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(57) ABSTRACT

An approach provides a semiconductor structure with one or
more rectangular or square-shaped contact vias in a semi-
conductor material. The semiconductor device includes one
of the first element of the semiconductor device element
under the square-shaped contact via or the second element of
the semiconductor device element above the square-shaped
contact via. The semiconductor structure includes the
square-shaped via in the semiconductor material that has
straight edges that are parallel to one or more of the (110)
crystal planes of the semiconductor material and the square-
shaped contact vias has corners pointing in a direction
orthogonal to one or more of the (100) crystal planes of the
semiconductor material. The square-shaped contact via pro-
vides a larger contact area that a conventional round-shaped
contact via with a diameter matching the width of the
square-shaped contact via.
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SQUARE-SHAPED CONTACT WITH
IMPROVED ELECTRICAL CONDUCTIVITY

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to the field
of semiconductor device formation and particularly to the
formation of contacts in semiconductor devices and more
particularly to forming squared-shaped contacts in a layer of
semiconductor material using a wet ammonia etching pro-
cess.

[0002] Semiconductor device fabrication is a series of
processes used to create integrated circuits present in elec-
tronic devices such as computers. As device scaling contin-
ues to shrink, in accordance with Moore’s Law, electrical
performance requirements continue to be more important in
semiconductor devices. With smaller and smaller feature
sizes, the connections and contacts between the semicon-
ductor features also face size reductions and decreased space
between contacts and connections.

SUMMARY

[0003] Embodiments of the present invention provide a
semiconductor structure with one or more rectangular-
shaped contact vias in a semiconductor material where a first
element of the semiconductor device is under the square-
shaped contact via and a second element of the semicon-
ductor device is above the square-shaped contact via.
Embodiments of the present invention provide the square-
shaped via in the semiconductor material that has straight
edges that are parallel to one or more (110) crystal planes of
the semiconductor material and the square-shaped contact
vias has corners pointing in a direction orthogonal to one or
more of (100) crystal planes of the semiconductor material.
The square-shaped contact via provides a larger contact area
that a conventional round-shaped contact via with a diameter
matching the width of the square-shaped contact via.

[0004] Embodiments of the present invention provide a
method of forming a rectangular-shaped contact via in a
semiconductor material. The method includes patterning a
top surface of a first layer of dielectric material on a
semiconductor material for a first contact via hole and
etching a round contact via hole through the layer of
dielectric material and through a semiconductor layer using
a conventional via hole etching process. The method
includes adding a wet ammonia etching process, where
performing the wet ammonia etching process on the round
contact via hole transforms the round contact via hole to a
rectangular-shaped contact via hole. The method includes
removing the first layer of dielectric material on the semi-
conductor material and removing a portion of a second layer
of dielectric material that is over a source/drain of the
semiconductor device. The method includes depositing a
layer of a contact material over the semiconductor material
and in the rectangular-shaped contact via hole. The method
includes depositing and planarizing the layer of the contact
metal to form the rectangular-shaped contact via.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The above aspects, other aspects, features, and
advantages of various embodiments of the present invention
will be more apparent from the following description taken
in conjunction with the accompanying drawings.
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[0006] FIG. 1A depicts a top view of a semiconductor
substrate with a square-shaped hole, in accordance with an
embodiment of the present invention.

[0007] FIG. 1B depicts a top view of the semiconductor
substrate with the square-shaped hole after a wet etching
process selectively etches the semiconductor substrate in the
(100) direction, in accordance with an embodiment of the
present invention.

[0008] FIG. 2 depicts a view of a bottom of a nanosheet
transistor looking through the backside of the semiconductor
substrate and bottom dielectric isolation layer, in accordance
with an embodiment of the present invention.

[0009] FIG. 3 depicts a cross-sectional view through X-X
of a semiconductor structure for a nanosheet transistor, in
accordance with an embodiment of the present invention.
[0010] FIG. 4 depicts a cross-sectional view through X-X
of the semiconductor structure of the nanosheet transistor
after back end of the line formation and carrier wafer
bonding, in accordance with an embodiment of the present
invention.

[0011] FIG. 5 depicts a cross-sectional view through X-X
of'the semiconductor structure after wafer flip, in accordance
with an embodiment of the present invention.

[0012] FIG. 6 depicts a cross-sectional view through X-X
of the semiconductor structure after back side wafer grind,
in accordance with an embodiment of the present invention.
[0013] FIG. 7 depicts a cross-sectional view through X-X
of the semiconductor structure after the etch stop layer
removal and dielectric cap layer deposition, in accordance
with an embodiment of the present invention.

[0014] FIG. 8 depicts a cross-sectional view through X-X
of the semiconductor structure after contact via etching, in
accordance with an embodiment of the present invention.
[0015] FIG. 9 depicts a top view of the semiconductor
structure illustrated in FIG. 8, in accordance with an
embodiment of the present invention.

[0016] FIG. 10 depicts a cross-sectional view through X-X
of the semiconductor structure after performing a wet
ammonia etching process to form square-shaped contact via
holes, in accordance with an embodiment of the present
invention.

[0017] FIG. 11 depicts a cross-sectional view of the semi-
conductor structure through X-X after removing the dielec-
tric cap layer and depositing a liner material, in accordance
with an embodiment of the present invention.

[0018] FIG. 12 depicts a top view of the semiconductor
structure depicted in FIG. 11, in accordance with an embodi-
ment of the present invention.

[0019] FIG. 13 depicts a cross-sectional view through X-X
of the semiconductor structure after forming a S/D contact,
in accordance with an embodiment of the present invention.
[0020] a top view of the semiconductor structure of FIG.
12 through the dielectric cap layer, the semiconductor sub-
strate, and the bottom dielectric isolation after the wet etch
process with the ammonia-containing etchant, in accordance
with an embodiment of the present invention.

[0021] FIG. 14 depicts a cross-sectional view through X-X
of the semiconductor structure after recessing the semicon-
ductor layer, in accordance with an embodiment of the
present invention.

[0022] FIG. 15 depicts a cross-sectional view through X-X
of the semiconductor structure after a depositing dielectric
cap material, in accordance with an embodiment of the
present invention. after removing the horizontal portion of
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the layer of the spacer material, in accordance with an
embodiment of the present invention.

[0023] FIG. 16 depicts a cross-sectional view through X-X
of the semiconductor structure after forming a backside
power rail and a backside power delivery network
(BSPDN), in accordance with an embodiment of the present
invention.

[0024] FIG. 17 depicts a view from the backside of the
nanosheet transistor of the semiconductor structure of FIG.
16, in accordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0025] Embodiments of the present invention recognize
that conventional methods of forming contact vias or con-
tacts using standard lithography and etching processes
results in a contact via with an oval or round shape even
when patterned for a square shape in design. As known in the
art, during the lithography and etching processes, the loss of
sharp corners occurs resulting in a contact via hole with
rounded corners. Embodiments of the present invention
recognize that round contact vias may not contact all of the
exposed surfaces of the source/drain epi during semicon-
ductor device formation. Embodiments of the present inven-
tion recognize that forming contact vias or contacts with a
square or rectangular shape that contact all of the exposed
surfaces of the source/drain would be desirable.

[0026] Embodiments of the present invention provide a
semiconductor structure with a rectangular or square-shaped
contact via or square-shaped contact in a semiconductor
layer of a flipped wafer semiconductor structure. Embodi-
ments of the present invention provide the square-shaped
contact via where the bottom surface of the square-shaped
contact via connects to the top surface of the semiconductor
device source/drain and the top surface of the square-shaped
contact via contacts the bottom surface of a backside power
rail in the semiconductor structure. Compared to conven-
tional round-shaped contact vias, the square-shaped contact
vias increase the contact area of the contact via and thereby
improve the performance of the resulting semiconductor
device. Changing the shape of a conventional contact from
a circular or oval shape to the disclosed rectangular or a
square-shaped contact with a larger contact area contacting
surfaces of the semiconductor elements above and below the
contact improves the performance of the resulting semicon-
ductor devices.

[0027] Embodiments of the present provide a rectangular
or square-shaped contact via contacting a backside power
rail and a source/drain. The rectangular-shaped contact via
reduces the electrical contact resistance of the rectangular-
shaped contact via with both the source/drain and the
backside power rail as compared to the electrical resistance
of a similar sized conventional round contact via. Further-
more, embodiments of the present invention provide a
method of forming rectangular-shaped vias that may be
formed between any elements capable of being connected by
vias in a semiconductor material in a semiconductor device
or other electronic device with elements that are connected
by a via in a layer of a semiconductor material with
appropriately oriented crystal planes.

[0028] Embodiments of the present invention transform a
conventionally formed round or oval-shaped contact via
hole into a square-shaped contact via hole by adding a wet
ammonia etching process after a conventional, directional
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contact via hole etch process. The addition of the wet
ammonia etching process selectively and rapidly etches the
sides of the round contact via hole in the (100) crystal plane
of a semiconductor substrate (e.g., silicon) while not etching
the portions of the semiconductor substrate in the (110)
crystal planes. With the (100) crystal planes oriented
approximately forty-five degrees to the (100) crystal planes,
the rapid etch of the round contact via hole in the semicon-
ductor layer in the direction of the (100) crystal planes
occurs with minimal to no etching of the contact via hole in
the direction of the (110) crystal planes. In this way, the
round-shaped contact via hole changes into a square-shaped
contact via hole. Embodiments of the present invention
create the square-shaped contact via after the conventional
round-shaped contact via hole is etched using an ammonia
containing etchant and then, the square-contact contact via
hole is filled with a contact metal and planarized. Embodi-
ments of the present invention provide a semiconductor
structure with square-shaped contact vias that improve the
electrical performance of the completed semiconductor chip
when compared to a similar sized conventional round con-
tact via. Embodiments of the present invention provide a
square-shaped contact via for a logic or a memory semicon-
ductor device.

[0029] Embodiments of the present invention provide
improved thermal performance for the semiconductor
device by providing a layer of semiconductor material with
a thin layer of dielectric material that separates the semi-
conductor device from the backside power rail. The layer of
semiconductor material provides a better thermal conduc-
tivity than the typical dielectric layer above the semicon-
ductor device. A conventional semiconductor structure typi-
cally uses a dielectric material that has a lower thermal
conductivity than a semiconductor material to separate the
semiconductor device from the backside power rail. The
layer of the semiconductor material above the semiconduc-
tor device improves the thermal dissipation of any heat
generated by the semiconductor device. Additionally, the
square-shaped contact vias with increased contact area with
the semiconductor source/drain and the backside power rail
compared to a similar size, conventional, round contact via
also provides a slight improvement in thermal conductivity
of the completed semiconductor chip.

[0030] Embodiments of the present invention disclose a
method of forming the square-shaped via that can be used to
form any type of electronic device using a semiconductor
layer with suitably oriented crystal planes between electrical
elements to be connected by the square-shaped via. The
method includes introducing an ammonia-containing wet
etching process to a round or oval-shaped contact via hole
where the (100) crystal planes are parallel to the contact via
hole which etches the semiconductor material rapidly in the
direction of the (100) crystal planes. The ammonia-contain-
ing wet etching process etches the (110) crystal planes
slowly and is essentially self-limiting in the (110) crystal
planes. With this method, after adding a wet ammonia etch
to a round-shaped contact via hole in a layer of silicon
semiconductor material creates the square-shaped contact
via hole which, with conventional via hole fill and planar-
ization forms the square-shaped contact via. The method and
processes to form the square-shaped contact via holes are
not limited to nanosheet transistors or to contact vias but
embodiments of the present invention form other types of
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semiconductor devices and other types of holes such as via
holes used to form heater elements in a phase-change
memory device.

[0031] The method disclosed in embodiments of the pres-
ent invention includes forming a transistor with known
nanosheet stack semiconductor processes on a semiconduc-
tor substrate with a etch stop layer and a layer of a semi-
conductor material respectively above the semiconductor
substrate. Other embodiments of the present invention
include forming a memory device with known methods of
memory device formation including but not limited to
magnetoresistive random-access device formation methods
or phase-change memory device formation methods. The
method disclosed in embodiments of the present invention
can be applied to other types of devices, such as photovoltaic
devices, with vias connecting elements on either side of a
layer of a suitable semiconductor material.

[0032] The method includes forming back-end of the line
(BEOL) interconnect wiring above a layer of interlayer
dielectric deposited on the semiconductor device and bond-
ing a carrier wafer to the BEOL interconnect wiring. The
method includes flipping the bonded wafer so that the
semiconductor substrate is exposed on the top surface and
then, using backside wafer grinding to remove the semicon-
ductor substrate. One or more wet etching processes can
remove the etch stop layer exposing the semiconductor layer
and then, depositing a dielectric cap material. Using con-
ventional lithography for patterning and an isotropic etching
process (i.e., reactive ion etch) a round or oval-shaped
contact via hole is formed. Using a wet etching process with
an ammonia-containing etchant, the (100) crystal planes
rapidly etch, and the (110) crystal planes of a semiconductor
material, such as silicon, in the semiconductor layer are
etched or etch very slowly etch resulting in a square-shaped
contact via hole above the source/drain of the semiconductor
device when the (100) crystal planes and (110) crystal planes
are parallel the round-shaped contact via hole and as
depicted in FIGS. 1A and 10.

[0033] The method includes filling the square-shaped con-
tact via hole and depositing a layer of spacer material over
the semiconductor structure followed by an isotropic etch
removing the spacer material from the horizontal surfaces.
Using conventional processes, a backside power rial is
deposited on the dielectric cap and one or more vias are
formed in an interlayer dielectric material on the dielectric
cap. Using conventional processes, a backside power deliv-
ery network is formed over the interlayer dielectric and the
via.

[0034] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of exemplary embodiments of the
invention as defined by the claims and their equivalents. It
includes various specific details to assist in that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments
described herein can be made without departing from the
scope and spirit of the invention. Some of the process steps,
depicted, can be combined as an integrated process step. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0035] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings but are merely used to enable a clear and consistent
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understanding of the invention. Hereinafter, the terms “con-
tact via” and “contact” may be used interchangeably. A
contact in a semiconductor chip, typically, connects a tran-
sistor or other semiconductor device to a next metal layer or
another semiconductor device element. Accordingly, it
should be apparent to those skilled in the art that the
following description of exemplary embodiments of the
present invention is provided for illustration purpose only
and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.

[0036] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces unless the context clearly dictates otherwise.
[0037] For purposes of the description hereinafter, terms
such as “upper”, “lower”, “right”, “left”, “vertical”, “hori-
zontal”, “top”, “bottom”, and derivatives thereof shall relate
to the disclosed structures and methods, as oriented in the
drawing figures. Terms such as “above”, “overlying”,
“atop”, “on top”, “positioned on” or “positioned atop” mean
that a first element, such as a first structure, is present on a
second element, such as a second structure, wherein inter-
vening elements, such as an interface structure may be
present between the first element and the second element.
The term “direct contact” means that a first element, such as
a first structure, and a second element, such as a second
structure, are connected without any intermediary conduct-
ing, insulating, or semiconductor layers at the interface of
the two elements.

[0038] In the interest of not obscuring the presentation of
embodiments of the present invention, in the following
detailed description, some processing steps or operations
that are known in the art may have been combined for
presentation and illustration purposes and in some instances
may have not been described in detail. In other instances,
some processing steps or operations that are known in the art
may not be described at all. It should be understood that the
following description is rather focused on the distinctive
features or elements of various embodiments of the present
invention.

[0039] Detailed embodiments of the claimed structures
and methods are disclosed herein. The method steps
described below do not form a complete process flow for
manufacturing integrated circuits on semiconductor chips.
The present embodiments can be practiced in conjunction
with the integrated circuit fabrication techniques for semi-
conductor chips and devices currently used in the art, and
only so much of the commonly practiced process steps are
included as are necessary for an understanding of the
described embodiments. The figures represent cross-section
portions of a semiconductor chip or a substrate, such as a
semiconductor wafer during fabrication, and are not drawn
to scale, but instead are drawn to illustrate the features of the
described embodiments. For the purposed of the present
invention, the terms “nanosheet stack” and “nanosheet
stack” are interchangeable. Specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled
in the art to variously employ the methods and structures of
the present disclosure. In the description, details of well-
known features and techniques may be omitted to avoid
unnecessarily obscuring the presented embodiments.
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[0040] References in the specification to “one embodi-

ment”, “other embodiment”, “another embodiment”, “an
embodiment,” etc., indicate that the embodiment described
may include a particular feature, structure or characteristic,
but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodi-
ment, it is understood that it is within the knowledge of one
skilled in the art to affect such feature, structure, or charac-
teristic in connection with other embodiments whether or
not explicitly described. It will be understood that, although
the terms first, second, etc. can be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one
element from another element. Thus, a first element dis-
cussed below could be termed a second element without
departing from the scope of the present concept.

[0041] Deposition processes as used herein include but are
not limited to ionized plasma vapor deposition (iPVD),
plasma vapor deposition (PVD), electroplating atomic layer
deposition (ALD), plasma-enhanced chemical vapor depo-
sition (PECVD), CVD, gas cluster ion beam (GCIB) depo-
sition, ionized plasma vapor deposition (iPVD), PVD, or
electroplating.

[0042] Selectively etching as used herein includes but is
not limited to patterning using one of lithography, photoli-
thography, an extreme ultraviolet (EUV) lithography pro-
cess, or any other known semiconductor patterning process
followed by one or more the etching processes. Some
examples of etching processes include but are not limited to
the following processes, such as a dry etching process using
a reactive ion etch (RIE) or ion beam etch (IBE), a wet
chemical etch process, or a combination of these etching
processes. A dry etch may be performed using a plasma. Ion
milling, sputter etching, or reactive ion etching (ME) bom-
bards the wafer with energetic ions of noble gases that
approach the wafer approximately from one direction, and
therefore, these processes are an isotropic or directional
etching processes.

[0043] Reference is now made to the figures. The figures
provide a schematic cross-sectional illustration of semicon-
ductor devices at intermediate stages of fabrication, accord-
ing to one or more embodiments of the invention. The
figures provide schematic representations of the devices of
the invention and are not to be considered accurate or
limiting with regards to device element scale.

[0044] FIG. 1A depicts a top view 100 of semiconductor
substrate 10 with a round-shaped hole, in accordance with an
embodiment of the present invention. As depicted, FIG. 1A
illustrates semiconductor substrate 10 with (110) crystal
planes of the semiconductor material depicted with dashed
arrows extending horizontally to the left and right directions
and vertically up and down in FIG. 1A. FIG. 1A also
includes solid arrows extending at approximately a 45-de-
gree angle to the horizontal edges of the drawing paper,
illustrating the (100) crystal planes of the semiconductor
substrate 10. As depicted in FIG. 1A, the solid arrows
extending in diagonal directions are approximately 45
degrees to the dashed arrows indicating the (110) crystal
planes of semiconductor substrate 10. As known to one
skilled in the art, Miller indices provide a group of three
numbers that indicate the orientation of a plane or a set of
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parallel planes of atoms in a crystal. The (110) crystal planes
and the (100) crystal planes extend vertically parallel to the
vertical sides of the hole in semiconductor substrate 10.
[0045] Semiconductor substrate 10, for example, can be a
silicon wafer but is not limited to this material. In various
embodiments, semiconductor substrate 10 can be the same
semiconductor material as semiconductor 4 depicted in FIG.
3. The crystal plane directions illustrated in FIG. 1A can be
the same as the crystal plane directions of semiconductor 4
depicted in FIG. 3. The opening or hole in semiconductor
substrate 10 can be a via hole such as a contact via hole
formed using conventional via hole processes (e.g., lithog-
raphy and RIE). As previously discussed, for the purposes of
the present invention, the terms “contact via” and “contact”
are interchangeable.

[0046] FIG. 1B depicts a top view 100B of semiconductor
substrate 10 with the square-shaped hole after a wet ammo-
nia etch of the hole or via hole in semiconductor structure
100A depicted in FIG. 1A, in accordance with an embodi-
ment of the present invention. As depicted, FIG. 1B includes
an illustration of the orientation of the (100) and the (110)
crystal planes in semiconductor substrate 10 and angle A
between the (100) crystal planes and the (110) crystal planes.
As depicted in FIG. 1B, angle A is approximately 45
degrees. In various embodiments, the orientations of the
(100) and the (110) crystal planes are the same as the
orientation of the (100) and the (110) crystal planes of
semiconductor 4 in FIGS. 3-17 discussed later.

[0047] FIG. 1B depicts semiconductor substrate 10 after
etching the round hole depicted in FIG. 1A with an ammo-
nia-containing etchant that preferentially etches the (100)
crystal planes directly adjacent to the round hole in semi-
conductor substrate 10 depicted in FIG. 1A. The arrows
pointing to the corners of the square-shaped via hole in FIG.
1B indicate the direction of the rapid etching in the direction
of the (100) crystal planes of semiconductor substrate 10.
The horizontal and the vertical edges of the square-shaped
via hole that are labelled (110) indicate the (110) crystal
planes etch very slowly. As previously stated, the etching of
semiconductor substrate 10 in the direction of the (110) is
self-limiting and virtually stops on the (110) crystal planes
of the round-shaped hole.

[0048] The rapid outward etching of the (100) planes with
little to no etching of the (110) crystal planes transforms the
round-shaped via hole of FIG. 1A to the square-shaped via
hole depicted in FIG. 1B. After the wet ammonia etching of
round-shaped via holes, the (110) crystal planes are parallel
to the straight edges (e.g., the horizontal and vertical edges
of the square-shaped or rectangular-shaped hole in FIG. 1B)
and the (100) crystal planes are parallel to the diagonal
direction that is approximately 45 degrees from the hori-
zontal or vertical sides. The diagonal direction in the contact
via hole depicted in FIG. 1B would be a direction extending
from one corner of the square-shaped hole to the opposite
corner. In other words, the diagonal direction would be
parallel to the arrows in the corners of the square-shaped
contact via hole where rapid etching occurs in the direction
of the (100) crystal planes to change the round-shaped hole
to a square-shaped hole.

[0049] As depicted in FIG. 1B, the corners of the square-
shaped hole (e.g., as indicated by the arrows) point in a
direction orthogonal or 90 degrees to the (100) crystal planes
of semiconductor substrate 10. The rapid etching of semi-
conductor substrate 10 moves in the direction of or towards
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the next of the (100) crystal planes. As commonly known, in
geometry, a square is also a rectangle (i.e., the square-shape
is a subset of a rectangular shape).

[0050] In other examples, other etchants and/or another
semiconductor material may exhibit similar etching proper-
ties (i.e., a slow to no etch of some crystal planes and a rapid
etching of other semiconductor crystal planes oriented about
45 degrees or diagonal to the slowly etching crystal planes)
that can transform a conventionally formed round hole in the
semiconductor material into a square-shaped hole.

[0051] FIG. 2 depicts a view of a bottom of a nanosheet
transistor looking through the backside of the semiconductor
substrate and bottom dielectric isolation layer, in accordance
with an embodiment of the present invention. As depicted,
FIG. 2 includes a portion of gate 11, inner spacers 7, and
source/drain (S/D) 6 as viewed upward through the bottom
of dielectric isolation (BDI) layer 5 depicted later in FIG. 3.
As depicted in FIG. 2, the shape of exposed portion of the
bottom surface of S/D 6 between gates 11 can be a square or
a rectangle when looking through BDI 5, semiconductor 4,
and substrate 2 in semiconductor structure 300 in FIG. 3.
The exposed square portion of S/D 6 is the area that a contact
via such as backside contact 160 depicted in FIG. 16
contacts. A conventional, round-shaped contact via would
not cover as much area of the bottom surface of S/D 6 as the
square-shaped backside contact via 160 depicted in FIG. 16.
Also depicted in FIG. 2 is a location of cross-sections X-X.
The location of cross-section X-X will the same in each of
the semiconductor structures depicted in FIGS. 3-17 unless
otherwise indicated.

[0052] FIG. 3 depicts a cross-sectional view of semicon-
ductor structure 300 after forming a portion of a nanosheet
transistor, in accordance with an embodiment of the present
invention. As previously discussed, the cross-sectional view
of semiconductor structure 300 is through X-X depicted in
FIG. 2.

[0053] As depicted, FIG. 3 includes s substrate 2, etch stop
layer 3, semiconductor 4, bottom dielectric isolation (BDI)
5, and a portion of a nanosheet transistor composed of gate
11, inner spacers 7, gate spacer 7B and IL.D 9. As known to
one skilled in the art, the portion of the nanosheet transistor
depicted in FIG. 3 can be formed using known semicon-
ductor processes for nanosheet device formation. While
FIGS. 1-18 discuss the semiconductor manufacturing pro-
cesses used for forming a nanosheet transistor, in other
embodiments, other device types (e.g., memory devices such
as magnetoresistive random-access memory (MRAM),
phase change memory (PCM), dynamic RAM (DRAM),
other types of logic devices such as finFETs, etc.) are formed
with a square-shaped via or contact via between a source/
drain of a semiconductor device and a backside power
delivery network (BSPDN). Additionally, the processes dis-
cussed with respect to FIGS. 1-18 can be applied to other
elements of a semiconductor device or other electronic
device. For example, a square-shaped shallow isolation
trench can be formed in a semiconductor substrate.

[0054] In various embodiments, substrate 2 is a semicon-
ductor wafer or a portion of a semiconductor wafer and is
not limited to a thinned semiconductor substrate. In various
embodiments, substrate 2 is a silicon substrate. In other
embodiments, substrate 2 is another type of semiconductor
substrate (e.g., Ge, GaAs, etc.). Substrate 2 can be a wafer
or a portion of a wafer. Substrate 2 may be doped, undoped,
or contain doped or undoped regions or, may be a layered
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semiconductor substrate. In various embodiments, substrate
2 is a portion of a semiconductor-on-insulator (SOI) sub-
strate composed of substrate 2, etch stop layer 3 (e.g., a
buried oxide or BOX), and semiconductor 4. In another
example, substrate 2 is a silicon substrate with etch stop
layer 3 (e.g., silicon germanium, etc.) that is covered with a
thin layer of semiconductor material that can be epitaxially
grown for semiconductor 4.

[0055] In various embodiments, etch stop layer 3 is a layer
of an etch stop material. For example, etch stop layer 3 can
be a layer of a buried oxide (BOX) in an SOI wafer, or a
layer of silicon-germanium (SiGe), or any other material
used as an etch stop in semiconductor device formation.
[0056] In various embodiments, semiconductor 4 is a very
thin layer of silicon. For example, semiconductor 4 can be
a top portion of a silicon-on-insulator (SOI) substrate. In
other examples, semiconductor 4 is a very thin layer of
epitaxy (e.g., silicon). In some cases, semiconductor 4 may
be epitaxially grown on etch stop layer 3, for example, when
etch stop layer 3 is composed of SiGe. In some examples,
semiconductor 4 is composed of another semiconductor
material. The thickness of semiconductor 4 may range from
40 nm to 100 nm but is not limited to this range of
thicknesses.

[0057] BDI 5 can be composed of any dielectric material
used over a semiconductor material or SOI substrate to
electrically isolate semiconductor 4 from the nanosheet
transistor formed above it. For example, BDI 5 can be an
oxide material (e.g., Si0O,), a nitride material, or another
suitable dielectric material used in a buried isolation layer of
a semiconductor device.

[0058] The portion of the nanosheet transistor can be
formed with known nanosheet transistor processes and
materials. For example, semiconductor layers 8 forming the
device channels may be composed of silicon or another
suitable semiconductor material. Inner spacers 7, and gate
spacer 7B can be composed of a gate spacer material, such
as SiN, SiBCN, SiOCN, SiOC, or other suitable spacer
material. In some embodiments, S/D 6 can be epitaxially
grown on BDI 5 above portions of semiconductor 4. In
various embodiments, gate 11 is a gate structure. For
example, the gate structure may include a high-k gate
dielectric (not depicted), work function metals (not
depicted), and conductive gate metals in gate 11. The
conductive gate metal or work function metal for the gate
electrode in metal gate 11 may include but is not limited to
TiN, TiAl, TiC, TiAIC, TaN, Ta, Al, W, or Ru. ILD 9 can be
any dielectric material used for interlayer dielectrics in
nanosheet transistors or other semiconductor devices.
[0059] FIG. 4 depicts a cross-sectional view 400 of the
semiconductor structure after forming S/D contact 40, inter-
connect wiring 41, and bonding carrier wafer 42 to inter-
connect wiring 41, in accordance with an embodiment of the
present invention. As depicted, FIG. 4 includes the elements
of FIG. 3 and S/D contact 40, interconnect wiring 41, and
carrier wafer 42. For example, using known middle of the
line (MOL) processes, an additional layer of ILD 9 can be
deposited on the top surface of the semiconductor structure
before forming S/D contact 40. ILD 9 can be patterned,
etched, and a layer of electrically conductive contact mate-
rial deposited using known processes for contact formation.
After a CMP, S/D contact 40 can be formed above S/D 6.
[0060] After forming S/D contact 40, using known pro-
cesses back end of the line (BEOL) processes, interconnect
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wiring 41 is formed over exposed surfaces of ILD 9 and S/D
contact 40. As depicted in FIG. 4, carrier wafer 42 is bonded
to interconnect wiring 41 using known watfer bonding pro-
cesses.

[0061] FIG. 5 depicts a cross-sectional view of semicon-
ductor structure 500 after flipping the wafer bonded to
interconnect wiring 41 and S/D contact 40, in accordance
with an embodiment of the present invention. As depicted,
FIG. 5 includes the elements of FIG. 4 but with carrier wafer
42 and the nanosheet transistor above substrate 2 in FIG. 4
flipped (e.g., carrier wafer 42 is below substrate 2). As
depicted in FIG. 5, the top surface of substrate 2 is the top
surface of semiconductor structure 500 and the bottom
surface of carrier wafer 42 is the bottom surface of semi-
conductor structure 500.

[0062] FIG. 6 depicts a cross-sectional view of semicon-
ductor structure 600 after substrate 2 removal by a combi-
nation of processes including backside wafer grinding, CMP,
selective dry/wet etch processes that stop on the etch stop
layer 3, in accordance with an embodiment of the present
invention. As depicted, FIG. 6 includes the elements of FIG.
5 without substrate 2.

[0063] As depicted, substrate 2 above etch stop layer 3 is
removed. For example, using known silicon grinding pro-
cesses for backside wafer thinning which can be followed by
CMP, and selective wet/dry etching, substrate 2 is removed
above etch stop layer 3. After the removal of substrate 2, the
top surface of semiconductor structure 600 is etch stop layer
3.

[0064] FIG. 7 depicts a cross-sectional view of semicon-
ductor structure 700 after removing etch stop layer 3 and
after depositing dielectric cap 71, in accordance with an
embodiment of the present invention. As depicted, FIG. 7
includes the elements of FIG. 6 without etch stop layer 3 and
with a dielectric cap 71 deposited on the top surface of
semiconductor 4.

[0065] For example, etch stop layer 3 above semiconduc-
tor 4 can be removed using wet etch processes. Depending
on the material used for etch stop layer 3, various known wet
etch chemistries may be used to remove etch stop layer 3.
For example, a hydrochloric acid can be for the removal of
an SiGe etch stop or conventional wet etchant for BOX
removal in SOI wafers may be used to remove etch stop
layer 3 when etch stop layer 3 is a BOX (e.g., composed of
silicon dioxide).

[0066] Using one of the known deposition processes, such
as PVD, CVD, or ALD, a layer of dielectric material can be
deposited on semiconductor 4 for dielectric cap 71. For
example, dielectric cap 71 may be composed of SiC, AINx,
AlOx, etc. where x is an integer such as 2. In other examples,
dielectric cap 71 can be composed of another dielectric
material. After removing etch stop layer 3, semiconductor 4
remains over BDI 5 and under dielectric cap 71.

[0067] FIG. 8 depicts a cross-sectional view of semicon-
ductor structure 800 after a backside contact via etch, in
accordance with an embodiment of the present invention. As
depicted, FIG. 8 includes the elements of FIG. 7 with a
contact hole etched in dielectric cap 71 and semiconductor
4. The etching process for the contact hole formed in FIG.
8 stops on BDI 5.

[0068] Using conventional semiconductor contact via pat-
terning and etching process, a contact via hole is etched in
dielectric cap 71 and semiconductor 4 terminating on BDI 5,
as depicted. For example, photolithography and a directional
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etching process, such as RIE are used to form the contact via
hole in dielectric cap 71 and semiconductor 4. As previously
discussed, using conventional contact via patterning and
etching processes will result in an oval-shaped or a round-
shaped contact via or hole on BDI 5 as viewed from above
semiconductor structure 800. An example of the shape of the
hole for the contact hole when viewed from above semi-
conductor structure 800 is illustrated later in FIG. 9.
[0069] FIG. 9 depicts a top view 900 of semiconductor
structure 800 depicted in FIG. 8, in accordance with an
embodiment of the present invention. As depicted, FIG. 9
includes the top surface of dielectric cap 71 and the view of
the exposed portion of BDI 5. As depicted, the exposed
portion of BDI 5 is an example of a round shape of a contact
via hole after being formed with conventional patterning and
an ME. While the hole or via for the contact is depicted as
round, in other examples, the contact via may be oval-
shaped.

[0070] FIG. 10 depicts a cross-sectional view semicon-
ductor structure 1000 after a wet ammonia etching process
forms a square-shaped contact via hole on the backside of
the nanosheet transistor, in accordance with an embodiment
of the present invention. As depicted, FIG. 10 includes
dielectric cap 71, semiconductor 4, BDI 5, S/D 6, inner
spacers 7, semiconductor layers 8, gates 11, gate spacer 7B,
S/D contact 40, ILD 9, interconnect wiring 41, and carrier
wafer 42.

[0071] The wet ammonia etching process removes por-
tions of semiconductor 4 in the (100) crystal plane resulting
in an undercut of semiconductor 4 in the (100) crystal plane
as depicted in FIG. 10. The wet ammonia etching process
does not significantly remove the portions of semiconductor
4 in the (110) crystal plane direction (not depicted in FIG.
10). Where the wet ammonia etching process selectively
removes the portions of semiconductor 4 abutting the (100)
crystal planes, a recess is created where portions of dielectric
cap 71 can overhang the recess.

[0072] The selective removal of the portions of semicon-
ductor 4 associated with the (100) crystal plane while the
portions of semiconductor 4 associated with the (110) crystal
plane are essentially unaffected or not removed creates the
square-shape of the contact hole over BDI 5 on the backside
of the nanosheet transistor.

[0073] FIG. 11 depicts a cross-sectional view of semicon-
ductor structure 1100 after removing dielectric cap 71,
depositing a dielectric liner 141, followed by an anisotropic
etching process to remove horizontal portions of the dielec-
tric liner 141 and a portion of BDI 5, in accordance with an
embodiment of the present invention. As depicted, FIG. 11
includes the elements of FIG. 10 without dielectric cap 71,
without a portion of BDI 5, and with dielectric liner 141 on
the exposed vertical sides of semiconductor 4.

[0074] Using a conformal deposition process such as but
not limited to ALD or PVD, dielectric liner 141 can be
deposited over exposed portions of, semiconductor 4, and
BDI 5. Using of known spacer deposition processes such as
but not limited to ALD, PVD, or CVD, a layer of a spacer
material for dielectric liner 141 is deposited over semicon-
ductor structure 1400. For example, dielectric liner 141 may
be composed of SiN, SiO,, or any other spacer material used
in semiconductor devices. Dielectric liner 141 acts as a liner
that can prevent shorting of backside contact 160 with
semiconductor 4. After liner deposition, a directional etching
process (e.g., ME) removes exposed horizontal portions of
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contact liner 141, a portion of BDI 5. After the etching
process, a portion of the top surface of S/D 6 is exposed.
After forming the conventional round-shaped contact via as
previously discussed and illustrated in FIGS. 8 and 9, the
round-shaped contact via hole depicted in FIG. 9 was
transformed to the square-shaped contact via hole using the
wet ammonia etching process as previously discussed with
reference to FIG. 10. As depicted in FIG. 11, the square-
shaped contact hole now extends down to S/D 6.

[0075] FIG. 12 depicts a top view 1200 of semiconductor
structure 1100 depicted in FIG. 11, in accordance with an
embodiment of the present invention. As depicted, FIG. 12
includes the top surface of semiconductor 4 with the square-
shaped contact via hole that is surrounded by contact liner
141. The square-shaped contact via hole exposes a portion of
S/D 6. The square-shaped hole outlined by contact liner 141
can be a rectangular-shaped hole in other examples. As
known to one skilled in the art, the number of contact via
holes formed is not limited to one but can be any number of
contact via holes, any number of via holes, or other type of
square hole in a semiconductor substrate of any type of
electronic device.

[0076] FIG. 13 depicts a cross-sectional view of semicon-
ductor structure 1300 after forming contact 160 with S/D 6,
in accordance with an embodiment of the present invention.
As depicted, FIG. 13 includes the elements of FIG. 11 and
contact 160. Contact 160 contacts S/D 6 where S/D 6 as
depicted in FIGS. 2 and 3 is formed on etch stop layer 3 on
substrate 2 in the backside portion of the nanosheet transis-
tor depicted previously in FIGS. 2 and 3.

[0077] As depicted, contact 160 formed on the backside of
the nanosheet transistor. Contact 160 can be formed using
known deposition processes, such as PVD, ALD, CVD, etc.,
to deposit a layer of a contact material such as but not limited
to metal materials including a silicide liner (not depicted),
such as Ti, Ni. NiPt, a metal adhesion liner, such as TiN, and
conductive metal fill, such as cobalt, copper, ruthenium, or
tungsten is deposited over semiconductor structure 1300. A
CMP was performed to remove excess contact material from
the top surface of semiconductor 4 to complete the forma-
tion of backside contact 160 on S/D 6 as depicted in FIG. 13.
[0078] As previously discussed, the square contact via
hole depicted in FIG. 12 exposes a square portion of the
surface of S/D 6. The exposed portion of S/D 6 is covered
by contact 160 which has a square or rectangular shape. As
depicted in FIG. 14, contact liner 141 covers the sides of the
top portion (e.g., above BDI 5) of contact 160.

[0079] FIG. 14 depicts a cross-sectional view of semicon-
ductor structure 1400 after recessing the top surface of
semiconductor 4, in accordance with an embodiment of the
present invention. As depicted, FIG. 14 includes the ele-
ments of FIG. 13 without the top portion of semiconductor
4. Using known wet or dry etching (e.g., RIE), the top
portion of semiconductor 4 is removed around contact liner
141. For example, 2 and contact liner 141. Using of known
spacer deposition processes such as but not limited to ALD,
PVD, or CVD, a layer of a spacer material for contact liner
141 is deposited over semiconductor structure 1400. For
example, contact liner 141 may be composed of SiN, SiO,,
or any other spacer material used in semiconductor devices.
Contact liner 141 acts as a liner that can prevent shorting of
backside contact 160 with high k metal gate 11.

[0080] FIG. 15 depicts a cross-sectional view of semicon-
ductor structure 1500 after depositing dielectric cap 81, in
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accordance with an embodiment of the present invention. As
depicted, FIG. 15 includes the elements of FIG. 14 and
dielectric cap 81.

[0081] Using one of the known semiconductor deposition
processes, such as PVD or ALD, a layer of dielectric
material can be deposited on semiconductor 4 for dielectric
cap 81. For example, dielectric cap 81 may be composed of
SiC, AINx, AlOx, etc. where x is an integer such as 2. In
other examples, diclectric cap 81 can be composed of
another dielectric material. Dielectric cap 81 can provide
protection to semiconductor 4 (e.g., can perform hardmask-
like protection). In various embodiments, dielectric cap 81
acts as an etch stop for backside power rail etch in later
process steps.

[0082] FIG. 16 depicts a cross-sectional view of semicon-
ductor structure 1600 after forming backside power rail 180
and a backside power delivery network (BSPDN) 181, in
accordance with an embodiment of the present invention. As
depicted, FIG. 16 includes the elements of FIG. 15 with
backside power rail 180, via 80, and backside power deliv-
ery network (BSPDN) 181.

[0083] Using known backside power rail formation pro-
cesses, a layer of a conductive material or metal, such as but
not limited to copper or another power rail material is
deposited on the exposed top surfaces of dielectric cap 81,
contact liner 141, and contact 160. As depicted, a layer of
dielectric material for ILD 91 is deposited over backside
power rail 180 followed by known via patterning processes,
a via etch process, and via material deposition (e.g., copper,
W, etc.). As depicted in FIG. 16, BSPDN 181 is connects to
and is above contact 160. A CMP removes excess via
material to form via 80 in ILD 91. Using conventional
backend of the line (BEOL) processes, BSPDN 181 can be
formed on via 80 and ILD 91.

[0084] Semiconductor structure 1600 illustrates a semi-
conductor device, such as a nanosheet transistor on inter-
connect wiring 41 above carrier wafer 42. Contact 160 in
semiconductor 4 is formed from a conventional round
contact via hole by adding a wet etching process with an
ammonia-containing etchant. The wet ammonia etching
process rapidly etches the portions of semiconductor 4 in the
direction of the (100) crystal planes while providing a slow,
self-limiting etch of semiconductor 4 in the direction of the
(110) crystal planes. The different etch rates in the direction
of different crystal planes in semiconductor 4 results in
changing a round hole into a square-shaped contact via hole.
As depicted, contact 160, with a square shape, connects to
S/D 6 on the backside of the nanosheet transistor.

[0085] As known to one skilled in the art, one or more of
contact 160 can be under a semiconductor device element on
the backside or above (i.e. on) the frontside of the nanosheet
transistor or in other types of devices (e.g., memory devices,
photovoltaic cells, etc.) where the semiconductor device
element can be a source/drain, a backside power rail, a
power rail (e.g., below the semiconductor device), a pad in
the BEOL interconnect wiring, a gate structure, a line,
another contact, a p-junction, photo-junction, another via, or
any element in a semiconductor device or other type of
electronic device. The contact area of contact 160 to S/D 6
is a square-shape that provides a larger contact area to S/D
6 than the contact area provided by a conventional round-
shaped backside contact via with a diameter that is the same
as the width of the square-shaped contact 160. Therefore, the
square shape of contact 160 can improve the electrical
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performance of the semiconductor device and the completed
semiconductor chips that include one or more of contact 160
with the square-shape. In one embodiment, contact 160
connects to BSPDN 181. For example, power rail 180, ILD
91, and via 80 are not present and contact 160 connects to
a pad (not depicted) in interconnect wiring 181.

[0086] Additionally, by having semiconductor 4 with
dielectric cap 81 between the semiconductor device (e.g.,
nanosheet transistor with channels in semiconductor layers
8) and backside power rail 180, it provides a good thermal
path for better dissipation of the heat or thermal energy
generated by the transistor to backside power rail 180 than
a conventional dielectric material or ILD. In conventional
semiconductor structures for semiconductor devices above a
carrier wafer and under a backside power rail, the thermal
energy of the semiconductor device (e.g., nanosheet tran-
sistor) must dissipate through the less thermally conductive
dielectric material that is typically between the semiconduc-
tor devices and the backside power rail.

[0087] FIG. 17 depicts view 1700 from the backside of the
nanosheet transistor of semiconductor structure 1600 with
contact 160 and contact liner 141, in accordance with an
embodiment of the present invention. As depicted, FIG. 17
includes gates 11, gate spacer 7B, S/D 6, contact liner 141,
and contact 160 looking from the backside of the nanosheet
transistor.

[0088] As depicted, contact 160 with the square or rect-
angular shape is surrounded an all four sides by contact liner
141. Contact liner 141 connects with a square portion of the
top surface of one of S/D 6 that is covered by contact 160.
As previously discussed, the area of the square portion of the
top surface of one of S/D 6 that is covered by contact 160
is greater than the round area covered by a conventional
round contact with the same diameter as the width of the
square area covered by contact 160.

[0089] The methods, as described herein, can be used in
the fabrication of integrated circuit chips or semiconductor
chips. The resulting semiconductor chips can be distributed
by the fabricator in raw wafer form (that is, as a single wafer
that has multiple unpackaged chips), as a bare die, or in a
packaged form. In the latter case, the semiconductor chip is
mounted in a single chip package (such as a plastic carrier,
with leads that are affixed to a motherboard or other higher-
level carrier) or in a multichip package (such as a ceramic
carrier that has either or both of surface interconnections or
buried interconnections). In any case, the semiconductor
chip is then integrated with other semiconductor chips,
discrete circuit elements, and/or other signal processing
devices as part of either (a) an intermediate product, such as
a motherboard, or (b) an end product. The end product can
be any product that includes semiconductor chips, ranging
from toys and other low-end applications to advanced com-
puter products having a display, memory, a keyboard or
other input device, and a central processor.

What is claimed is:

1. A rectangular-shaped via in a semiconductor structure,
the via comprising:

a rectangular-shaped via in a semiconductor material; and

a dielectric liner surrounding vertical sides of the rectan-

gular-shaped via.

2. The rectangular-shaped via of claim 1, wherein the
rectangular-shaped via contacts a rectangular-shaped portion
of a first semiconductor device element of a semiconductor
device below the rectangular-shaped via and a rectangular-
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shaped portion of a second semiconductor device element
above the rectangular-shaped via.

3. The rectangular-shaped via of claim 2, wherein the
rectangular-shaped portion of the first semiconductor device
element of the semiconductor device is a portion of a
source/drain.

4. The rectangular-shaped via of claim 2, wherein the
rectangular-shaped portion of the second semiconductor
device element above the rectangular-shaped via is a power
rail of the semiconductor device.

5. The rectangular-shaped via of claim 5, wherein the
power rail is a backside power rail.

6. The rectangular-shaped via of claim 2, wherein the
rectangular-shaped via contacts the rectangular-shaped por-
tion of the first semiconductor device element of the semi-
conductor device further comprises the first semiconductor
device element is on one of a backside or a frontside of the
semiconductor device.

7. A semiconductor structure with a square-shaped via, the
semiconductor structure comprising:

a square-shaped contact via in a semiconductor material

of a semiconductor device;

a first semiconductor device element under the square-

shaped contact via; and

a second semiconductor device element above the square-

shaped contact via.

8. The semiconductor structure of claim 7, wherein the
square-shaped via in the semiconductor material has straight
edges that are parallel to one or more (110) crystal planes of
the semiconductor material.

9. The semiconductor structure of claim 7, wherein the
square-shaped contact via in the semiconductor material has
corners pointing in a direction orthogonal to one or more of
(100) crystal planes of the semiconductor material.

10. The semiconductor structure of claim 7, wherein the
first semiconductor device element under the square-shaped
contact via is on a portion of a source/drain of the semicon-
ductor device.

11. The semiconductor structure of claim 7, wherein the
second semiconductor device element above the square-
shaped contact via is a portion of one of a power rail, a
backside power rail, or a pad in an interconnect wiring layer.

12. The semiconductor structure of claim 7, wherein the
semiconductor device is one of a logic device, a memory
device, or a photovoltaic device.

13. The semiconductor structure of claim 7, wherein the
semiconductor device is a nanosheet transistor.

14. The semiconductor structure of claim 10, wherein the
source/drain is on a backside of a nanosheet transistor.

15. The semiconductor structure of claim 14, further
comprises:

the source/drain is on a backside of the nanosheet tran-

sistor connects to a backside power rail by the square-
shaped contact via;

a dielectric layer with at least one via is over the backside

power rail; and

a back end of line interconnect wiring layer connects by

the at least one via to the backside power rail.

16. The semiconductor structure of claim 7, wherein the
square-shaped contact via in the semiconductor material
provides a larger contact area with both of the first semi-
conductor device element and the second semiconductor
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device element than a round-shaped contact with a diameter

that is a same size as a width of the square-shaped contact

via.

17. A method of forming a rectangular-shaped contact via

in a semiconductor material, the method comprising:

patterning a top surface of a first layer of dielectric
material on a semiconductor material for a first contact
via hole;

etching the first contact via hole through the layer of
dielectric material and through a semiconductor layer,
wherein the first contact via hole has a round shape;

performing a wet ammonia etching process on the first
contact via hole to form a second contact via hole in the
semiconductor material, wherein the second contact via
hole has a rectangular shape;

removing the first layer of dielectric material on the
semiconductor material;

depositing a layer of a contact material over the semicon-
ductor material and in the second contact via hole; and

depositing and planarizing a contact metal to form the
rectangular-shaped contact via.

18. The method of claim 17, wherein the semiconductor

material is a silicon material.
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19. The method of claim 17, wherein performing the wet
ammonia etching process on the first contact via hole to form
the second contact via hole in the semiconductor material
further comprises:

a minimal etching of the semiconductor material in a
direction of one or more (110) crystal planes of the
semiconductor material; and

a rapid etching of the semiconductor material in the
direction of one or more (100) crystal planes of the
semiconductor material, wherein the rapid etching of
the semiconductor material in the direction of the one
or more (100) crystal planes of the semiconductor
material changes a shape of the first contact via hole
from the round shape to a rectangular shape of the
second contact via hole.

20. The method of claim 17, wherein removing the first
layer of dielectric material on the semiconductor material,
further comprises removing an exposed portion of a second
dielectric material below the second contact via hole,
wherein removing the exposed portion of exposed portion of
the second dielectric material occurs on a portion of a
source/drain on a backside of a nanosheet transistor.
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