIG. 3, according
to an embodiment of the present description.

FIG. 5 illustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG. 4, according to an embodiment of the present description.

FIG. 6 illustrates a side cross-sectional view of the sacrificial gate after the
removal of the sacrificial material of FIG. 5, according to an embodiment of the present
description.

FIG. 7 illustrates a side cross-sectional view of a conformal dielectric layer
deposited over the sacrificial gate and microelectronic substrate of FIG. 6, according to an

embodiment of the present description.
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FIG. 8 illustrates a side cross-sectional view of gate spacers formed from the
conformal dielectric layer of FIG. 7, according to an embodiment of the present
description.

FIG. 9 illustrates a side cross-sectional view of a source region and a drain region
formed in the non-planar transistor fin on either side of the gate spacers of FIG. 8,
according to an embodiment of the present description.

FIG. 10 illustrates a side cross-sectional view of a first dielectric material deposited
over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microelectronic substrate of FIG. 9, according to an embodiment of the present
description.

FIG. 11 illustrates a side cross-sectional view of the structure of FIG. 10 after
planarizing the first dielectric material to expose a top surface of the sacrificial gate,
according to an embodiment of the present description.

FIG. 12 illustrates a side cross-sectional view of the structure of FIG. 11 after the
removal of the sacrificial gate to form a gate trench, according to an embodiment of the
present description.

FIG. 13 illustrates a side cross-sectional view of the structure of FIG. 12 after the
formation of a gate dielectric adjacent the non-planar transistor fin between the gate
spacers, according to an embodiment of the present description.

FIG. 14 illustrates a side cross-sectional view of a conductive gate material
deposited in the gate trench of FIG. 13, according to an embodiment of the present
description.

FIG. 15 illustrates a side cross-sectional view of the structure of FIG. 14 after the
removal of excess conductive gate material to form a non-planar transistor gate, according
to an embodiment of the present description.

FIG. 16 illustrates a side cross-sectional view of the structure of FIG. 15 after
etching away a portion of the non-planar transistor gate to form a recessed non-planar
transistor gate, according to an embodiment of the present description.

FIG. 17 illustrates a side cross-sectional view of the structure of FIG. 16 after
depositing a capping dielectric material into the recess resulting from the formation of the
recessed non-planar transistor gate, according to an embodiment of the present description.

FIG 18 illustrates a flow diagram of a high density deposition process for the
deposition of the capping diclectric material of FIG. 17, according to an embodiment of
the present description.
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FIG. 19 illustrates a side cross-sectional view of the structure of FIG. 17 after the
removal of excess capping dielectric material to form a capping dielectric structure on the
non-planar transistor gate, according to an embodiment of the present description.

FIG. 20 illustrates a side cross-sectional view of a second dielectric material
deposited over the first dielectric material layer, the gate spacers, and the sacrificial gate
top surface of FIG. 19, according to an embodiment of the present description.

FIG. 21 illustrates a side cross-sectional view of an etch mask patterned on the
second dielectric material of FIG. 20, according to an embodiment of the present
description.

FIG. 22 illustrates a side cross-sectional view of a contact opening formed through
the first and second dielectric material layer of FIG. 21, according to an embodiment of
the present description.

FIG. 23 illustrates a side cross-sectional view of the structure of FIG. 22 after the
removal of the etch mask, according to an embodiment of the present description.

FIG. 24 illustrates a side cross-sectional view of a conductive contact material
deposited in the contact opening of FIG. 23, according to an embodiment of the present
description.

FIG. 25 illustrates a side cross-sectional view of the structure of FIG. 24 after the
removal of the excess conductive contact material to form a source/drain contact,
according to an embodiment of the present description.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the claimed
subject matter may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the subject matter. It is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive. For
example, a particular feature, structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other embodiments without departing
from the spirit and scope of the claimed subject matter. References within this
specification to “one embodiment” or “an embodiment” mean that a particular feature,
structure, or characteristic described in connection with the embodiment is included in at
least one implementation encompassed within the present invention. Therefore, the use of
the phrase “one embodiment” or “in an embodiment” does not necessarily refer to the

same embodiment. In addition, it is to be understood that the location or arrangement of
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individual elements within each disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detailed description
is, therefore, not to be taken in a limiting sense, and the scope of the subject matter is
defined only by the appended claims, appropriately interpreted, along with the full range
of equivalents to which the appended claims are entitled. In the drawings, like numerals
refer to the same or similar elements or functionality throughout the several views, and
that elements depicted therein are not necessarily to scale with one another, rather
individual elements may be enlarged or reduced in order to more easily comprehend the
elements in the context of the present description.

In the fabrication of non-planar transistors, such as tri-gate transistors and
FinFETs, non-planar semiconductor bodies may be used to form transistors capable of full
depletion with very small gate lengths (e.g., less than about 30 nm). These semiconductor
bodies are generally fin-shaped and are, thus, generally referred to as transistor “fins”.

For example in a tri-gate transistor, the transistor fins have a top surface and two opposing
sidewalls formed on a bulk semiconductor substrate or a silicon-on-insulator substrate. A
gate dielectric may be formed on the top surface and sidewalls of the semiconductor body
and a gate electrode may be formed over the gate dielectric on the top surface of the
semiconductor body and adjacent to the gate dielectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate electrode are adjacent to
three surfaces of the semiconductor body, three separate channels and gates are formed.
As there are three separate channels formed, the semiconductor body can be fully depleted
when the transistor is turned on. With regard to finFET transistors, the gate material and
the electrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed (rather than three in tri-gate transistors).

Embodiments of the present description relate to the formation of microelectronic
transistors, wherein the transistor includes a recessed gate electrode capped by a
substantially void-free dielectric capping dielectric structure which may be formed with a
high density plasma process. Although embodiments herein are described in terms of non-
planar transistors and replacement gate techniques, the subject matter is not so limited, as
the subject matter may be used in planar transistors and in non-replacement gate
applications.

FIG. 1 is a perspective view of a non-planar transistor 100, including at least one
gate formed on at least one transistor fin, which are formed on a microelectronic substrate

102. In an embodiment of the present disclosure, the microelectronic substrate 102 may
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be a monocrystalline silicon substrate. The microelectronic substrate 102 may also be
other types of substrates, such as silicon-on-insulator (“SOI”), germanium, gallium
arsenide, indium antimonide, lead telluride, indium arsenide, indium phosphide, gallium
arsenide, gallium antimonide, and the like, any of which may be combined with silicon.

The non-planar transistor, shown as a tri-gate transistor, may include at least one
non-planar transistor fin 112. The non-planar transistor fin 112 may have a top surface
114 and a pair of laterally opposite sidewalls, sidewall 116 and opposing sidewall 118,
respectively.

As further shown in FIG. 1, at least one non-planar transistor gate 122 may be
formed over the non-planar transistor fin 112. The non-planar transistor gate 122 may be
fabricated by forming a gate dielectric layer 124 on or adjacent to the non-planar transistor
fin top surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar transistor fin sidewall 118. A gate electrode 126 may be formed on
or adjacent the gate dielectric layer 124. In one embodiment of the present disclosure, the
non-planar transistor fin 112 may run in a direction substantially perpendicular to the non-
planar transistor gate 122.

The gate dielectric layer 124 may be formed from any well-known gate dielectric
material, including but not limited to silicon dioxide (Si0), silicon oxynitride (SiOxNy),
silicon nitride (Si3Ny), and high-k dielectric materials such as hafnium oxide, hafnium
silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium
silicon oxide, tantalum oxide, titanium oxide, barium strontium titanium oxide, barium
titanium oxide, strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium
tantalum oxide, and lead zinc niobate. The gate dielectric layer 124 can be formed by
well-known techniques, such as by conformally depositing a gate dielectric material and
then patterning the gate dielectric material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

The gate electrode 126 can be formed of any suitable gate electrode material. In an
embodiment of the present disclosure, the gate electrode 126 may be formed from
materials that include, but are not limited to, polysilicon, tungsten, ruthenium, palladium,
platinum, cobalt, nickel, hafnium, zirconium, titanium, tantalum, aluminum, titanium
carbide, zirconium carbide, tantalum carbide, hafnium carbide, aluminum carbide, other
metal carbides, metal nitrides, and metal oxides. The gate electrode 126 can be formed by

well-known techniques, such as by blanket depositing a gate electrode material and then
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patterning the gate electrode material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

A source region and a drain region (not shown in FIG. 1) may be formed in the
non-planar transistor fin 112 on opposite sides of the gate electrode 126. In one
embodiment, the source and drain regions may be formed by doping the non-planar
transistor fins 112, as will be understood to those skilled in the art. In another
embodiment, the source and drain regions may be formed by removing potions of the non-
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skilled in the art.

FIGs. 2-26 illustrate side cross-sectional view of one embodiment of fabricating a
non-planar transistor, wherein FIGs. 2-5 are views along arrows A-A and B-B of FIG. 1,
FIGs. 6-15 are views along arrows A-A of FIG. 1, and FIG. 16-26 are views along arrows
C-C of FIG. 1.

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by etching
the microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the
microelectronic substrate 102 by any technique known in the art. As illustrate in FIG. 3, a
sacrificial material 132 may be deposited over the non-planar transistor fin 112, as shown
in FIG. 3, and a trench 134 may be formed in the sacrificial material 132 to expose a
potion of the non-planar transistor fin 112, as shown in FIG. 4. The sacrificial material
132 may be any appropriate material known in the art, and the trench 134 may be formed
by any technique known in the art, including but not limited to lithographic masking and
etching.

As shown in FIG. 5, a sacrificial gate 136 may be formed in the trench 134 (see
FIG. 4). The sacrificial gate 136 may be any appropriate material, such as a polysilicon
material and the like, and may be deposited in the trench 134 (see FIG. 4) by any
technique known in the art, including but not limited to chemical vapor deposition
(“CVD”) and physical vapor deposition (“PVD”).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed to
expose the sacrificial gate 136 by any technique known in the art, such as selectively
etching the sacrificial material 132. As shown in FIG. 7, a conformal dielectric layer 142
may be deposited over the sacrificial gate 136 and microelectronic substrate 102. The
conformal dielectric layer 142 may be any appropriate material, including but not limited
to silicon nitride (SizN4) and silicon carbide (SiC), and may be formed by any appropriate
technique including but not limited to atomic layer deposition (“ALD”).
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As shown in FIG. 8, the conformal diclectric layer 142 of FIG. 7 may be etched,
such as by directional etch with an appropriate etchant, to form a pair of gate spacers 144
on sidewalls 146 of the sacrificial gate 136, while substantially removing the conformal
dielectric material layer 142 adjacent the microelectronic substrate 102 and a top surface
148 of the sacrificial gate 136. It is understood that fin spacers (not shown) may be
simultaneously formed on sidewalls 116 and 118 (see FIG. 1) of the non-planar transistor
fin 112 during the formation of the gate spacers 144.

As shown in FIG. 9, a source region 150a and a drain region 150b may be formed
on either side of the gate spacers 144. In one embodiment, the source region 150a and the
drain region 150b may be formed in the non-planar transistor fin 112 with the implantation
of dopants. As will be understood to those skilled in that art, dopant implantation is a
process of introducing impurities into semiconducting materials for the purpose changing
its conductivity and electronic properties. This is generally achieved by ion implantation
of either P-type ions (e.g. boron) or N-type ions (e.g. phosphorus), collectively referred to
as “dopants”. In another embodiment, portions of the non-planar transistor fin 112 may be
removed by any technique known in the art, such as etching, and the source region 150a
and a drain region 150b may be formed in place of the removed portions. The source
region 150a and the drain region will hereinafter be referred to collectively as
“source/drain region 150”.

As shown in FIG. 10, a first dielectric material layer 152 may be deposited over the
gate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin 112, and
the microelectronic substrate 102. The first dielectric material layer 152 may be
planarizing to expose the sacrificial gate top surface 148, as shown in FIG. 11. The
planarization of the first dielectric material layer 152 may be achieved by any technique
known in the art, including but not limited to chemical mechanical polishing (CMP).

As shown in FIG. 12, the sacrificial gate 136 of FIG. 11 may be removed to form a
gate trench 154. The sacrificial gate 136 may be removed by any technique known in the
art, such as a selective etch. As shown in FIG. 13, the gate dielectric layer 124, as also
illustrated in FIG. 1, may be formed to abut the non-planar transistor fin 112, as previously
discussed.

As shown in FIG. 14, a conductive gate material 156 may be deposited in the gate
trench 154, and excess conductive gate material 156 (e.g. conductive gate material 156 not
within the gate trench 154 of FIG. 12) may be removed to from the non-planar transistor

gate electrode 126 (see also FIG. 1), as shown in FIG. 15. The materials and methods of
27-
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forming the gate electrode 126 have been previously discussed. The removal of the excess
conductive gate material 156 may be achieved by any technique known in the art,
including but not limited to chemical mechanical polishing (CMP), etching, and the like.

As shown in FIG. 16, a portion of the non-planar transistor gate electrode 126 may
be removed to form a recess 158 and a recessed non-planar transistor gate 162. The
removal may be accomplished by any known technique, including but not limited to wet
or dry etching.

As shown in FIG. 17, a capping dielectric material 164 may be deposited to fill the
recess 158 of FIG. 16. The capping dielectric material 164 may be any appropriate
material, including but not limited to silicon nitride (SixNy) and silicon carbide (SixCy).
However, known processes for depositing dielectrics, such as plasma enhanced chemical
vapor deposition, may not be capable of filing recesses 158 that have high aspect ratios
(height to width ratio) and may result in voids forming in the capping dielectric material
164. Such voids may result in contact-to-gate short circuits, as will be discussed. To
prevent voids from forming, high temperature deposition techniques (e.g. greater than
400°C) may be employed. However, high temperature deposition may affect the work
function of the non-planar transistor gate electrode 126, as will be understood by those
skilled in the art. Furthermore, high temperature deposition may result in dopant
movement or deactivation in the source/drain regions 150.

FIG. 18 is a flow diagram of a high density plasma (HDP) dielectric deposition
process 200 for forming substantially void free capping dielectric material 164 (see FIG.
17) within a high aspect ratio recesses 158 (see FIG. 17). As defined in block 210, walls
of a high density plasma chamber may be coated with a desired dielectric film, i.e. the
dielectric to be deposited. As defined in block 220, a microelectronic substrate, such as a
silicon wafer, may be placed on a chuck in the high density plasma chamber. In one
embodiment, the chuck may be a water-cooled ceramic electrostatic chuck at room
temperature, ¢.g. about 75°C. As defined in block 230, the high density plasma chamber
may be pressurized with an inert gas, such as argon. In one embodiment, the high density
plasma chamber may be pressure to a pressure greater than about 40 mTorr to strike a
sustainable low power radio frequency (RF) plasma. As defined in block 240, RF
electrodes within the high density plasma chamber may be powered up while introducing
at least one reactive gas into the high density plasma chamber. In one embodiment, cach
of the RF electrodes, such as top and side electrodes, may be powered up to a range

between about 2kV and 8kV for a time duration between about 30 and 60 seconds. The
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reactive gas may include, but is not limited to oxygen, nitrogen, and the like. The
microelectronic substrate temperature can be modulated between less than about 300°C
and 600°C by adjusting the temperature of the chuck. It is understood that the time
duration, microelectronic substrate temperature, RF power, and reactive gas mixture may
be adjusted for a desired deposition result. As defined in block 250, the deposition gas
may be introduced to the high density plasma chamber while powering a bias RF
electrode. In one embodiment, a deposition gas comprising silane (SiHs), nitrogen (N3),
argon (Ar), and helium (He) may be used to deposit a silicon nitride dielectric. In another
embodiment, a deposition gas comprising silane (SiH,), methane (CHy), argon (Ar), and
helium (He) may be used to deposit a silicon carbide diclectric. The RF electrode may be
power to a range between about 3kV and 5kV with a bias RF electrode ranging from about
1kV and 3kV. The ratio of the nitrogen gas volume to the silane gas volume for silicon
nitride deposition and ratio of the methane gas volume to the silane gas volume may be
between about 0.5 and 9, depending on the desired properties of the dielectric layer, while
the silane gas flow is kept between about 30 and 70 sccm. Under these conditions, the
deposition rate may be in a range between about 7 to 30 Angstroms per second. It is
understood that the deposition duration may be calculated based on the desired dielectric
layer thickness and deposition rate. As defined in block 260, the deposition process is
discontinued by discontinuing the introduction of deposition gas into the high density
plasma deposition chamber and discontinuing power to the bias RF. The power to the RF
electrodes may be ramped down and electrostatic charges are dissipated off of the
microelectronic substrate, so that the microelectronic substrate can be removed from the
electrostatic chuck. After removal the high density plasma chamber may be cleaned, such
as by a remote plasma unit, and the walls of the high density plasma chamber may be
recoated with a desired dielectric film.

The above-described process may result in simultaneous deposition and sputtering
of the dielectric layer, wherein an appropriate deposition to sputtering ratio may result in a
substantially void-free dielectric layer.

After deposition, the capping dielectric material 164 may be planarized to remove
excess capping dielectric material 164 (e.g. capping dielectric material 164 not within the
recess of FIG. 16) to form a capping dielectric structure 166 on the recessed non-planar
transistor gate 162 and between a gate spacers 144, as shown in FIG. 19. The removal of

the excess capping dielectric material 164 may be achieved by any technique known in the
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art, including but not limited to chemical mechanical polishing (CMP), etching, and the
like.

As shown in FIG. 20, a second diclectric material layer 168 may be deposited over
the first dielectric material layer 152, the gate spacers 144, and the capping dielectric
structure 166. The second dielectric material layer 168 may be formed from any
appropriate dielectric material, including but not limited to silicon dioxide (S10,), silicon
oxynitride (SiOxNy), and silicon nitride (Si3N4), by any known deposition technique. As
shown in FIG. 21, an etch mask 172 may be patterned with at least one opening 174 on the
second dielectric material layer 168, such as by well known lithographic techniques.

As shown in FIG. 22, a contact opening 182 may be formed through the first
dielectric material layer 152 and the second dielectric material layer 168 by etching
through the etch mask opening 174 of FIG. 21 to expose a portion of the source/drain
region 150. The etch mask 172 of FIG. 22 may be removed thereafter, as shown in
FIG. 23. In one embodiment, the first dielectric material layer 152 and the dielectric
material layer 168 differs from dielectric material of both the gate spacers 144 and the
capping dielectric structure 166, such that the etching of the first dielectric material layer
152 and the second dielectric layer 168 may be selective to the gate spacers 144 and the
capping dielectric structure 166 (i.e. etches faster). This is known in the art as a self-
aligning.

As shown in FIG. 24, a conductive contact material 188 may be deposited in the
contact opening 182 of FIG. 23. The conductive contact material 188 may include, but is
not limited to, polysilicon, tungsten, ruthenium, palladium, platinum, cobalt, nickel,
hafnium, zirconium, titanium, tantalum, aluminum, titanium carbide, zirconium carbide,
tantalum carbide, hafnium carbide, aluminum carbide, other metal carbides, metal nitrides,
and metal oxides. It is understood that various adhesion layers, barrier layers, silicide
layers, and/or conductive layers may be conformally disposed or formed in the contact
opening 182 of FIG. 23 prior to the deposition of the conductive contact material 188.

As shown in FIG. 25, excess conductive contact material 188 of FIG. 24 (ec.g.
conductive contact material 188 not within the contact opening 182 of FIG. 12) may be
removed to form a source/drain contact 190. The removal of the excess conductive
contact material 188 may be achieved by any technique known in the art, including but not
limited to chemical mechanical polishing (CMP), etching, and the like.

As previously discussed, in one embodiment, the first dielectric material layer 152

and the dielectric material layer 168 differs from dielectric material of both the gate
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spacers 144 and the capping dielectric structure 166, such that the etching of the first
dielectric material layer 152 and the second dielectric layer 168 may be selective to the
gate spacers 144 and the capping dielectric structure 166 (i.e. etches faster). Thus, the
recessed non-planar transistor 162 is protected during the formation of the contact opening
182. This allows for the formation of a relatively large sized source/drain contact 190,
which may increase the transistor drive current performance, without the risk of shorting
between the source/drain contact 190 and the recessed non-planar transistor gate 162.

This is not possible if voids exist in the capping diclectric structure 144, as the voids
would increase the likelihood of shorting between the source/drain contact 190 and the
recessed non-planar transistor gate 162.

It is understood that the subject matter of the present description is not necessarily
limited to specific applications illustrated in FIGs. 1-25. It is understood that although the
illustrated embodiments are directed to non-planar applications, the subject matter may be
applied to non-planar transistors and to non-replacement gate applications. Furthermore,
the subject matter may be applied to other microelectronic device fabrication applications,
as will be understood to those skilled in the art.

Having thus described in detail embodiments of the present invention, it is
understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description, as many apparent variations thereof are

possible without departing from the spirit or scope thereof.
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CLAIMS
What is claimed is:
1. A transistor gate, comprising:

a pair of gate spacers

a recessed gate electrode disposed between the pair of gate spacers; and

a substantially void free capping diclectric structure disposed adjacent the recessed
gate electrode and between the pair of gate spacers.

2. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon nitride.

3. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon carbide.

4. The transistor gate of claim 1, wherein the recessed gate electrode is a non-planar
gate electrode.

5. A microelectronic device, comprising:

a non-planar transistor gate over a non-planar transistor fin, wherein the non-planar
transistor gate comprises a gate electrode recessed between a pair of gate spacers and a
substantially void free capping dielectric structure disposed on the recessed gate electrode
between the gate spacers,

a source/drain region;

at least one dielectric material layer over the source/drain region, the non-planar
transistor gate spacers, and the substantially void free capping dielectric structure; and

a source/drain contact extending through a portion of the at least one dielectric
material layer to contact the source/drain region.
6. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon nitride.
7. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon carbide.
8. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of one non-planar transistor gate spacer.
9. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of the capping dielectric structure.
10. A method of fabricating a transistor gate, comprising:

forming a pair of gate spacers;

forming a gate electrode disposed between the pair of gate spacers; and
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high density plasma depositing a capping dielectric structure on a top surface of the
recessed gate electrode and between the pair of gate spacers.
11.  The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
dielectric structure.
12.  The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon carbide capping
dielectric structure.
13.  The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing the capping dielectric
structure at a temperature between about 300 °C and 600°C.
14.  The method of claim 10, wherein forming the gate electrode comprises forming a
non-planar gate electrode.
15. A method comprising:

forming a sacrificial non-planar transistor gate over a non-planar transistor fin;

depositing a diclectric material layer over the sacrificial non-planar transistor gate
and the non-planar transistor fin;

forming non-planar transistor gate spacers from a portion of the dielectric material
layer adjacent the sacrificial non-planar transistor gate;

forming a source/drain region;

removing the sacrificial non-planar transistor gate to form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar transistor fin;

forming a gate dielectric adjacent the non-planar transistor fin within the gate
trench,;

depositing conductive gate material within the gate trench;

removing a portion of the conductive gate material to form a recess between the
non-planar transistor gate spacers;

forming a capping dielectric structure within the recess by high density plasma
depositing a dielectric material;

forming at least one dielectric material over the source/drain region, the non-planar
transistor gate spacers, and the capping dielectric structure; and

forming a contact opening through the at least one dielectric material to expose at

least a portion of the source/drain region.
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16.  The method of claim 15, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
dielectric structure.

17.  The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing a silicon carbide capping

dielectric structure.

18.  The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing the capping dielectric

structure at a temperature between about 300 °C and 600°C.

19.  The method of claim 15, wherein forming a capping dielectric structure comprises:
high density plasma depositing capping dielectric material within the recess; and
removing excess capping dielectric material.

20.  The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the dielectric material which exposes at least a portion of the

source/drain region and at least a portion of one non-planar transistor gate spacer.

21.  The method of claim 20, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region and exposed portion of the non-planar

transistor gate spacer.

22. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the dielectric material which exposes at least a portion of the

source/drain region and at least a portion of the capping dielectric structure.

23.  The method of claim 22, further comprising forming a source/drain contact abuts

the exposed portion of the source/drain region and the exposed portion of the capping

dielectric structure.

24.  The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the dielectric material exposes at least a portion of the

source/drain region, at least a portion of the non-planar transistor gate spacer, and at least a

portion of the capping diclectric structure.

25.  The method of claim 24, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region, the exposed portion of non-planar gate

spacer, and the exposed portion of the capping dielectric structure.
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