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(57) Abstract: Embodiments disclosed herein describe a semiconductor structure. The semiconductor structure may include a device
region with a first source/drain (S/D) and a second S/D. The semiconductor structure may also include a buried power rail (BPR)
under the device region. A critical dimension of the BPR may be larger than a distance between the first S/D and the second S/D. The
semiconductor structure may also include a via-contact-to-buried power rail (VBPR) between the BPR and the S/D.
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REPLACEMENT BURIED POWER RAIL
BACKGROUND

[0001] The present invention relates generally to the field of fabrication of semiconductor devices, and more
particularly to forming a buried power rail with increased critical dimension by forming a dummy buried power rail
with small dimensions at an earlier stage of fabrication, and increasing the dimensions after the dummy buried

power rail is removed at later stage of fabrication.

[0002] In fabricating semiconductor devices, millions of devices can be located together on a single substrate.
Useful control of these millions of devices relies on the application of electrical signals to specific devices while
insulting the electrical signals from shorting to anything else (e.g., other devices). Within standard logic cells, power
rails in back-end of line (BEOL) metal layers deliver current to source/drains that power the individual devices (e.g.,
transistors). The power rails carry a higher current than standard routing tracks/signal lines to maintain adequate
power distribution targets, and therefore require a larger space in the cell. In many designs, a power rail can be four

times larger than a normal routing line.

[0003] Reducing a lateral dimension of the power rails and extending a vertical dimension deeper into the cell
can keep the total metal volume in the power rail high while making room for other components. Increasing the
depth of the power rail, however, can cause higher via resistance, or can cause the signal lines to carry increased
capacitance between tracks in the BEOL. Burying the power rails underneath a physical device (e.g. transistor)
enables the depth of the power rail to be increased independent of the signal lines in the BEOL. Buried power rails
(BPR) provide significantly lower resistance through the power rail without driving any negative impact to either via

resistance or capacitance in the BEOL.

SUMMARY

[0004] According to an aspect of the present invention, a semiconductor structure is disclosed. The
semiconductor structure may include a device region with a first source/drain (S/D) and a second S/D. The
semiconductor structure may also include a buried power rail (BPR) under the device region. A critical dimension of
the BPR may be larger than a distance between the first S/D and the second S/D. The semiconductor structure may

also include a via-contact-to-buried power rail (VBPR) between the BPR and the S/D.

[0005] According to another aspect of the present invention, a method is disclosed. The method may include
forming a dummy buried power rail (BPR) in an insulator layer between a first fin field-effect transistor (FET) and a
second fin FET, forming a first source/drain (S/D) electrically connected to the first fin FET, and a second S/D
electrically connected to the second fin FET, forming a via-contact-to-buried power rail (VBPR) that contacts a top
surface of the dummy BPR and the first S/D, selectively etching the dummy BPR from a bottom surface opposite

the top surface to form a BPR trench, widening the BPR trench, and metalizing the BPR trench to form a BPR.
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[0006] According to another aspect of the present invention, a semiconductor structure is disclosed. The
semiconductor structure may include a back side power delivery network (BSPDN), a buried power rail (BPR)
coupled to the BSPDN, a via-contact-to-buried power rail (VBPR) coupled to the BPR, wherein the BPR wraps
around a bottom of the VBPR, a first source/drain (S/D) coupled to a middle of the VBPR, and a back-end-of-line
layer coupled to a top of the VBPR.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a schematic cross-sectional side view of a semiconductor structure, in accordance with one
embodiment of the present invention;

[0008] Figure 2 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0009] Figure 3 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0010] Figure 4 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0011] Figure 5A and 5B are schematic cross-sectional side views of the semiconductor structure of Figure 1
at a subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0012] Figure 6 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0013] Figure 7 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0014] Figure 8 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0015] Figure 9 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0016] Figure 10 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention;

[0017] Figure 11 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention; and

[0018] Figure 12 is a schematic cross-sectional side view of the semiconductor structure of Figure 1 at a

subsequent fabrication stage, in accordance with one embodiment of the present invention.
DETAILED DESCRIPTION

[0019] In the following detailed description, reference is made to the accompanying drawings, which show
specific examples of embodiments of the invention. These embodiments are described in sufficient detail to enable

those skilled in the art to practice them, and it is to be understood that other embodiments may be utilized and that
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structural, logical and electrical changes may be made without departing from the described embodiments. The
following detailed description is, therefore, not to be taken in a limiting sense, and the included embodiments are

defined by the appended claims.

[0020] Detailed embodiments of the claimed structures and methods are disclosed herein; however, it is to be
understood that the disclosed embodiments are merely illustrative of the claimed structures and methods that may
be embodied in various forms. In addition, each of the examples given in connection with the various embodiments
are intended to be illustrative, and not restrictive. Further, the figures are not necessarily to scale, some features
may be exaggerated to show details of particular components. Therefore, 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. It is also noted that like and

corresponding elements are referred to by like reference numerals.

[0021] In the following description, numerous specific details are set forth, such as particular structures,
components, materials, dimensions, processing steps and techniques, in order to provide an understanding of the
various embodiments of the present application. However, it will be appreciated by one of ordinary skill in the art
that the various embodiments of the present application may be practiced without these specific details. In other
instances, well-known structures or processing steps have not been described in detail in order to avoid obscuring

the present application.

[0022] References in the specification to “one embodiment,” “an embodiment,” “an example embodiment,”
etc., indicate that the embodiment described may include a 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 embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in connection with other

embodiments whether or not explicitly described.

[0023] For purposes of the description hereinafter, the terms “right,” “left,” “vertical,” “horizontal,” “top,”

“bottom,” and derivatives thereof shall relate to the disclosed structures and methods, as oriented in the drawing

nu nu

Figures. The terms “overlaying,” “atop,” “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 intervening 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 conducting, insulating or semiconductor layers at the interface of the two

elements.

[0024] It will be understood that when an element as a layer, region or substrate is referred to as being “on” or

“‘over” another element, it can be directly on the other element or intervening elements may also be present. In
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contrast, when an element is referred to as being “directly on” or “directly over” another element, there are no
intervening elements present. It will also be understood that when an element is referred to as being “beneath” or
‘under” another element, it can be directly beneath or under the other element, or intervening elements may be
present. In contrast, when an element is referred to as being “directly beneath” or “directly under” another element,

there are no intervening elements present.

[0025] With regard to the fabrication of transistors and integrated circuits, major surface refers to that surface
of the semiconductor layer in and about which a plurality of transistors are fabricated, e.g., in a planar process. As
used herein, the term “vertical” means substantially orthogonal with respect to the major surface and “horizontal®

means substantially parallel to the major surface. Typically, the major surface is along a plane of a monocrystalline

silicon layer on which transistor devices are fabricated.

[0026] For integrated circulits, the masking, patterning, and etching of device components makes possible the
fabrication of semiconductor devices at the micro and nano scale. As devices, components, and layers continually
decrease in size and pitch, however, the etching techniques that have been used in the past can cause unintended
consequences. As a specific example, buried power rails of a semiconductor structure can suffer from thermal
instability caused during annealing processes. Any metal present in buried power rails can suffer issues during
subsequent FEQL thermal processing, such as metal migration and metal diffusion, while the semiconductor
structure is heated for the annealing. Additionally or alternatively, the semiconductor structure can stress and/or
bow the wafer due to the expansion and contraction of the metals during heating. This unwanted stress/bowing

could result in lithography misalignment errors in subsequent mask levels.

[0027] The devices and methods disclosed below address the problems associated with annealing the
semiconductor structure and the buried power rail. Rather than forming the buried power rail with metals right after
fin formation, therefore, the embodiments disclosed herein fabricate a dummy buried power rail, which is replaced

later in the fabrication process by the metalized buried power rail.

[0028] Figure 1 is a schematic cross-sectional side view of a semiconductor structure 100, in accordance with
one embodiment of the present invention. The schematic view shows a of row 102 that may include fins 104
fabricated as eventually becoming part of a field-effect transistor (FET) region (e.g., n-type FET (NFET) and p-type
FET (PFET)). The illustrated embodiment of the semiconductor structure 100 includes four FET regions: a first
NFET region 106a, a second NFET region 106b, a first PFET region 106¢, and a second PFET region 106d. The
fins 104 are fabricated on a substrate 108 and a BOX SiO2 layer 110, and include layers 112 for controlling signals
through a device region of the semiconductor structure 100. The layers 112 may be fabricated by forming epitaxial
semiconductor layers sequentially above the bottom-most semiconductor layer above the dielectric layer 110. In
one embodiment, the starting wafer is a silicon-on-insulator (SOI) wafer. The substrate 108 can be silicon, and
there’'s a BOX SiQ2 layer 110 above the substrate 108, In certain embodiments, an additional silicon layer (hot

shown) may be fabricated above the BOX SiO2 layer 110. Firstly, the additional silicon layer above is thinned down
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to about 5~10nm, followed by growing a SiGe layer and SiGe condensation process to convert the bottom most
semiconductor layer above the BOX to SiGe. After that, the oxide above the SiGe is removed, followed by
alternative layers of Si and SiGe layer growth. After that, a hard mask 114 is deposited. A patterning process is
applied to the hard mask to define the active regions by conventional lithographical and etch processes. Then the
area of the layers 112 that are not protected by the hard mask 114 may be etched away to form the fins 104,
Though not illustrated, the layers 112 may be laterally cut in a direction perpendicular to the illustrated direction
such that the semiconductor structure 100 may include several fins 104 along a column (i.e., into and out of the
page). The open spaces between the fing 104 are then filled with dielectric116, such as SiO2, or a combination of
SiN and SiO2 layers. The semiconductor structure 100 may then be planarized, for example with chemical-

mechanical planarization (CMP).

[0029] Figure 2 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention. Figure 2 shows buried
power rail (BPR) trenches 118a, b etched through the length of the semiconductor structure 100 (i.e., into and out of
the page). Since the BPR trenches 118a, b are continuous along the length of the semiconductor structure 100, the
BPR trenches 118a, b may be patterned to a line shape which passed several, or all, of the fins 104 along the
direction into and out of the page. The BPR trenches 118a, b may be patterned using a conventional lithographical
and etch process, and may be patterned using a different hard mask (not illustrated). First, the hard mask may be
patterned (e.g., using lithography and etch processes) so that the BPR trenches 118a, b may be subsequently
formed through an etching process. In some embodiments, this etching can be performed using an anisotropic etch
such as reactive ion etching (RIE). The BPR trenches 118a, b may be etched through the oxide 116, BOX Si0O2
layer 110, and may partially cut into the substrate 108, The BPR trenches 118a, b do not require a large width 120.
A narrower BPR trench 118a, b helps protect the fins 104 from being damaged by the BPR patterning process,

even at worst case lithographic misalignment.

[0030] The BPR trenches 118a, b are formed between FET regions 106a-d. In the illustrated embodiment of
Figure 2, the first BPR trench 118a is formed between the first FET region 106a and the second FET region 106b,
which are both NFET region. Likewise, the second BPR trench 118b is formed between the third FET region 106¢
and the fourth FET region 106d, which are both PFET region. Other embodiments may be concsived in which the
BPR trench 118a, b are formed between FET regions that differ in device type.

[0031] Figure 3 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention. The semiconductor
structure 100 includes a dummy buried power rail (BPR) 122a, b within each BPR trench 118a, b. The dummy BPR
122a, b may be formed of a sacrificial material, such as amorphous silicon, which can be selectively etched
relative the BOX SiO2 layer 110, and the oxide 116. The dummy BPR 122a, b may be formed using chemical-vapor

deposition (CVD), Plasma-enhanced chemical vapor deposition (PECVD), atomic layer deposition (ALD), or
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sputtering. After deposition, the dummy BPR 122a, b may be recessed partially so that a top surface 124, bis at a
height below the top of the BOX SiO2 layer 110. The dummy BPR 122a, b may be etched using a selective etch.
Selective in the context of this application means that the etch process etches one material significantly faster than
another material. In the instance illustrated in Figure 3, the selective etch process etches the amorphous silicon of
the dummy BPR 1223, b significantly faster than the exposed portions of the oxide 116, hard mask 114, or BOX
SiO2 layer 110. The amount of recessing of the dummy BPR 122 may change depending on the embodiment, and
arecession 126 that is larger or smaller than the illustrated embodiment will not diverge from the disclosed

embodiments hersin.

[0032] Figure 4 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1 at a
subsequent fabrication stage, in accordance with one embodiment of the present invention. Figure 4 shows the
recession 126 filled with a fill 128 that covers the dummy BPR 1224, b. The fill 128 may include the same, or
similar, material to the BOX SiO2 layer 110, and may fill the recession 126 to a top of the hard mask 114 so that the
semiconductor structure 100 can then be planarized (e.g., CMP). Following planarization, a FIN reveal process is
performed to selectively recess the dielectric 116, 128 (e.g., dilute hydroflucric (DHF) or buffered oxide etch (BHF)
wet etch; or SiCoNi/COR dry etching process can be used) such that the nanosheet stacks (comprising alternative
SiGe and Si) are fully exposed while keeping the dummy BPR 122 covered. After that, the hard mask layer 114 can

be selectively removed.

[0033] Figures 5A and 5B are schematic cross-sectional side views of the semiconductor structure 100 of
Figure 1 at a subsequent fabrication stage, in accordance with one embodiment of the present invention. Figure 5A
shows the cross-sectional location of the location illustrated in Figures 1-4, and Figure 5B shows a second view
angle that is perpendicular to the view of Figures 1-4. Line A-A in Figure 5B shows the location of Figures 1-4,
Figure 5A, and 6-13.

[0034] Figure 5A and 5B shows a process stage after forming a dummy gate 130 with a hard mask 134,
spacers 132, inner spacers 135 and S/D epi formation in a device region 136. The gate, spacer and inner spacer
formation can be achieved using conventional nanosheet fabrication process. Between the exposed nanosheets,
the semiconductor structure 100 has source/drains (S/D) 138, that are formed epitaxially to form a crystalline layer
onto the BOX Si0O2 layer 110 and between the gates. Epitaxial layers of the S/Ds 138 may be grown from gaseous
or liquid precursors. Epitaxial silicon may be grown using vapor-phase epitaxy (VPE), molecular-beam epitaxy
(MBE), liquid-phase epitaxy (LPE), or other suitable process. The epitaxial silicon, silicon germanium, and/or carbon
doped silicon (Si:C) silicon can be doped during deposition by adding a dopant or impurity to form a silicide. The
silicon may be doped with an n-type dopant (e.g., phosphorus or arsenic) or a p-type dopant (e.g., boron or

gallium), depending on the type of transistor.

[0035] The epitaxial layers forming the S/Ds 138 may be grown using a suitable growth process, for example,

CVD, liquid phase (LP) or reduced pressure chemical vapor deposition (RPCVD), vapor-phase epitaxy (VPE),
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molecular-beam epitaxy (MBE), liquid-phase epitaxy (LPE), metal organic chemical vapor deposition (MOCVD), or

other suitable processes.

[0036] Figure 6 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 6 shows the device region 136 covered by an
interlayer dielectric (ILD) 140. The device region 136 may have several stages completed before the ILD 140 is
formed. After ILD 140 is formed, several conventional processes are further performed to fabricate the device. For
example, gate cut and single diffusion break can be patterned and filled with dielectric, CMP process can be used
to polish the ILD and remove the gate hard mask 134 to expose the dummy gate, and the dummy gate 130 and
sacrificial SiGe between the Si shests may be etched away and replaced by a high-k metal gate. The steps of
fabricating the high-k gate dielectric and the S/Ds 138 may typically involve heat treatment for steps such as
annealing, and the amorphous silicon of the dummy BPR 1223, b does not inhibit the annealing process by
diffusing or by buckling. That is, unlike a metal BPR, the dummy BPR 1223, b does not have atoms the spread or
diffuse during the annealing process. And since the coefficient of expansion is smaller and closer to the rest of the
semiconductor structure 100 (and the wafer on which the semiconductor structure 100 is fabricated), the dummy
BPR 122a, b will not cause stress or bow the semiconductor structure 100 during heating stages of the fabrication

process.

[0037] Figure 7 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 7 shows contacts 142a, b through which
controlling signals are sent when the semiconductor structure 100 is finished. The contacts 1422, b include S/D
contacts 142a and via-contacts-to-buried power rail (VBPRS) 142b. The contacts 1422, b are formed using
conventional lithographic and etch processes through the ILD 140. In certain embodiments, openings for the S/D
contacts 142a are formed with one mask, followed by a different mask for the openings of the VBPR 142b. In other
embodiments, openings for the S/D contacts 142a and the VBPR 142b may be formed using the same mask. After
the S/D contacts 142a,b are etched through the ILD 140 to expose the S/Ds 138 and/or the dummy BPR 1224, b,
the openings are metalized to form the contacts 142a, b. The VBPRs 142b contact the dummy BPR 122a, b at a
top surface 144.

[0038] Figure 8 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 8 shows addition of middle-of-line (MOL) and/or
back-end-of-line (BEOL) layers 146 and a carrier wafer 148 bonded to a top surface 150 of the BEOL layer 146.
The MOL/BEOL layers 146 include the signal and power wires for controlling the transistors in the device region
136 through the contacts 142a, b. The MOL/BEOL layers 146 include contacts, insulating layers (dielectrics), metal
levels, and bonding sites for chip-to-package connections. While the illustrated embodiment is not drawn to scale,
modern processes for fabricating the MOL/BEOL layers 146 may include more than ten metal layers. The carrier

wafer 148 is bonded to enable the wafer flip and backside processing, including the steps illustrated below. In
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certain embodiments, the carrier wafer 148 may be bonded to the BEOL layers 146 through dielectric-dielectric

bonding or Cu-Cu bonding.

[0039] Figure 9 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 9 shows the semiconductor structure 100 flipped
over to complete the steps for power delivery. The carrier wafer 148 supports the semiconductor structure 100 while
the substrate 108 is removed from a bottom surface 152, which reveals the dummy BPRs 122a, b. The dummy
BPRs 1224, b are then selectively etched from the bottom surface 152 opposite the top surface 150, leaving the
BOX SiO2 layer 110 and the VBPR 142b intact and forming a BPR trench 154,

[0040] Figure 10 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 10 shows the BPR trench 154 being widened.
The BPR trench 154 may be widened using an isotropic etch, which can be controlled to uniformly etch the surfaces
inside the BPR trench 154. The etch process may be selective to the BOX SiO2 layer 110 so that the VBPR 142b is
not affected, and protrudes into the BPR trench 154. A longer etch of the BPR trench 154 exposes more of the
VBPR 142b, while a shorter etch will expose less of the VBPR 142b.

[0041] Figure 11 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 11 shows the BPR trench 154 filled to form a
BPR 158. The BPR trench 154 may be filled with metals such as copper, cobalt, tungsten, and ruthenium. Prior to
the metal fill, a metal adhesion liner 166 is deposited, such as a thin TiN or TaN liner. The BPR 158 is filled with
metal or metals so that power may flow through with the least amount of resistance. The BPR 158 is thus able to
supply voltage to a number of S/Ds 138 along the length (i.e., infout of the page) without costing a lot in terms of
lost power. This can translate into cooler operation of the semiconductor structure 100 and longer battery life for

device utilizing the semiconductor structure 100.

[0042] To further increase efficiency of the BPR 158, the embodiments disclosed herein have a critical
dimension 160 that is greater than a distance 162 between the S/Ds 138 above the BPR 158. The critical dimension
160 is determined by the amount of etching of the BPR trench 154. The larger critical dimension 160 is possible due
to the etching from the bottom surface 152 rather than trying to etch the BPR trench 154 before forming the

contacts 1424, b.

[0043] The BPR 158 also forms a wrap-around contact over the VBPR 142b, which increase the contact area
between the VBPR and BPR, which mitigates the concern that VBPR 142b bottom CD is too small that could lead a
poor contact between VBPR and BPR.

[0044] While certain embodiments may include the BPR 158 directly contacting the VBPR 142b, the illustrated
embodiment includes an adhesion liner 166 between the BPR 158 and the BOX SiO2 layer 110. The adhesion liner
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166 may be formed from titanium nitride and tantalum nitride, or similar materials that help the BPR 158 better
adhere to the BOX SiO2 layer 110 without deteriorating, diffusing, or shorting to other components of the
semiconductor structure 100. As illustrated, the adhesion liner 166 may wrap around the VBPR 142b, and the BPR
158 may wrap around the adhesion liner 166 rather than directly wrapping around the VBPR 142b.

[0045] Figure 12 is a schematic cross-sectional side view of the semiconductor structure 100 of Figure 1, in
accordance with one embodiment of the present invention. Figure 12 shows a back side power delivery network
(BSPDN) 170 that coupled to the BPR 158 and contains the power delivery components needed for the
semiconductor structure 100. The goal of the BSPDN 170 is to provide power and reference voltage to the S/Ds
138 and other devices in the device region 136, in the most efficient way. The BSPDN 170 is a network of
interconnects that is separate from the MOL/BEOL layer 146 contained on the opposite side of the device region
136. Traditionally, the power components and the sighals components are fabricated through back-end-of-line
(BEOL) processing on the frontside (i.e., below the contacts 1423, b in the configuration illustrated in Figure 12).
Separating the BSPDN 170 to the backside (i.e., opposite the frontside so the device region 136 is between the
frontside and the backside) enables direct power delivery to the device region 136, which enhances system

performance, increases chip area utilization, and reduces complexity in the MOL/BEOL layers 146.

[0046] The integrated circuit chips resulting from the processes described herein 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, orin a
packaged form. In the latter case the chip is mounted in a single chip package (such as a plastic carrier, with leads
that are affixed to a motherboard or other higher level carrier) or in a multichip package (such as a ceramic carrier
that has either or both surface interconnections or buried interconnections). In any case the chip is then integrated
with other chips, discrete circuit elements, and/or other signal processing devices as 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 integrated circuit chips, ranging from toys and other low-end applications to advanced computer products

having a display, a keyboard or other input device, and a central processor.

[0047] The terminology used herein is for the purpose of describing particular embodiments only and is not
intended to be limiting of the invention. As used herein, the singular forms “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or addition of one or

more other features, integers, steps, operations, elements, components, and/or groups thereof.

[0048] While the present application has been particularly shown and described with respect to preferred
embodiments thereof, it will be understood by those skilled in the art that the foregoing and other changes in forms

and details may be made without departing from the scope of the present application. It is therefore intended that
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the present application to not be limited to the exact forms and details described and illustrated but fall within the

scope of the appended claims.

[0049] The descriptions of the various embodiments of the present invention have been presented for
purposes of illustration but are not intended to be exhaustive or limited to the embodiments disclosed. Many
modifications and variations will be apparent to those of ordinary skill in the art without departing from the scope of
the described embodiments. The terminology used herein was chosen to best explain the principles of the
embodiments, the practical application or technical improvement over technologies found in the marketplace, or to

enable others of ordinary skill in the art to understand the embodiments disclosed herein.
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CLAIMS

1. A semiconductor structure, comprising:

a device region comprising a first source/drain (S/D) and a second S/D;

a buried power rail (BPR) under the device region, wherein a critical dimension of the BPR is larger than a
distance between the first S/D and the second S/D;

a viercontact-to-buried power rail (VBPR) between the BPR and the S/D.

2. The semiconductor structure of claim 1, wherein the BPR wraps around the VBPR.

3. The semiconductor structure of claim 1, further comprising an adhesion liner between the BPR and an
insulator.

4, The semiconductor structure of claim 3, wherein the adhesion liner wraps around the VBPR, and the BPR

wraps around the adhesion liner.

5. The semiconductor structure of claim 3, wherein (i) the BPR comprises a selection from the group
consisting of: copper, cobalt, tungsten, and ruthenium; and (ii) the adhesion liner comprises a selection from the

group consisting of: titanium nitride and tantalum nitride.

6. The semiconductor structure of claim 1, further comprising a back side power delivery network (BSPDN)

electrically coupled to the BPR.

7. The semiconductor structure of claim 6, further comprising back-end-of-line (BEOL) layers electrically

coupled to the VBPR, wherein the device region is between the BSPDN and the BEOL layers.

8. A method, comprising:

forming a dummy buried power rail (BPR) in an insulator layer between a first fin field-effect transistor
(FET) and a second fin FET;

forming a first source/drain (S/D) electrically connected to the first fin FET, and a second S/D electrically
connected to the second fin FET,;

forming a via-contact-to-buried power rail (VBPR) that contacts a top surface of the dummy BPR and the
first SID;

selectively etching the dummy BPR from a bottom surface opposite the top surface to form a BPR trench;
widening the BPR trench; and

metalizing the BPR trench to form a BPR.
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9. The method of claim 8, further comprising:
forming the first fin field-effect transistor (FET) of a first doping type before forming the dummy BPR; and
forming the second fin FET of the first doping type before forming the dummy BPR.

10. The method of claim 8, wherein forming the dummy BPR comprises depositing amorphous silicon into a
dummy BPR trench between the first fin FET and the second fin FET.

1. The method of claim 8, wherein widening the BPR trench comprises selectively etching the insulator layer
without etching the VBPR.
12. The method of claim 8, wherein widening the BPR trench comprises widening to a critical dimension that is

greater than a distance between the first S/D and the second S/D.

13. The method of claim 8, further comprising forming an adhesion liner within the BPR trench before

metalizing the BPR trench.

14, The method of claim 13, wherein the adhesion liner wraps around the VBPR, and the BPR wraps around

the adhesion liner.

15. A semiconductor structure, comprising:

aback side power delivery network (BSPDN);

a buried power rail (BPR) coupled to the BSPDN,;

a viercontact-to-buried power rail (VBPR) coupled to the BPR, wherein the BPR wraps around a bottom of
the VBPR;

a first source/drain (S/D) coupled to a middle of the VBPR; and

a back-end-of-line layer coupled to a top of the VBPR.

16. The semiconductor structure of claim 15, further comprising a second S/D, wherein a critical dimension of

the BPR is larger than a distance between the first S/D and the second S/D.

17. The semiconductor structure of claim 16, wherein the VBPR passes between the first S/D and the second
S/D to connect to the BPR.
18. The semiconductor structure of claim 15, further comprising an adhesion liner between the BPR and an

insulator,
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19. The semiconductor structure of claim 18, wherein the adhesion liner wraps around the VBPR, and the
BPR wraps around the adhesion liner.
20. The semiconductor structure of claim 18, wherein (i) the BPR comprises a selection from the group

consisting of: copper, cobalt, tungsten, and ruthenium; and (ii) the adhesion liner comprises a selection from the

group consisting of: titanium nitride and tantalum nitride.
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