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SEMICONDUCTOR DEVICE AND RELATED FABRICATION METHODS -

TECHNICAL FIELD
[0001] Embodiments of the subject matter described herein relate generally to
semiconductor devices and methods for fabricating semiconductor devices, and more
particularly, embodiments of the subject matter relate to methods for fabricating trench field

effect transistor structures that include lateral gate structures.

BACKGROUND

[0002] Decreasing transistor size has traditionally been a high priority in the
semiconductor manufacturing industry. Trench metal oxide semiconductor field-effect
transistors (MOSFETs) are commonly used to provide desired transistor functionality with
reduced die size relative to lateral MOSFET devices. Traditionally, the required size of a
trench MOSFET was dictated by the desired on-state resistanée. More recently, the required
size of a trench. MOSFET is dictated by the desired energy (or current) capability and/or the
desired thermal stability. |

» BRIEF DESCRIPTION OF THE DRAWINGS

[0003] 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.
[0004] FIGS. 1-12 illustrate cross-sectional and top views of a semiconductor device
structure and exemplary methods for fabricating the semiconductor device structure in
accordance with one or more embodiments of the invention; and

[0005] FIG. 13 illustrates a cross-sectional view of a semiconductor device structure in

accordance with another embodiment of the invention.

DETAILED DESCRIPTION
[0006] 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,
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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, bfief summary or the following detailed
description.

[0007] FIGS. 1-12 illustrate methods for fabricating a semiconductor device structure
100 in accordance with exemplary embodiments. As described in greater detail below, the
semiconductor device structure 100 is a hybrid of trench metal oxide semiconductor field-
effect transistor (MOSFET) and a vertically diffused metal oxide semiconductor (VDMOS).
In other words, the semiconductor device structure 100 includes a trench MOSFET structure
and a VDMOS structure that share a common drain region and body region. Although
“MOS?” properly refers to a device having a metal gate electrode and an oxide gate insulator,
the Subject matter may be utilized with any semiconductor device that includes a conductive
gate electrode (whether metal or other conductive material) that is positioned with respect to
a gate insulator (whether oxide or other insulator) which, in turn, is positioned with respect to
a semiconductor substrate to implement a field-effect transistor, and the subject matter is not
intended to be limited to a metal gate electrode and an oxide gate insulator. Furthermore, it
should be appreciated that although the subject matter may be described herein in the context
of an N-type (Qf N-channel) device, the subject matter is not intended to be limited to N-type
devices and may be implemented in an equivalent manner for a P-type (or P-channel) device.
Various steps in the manufacture of MOS devices 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 well known process details.

[0008] Referring to FIG. 1, the illustrated fabrication process begins by providing an
appropriate substrate of semiconductor material 102 and forming a voided region 104
(alternatively referred to herein as a trench) in the semiconductor material 102. In an
exemplary embodiment, the‘semiconductor material 102 is realized as a silicon material as
typically used in the semiconductor industry (e.g., relatively pure silicon or silicon admixed
with other elements such as germanium, carbon, and the like), although it will be appreciated
that other semiconductor materials may be used in alternative embodiments. Accordingly,

for convenience, but without limitation, the semiconductor material 102 is alternatively
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referred to herein as silicon material. In an exemplary embodiment, the silicon material 102
is doped with ions of a conductivity-determining impurity type to provide an electrode region
or terminal region (e.g., a drain region) for the device structure 100. For example, for an N-
channel device, the silicon material 102 may be doped with N-type ions, such as phosphorous

ions (or a phosphorous ionized species), having a dopant concentration of about

16
1.0x10 4 m In accordance with one embodiment, the doped silicon material 102 is

formed by epitaxially growing the silicon material 102 on a semiconductor substrate (e.g.,a
bulk silicon substrate, a silicon on insulator substrate, or the like) and in-situ doping the
silicon material 102 by adding phosphorous ions to the reactants used to epitaxially grow the
silicon material 102.

[0009] In an exemplary embodiment, the trench 104 is formed by forming a layer of
masking material overlying the silicon material 102, patterning the masking material to
expose a portion of the silicon material 102 to be removed, and selectively removing the
exposed portion of the silicon material 102 using the remaining masking material as an etch
mask. In the illustrated embodiment, a layer of dielectric material 106, such as an oxide
material, is formed overlying the silicon material 102, and a layer of masking material 108 is
formed overlying the dielectric material 106. The layer of masking material 108 may be
formed by .conformably depositing a hard mask material, such as a nitride material (e.g.,
silicon nitride, silicon oxynitride, or the like), overlying the layer of dielectric material 106 to
accommodate the selective etching of underlying silicon material 102 when subsequently
used as an etch mask. For convenience, but without limitation, the masking material 108
may hereinafter be referred to as the pad nitride. In an exemplary embodiment, the pad
nitride 108 is patterned to expose the portion of the silicon material 102 to be removed for
trench 104 while masking the remaining silicon material 102, and an anisotropic etchant is
utilized to remove exposed (or unprotected) portions of the dielectric material 106 and the
silicon material 102 to form the trench 104. For example, the exposed portion of silicon
material 102 may be anisotropically etched by plasma-based reactive ion etching (RIE) using
an anisotropic etchant chemistry, such as a fluorocarbon-based plasma chemistry that etches
the silicon material 102 with good selectivity relative to the pad nitride 108. In accordance
with one or more embodiments, the trench 104 is etched to a depth in the range of about one

to two micrometers (or microns) relative to the surface of the silicon material 102. The
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trench 104 in the silicon material 102 defines the dimensions and/or shape of a trench gate‘
structure subsequently formed therein, as described in greater detail below in the context of
FIG. 3.

[0010] In accofdance with one or more embodiments, after formiﬁg the trench 104, the
fabrication process continues by forming a sacrificial oxide layer in the trench 104 and
removing the sacrificial oxide layer to reduce the roughness of the bottom and sidewall
surfaces of the trench 104 and round the corners of the trench 104 to prevent creation of
uneven electric fields at the corners of the trench 104. For example, a sacrificial oxide layer
may be thermally grown on the bottom surface 107 and the sidewall surface 105 of the trench
104 by exposing the device structure 100 of FIG. 1 to an oxidizing ambient at an elevated
temperature that promotes selective growth of oxide material on the exposed surfaces 103,
107 of the silicon material 102. In an exemplary embodiment, the sacrificial oxide layer is
formed to a thickness in the range of about 30 nanometers (nm) to about 100 nm. In practice,
during the oxidation process, oxide material may also grow on the exposed dielectric material
106 and/or pad nitride 108, however, the oxidation rate of the silicon material 102 is
sufficiently greater than the oxidation rate of the dielectric material 106 and/or bad nitride
108 such that the amount of oxide material formed on the dielectric material 106 and/or pad
nitride 108 is negligible. The sacrificial oxide layer is then completely removed from the
bottom and sidewall surfaces 105, 107 of the trench 104 using an isotropic etchant chemistry
that etches oxide material with good selectivity relative to the pad nitride 108, such that the
dielectric material 106 and pad nitride 108 remain substantially intact .after the sacrificial
oxide layer is removed (although the dielectric material 106 and/or pad nitride 108 may be
partially etched). As illustrated in FIG. 1, the formation and subsequent etching of the
sacrificial oxide layer rounds the corners and edges of the trench 104, including where the
bottom surface 107 and sidewall surface 105 intersect and where the sidewall surface 105
and the upper surface of the silicon material 102 intersect, to improve uniformity of a gate
dielectric material for a trench gate structure subsequently formed in the trench 104 and
reduce peak electric fields at the corners of the trench 104. »

[0011]  Referring now to FIG. 2, in an exemplary embodiment, the fabrication process
continues by forming a layer of dielectric material 110 in the trench 104. The dielectric

material 110 functions as the gate insulator for a trench gate structure formed in the trench
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104, as described in greater detail below. In an exemplary embodiment, the layer of
dielectric material 110 is formed by thermally growing an oxide material, such as silicon
dioxide, on the exposed bottom and sidewall surfaces 105, 107 of the trench 104 by exposing
the device structure 100 to an oxidizing ambient at temperature in the range of about 800° C
to about 1000° C to promote selective growth of oxide material on the exposed surfaces 105,
107 of silicon material 102 in the trench 104. For convenience, but without limitation, the
dielectric material 110 is alternatively referred to herein as an oxide material. In an
exemplary embodiment, the oxide material 110 is grown to a thickness of about 70nm. In
practice, during the oxidation process, oxide material may also grow on the exposed
dielectric material 106 and/or pad nitride 108, however, the oxidation rate of the silicon
material 102 is sufficiently greater than the oxidation rate of the dielectric material 106
and/or pad nitride 108 such that the amount of oxide material formed on the dielectric
material 106 and/or pad nitride. 108 is negligible as compared to the oxide material 110
grown in the trench 104. It should be noted that in some alternative embodiments, the
dielectric material 110 may be realized as a high-k dieléctric material, and/or the dielectric
material 110 may be formed in the trench 104 using a deposition process in lieu of the
thermal oxidation process described above.

[0012]  Referring now to FIG. 3, in an exemplary embodiment, the fabrication process
continues by forming.a layer of a conductive material 112 in the trench 104 to create a trench
gate structure 114 for the device structure 100. In this regard, the conductive material 112
functions as the conductive gate electrode material' of the trench gate structure 114. In an
exemplary embodiment, the conductive material 112 is realized as polycrystalline silicon
material that is conformably deposited overlying the device structure 100 of FIG. 2 by
chemical vapor deposition (CVD) process at a temperature in the range of about 700° C to
about 1000° C to a thickness greater than or equal to the depth of the trench 104 relative to
the surface of the silicon material 102. For convenience, but without limitation, the
conductive material 112 in the trench 104 may alternatively be referred to as the first
polysilicon material. In an exemplary embodiment, the first polysilicon material 112 is in-
situ doped by adding impurity-doping elements having the same conductivity-type as the
doped silicon material 102 to the reactants used to form the first polysilicon material 112.

For the exemplary N-channel device described herein, N-type impurity-doping elements,
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» . . . 0
such as arsenic ions having a dopant concentration of about 6-5% 10%m3 , are added to the

reactants used to i_form the first polysilicon material 112.

[0013] After conformably depositing the first polysilicon material 112 overlying the
device structure 100 of FIG. 2, the fabrication process continues by removing any excess
polysilicon material 112 that is not formed in the trench 104. In this regard, in accordance
with one embodiment, the excess polysilicon material 112 is removed using etch back
planarization by performing RIE using an anisotropivc etchant to remove the polysilicon
material 112 until the upper surface of the pad nitride 108 is exposed. In some embodiments,
the anisotropic etching may continue by removing some or all of the pad nitride 108 to
reduce the height of the polysilicon material 112 in the trench 104 to a height more closely
aligned with the surface of the silicon material 102. After performing the etch back of the
excess polysilicon material 112, any remaining pad nitride 108 may be removed by
performing a hot phosphoric acid etching process or another known etching process to obtain
the device structure 100 of FIG. 3. The remaining polysilicon material 112 in the trench 104
functions as an N+ trench gate structure 114 for the exemplary N-type hybrid trench
VDMOS device structure 100 described herein. It should be noted that in alternative
embodiments, in lieu of the etch back process described above, chemical-mechanical
planarization (CMP) may be used to polish the polysilicon material 112 with a chemical
slurry for a predetermined amount of time such that the CMP stops when the upper surface of
the pad nitride 108 and/or silicon material 102 is exposed.

[0014] Referring now to FIGS. 4-6, in an exemplary embodiment, after forming the
polysilicon material 112 in the trench 104, the fabrication process continues by forming a
layer of a second conductive material 116 overlying the device structure 100 of FIG. 3 and
selectively removing portions of the second conductive material 116 to define a lateral gate
structure 118 overlying the silicon material 102. In this regard, the second conductive
material 116 functions as the conductive gate electrode material of the lateral gate structure
118 and the underlying portion of dielectric material 106 remaining after removing portions
of the second conductive material 116 functions as the gate insulator for the lateral gate
structure 118. 1In an exemplary embodiment, the conductive material 116 is realized as an
undoped polycrystalline silicon material that is conformably deposited overlying the device

structure 100 of FIG. 3 by pefforming CVD at a temperature in the range of about 700° C to
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about 1000° C to a thickness in the range of about 500 nm to about 800 nm, resulting in the
device structure 100 of FIG. 4. In this manner, in some embodiments, the second conductive
material 116 fills any unoccupied space that may exist within the trench 104 below the
surface of the silicon material 102 after the etch back of the first polysilicon material 112.
For convenience, but without limitation, the conductive material 116 may alternatively be
referred to as the second polysilicon material to distinguish from the first polysilicon material
112 used for the trench gate structure 114,

[0015] Referring now to FIG. 5, after conformably depositing the second polysilicon
material 116, the fabrication process continues by selectively removing portions of the
second polysilicon material 116 overlying the trench 104 and the silicon material 102 to
define the lateral gate structure 118 overlying the silicon material 102. For example, a layer
of masking material (e.g., a photoresist material, a nitride material, or the like) may be
formed overlying the second polysilicon material 116, and portions of the masking material
may be selectively removed (e.g., using photolithography or a suitable etchant chemistry) to
define an etch mask that exposes the portions of the second polysilicon material 116
overlying the trench gate structure 114 and a region of the silicon material 102 adjacent to the
trench 104 and/or trench gate structure 114, that is, the region of silicon material 102
between the trench gate structure 114 and the subsequently formed lateral gate structure 118.
As described in greater detail below, the region of silicon material 102 between the trench
gate structure 114 and the lateral gate structure 118 is subsequently doped to provide a body
region for the device structure 100. The exposed portions of the second polysilicon material
116 are selectively removed using the etch mask by performing RIE using an anisotropic
etchant to remove the exposed portions of the second polysilicon material 116 while leaving
the masked portions of the second polysilicon material 116 intact to create the lateral gate
“structure 118. In an exemplary embodiment, the second polysilicon material 116 is etched
until the exposing the surfaces of the unmasked portions of silicon material 102. In this
regard, the etchant chemistry or etch conditions used to etch the second p.olysiliconvmaterial
116 may etch any exposed portions of the dielectric material 106.

[0016] FIG. 6 depicts a top view of the device structure 100 of FIG. 5 after etching the
second polysilicon material 116. As illustrated in FIGS. 5-6, the width of the lateral gate

structure 118 is substantially parallel to the width of the trench gate structure 114, and the
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gate structures 114, 118 are spaced apart by the region of silicon material 102 that is
subsequently doped to provide the body region for the device structure 100. As illustrated in
FIG. 6, in an exemplary embodiment, the etch mask used to form the lateral gate structure
118 is patterned to mask a portion 120 of the second polysilicon material 116 deposited
overlying a portion of the trench gate structure 114 that extends beyond the width of the
silicon material 102. Thus, the masked portion 120 of the second polysilicon material 116
remains intact after etching to create the lateral gate structure 118, and the masked portion
" 120 extends orthogonally to (or perpendicular to) the widths of the gate structures 114, 118
between the two gate structures 114, 118 to provide an electrical connection between the
trench gate structure 114 and the lateral ‘gate structure 118. In an exemplary embodiment, the
portion 120 functions as a gate terminal (or gate feed) for the device structure 100 that is
capable of being accessed or otherWise being connected to external devices or overlying
metal interconnect layers in a conventional manner. As illustrated in FIG. 6, the portion 120
of second polysilicon material 116 is contiguous or otherwise in contact with both the lateral
gate structure 118 and the first polysilicon material 112 of the extension of the trench gate
structure 114. In this manner, the trench gate structure 114 and the lateral gate structure 118
are electrically connected and have substantially the same electrical potential and, in
combination, function as a common gate electrode for the hybrid trench VDMOS device
structure 100, as described in greater detail below. _

[0017] Referring now to FIG. 7, in an exemplary embodimént, after forming the lateral
gate structure 118, the fabrication proceés continues by forming a layer of dielectric material
122, such as an oxide material, overlying the trench gate structure 114, the lateral gate
structure 118, and the silicon material 102. In an exemplary embodiment, the layer of oxide
material 122 is thermally grown on exposed surfaces of silicon material 102 and polysilicon
materials 112, 116 by exposing the device structure 100 of FIG. 6 to an oxidizing ambient at
temperature in the range of about 800° C to about 1000° C to promote selective growth of
oxide material on the exposed silicon to a thickness in the range of about 10 nm to about 30
nm. The oxide material 122 has a substantially uniform thickness across the device structure
100 to allow subsequent ion implantation process steps to achieve more uniform dopant
profiles. It should be noted that in alternative embodiments, the oxide material 122 may be

deposited overlying the trench gate structure 114, the lateral gate structure 118, and the
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silicon material 102 by performing a deposition process in lieu of the thermal oxidation
process described above. '

[0018] Referring now to FIG. 8, in an exemplary embodiment, the fabrication process
continues by forming a body region 124 in the region of silicon material 102 between the
trench gate structure 114 and the lateral gate structure 118 by implanting ions (illustrated by
arrows 126) of a conductivity-determining impurity type that is opposite the conductivity
type of the silicon material 102 and the first polysilicon material 112. For example, for an
exemplary N-channel device, the body region 124 is formed by implanting P-type ions, such

as, boron ions (or a boron ionized species), with a dopant concentration in the range of about

IXIO%m3 to about ZXIO%m3 at an energy level of about 40 keV to about 100 keV to

provide the body region 124 having a depth slightly less than the depth of the trench 104.
After implanting ions 126, the fabrication process continues by performing a high-
temperature annealing process to drive the implanted ions and activate the body region 124.
In an exemplary embodiment, the device structure 100 may be heated to a temperature
between about 600° C to about 1100° C for about eighty to one-hundred and sixty minutes
using a furnace anneal to activate the body region 124. In an exemplary embodiment, the
implanted ions diffuse vertically to provide a depth of the portion of the body region 124
adjacent to the trench gate structure 114 that is about 0.1 to 0.2 micrometers less than the
depth of the trench 104 relative to the surface of the silicon material 102, Additionally, the
implanted ions diffuse laterally such that the body region 124 extends laterally underneath
the lateral gate structure 118, as shown in FIG. 8.- The body region 124 functions as the P-
body portion of ‘the body region of the N-type device structure 100 while the remaining
portion 125 of the silicon material 102 that ié not doped during the formation of the P- body
region 124 (e.g., the portion of the silicon material 102 that ions 126 do not diffuse into)
function as tﬁe N+ drain region for the N-type device structure 100. In some embodiments,
the gate structurés 114, 118 may be masked prior to implanting the ions 126 for the body
region 124. However, due to the relatively low dopant concentration for the ions 126 relative
to the dopant concentration of the first polysilicon material 112 and subsequent ion
implantation steps, the ions 126 may be implanted while the gate structures 114, 118 are
unmasked without impacting performance of the device structure 100. Additionally, in yet

other embodiments, a sidewall spacer may be formed about the lateral gate structure 118 in a
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conventional manner to control the lateral extension of the body region 124 under the lateral
gate structure 118. | '

[0019] Referring now to FIG. 9, in an exemplary embodiment, after forming the body
region 124, the fabrication process continues by forming electrode regions or terminal
regions (e.g., source regions) within the body region 124 by implanting ions (illustrated by
arrows 132) of a conductivity-determining impurity type that is opposite the conductivity
type of the body region 124. In an exemplary embodiment, source regions 128, 130 are
formed within the body region 124 by masking the device structure 100 of FIG. 8 with an
implantation mask 134 (e.g., photoresist or the like) that masks the central (or interior)
portion of the body region 124 and leaves exposed portions of the body region 124 adjacent
to the gate structures 114, 118. The source regions 128, 130 are then formed by implanting
ions 132 of the conductivity-determining impurity type opposite the conductivity-type of the ’
body region 124 using the implantation mask 134. As illustrated, the depth of the
implantation for the source regions 128, 130 is less than the depth of the body region 124
relative to the surface of the silicon material 102, such that a portion of the body region 124
adjacent to the trench 104 is disposed underlying the source region 128 and overlying a
portion of the drain region 125 adjacent to the trench 104. ‘In accordance with one
embodiment, for an N-channel device, N+ source regions 128, 130 are formed by performing

a co-implantation step by implanting phosphorous ions (or a phosphorous ionized species)
with a dopant concentration of about 1.5x 10%m3 and energy level in the range of about 40
keV to about 100 keV and implanting arsenic ions (or an arsenic ionized species) with a

dopant concentration of about 6 x 10%m3 and energy level in the range of about 60 keV to

about 120 keV. In an exemplary embodiment, the gate structures 114, 118 are not masked
and doped by implanting ions 132 into the exposed polysilicon material 112, 116 during the
formation of source regions 128, 130. After implanting ions 132, the fabrication process
continues by removing the mask 134 and performing a high-temperature annealing process to
drive the implanted ions and actiVéte the source regions 128, 130. In an exemplary
embodiment, the device structure 100 is heated to a temperature of about 1000° C for about

- thirty minutes using a furnace anneal to activate the source regions 128, 130.

10



WO 2012/106834 PCT/CN2011/000220

[0020] Referring now to FIG. 10, after forming the source regions 128, 130, the
fabrication process continues by forming enhancement regions 136, 138, 140 within the body
region 124 by implanting ions (illustrated by arrows 142) of the same conductivity-
determining impurity type as the body region 124. In this regard, the regions 124, 136, 138,
140 collectively provide the body region of the device structure 100. In an exemplary
embodiment, the body enhancement regions 136, 138, 140 are formed by masking the device
structure 100 with an implantation mask 144 that masks the gate structures 114, 118 and
source regions 128, 130 and leaves exposed the central (or interior) portion of the silicon
material 102 and/or body region 124 disposed between the source regions 128, 130. The
body enhancement regions 136, 138, 140 are then formed by performing a chain implant to
provide the desired dopant profile. In this regard, in an exemplary embodiment, a deep ion
implantation is performed to create the deep body enhancement region 136, followed by an
intermediate ion implantation to create the intermediate body enhancement region 138,
followed by a shallow ion implantation to create the shallow body enhancement region 140.
After implanting ions 142, the fabrication process‘ continues by removing the mask 144 and
performing a high-temperature annealing process to drive the implanted ions and activate the
‘body enhancement regions 136, 138, 140. In an exemplary embodiment, a rapid thermal
annealing is performéd to heat the device structure 100 to a temperature in the range of about
500° C to about 1000° C.

[0021] For the exemplary N-channel devicé described herein, the body enhancement
regions 136, 138, 140 are formed by implanting P-type ions such that the body enhancement
regions 136, 138, 140 function as P+ body regions for the N-channel device. In an

exemplary embodiment, the deep body enhancement region 136 is formed by implanting P-
type ions (e.g., boron ions) with a dopant concentration of about IXIO%m3 and energy

level in the range of about 160 keV to about 260 keV. After forming the deep body

enhancement region 136, the intermediate body enhancement region 138 is formed by
implanting P-type ions with a dopant concentration of about 2x 10%m3 and energy level of

about 80 keV. After forming the intermediate body enhancement region 138, the shallow

body enhancement region 140 is formed by implanting P-type ions with a dopant

11
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concentration of about 1.2 10%m3 and energy level in the range of about 20 keV to about

50 keV. By virtue of the different energy levels for the ion implantations steps, after the
implanted ions diffuse during the anneal, the depth of the deep body enhancement region 136
is less than the depth of the P- body region 124 relative to the surface of the silicon material
102, the depth of the intermediate body enhancement 138 is less than the depth of the deep
body enhancement region 136, and the depth of the shallow body enhancement region 140 is
less than the depth of the intermediate body enhancement 138, as illustrated in FIG. 10. By
virtue of the chain implantation steps, the shallow body enhancement region 140 has the
highest dopant concentration, the intermediate body enhancement region 138 has a lower
dopant concentration than the shallow body enhancement region 140, the deep body
enhancement region 136 has a lower dopant concentration than the intermediate body
enhancement region 136, and the P- body region 124 has a lower dopant concentration than
the deep body enhancement region 136. In addition to enhancing the dopant concentration of
the body of the device structure 100, the body enhancement regions 136, 138, 140 avoid
creation of parasitic bipolar transistors and improve the energy handling capability of the
device structure 100.

[0022] Referring now to FIG. 11, after forming the body enhancement regions 136, 138,
140, the fabrication process continues by forming a layer of a dielectric material 146
overlying the gate structures 114, 118, the source regions 128, 130, and the body regions 124,
136, 138, 140. In an exemplary embodiment, the layer of dielectric material 146 is formed
by conformably depositing an oxide material, such as silicon dioxide, at a temperature in the
range of about 700° C to about 1000° C to a thickness of about 500 nm overlying the gate
structures 114, 118, the source regions 128, 130, and the body regions 124, 136, 138, 140 to
obtain the device structure 100 iltustrated in FIG. 11. The dielectric material 146 functions
as an intralayer dielectrici layer that electrically isolates the gate structures 114, 118 from a
subsequently formed conductive layer, as described in the context of FIG. 12.

[0023] Referring now to FIG. 12, in an exemplary embodiment, after forming the layer of
dielectric material 146, the fabrication process continues by selectively removing portions of
the dielectric material 146 overlying at least a portion of the source regions 128, 130 and the
portion of the body region 124, 136, 138, 140 disposed between the source regions 128, 130.

In this regard, a masking material may be applied to mask the portions of the dielectric
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material 146 overlying the gate structures 114, 118 and patterned to expose the portion of the
dielectric material 146 that overlies at least a portion of the source regions 128, 130 and the
portion of the body region 124, 136, 138, 140 between the source regions 128, 130. The
exposed portion of the dielectric material 146 is then removed by performing RIE using an
anisotropic etchant chemistry that is selective to the masking material. In this manner,
portions of the dielectric material 146 overlying the gate structures 114, 118 remain intact
while portions of the dielectric material 146 overlying at least a portion of the source regions
128, 130 and the portion of the body region 124, 136, 138, 140 between the source regions
128, 130 are removed, as illustrated by FIG. 12.

[0024) In an exemplary embodiment, after selectively removing portions of the dielectric
material 146, the fabrication process continues by forming one or more layers of conductive
material 148, 150 overlying the exposed portions of the source regions 128, 130 and body
region 124, 136, 138, 140, resulting in the device structure 100 of FIG. 12. In an exemplary
embodiment, a first layer of a conductive material 148 is formed by conformably depositing
a conductive metal material, such as titanium nitride, at a temperature in the range of about
400° C to about 1000° C to a thickness between about 10 nm to about 100 nm overlying the
remaining dielectric material 146 and the exposed portions of the source regions 128, 130
and body region 124, 136, 138, 140. The conductive material 148 contacts the source
regions 128, 130 and the body region 124, 136, 138, 140 to provide an electrical connection
between the source regions 128, 130 and the body region 124, 136, 138, 140 of the device
structure 100. In this manﬁer, the source regions 128, 130 and the body region 124, 136, 138,
140 Have the same electrical potential.

[0025] In an exemplary embodiment, after forming the first layer of conductive material
148, a second layer of conductive material 150 is formed by conformably depositing another
conductive metal material, such as a copper material, at a temperature in the range of about
400° C to about 1000° C to a thickness of about 0.4 microns overlying the conductive metal
material 148. In this manner, the conductive metal material 150 is electrically connected to
the source regions 128, 130 and the body region 124, 136, 138, 140 via the underlying
conductivé metal material 148 while being insulated or otherwise isolated from the gate
structures 114, 118 by the dielectric material 146. In an exemplary embodiment, the

conductive metal material 150 functions as a source terminal for the device structure 100 that
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is capable of being accessed or otherwise being connected to external devices or overlying

metal interconnect layers in a conventional manner. In this regard, the conductive metal

material 150 provides a metal contact for the device structure 100 while conductive material

148 provides a thin buffer layer for an improved contact between the conductive metal

material 150 and the source regions 128, 130 and the body region 124, 136, 138, 140.

- [0026] Still referring to FIG. 12, the completed hybrid trench VDMOS device structure
100 includes a trench transistor structure (or trench MOSFET) and a VDMOS transistor
structure. The trench transistor structure is comprised of the trench gate structure 114 (e.g.,

- oxide material 110 and first polysilicon material 112), the source region 128 adjacent to the
trench gate structure 114 and/or trench 104, a portion of the drain region 125 adjacent to the
trench gate structure 114 and/or trench 104, and the portion of the body region 124, 136, 138,
140 that is adjacent to the trench gate structure 114 and/or trench 104 and disposed vertically
between the source region 128 and the portion of the drain region 125 adjacent to the trench
gate structure 114 and/or trench 104. The VDMOS transistor structure is comprised of the
lateral gate structure 118 (e.g., dielectric material 106 and second polysilicon material 116),
the portion of the drain region 125 adjacent to and underlying the lateral gate structure 118,
the portion of the body region 124, 136, 138, 140 adjacent to and underlying the lateral gate
structure 118, and the source region 130 adjacent to the lateral gate structure 118 (e.g., the
source region 130 adjacent to the portion of the body region 124, 136, 138, 140 adjacent to
and underlying the lateral gate structure 118). In this regard, the drain region 125 and the
body region 124, 136, 138, 140 are shared by the trench transistor structure and the VDMOS
transistor structure.

[0027] - By virtue of the electrical connection between the trench gate structure 114 and
the lateral gate structure 118, when a voltage above a threshold volitage for the hybrid trench
VDMOS device structure 100 is applied to the gate structures 114, 118 (e.g., to portion 120),
a first conductive channel is created that runs vertically along the trench gate structure 114
(e.g., along trench sidewall surface 105) within the portion of the body region 124, 136, 138,
140 between the N+ drain region 125 and the N+ source region 128 and a second conductive
channel is created that runs horizontally (or laterally) along the lateral gate structure 118
within the portion of the body region 124, 136, 138, 140 between the N+ drain region 125

and the N+ source region 130. In this manner, the total current flowing through the hybrid
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trench VDMOS device structure 100 is distributed among the two conductive channels,
thereby allowing the energy consumed by the device structure 100 to be dissipated vertically
and horizontally. Thus, by distributing the current among two conductive channels aligned
in different directions to distribute energy in multiple diréctions, the hybrid trench VDMOS
device structure 100 achieves a more uniform thermal distribution and allows for the die size
(or area) of the hybrid trench VDMOS device structure 100 to be reduced relative to the
convention trench MOSFET to achieve the same current and/or energy handling capability.
In other words, to achieve a desired current handling and/or energy handling requirement, the
hybrid trench VDMOS device structure 100 requires less area than the conventional trench
MOSFET. The properties of the dielectric: material 110 and/or conductive material 112 for
the trench gate structure 114 (e.g., thicknesses, dielectric constants, and the like) may be
chosen to optimize performance of the trench trénsistor portion of the hybrid trench VDMOS
device structure 100 independently of the properties of the dielectric material 106 and/or
conductive material 116 for the latefal gate structure 118 (e.g., thicknesses, dielectric
constants, and the like), which in turn, may be independently chosen to optimize performance
and/or dielectric constant of the dielectric material 106 may be ‘chosen to optimize
performance of the VDMOS transistor portion of the hybrid trench VDMOS device structure
100, | |

[0028] Referring now to FIG. 13, in accordance with one or more embodiments, the
fabrication process described above in the context of FIGS. 1-12 may be performed to
fabricate a semiconductor device structure 200 having a pair of trench gate structures 214 and
a single lateral gate structure 218 disposed between the trench gate structures 214. In this
regard, trench gate structures 214 comprised of a conductive material 212 and a dielectric
material 210 may be formed in trenches 204 formed on opposing sides of a region of
semiconductor material 202 having a first conductivity type. After forming the trench gate
structures 214, the lateral gate structure 218 comprising a conductive material 216 and a
dielectric material 206 is formed overlying the semiconductor material 202, wherein the
lateral gate structure 218 is disposed overlying the semiconductor material 202 between the
trench gate structures 214, leaving exposed portions of the semiconductor material 202
between the lateral gate structure 218 and the trench gate structures 214. As described above,

after forming the lateral gate structure 218, a layer of dielectric material 222 is formed
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overlying the gate structures 214, 218 and the semiconductor material 202, and deep body
regions 224 are formed adjacent to each trench gate structure 214 by implanting ions having
a second conductivity type into the portions of semiconductor material 202 between the
lateral gate structure 218 and the trench gate structures 214. In this regard, the lateral gate
structure 218 masks the interior (or central) portion of the semiconductor material 202
between the trench gate structures 214. As described above, the implanted ions diffuse
laterally such that the body regions 224 extend laterally underneath the lateral gate structure
218. After forming the body regions 224, a mask is formed that overlies the interior (or
central) portions of the body regions 224 and exposes portions of the body regions 224
adjacent to the trench gate structures 214 and the lateral gate structure 218, and ions of the
first conductivity type are implanted into the exposed portions of the body regions 224 using
the mask and the lateral gate structure 218 as implantation mask to form trench transistor
source regions 228 within the body regions 224 adjacent to the trench gate structures 214 and
VDMOS transistor source regions 230 within the body regions 224 adjacent to the lateral
gate structure 218. After forming the source regions 228, 230, the source regions 228, 230
and the gate structures 214, 218 are masked, and ions having the same conductivity type as
the body region 224 are implanted into the exposed interior (or central) portions of the body
regions 224 between source regions 228, 230 to form body enhancement regions 236, 238,
240. As illustrated, the source regions 228 are separated from source regions 230 by the
interior (or central) portions of the body regions 224, 236, 238, 240. After forming the body
enhancement regions 236, 238, 240, a dielectric material 246 is formed overlying the gate
structures 214, 218 that leaves exposed portions of the source regions 228, 230 and the
interior (or central) portions of the body regions 224, 236, 238, 240 between gate structures
214, 218, and conductive materials 248, 250 are formed overlying the exposed portions of
the source regions 228, 230 and the exposed portions of the body regions 224, 236, 238, 240.
The conductive materials 248, 250 are electrically connected to the source regions 228, 230
and the body regions 224, 236, 238, 240 while being insulated or otherwise isolated from the
gate structures 214, 218 by the dielectric material 246, and the uppermost conductive
material 250 functions as a source terminal for the device structure 200 that is capable of
being accessed or otherwise being connected to external devices or overlying metal

interconnect layers in a conventional manner, as described above.
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[0029] By virtue of the electrical connection between the conductive material 212 of the
trench gate structures 214 and the conductive material 216 of the lateral gate structure 218,
when a voltage above a threshold voltage for the semiconductor device structure 200 is
applied to the gate structures 214, 218, a pair of conductive channels are created that run
vertically along the trench gate structures 214 between the portions of the body regions 224,
236, 238, 240 adjacent to the trench gate structures 214 between the drain region 225 and the
source regions 228. Additionally, a pair of conductive channels are created that run
horizontally (or laterally) beneath the lateral gate structure 218 within the portions of the
body regions 224, 236, 238, 240 between the portion of the drain region 225 underlying the
lateral gate structure 218 and the source regions 230. In this manner, the current flowing
through the device structure 200 is distributed among a greater area, thereby allowing the
energy consumed by the device structure 200 to be dissipated over a greater area. Thus, by
distributing the current vertically and horizontally, heat is dissipated vertically and
horizontally and the device structure 200 achieves a more uniform thermal distribution,
which, in turn, allows for the die size (or area) of the device structure 200 to be reduced
relative to the conventional trench MOSFET to achieve the same current and/or energy
handling capability.

[0030] In conclusion, apparatus and methods configured in accordance with example
embodiments of the invention relate to:

[0031] An apparatus for a semiconductor device structure is provided. In an exemplary
embodiment, the semiconductor device structure includes a trench gate structure, a lateral
gate structure; a body region. of semiconductor material having a first conductivity type, a
first source region of semiconductor material having a second conductivity type, a second
source region of semiconductor material having the second conductivity type, and a drain
region of semiconductor material having the second conductivity type. The first source
region is formed within the body region adjacent to the trench gate structure, the second
source region is formed within the body region, and the drain region is adjacent to the body
region. A first portion of the body region -disposed between the first source region and the
drain region is adjacent to the trench gate structure, and the lateral gate structure overlies a
second portion of the body region disposed between the second source region and the drain

region. In one embodiment, a first portion of the drain region is adjacent to the trench gate
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structure, and the first portion of the body region overlies the first portion of the drain region.
In a further embodiment, the first source region overlies the first portion of the body region,
and the first portion of the body region is disposed between the first portion of the drain
region and the first source region. In another embodiment, a second portion of the drain
region is adjacent to the lateral gate structure, wherein the lateral gate structure overlies the
second portion of the drain region, and the second portion of the body region is disposed
between the second portion of the drain region and the second source region. In one
embodiment, the trench gate structure and the lateral gate structure are electrically connected
to provide a gate terminal for the semiconductor device structure, wherein an electrical
potential applied to the gate terminal results in a vertical conductive channel in the first
portion of the body region between the first portion of the drain region and the first source
region and a horizontal conductive channel in the second portion of the body region between
the second portion of the drain region and the second source region. In another embodiment,
a third portion of the body region is disposed between the first portion and the second portion.
In yet another embodiment, the second source region is adjacent to the lateral gate structure.

" [0032] In another embodiment, a method for fabricating a semiconductor device structure
is provided. The method comprises the steps of forming a voided region in a first region of
semiconductor material having a first conductivity type, forming a first gate structure in the
voided region, forming a second gate structure'overlying the first region, forming a second
region of semiconductor material having a second conductivity type within the first region of
semiconductor material, forming a third region of semiconductor material having the first
conductivity type within the second region adjacent to the first gate structure, and forming a
fourth region of semiconductor material having the first conductivity type within the second
region. A first portion of the second region is adjacent to the first gate structure and a second
portion of the second region is underlying the second gate structure, the third region overlies
the first portion of the second region, and the fourth region is adjacent to the second portion
of the second region. In accordance with one embodiment, the first region comprises a
drain/source region having the first conductivity type, wherein forming the second region
comprises forming a body region having the second conductivity type within the drain/source
region, forming the third region comprises forming a first sourée/drain region having the first

conductivity type within the body region adjacent to the first gate structure, and forming the
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fourth region comprises forming a second source/drain region having the first conductivity
type within the body region. In another embodiment, forming the second gate structure
comprises forming a layer of conductive material overlying the first region and removing a
portion of the layer of conductive material to expose a first portion of the first region, the first
portion being adjacent to the first gate structure. In one alternate embodiment, forming the
second region comprises performing a chain implant to form a plurality of enhancement
regions within the second region. In yet another embodiment, forming the third region
comprises implanting ions of the first conductivity-determining impurity type in the first
portion of the second region and forming the fourth region comprises implanting ions of the
first conductivity-determining impurity type in the second portion of the second region. In a
further embodiment, the method further comprises the step of forming an implantation mask
overlying a central portion of the second region, wherein forming the third region comprises
imiolanting ions of a first conductivity-determining impurity type in the first portion using the
implantation mask, and forming the fourth region comprises implanting ions of the first
conductivity-determining impurity type in the second portion using the implantation mask
concurrently to implanting ions of the first conductivity-determining impurity type in the first
portion. In accordance with another embodiment, forming the first gate structure comprises
forming a léyer of dielectric material in the voided region and forming a layer of conductive
material in the voided region after forming the layer of dielectric material, the layer of
dielectric material being disposed between the layer of conductive material and the first
region. In yet another embodiment, the method further comprises the step of forming a
region of conductive material in contact with the first gate structure and the second gate
structure to provide an electrical connection between the first gate structure and the second
gate structure. In accordance with another embodiment, the method further comprises the
step of forming a layer of conductive material overlying and in contact with the second
region, the third region, and the fourth region to provide an electrical connection between th¢
second region, the third region, and the fourth region.

[0033] - In accordance with another embodiment, an apparatus for a semiconductor device
structure is provided. The semiconductor device structure includes a first transistor structure
and a second transistor structure. The first transistor structure includes a trench gate structure,

a drain region of semiconductor material having a first conductivity type, a body region of
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semiconductor material having a second conductivity type, the body region overlying the
drain region adjaéent to the trench gate structure, and a first source region of semiconductor
material having the first conductivity type, the first source region being formed within the
body region adjacent to the trench gate structure. The second transistor structure includes a
lateral gate structure overlying a first portion of the drain region and a first portion of the
body region, the first portion of the drain region being adjacent to the lateral gate structure,
and a second source region of semiconductor material having the first conductivity type, the
second source region being formed within the body region, wherein the first portion of the
body region is disposed between the second source region and the first portion of the drain
region. In one embodiment, the semiconductor device structure further comprises a region of
conductive material in contact with the trench gate structure and the lateral gate structure. In
another embodiment, the semiconductor device structure further comprises a conductive
material in contact with the first source region, the second source region, and the body region.
[0034] 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 séOpe defined by the claims, which includes known

equivalents and foreseeable equivalents at the time of filing this patent application.
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CLAIMS
What is claimed is:

1. A semiconductor device structure comprising:
a trench gate structure;
a lateral gate structure;
a body region of semiconductor material having a first conductivity type;
a first source region of semiconductor material having a second conductivity type, the
first source region being formed within the body region adjacent to the trench gate structure;
a second source region of semiconductor material having the second conductivity typ;a,
the second source region being formed within the body region;
a drain region of semiconductor material having the second conduct1v1ty type, the drain
reglon being adjacent to the body region, wherein:
a first portlon of the body region disposed between the first source region and the
drain region is adjacent to the trench gate structure; and }
the lateral gate structure overlies a second portion of the body region disposed

between the second source region and the drain region.

2. The semiconductor device structure of claim 1, wherein a first portion of the drain
region is adjacent to the trench gate structure, the first portion of the body region overlying the

first portion of the drain region.

3. The semiconductor device structure of claim 2, wherein the first source region
overlies the first portion of the body region, the first portion of the body region being disposed

between the first portion of the drain region and the first source region.

4. The semiconductor device structure of claim 2, wherem a second portion of the
dram region is adjacent to the lateral gate structure, the lateral gate structure overlying the second
portion of the drain region, the second portion of the body region being disposed between the

second portion of the drain region and the second source region.
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5. The semiconductor device structure of claim 4, wherein:

the trench gate structure and the lateral gate structure are electrically connected to
provide a gate terminal for the semiconductor device structure; and

an electrical potential applied to the gate terminal results in a vertical conductive channel
in the first portion of the body region between the first portion of the drain region and the first
source region and a horizontal conductive channel in the second portion of the body region

between the second portion of the drain region and the second source region.

6. The semiconductor device structure of claim' 1, wherein a third portion of the

body region is disposéd between the first portion and the second portion.

7. The semiconductor device structure of claim 1, wherein the second source region

is adjacent to the lateral gate structure.

8. The semiconductor device structure of claim 1, wherein the trench gate structure

and the lateral gate structure are electrically connected.

9. A method for fabricating a semiconductor device structure, the method
comprising:

forming a voided region in a first region of semiconductor material having a first
conductivity type; |

forming a first gate structure in the voided region;

forming a second gate structure overlying the first region; _

forming a second region of semiconductor material having a second conductivity type
within the first region of semiconductor material, wherein a first portion of the second region is
adjacent to the first gate structure and a second portion of the second region is underlying the
second gate structure;

forming a third region of semiconductor material having the first conductivity type within
the second region adjacent to the first gate structure, the third region overlying the first portion of

the second region;
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forming a fourth region of semiconductor material having the first conductivity type
within the second region, the fourth region being adjacent to the second portion of the second

region.

10. The method of claim 9, wherein:

the first region comprises a drain/source region having the first conductivity type;

forming the second region comprises forming a body region having the second
conductivity type within the drain/source region;

forming the third region comprises forming a first source/drain region having the first
conductivity type within the body region adjacent to the first gate structure; and

forming the fourth region comprises forming a second source/drain region having the first

conductivity type within the body region.

11.  The method of claim 9, wherein forming the second gate structure comprises:
forming a layer of conductive material overlying the first region; and
removing a portion of the layer of conductive material to expose a first portion of the first

region, the first portion being adjacent to the first gate structure.

12.  The method of claim 9, wherein forming the second region comprises performing

a chain implant to form a plurality of enhancement regions within the second region.

13. The method of claim 9, wherein:

forming the third region comprises implanting ions of the first conductivity-determining
impurity type in the first portion of the second region; and

forming the fourth region comprises implanting ions of the first conductivity-determining

impurity type in the second portion of the second region.

14.  The method of claim 13, further cbmprising forming an implantation mask
overlying a central portion of the second region, wherein:
forming the third region comprises implanting ions of a first conductivity-determining

impurity type in the first portion using the implantation mask; and
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forming the fourth region comprises implanting ions of the first conductivity-determining
impurity type in the second portion using the implantation mask concurrently to implanting ions

of the first conduétivity-determining impurity type in the first portion.

15.  The method of claim 9, wherein forming the first gate structure comprises:

forming a layer of dielectric material in the voided region; and

forming a layer of conductiye material in the voided region after forming the layer of
dielectric material, the layer of dielectric material being disposed between the layer of

conductive material and the first region.

16.  The method of claim 9, further comprising forming a region of conductive
material in contact with the first gate structure and the second gate structure to provide an

electrical connection between the first gate structure and the second gate structure.

17.  The method of claim 9, further comprising forming a layer of conductive material
overlying and in contact with the second region, the third region, and the fourth region to provide

an electrical connection between the second region, the third region, and the fourth region.

18. A semiconductor device structure comprising:
a first transistor structure comprising:
a trench gate structure;
a drain region of semiconductor material having a first conductivity type;
a body region of semiconductor material having a second conductivity type, the
body region overlying the drain region adjacent to the trench gate structure; and
a first source region of semiconductor material having the first conductivity type,
the first source region being formed within the body region adjacent to the trench gate structure;
and |
a second transistor structure comprising:
a lateral gate structure overlying a first portion of the drain region and a first
portion of the body region, the first portion of the drain region being adjacent to the lateral gate

structure; and
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a second source region of semiconductor material having the first conductivity
type, the second source region being formed within the body region, wherein the first portion of

the body region is disposed between the second source region and the first portion of the drain

region.

19.  The semiconductor device structure of claim 18, further comprising a region of

conductive material in contact with the trench gate structure and the lateral gate structure.

20.  The semiconductor device structure of claim 18, further comprising a conductive

material in contact with the first source region, the second source region, and the body region.
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