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STACKED VIA RIVETS IN CHIP HOTSPOTS

BACKGROUND

[0001] The present application relates to a structure including a partial stack of vias that threads

through one or more dielectric layers of the structure.

[0002] Semiconductor devices can include structures (e.g., back-end-of-line (BEOL) structures)
that include a plurality of dielectric regions or layers having different values of dielectric
constant, k. Interfaces between dielectric layers of different k can crack or delaminate due to
various factors that drive the crack propagation. The driving forces include factors such as
differing thermal expansion (or contraction) between the various materials in the package and
chip structures, residual stresses in the materials, etc. Besides the chip and package driving
forces some of the thermal expansion mismatch can occur between the metal and dielectrics in
the BEOL structures of the chip. Operations of a semiconductor device with a crack or
delamination at the interfaces can be vulnerable to failures. In some examples, the cracks can
cause opens between the different BEOL levels (e.g., in between one of the metal lines and the
vias) and render the whole chip inoperable. In some examples, the cracks can also increase a
resistance of current paths formed in the BEOL structure, and the increased resistance can

generate unwanted heat within the semiconductor device.

[0003] Some conventional solutions to address the cracking or delamination can include, for
example, minimizing stress by modulating the coefficient of thermal expansion (CTE) mismatch
between the materials or changing the residual stress in materials by changing the deposition
conditions, etc. Other process techniques include improving the interfacial properties between the
various materials so that their propensity to crack is reduced. However, the stress within the
structure may not be completely eliminated such that the potential of propagating the crack may
still exist. Other conventional solutions can include, for example, minimizing the number of via-
to-via interfaces in the structure to decrease chances of cracking and/or delamination. However,

the potential of cracks still exists. Another conventional solution can include, for example,
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mnserting bond pads or connectors between dielectric regions or layers, but the location to insert

these bond pads, connectors, are not specified.

SUMMARY

[0004] In some examples, a structure including a rivet cell is generally described. The structure can
include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The rivet
cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread

through at least one dielectric region among the plurality of dielectric regions.

[0005] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can be a first rivet cell located at a first lateral distance from a first corner of the structure.

The structure can further include a second rivet cell located at a second lateral distance from a

second corner of the structure.

[0006] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can be among a number of rivet cells inserted in the stress hotspot, and the number of rivet cells

can be based on a size of the stress hotspot.

[0007] In some examples, a structure including a rivet cell is generally described. The structure can
include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The rivet
cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread

through at least one dielectric region among the plurality of dielectric regions. The stress
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hotspot can be among a plurality of stress hotspots across the structure, and each stress hotspot can

include a respective set of rivet cells.

[0008] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The length of  the
rivet cell can be based on a model of a relationship between the length of the rivet cell and an

energy release rate of the structure.

[0009] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The structure can

be a back-end-of-line (BEOL) structure of a semiconductor device.

[0010] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can thread through an interface between a first dielectric region and a second dielectric region
among the plurality of dielectric regions. The first dielectric region and the second dielectric

region can have different dielectric constants.

[0011] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can thread through an interface between a first dielectric region and a second dielectric region

among the plurality of dielectric regions. The first dielectric region and the second
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dielectric region can have different dielectric constants. The first dielectric region can include

hard dielectric materials and the second dielectric region can include soft dielectric materials.

[0012] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot ina structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating rivet
cell data that indicates an insertion location of the rivet cell. The insertion location can be based on
the location of the stress hotspot. The method can further include sending the rivet cell data to a
device to instruct the device to construct the structure in accordance with the rivet cell data. The
structure can be constructed to include the rivet cell at the insertion location. The rivet cell can
extend through the stress hotspot of the structure and can thread through at least one dielectric

region among a plurality of dielectric regions of the structure.

[0013] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot ina structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating rivet
cell data that indicates an insertion location of the rivet cell. The insertion location can be based on
the location of the stress hotspot. The method can further include sending the rivet cell data to a
device to instruct the device to construct the structure in accordance with the rivet cell data. The
structure can be constructed to include the rivet cell at the insertion location. The rivet cell can
extend through the stress hotspot of the structure and can thread through at least one dielectric
region among a plurality of dielectric regions of the structure. The rivet cell data can further
indicate multiple insertion locations of multiple rivet cells, the multiple insertion locations being

within the stress hotspot.
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[0014] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating
rivet cell data that indicates an insertion location of the rivet cell. The insertion location can be
based on the location of the stress hotspot. The method can further include sending the rivet cell
data to a device to instruct the device to construct the structure in accordance with the rivet cell
data. The structure can be constructed to include the rivet cell at the insertion location. The rivet
cell can extend through the stress hotspot of the structure and can thread through at least one
dielectric region among a plurality of dielectric regions of the structure. The modeling of the
relationship can be performed based on a projection of an anomaly at the location of the stress
hotspot and on an interface between a first dielectric region and a second dielectric region among
the plurality of dielectric regions. Upon the insertion of the rivet cell, the rivet cell can thread
through at least a portion the first dielectric region and at least a portion of the second dielectric
region. The energy release rate of the structure can be based on the location of the projected

anomaly.

[0015] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating
rivet cell data that indicates an insertion location of the rivet cell. The insertion location can be
based on the location of the stress hotspot. The method can further include sending the rivet cell
data to a device to instruct the device to construct the structure in accordance with the rivet cell
data. The structure can be constructed to include the rivet cell at the insertion location. The rivet
cell can extend through the stress hotspot of the structure and can thread through at least one

dielectric region among a plurality of dielectric regions of the
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structure. The projected anomaly can be a crack at the interface between the first dielectric

region and the second dielectric region.

[0016] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The first dielectric region and the second dielectric region can have different values of

dielectric constant.

[0017] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet cell
and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The stress hotspot can be among a plurality of stress hotspots across the structure, and

each stress hotspot can include a respective set of rivet cells.
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[0018] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating
rivet cell data that indicates an insertion location of the rivet cell. The insertion location can be
based on the location of the stress hotspot. The method can further include sending the rivet cell
data to a device to instruct the device to construct the structure in accordance with the rivet cell
data. The structure can be constructed to include the rivet cell at the insertion location. The rivet
cell can extend through the stress hotspot of the structure and can thread through at least one
dielectric region among a plurality of dielectric regions of the structure. The rivet cell can be
among a number of rivet cells inserted in the stress hotspot, and the number of rivet cells can be

based on a size of the stress hotspot.

[0019] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot ina structure.
The method can further include modeling a relationship between a length of a rivet cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating
rivet cell data that indicates an insertion location of the rivet cell. The insertion location can be
based on the location of the stress hotspot. The method can further include sending the rivet cell
data to a device to instruct the device to construct the structure in accordance with the rivet cell
data. The structure can be constructed to include the rivet cell at the insertion location. The rivet
cell can extend through the stress hotspot of the structure and can thread through at least one
dielectric region among a plurality of dielectric regions of the structure. The identification of the
optimal length of the rivet cell can include identifying a length of the rivet cell that results in a

lowest energy release rate.
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[0020] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The method can further include generating a three-dimensional (3D) model of the
structure. The method can further include executing an instruction to perform stress analysis on
the 3D model. The method can further include identifying the location of the stress hotspot from

an output of the stress analysis.

[0021] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the

rivet cell data. The structure can be constructed to include the
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rivet cell at the insertion location. The rivet cell can extend through the stress hotspot of the
structure and can thread through at least one dielectric region among a plurality of dielectric

regions of the structure.

[0022] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The model of the
relationship can be performed based on a projection of an anomaly at the location of the stress
hotspot and on an interface between a first dielectric region and a second dielectric region among
the plurality of dielectric regions. Upon the insertion of the rivet cell, the rivet cell can thread
through at least a portion the first dielectric region and at least a portion of the second
dielectric region. The energy release rate of the structure can be based on the location of the

projected anomaly.

[0023] In some examples, a computer program product for determining a location of a rivet cell
in a structure is generally described. The computer program product can include a computer

readable storage medium having program instructions embodied therewith. The program
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instructions can be executable by a processing element of a device to cause the device to model a
location of a stress hotspot in a structure. The program instructions can be executable by a
processing element of a device to cause the device to model a relationship between a length of a
rivet cell and an energy release rate of the structure. The program instructions can be executable
by a processing element of a device to cause the device to identify an optimal length of the rivet
cell based on the modeled relationship. The program instructions can be executable by a
processing element of a device to cause the device to generate rivet cell data that indicates an
insertion location of the rivet cell. The insertion location can be based on the location of the stress
hotspot. The program instructions can be executable by a processing element of a device to cause
the device to send the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at the
insertion location. The rivet cell can extend through the stress hotspot of the structure and can
thread through at least one dielectric region among a plurality of dielectric regions of the structure.
The model of the relationship can be performed based on a projection of an anomaly at the
location of the stress hotspot and on an interface between a first dielectric region and a second
dielectric region among the plurality of dielectric regions. Upon the insertion of the rivet cell, the
rivet cell can thread through at least a portion the first dielectric region and at least a
portion of the second dielectric region. The energy release rate of the structure can be based on
the location of the projected anomaly. The projected anomaly can be a crack at the interface

between the first dielectric region and the second dielectric region.

[0024] In some examples, a computer program product for determining a location of a rivet cell
in a structure is generally described. The computer program product can include a computer
readable storage medium having program instructions embodied therewith. The program
instructions can be executable by a processing element of a device to cause the device to model a
location of a stress hotspot in a structure. The program instructions can be executable by a
processing element of a device to cause the device to model a relationship between a length of a
rivet cell and an energy release rate of the structure. The program instructions can be executable
by a processing element of a device to cause the device to identify an optimal length of the rivet

cell based on the modeled relationship. The program instructions can be executable by a

10
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processing element of a device to cause the device to generate rivet cell data that indicates an
insertion location of the rivet cell. The insertion location can be based on the location of the stress
hotspot. The program instructions can be executable by a processing element of a device to cause
the device to send the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at the
insertion location. The rivet cell can extend through the stress hotspot of the structure and can
thread through at least one dielectric region among a plurality of dielectric regions of the structure.
The model of the relationship can be performed based on a projection of an anomaly at the
location of the stress hotspot and on an interface between a first dielectric region and a second
dielectric region among the plurality of dielectric regions. Upon the insertion of the rivet cell, the
rivet cell can thread through at least a portion the first dielectric region and at least a
portion of the second dielectric region. The energy release rate of the structure can be based on
the location of the projected anomaly. The first dielectric region and the second dielectric region

has different values of dielectric constant.

[0025] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.

The rivet cell can extend through the stress hotspot of the

11



WO 2022/127412 PCT/CN2021/128169

structure and can thread through at least one dielectric region among a plurality of dielectric
regions of the structure. The rivet cell can be among a number of rivet cells inserted in the stress

hotspot, and the number of rivet cells can be based on a size of the stress hotspot.

[0026] In some examples, a computer program product for determining a location of a rivet cell in
a structure 1s generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The stress hotspot
can be among a plurality of stress hotspots across the structure, and each stress hotspot can include

a respective set of rivet cells.

[0027] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer
readable storage medium having program instructions embodied therewith. The program
instructions can be executable by a processing element of a device to cause the device to model a
location of a stress hotspot in a structure. The program instructions can be executable by a
processing element of a device to cause the device to model a relationship between a length of a

rivet cell and an energy release rate of the structure. The program instructions can be executable

12
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by a processing element of a device to cause the device to identify an optimal length of the rivet
cell based on the modeled relationship. The program instructions can be executable by a
processing element of a device to cause the device to generate rivet cell data that indicates an
insertion location of the rivet cell. The insertion location can be based on the location of the
stress hotspot. The program instructions can be executable by a processing element of a device
to cause the device to send the rivet cell data to a device to instruct the device to construct the
structure in accordance with the rivet cell data. The structure can be constructed to include the
rivet cell at the insertion location. The rivet cell can extend through the stress hotspot of the
structure and can thread through at least one dielectric region among a plurality of dielectric
regions of the structure. The program instructions can be executable by the processing element
of the device to cause the device to identify a length of the rivet cell that results in a lowest

energy release rate to identify the optimal length of the rivet cell.

[0028] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The program

instructions can be executable by the processing element
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of the device to generate a three-dimensional (3D) model of the structure. The program

instructions can be executable by the processing element of the device to execute an instruction
to perform stress analysis on the 3D model. The program instructions can be executable by the
processing element of the device to identify the location of the stress hotspot from an output of

the stress analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Fig. 1A is a cross sectional view of an exemplary structure including a rivet cell, in one

embodiment.

[0030] Fig. 1B is a cross sectional view of the structure of Fig. 1A with additional rivet cells, in

one embodiment.

[0031] Fig. 2 is a diagram illustrating an example system that can be implemented to construct a

rivet cell in one embodiment.

[0032] Fig. 3A is a diagram illustrating an example implementation of stress hotspot modeling

that can be used to identify a stress hotspot on a structure, in one embodiment.

[0033] Fig. 3B is a diagram illustrating a plot from an implementation of stress hotspot modeling

of Fig. 3A in one embodiment.

[0034] Fig. 4 is a diagram illustrating example models that can be used to perform energy release

rate modeling in accordance with the present disclosure.

[0035] Fig. S is a diagram illustrating an example implementation of energy release rate

modeling that can be used to identify a length of a rivet cell in one embodiment.

14
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[0036] Fig. 6 illustrates a flow diagram relating to stacked via rivets in chip hotspots in one

embodiment.

[0037] Fig. 7 illustrates a schematic of an example computer or processing system that may

implement a generation of stacked via rivets in chip hotspots in one embodiment.

DETAILED DESCRIPTION

[0038] The present application will now be described in greater detail by referring to the
following discussion and drawings that accompany the present application. It is noted that the
drawings of the present application are provided for illustrative purposes only and, as such, the
drawings are not drawn to scale. It is also noted that like and corresponding elements are referred

to by like reference numerals.

[0039] 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.

[0040] 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 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.
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[0041] To be described in more detail below, the structure described herein includes one or more
specially designed partial stack via sets situated in hotspot regions. Further, the methods and
systems described herein can identify regions and precise locations of the partial stack vias sets by
using various modeling techniques along with how many of these multiple partial via sets can be
placed. The partial stack via sets can be referred to as "rivet cells", where they can rivet through
soft dielectrics specifically and can be intended to serve as anchors for multiple dielectric layers.
Further, the rivet cells need not to be restricted to touch bond pads as they can be inside the
metal stack and extend through multiple metal levels below the bond pad or C4 structures.
Furthermore, multiple rivet cells can be used in various regions of a chip and may not need to be
treated as a network and may not need to extend to the bond pads or the device contacts. Stress
hotspot regions near corners of the chip can be modeled such that the rivet cells can be inserted at
the hotspot regions to provide support before cracks appear. Also, the size of the rivet cells are
determined based on models of relationships between the size of the rivet cells and the potential
reaction of the structure in response to environmental changes (e.g., thermal expansion or

contraction in response to temperature change, stress, forces, etc.).

[0042] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
in the structure can prevent propagation of a crack that can be present at an interface between a

pair of dielectric regions among the at least one dielectric region.

[0043] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can be a first rivet cell located at a first lateral distance from a first corner of the structure.

The structure can further include a second rivet cell located at a second lateral distance from a
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second corner of the structure. The first and second rivet cells in the structure can prevent

propagation of cracks that can be present across multiple stress hotspots of the structure.

[0044] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can be among a number of rivet cells inserted in the stress hotspot, and the number of rivet cells
can be based on a size of the stress hotspot. The number of rivet cells in the stress hotspot can
prevent propagation of cracks that can be present in the stress hotspot, and/or across multiple

stress hotspots, of the structure.

[0045] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The stress hotspot
can be among a plurality of stress hotspots across the structure, and each stress hotspot can
include a respective set of rivet cells. The rivet cell in the structure can prevent propagation of

cracks that can be present across multiple stress hotspots of the structure.

[0046] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The length of  the
rivet cell can be based on a model of a relationship between the length of the rivet cell and an
energy release rate of the structure. The model of the relationship can provide an optimal size of

the rivet cell and an optimal location of the rivet cell in the structure.

[0047] In some examples, a structure including a rivet cell is generally described. The structure

can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
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rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The structure can
be a back-end-of-line (BEOL) structure of a semiconductor device. The rivet cell in the structure

can prevent propagation of a crack that can be present in the BEOL structure.

[0048] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can thread through an interface between a first dielectric region and a second dielectric region
among the plurality of dielectric regions. The first dielectric region and the second dielectric
region can have different dielectric constants. The rivet cell in the structure can prevent
propagation of a crack that can be present at an interface between the first dielectric region and the

second dielectric region.

[0049] In some examples, a structure including a rivet cell is generally described. The structure
can include a plurality of dielectric regions. The rivet cell can include a set of stacked vias. The
rivet cell can extend through a stress hotspot of the structure. A length of the rivet cell can thread
through at least one dielectric region among the plurality of dielectric regions. The rivet cell
can thread through an interface between a first dielectric region and a second dielectric region
among the plurality of dielectric regions. The first dielectric region and the second dielectric
region can have different dielectric constants. The first dielectric region can include hard
dielectric materials and the second dielectric region can include soft dielectric materials.

The rivet cell in the structure can prevent propagation of a crack that can be present at an interface

between the hard dielectric region and the soft dielectric region.

[0050] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a structure.
The method can further include modeling a relationship between a length of a rivet cell and an

energy release rate of the structure. The method can further include identifying an
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optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The insertion of the rivet cell in the structure can prevent propagation of a crack that
can be present at an interface between a pair of dielectric regions among the at least one

dielectric region.

[0051] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The rivet cell data can further indicate multiple insertion locations of multiple rivet
cells, the multiple insertion locations being within the stress hotspot. The rivet cells being in the
multiple insertion locations can prevent propagation of cracks that can be present across multiple

stress hotspots of the structure.
[0052] In some examples, a method for determining a location of a rivet cell in a structure 1s

generally described. The method can include modeling a location of a stress hotspot in a

structure. The method can further include modeling a relationship between a length of a rivet
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cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The modeling of the relationship can be performed based on a projection of an
anomaly at the location of the stress hotspot and on an interface between a first dielectric region
and a second dielectric region among the plurality of dielectric regions. Upon the insertion of
the rivet cell, the rivet cell can thread through at least a portion the first dielectric region and at
least a portion of the second dielectric region. The energy release rate of the structure can be
based on the location of the projected anomaly. The model of the relationship can provide an

optimal size of the rivet cell and an optimal location of the rivet cell in the structure.

[0053] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The projected anomaly is a crack at the interface between the first dielectric region and
the second dielectric region. The rivet cell in the structure can prevent propagation of the crack

or delamination.
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[0054] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspotin a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The first dielectric region and the second dielectric region can have different values of
dielectric constant. The rivet cell in the structure can prevent propagation of a crack that can be

present at an interface between the first dielectric region and the second dielectric region.

[0055] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet cell
and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The stress hotspot can be among a plurality of stress hotspots across the structure, and
each stress hotspot can include a respective set of rivet cells. The rivet cell in the structure can

prevent propagation of cracks that can be present across multiple stress hotspots of the structure.
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[0056] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a structure.
The method can further include modeling a relationship between a length of a rivet  cell and an
energy release rate of the structure. The method can further include identifying an optimal length
of the rivet cell based on the modeled relationship. The method can further include generating
rivet cell data that indicates an insertion location of the rivet cell. The insertion location can be
based on the location of the stress hotspot. The method can further include sending the rivet cell
data to a device to instruct the device to construct the structure in  accordance with the rivet cell
data. The structure can be constructed to include the rivet cell at the insertion location. The rivet
cell can extend through the stress hotspot of the structure and can thread through at least one
dielectric region among a plurality of dielectric regions of the structure. The rivet cell can be
among a number of rivet cells inserted in the stress hotspot, and the number of rivet cells can be
based on a size of the stress hotspot. The number of rivet cells in the stress hotspot can prevent
propagation of cracks that can be present in the stress hotspot, and/or across multiple stress

hotspots, of the structure.

[0057] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The identification of the optimal length of the rivet cell can include identifying a

length of the rivet cell that results in a lowest energy release rate. The model of the relationship
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can provide an optimal size of the rivet cell and an optimal location of the rivet cell in the structure.

[0058] In some examples, a method for determining a location of a rivet cell in a structure is
generally described. The method can include modeling a location of a stress hotspot in a
structure. The method can further include modeling a relationship between a length of a rivet
cell and an energy release rate of the structure. The method can further include identifying an
optimal length of the rivet cell based on the modeled relationship. The method can further
include generating rivet cell data that indicates an insertion location of the rivet cell. The
insertion location can be based on the location of the stress hotspot. The method can further
include sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data. The structure can be constructed to include the rivet cell at
the insertion location. The rivet cell can extend through the stress hotspot of the structure and
can thread through at least one dielectric region among a plurality of dielectric regions of the
structure. The method can further include generating a three-dimensional (3D) model of the
structure. The method can further include executing an instruction to perform stress analysis on
the 3D model. The method can further include identifying the location of the stress hotspot from
an output of the stress analysis. The stress analysis can provide the location of the stress hotspot

that can be used to identify an optimal location of the rivet cell in the structure.

[0059] In some examples, a computer program product for determining a location of a rivet cell
in a structure is generally described. The computer program product can include a computer
readable storage medium having program instructions embodied therewith. The program
instructions can be executable by a processing element of a device to cause the device to model a
location of a stress hotspot in a structure. The program instructions can be executable by a
processing element of a device to cause the device to model a relationship between a length of a
rivet cell and an energy release rate of the structure. The program instructions can be executable
by a processing element of a device to cause the device to identify an optimal length of the rivet
cell based on the modeled relationship. The program instructions can be executable by a

processing element of a device to cause the device to generate rivet cell data that indicates an
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insertion location of the rivet cell. The insertion location can be based on the location of the
stress hotspot. The program instructions can be executable by a processing element of a device
to cause the device to send the rivet cell data to a device to instruct the device to construct the
structure in accordance with the rivet cell data. The structure can be constructed to include the
rivet cell at the insertion location. The rivet cell can extend through the stress hotspot of the
structure and can thread through at least one dielectric region among a plurality of dielectric
regions of the structure. The rivet cell in the structure can prevent propagation of a crack that

can be present at an interface between the first dielectric region and the second dielectric region.

[0060] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure, and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The model of the
relationship can be performed based on a projection of an anomaly at the location of the stress
hotspot and on an interface between a first dielectric region and a second dielectric region among
the plurality of dielectric regions. Upon the insertion of the rivet cell, the rivet cell can thread
through at least a portion the first dielectric region and at least a portion of the second

dielectric region. The energy release rate of the
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structure can be based on the location of the projected anomaly. The model of the relationship
can provide an optimal size of the rivet cell and an optimal location of the rivet cell in the

structure.

[0061] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure, and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The model of the
relationship can be performed based on a projection of an anomaly at the location of the stress
hotspot and on an interface between a first dielectric region and a second dielectric region among
the plurality of dielectric regions. Upon the insertion of the rivet cell, the rivet cell can thread
through at least a portion the first dielectric region and at least a portion of the second
dielectric region. The energy release rate of the structure can be based on the location of the
projected anomaly. The projected anomaly can be a crack at the interface between the first
dielectric region and the second dielectric region. The rivet cell in the structure can prevent

propagation of the crack or delamination.
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[0062] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure, and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The model of the
relationship can be performed based on a projection of an anomaly at the location of the stress
hotspot and on an interface between a first dielectric region and a second dielectric region among
the plurality of dielectric regions. Upon the insertion of the rivet cell, the rivet cell can thread
through at least a portion the first dielectric region and at least a portion of the second
dielectric region. The energy release rate of the structure can be based on the location of the
projected anomaly. The first dielectric region and the second dielectric region has different values
of dielectric constant. The rivet cell in the structure can prevent propagation of a crack that can be

present at an interface between the first dielectric region and the second dielectric region.

[0063] In some examples, a computer program product for determining a location of a rivet cell
in a structure is generally described. The computer program product can include a computer
readable storage medium having program instructions embodied therewith. The program

instructions can be executable by a processing element of a device to cause the device to model a
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location of a stress hotspot in a structure. The program instructions can be executable by a
processing element of a device to cause the device to model a relationship between a length of a
rivet cell and an energy release rate of the structure. The program instructions can be executable
by a processing element of a device to cause the device to identify an optimal length of the rivet
cell based on the modeled relationship. The program instructions can be executable by a
processing element of a device to cause the device to generate rivet cell data that indicates an
insertion location of the rivet cell. The insertion location can be based on the location of the
stress hotspot. The program instructions can be executable by a processing element of a device to
cause the device to send the rivet cell data to a device to instruct the device to construct the
structure in accordance with the rivet cell data. The structure can be constructed to include the
rivet cell at the insertion location. The rivet cell can extend through the stress hotspot of the
structure and can thread through at least one dielectric region among a plurality of dielectric
regions of the structure. The rivet cell can be among a number of rivet cells inserted in the stress
hotspot, and the number of rivet cells can be based on a size of the stress hotspot. The number of
rivet cells in the stress hotspot can prevent propagation of cracks that can be present in the stress

hotspot, and/or across multiple stress hotspots, of the structure.

[0064] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
structions can be executable by a processing element of a device to cause the device to send the

rivet cell data to a device to instruct the device to construct the
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structure in accordance with the rivet cell data. The structure can be constructed to include the
rivet cell at the insertion location. The rivet cell can extend through the stress hotspot of the
structure and can thread through at least one dielectric region among a plurality of dielectric
regions of the structure. The stress hotspot can be among a plurality of stress hotspots across the
structure, and each stress hotspot can include a respective set of rivet cells. The rivet cell in the
structure can prevent propagation of cracks that can be present across multiple stress hotspots of

the structure.

[0065] In some examples, a computer program product for determining a location of a rivet cell in
a structure 1s generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The program
instructions can be executable by the processing element of the device to cause the device to
identify a length of the rivet cell that results in a lowest ~ energy release rate to identify the
optimal length of the rivet cell. The model of the relationship can provide an optimal size of the

rivet cell and an optimal location of the rivet cell in the structure.
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[0066] In some examples, a computer program product for determining a location of a rivet cell in
a structure is generally described. The computer program product can include a computer readable
storage medium having program instructions embodied therewith. The program instructions can
be executable by a processing element of a device to cause the device to model a location of a
stress hotspot in a structure. The program instructions can be executable by a processing element
of a device to cause the device to model a relationship between a length of a rivet cell and an
energy release rate of the structure. The program instructions can be executable by a processing
element of a device to cause the device to identify an optimal length of the rivet cell based on the
modeled relationship. The program instructions can be executable by a processing element of a
device to cause the device to generate rivet cell data that indicates an insertion location of the rivet
cell. The insertion location can be based on the location of the stress hotspot. The program
instructions can be executable by a processing element of a device to cause the device to send the
rivet cell data to a device to instruct the device to construct the structure in accordance with the
rivet cell data. The structure can be constructed to include the rivet cell at the insertion location.
The rivet cell can extend through the stress hotspot of the structure and can thread through at least
one dielectric region among a plurality of dielectric regions of the structure. The program
instructions can be executable by the processing element of the device to generate a three-
dimensional (3D) model of the structure. The program instructions can be executable by the
processing element of the device to execute an instruction to perform stress analysis on the 3D
model. The program instructions can be executable by the processing element of the device to
identify the location of the stress hotspot from an output of the stress analysis. The stress analysis
can provide the location of the stress hotspot that can be used to identify an optimal location of the

rivet cell 1n the structure.

[0067] Fig. 1A is a cross sectional view of an exemplary structure including a rivet cell, in one
embodiment. A structure 102 shown in Fig. 1A can be, for example, a section of a back-end-of-
line (BEOL) structure for a semiconductor device 100. The semiconductor device 100 can
include additional layers or sections of structures, such as a middlle-of-the line (MOL) structure
and a front-end-of-line (FEOL) structure: the MOL and FEOL structures are not shown in the

drawings of the present application. The structure 102 can include a plurality of dielectric

29



WO 2022/127412 PCT/CN2021/128169

regions 101a to 101f having different values of k and at least one soft dielectric material 101d
that is sandwiched between two hard dielectric materials 101e, 101c. The soft dielectric is an
ultra low k (ULK) material that has a dielectric constant ranging from about 1.5 to about 3.5, or
between about 2.0 and about 2.5. Exemplary ULK dielectrics can include porous inorganic
materials such as, for example, silicon-containing materials such as compositions of Si, C, O,
and H, including (SiCOH), also called C doped oxide (CDO) or organosilicate glass (OSG).
Other low K materials could also include SilK (trademark of the Dow company) which is a low k
organic polymer. Non-porous ULK materials can also be used in the present application. Hard
dielectrics can have a dielectric constant greater than the dielectric constant of ULK materials.
Examples of hard dielectrics can include, for example, silicon dioxide, silsesquioxanes, C doped
oxides (1.e., organosilicates) that includes atoms of Si, C, O and H, thermosetting polyarylene
ethers, or multilayers thereof. The term "polyarylene" is used in this application to denote aryl
moieties or inertly substituted aryl moieties which are linked together by bonds, fused rings, or
inert linking groups such as, for example, oxygen, sulfur, sulfone, sulfoxide, carbonyl and the
like.

[0068] The structure 102 can include one or more sets of stacked vias and metals 104 that can be
used as a conductive path spanning between dielectric regions 101a to 101f. The six dielectric
regions (101a-101f) shown in this figure is just an example. There can be more or less such
dielectric regions with differing dielectric thicknesses with different dielectric constants. The
structure 102 can further include at least one rivet cell, such as a rivet cell 110, where the rivet
cell 110 can include a set of stacked vias and metals that threads through one or more layers of
dielectric regions of the structure 102. The rivet cells are not necessarily active and do not have
to form a conductive path for the circuit or chip operability. The rivet cell 110 can be positioned
in the structure 102 to attempt prevention of cracking or delaminating at interfaces of the
dielectric regions of the structure 102. For example, the rivet cell 110 shown in Fig. 1A can be
positioned to prevent a crack that can potentially occur at an interface 106 between the dielectric
region 101d and 101e. In an example, the location of the rivet cell 110 in the structure 102 can
be estimated based on 1) an estimation of one or more hotspot regions, such as a stress hotspot

105 (or "hotspot 105") detected on the semiconductor device 100, and 2) a model that relates a
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length (e.g., a number of stacked vias) of the rivet cell 110 to an energy release rate (ERR) of the
structure 102. In an example embodiment, multiple rivet cells can be placed within a large
contiguous hotspot region. In an example, the rivet cell 110 can be composed of an electrically
conductive metal or electrically conductive metal alloy, such as copper (Cu), aluminum (Al),
tungsten (W), or an alloy thereof such as, for example, a Cu-Al alloy. In an example, the rivet
cell 110 metal and via stacks could also include liner materials such as TaN or TiN that can be
part of the typical BEOL build processes for each metal and via level. The structure 102 can be
formed utilizing techniques well known to those skilled in the art. For example, the various
dielectric regions can be formed utilizing a deposition process such as, for example, CVD,
PECVD, and spin-coating. The rivet cell 110 and stacked vias can be formed utilizing a

damascene process.

[0069] In the example shown in Fig. 1, the rivet cell 110 can extend through the stress hotspot
105, and can span from a section of the dielectric region 101c, thread through an entirety of the
dielectric regions 101d and 101e, and ends at a section of the dielectric region 101f. Further, in
some examples, the structure 102 can include more than one rivet cell. For example, the rivet
cell 110 can be located at a lateral distance L1 away from a corner 107 of the structure 102, and
another rivet cell 111 can be located at a lateral distance L2 away from a corner 108 of the
structure 102. In an example, a rivet cell can be located in proximity to each corner of the
structure 102. The lateral distances L1 and L2 can be the same, or can be different, and each one
of the lateral distances can be based on a location of a stress hotspot of the semiconductor device
100. Further, each rivet cell can have a different length or size. For example, the rivet cell 110
can be longer (e.g., having more stacked vias) than the rivet cell 111. Furthermore, each rivet
cell can thread through different dielectric regions to alleviate the potential of occurrences of
cracks or delamination at different interfaces between dielectric regions. For example, the rivet
cell 110 can be positioned to prevent a crack that can potentially occur at an interface 106
between the dielectric region 101d and 101e, and the rivet cell 111 can be positioned to prevent a

crack that can potentially occur at another interface between the dielectric region 101e and 101f.
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[0070] Fig. 1B is a cross sectional view of the structure 102 of Fig. 1A with additional rivet cells,

in one embodiment. In an example shown in Fig. 1B, a hotspot region (or "hotspot") 150 can be
near, or in proximity, to the corner 108 of the structure 102. The hotspot 150 can be relatively
large in width (e.g., horizontal, side-to-side) when compared with the width of a single rivet cell
(e.g., rivet cell 110). In an example embodiment, a width of the hotspot 150 can span an area (e.g.,
in a horizontal direction, side-to-side manner) of an order of approximately 3 millimeters (mm) x
3mm, and a width of a rivet cell can be relatively small in size, such as spanning an area of an
order of approximately 0.5 micrometers (um) x 0.5um. In an example, due to the relatively large
width difference between a hotspot and a rivet cell, a significantly large number of rivet cells (e.g,,
hundreds, thousands, millions) can be inserted in one hotspot location. Note that the hotspots near
each corner (e.g., corner 107, corner 108, etc.) among the four chip corners of the structure 102
can have the same or different width, and each rivet cell within the structure 102 can have the
same or different width. In an example, in order to cover the entire 3mm x 3mm hotspot region
150 as much as possible, multiple rivet cells 152 can be inserted in a location of the hotspot region
150. In some examples, live circuitry can overlap with a hotspot location and it may not be
desirable to insert rivet cells in locations that overlap with the live circuitry. Thus, the methods
and systems described herein can determine precise insertion locations, and sizes, of the rivet cells,
to avoid the inserted rivet cells overlapping or interfering with the live circuitry of the structure
102. In another example embodiment, multiple hotspot regions can be near a corner of the
structure 102. For example, as shown in Fig. 1B, the hotspot region 150 and another hotspot
region 160 can be in proximity to the corner 108. The hotspot regions 150 and 160 can have their
respective set of rivet cells, such as rivet cells 152 located in the hotspot region 150 and a
rivet cell 162 located in the hotspot region 160. The insertion of multiple rivet cells in the

structure 102 can prevent delamination or cracking in the dielectric interfaces in the entire length

(e.g., vertical direction) of the hotspot regions identified in the structure 102.

[0071] Fig. 2 is a diagram illustrating an example system that can be implemented to construct a
rivet cell in one embodiment. The system 200 can include a processor 202, a memory 204, and a
device 220. The processor 202 can be configured to be in communication with the memory 204

and the device 220. In some examples, the processor 202 and the memory 204 can be
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components of the same device, such as a computing device. The device 220 can be, for
example, a device or machine (e.g., dicing machine) configured to perform various fabrication

techniques to construct the structure 102.

[0072] The memory 204 can be configured to store a set of instructions 206. The instructions 206
can include code, such as source code and/or executable code, that can be executable by the
processor 202 to generate rivet cell data 208. In some examples, the instructions 206 can be an
executable application (e.g., software) that can be executable by the processor 202 to perform
various modeling techniques (described below). The rivet cell data 208 can include data relating

to one or more rivet cells (e.g, rivet cells 110, 111 152, 162 shown in Figs. 1A and/or 1B), and can
include instructions (e.g., executable code) that can be executable by the device 220 to construct
the structure 102 with the rivet cell 110. For example, the rivet cell data 208 can include data such
as a length of the rivet cell 110 (e.g., number of vias in the stacked vias of the rivet cell 110), a
location of the hotspot 105 (e.g., distance of the hotspot from the corner 107), the one or more
dielectric regions to where the rivet cell 110 shall thread through, and/or other  types of data
relating to the rivet cell 110. Further, data indicating distances between rivet cells (e.g., rivet cells
110, 111, 152, 162) and the corner that may be closest to these rivet cells can be included in the
rivet cell data 208. The instructions being included in the rivet cell data 208 can be, for example, a
set of executable code, such as fill insertion code, that can be executable by the device 220 to fill
the structure 102 with one or more rivet cells (e.g., rivet cells 110, 111, 152, 162, etc.) at the
locations indicated by the rivet cell data 208. In some examples, the rivet cell data 208 can be
provided to the device 220 as an input to an application being run by the device 220, where the
application can be run by the device 220 to construct the structure 102 and the rivet cell 110.
Further, the application being run by the device 220 can construct the structure 102 and/or
different rivet cells, such as 110, 111, 152, 162, and other rivet cells that need to be placed in all

the hotspot regions in the structure 102.
[0073] Figs. 3A and 3B are diagrams illustrating an example implementation of stress hotspot

modeling that can be used to identify a stress hotspot on a structure, in one embodiment. Inan

example, the generation of the rivet cell data 208 can include stress hotspot modeling to
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determine a location of the stress hotspot 105, and energy release rate (ERR) modeling to
determine a length of the rivet cell 110. In an example shown in Fig. 3A, in order to perform the
stress hotspot modeling and energy release rate (ERR) modeling, the processor 202 (shown in Fig,
2) can be configured to execute the instructions 206 (shown in Fig. 2) to generate a model 300 of
at least a portion of a chip package that includes the semiconductor device 100. In some
examples, the model 300 can be a virtual three-dimensional (3D) model of at least a portion of
the chip package including the semiconductor device 100. In some examples, the processor 202
can execute the instructions 206 to run an application (or software) to generate the model 300.
Examples of such applications can include, but not limited to, software such as SIMULIA
ABAQUS. Inthe example shown in Fig. 3A, the model 300 can be, for example, a quarter
cutout of an overall chip package located about a plane 351 and a plane 352. The model 300 can
include modeled components such as a lid 330, a printed circuit board (PCB) 332, and a die 334.
In an example, the semiconductor device 100 in Fig. 1A or Fig. 1B can be part of the die 334 in
the model 300.

[0074] In some examples, the processor 202 can receive inputs (e.g., user inputs) indicating
dimensions of various aspects or components of the model 300. For example, the semiconductor
device 100 can be a chip package, and the model 300 can be a virtual model for the chip package.
The inputs being received by the processor 202 can include, but not limited to, a PCB size, a
die size, a lid size, an underfill size, a thermal interface material (TIM) size, etc. along with

the materials properties of the PCB, die, lid, underfill, TIM, etc.

[0075] The processor 202 can execute the instructions 206 to perform a virtual thermal stress
analysis on the model 300 to generate an output indicating how different spots of the
semiconductor device 100 (modeled as the model 300) may react to thermo-mechanical stress. For
example, an output 302 can include a contour map representing a top perspective view of a portion
of the model 300. The contour map can be coded in different shades to represent different levels
of thermo-mechanical stress. The processor 202 can identify the hotspot 105 inthe  output 302,

where the hotspot may have significantly different shade when compared to other
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areas of the output 302. In the example shown in Fig. 3A, the hotspot 105 can be identified at a

location with a diagonal distance of approximately r units away from the corner 107.

[0076] In an example, the processor 202 can determine a size of a m X n region that can
sufficiently cover the hotspot 105. For example, the processor 202 can initialize m = 1 millimeter
(mm) and n = Imm, and determine whether the Imm x 1mm region is sufficient to cover
the hotspot 105 shown in the output 302. In response to the Imm x 1mm region being insufficient
to cover the hotspot 105, the processor 202 can increment the values of m and n, such asm=2
mm and n =2 mm, and determine whether the 2mm x 2mm region is sufficient to cover the
hotspot 105 shown in the output 302. In response to the determining values of m and n that are
sufficient to cover the hotspot 105, the processor 202 can include the values of m, n, and r in the
rivet cell data 208. Note that the values of m and n can define a lateral cross-sectional —area of the
rivet cell 110. In some examples, the instructions 206 can define a limit (e.g., 3mm) to the values
of m and n to avoid potential overlap or contact with other vias and/or components in the structure
102. The processor 202 can further identify hotspots in proximity to all corers (e.g., four corners)
of the model 300, and determine corresponding values of m, n, r, and include the determined

values in the rivet cell data 208.

[0077] Fig. 3B illustrates a plot 320 that can model a relationship between a level of stress and a
distance away from a corner of the semiconductor device 100. In the plot 320, the axis 321
corresponds to the distance (e.g., in millimeters) away from a corner (e.g., corner 107) of the
semiconductor device 100, and the axis 322 represents a level of normalized stress where 1
represents the maximum stress. The axis 321 can be the along the radius marked r from the corner
107 as seen in Figure 3A. The curve 323 represents the changes to the stress level in response to
different values of distance away from the corner. As shown by the plot 320, the curve 323 can
increase significantly between approximately 1.0 mm to 1.8 mm, but decreases after 1.8 mm away
from the corner. In the example shown in Fig. 3B, the curve 323 can be within a normalized stress
range from O to 1. A hotspot region could be defined where the normalized stress is larger than a
stress threshold 325 (e.g., 0.6). In this case, the hotspot region can be between approximately

1.3mm and 3mm from the corner 107. The behavior of curve 323

35



WO 2022/127412 PCT/CN2021/128169

can vary with package geometry and material properties and can be determined by running

appropriate models.

[0078] Fig. 4 1s a diagram illustrating example models that can be used to perform energy release
rate modeling in accordance with the present disclosure. In order to perform the energy release
rate (ERR) modeling, the processor 202 (shown in Fig. 2) can be configured to execute the
instructions 206 (shown in Fig. 2) to extract one or more submodels from the model 300. In the
example shown in Fig. 4, the processor 202 can extract a submodel 410 from the model 300,
where the submodel 410 can be a two-dimensional (2D) or three-dimensional (3D) model showing
a cross sectional area of the model 300 from one side perspective (e.g., front, back, left side, right
side). The example illustrated here is for a representative 2D model. The processor 202 can
further extract another submodel 420 from the submodel 410, where the submodel 420 can be
another 2D model showing a portion of the submodel 410. The processor 202 can further extract
another submodel 430 from the submodel 420, where the submodel 430 can be another 2D model
showing a portion of the submodel 420.

[0079] The processor 202 can be configured to extract different submodels based on a scale
factor. For example, the submodel 410 can be a 2D model with mesh size (e.g., size of grids or
nodes being used to render the submodel) in the millimeter scale, the submodel 420 can be a 2D
model with mesh size in the micrometer scale, and the submodel 430 can be a 2D model with
mesh size in the nanometer scale. In some examples, the processor 202 can receive inputs (e.g.,
user inputs) indicating the number of submodels to generate, the scale difference between the
submodels, dimensions of various aspects or components of the model 300, materials (and their
characteristics) to be used for constructing the structure 102 and/or the semiconductor device
100, and/or characteristics of the materials. For example, the inputs can indicate BEOL material
process of record (POR) properties, plasticity effects of the materials, boundary conditions (free
surfaces or fixed surfaces, etc.), loading conditions (e.g., cool down within a temperature range),

etc.
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[0080] The processor 202 can further project an anomaly on the model 300, or on one of the
generated submodels. In the example shown in Fig. 4, the processor 202 can project a crack 432
on one of the interfaces between pairs of dielectric regions in the submodel 430. In some
examples, the processor 202 can extract the submodels 410, 420, 430 based on the stress hotspot
identified from the stress hotspot modeling discussed above. For example, upon identifying the
stress hotspot 105 in proximity to the corner 107, the processor 202 can extract a portion of the
model 300 that includes the location of the stress hotspot 105, such as the submodel 410. The
processor 202 can further extract subsequent submodels that include the location of the stress
hotspot 103, such as the submodels 420 and 430. Based on the location of the stress hotspot 105,
the processor 202 can project the crack 432 at the location of the stress hotspot 105. Upon
projecting the anomaly (e.g., crack 432) on the model 300, the processor 202 can execute the
instructions 206 to model a relationship between a length of the rivet cell 110 and energy release

rate of the semiconductor device 100.

[0081] Fig. S 1s a diagram illustrating an example implementation of energy release rate modeling
that can be used to identify a length of a rivet cell in one embodiment. The processor 202 can
run the instructions 206 to perform an energy release rate (ERR) modeling 500. The output of the
ERR modeling 500 can include data representing a relationship between a length of the rivet cell
110 (e.g., the number of stacked via sets in the rivet cell 110) and an energy release rate (ERR)
of the semiconductor device 100. In particular, the ERR modeling 500 performed by the
processor 202 can be performed under a projection of an anomaly, such as the crack 432, at the
hotspot 105 and on a particular interface between a pair of dielectric regions. For example, in the
example shown in Fig. 5, the crack 432 can be projected on an interface between the dielectric

regions 101d and 101e (see Fig. 1).

[0082] In an example, upon a completion of the ERR modeling 500 with the crack 432 projected
on the interface between the dielectric regions 101d and 101e, the processor 202 can remove the
projected crack 432 from the submodel 430 (in Fig. 4) and project another anomaly on another
interface between another pair of dielectric regions. The processor 202 can perform the ERR

modeling 500 on interfaces between each pair of dielectric regions, or a selective number of
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dielectric region pairs, based on the anomaly projections at the identified stress hotspots (e.g.,

near each corner) of the semiconductor device 100.

[0083] In another example, the processor 202 can perform the ERR modeling on selected
interfaces. For example, using Fig. 1A as a reference, the dielectric region 101f can have a
dielectric constant value of k = 2.7, the dielectric region 101e can have a dielectric constant value
of k =2.7, the dielectric region 101d can have a dielectric constant value of k =2.55, the dielectric
region 101c can have a dielectric constant value of k= 2.7, and the dielectric region 101b can have
a dielectric constant value of k =3.0. Note the values of k presented herein are merely example
values, other values of k corresponding to low k, ultra low k, hard dielectrics, and the like, are also
possible. In an example, based on the arrangement of the dielectric regions of the structure 102,
the processor 202 can identify a dielectric region that can be relatively more vulnerable to cracks
or delamination. For example, the processor 202 can compare the values of k between adjacent
dielectric regions. Based on the comparison between dielectric regions 10le  (k=2.7) and 101d
(k=2.55), and between 101d (k =2.55) and 101¢ (k =2.7), the processor 202 can determine that
the dielectric region 101d is "sandwiched" between two dielectric regions ~ with relatively higher k.
Based on the identification of a vulnerable region (e.g., dielectric region 101d), the processor 202
can determine that the interfaces contacting the dielectric region 101d can be relatively more
vulnerable to cracks. In another example, if a first dielectric region and a second dielectric region
are adjacent to each other (e.g., stacked on one another) and if the first and second dielectric
regions are categorized as different stiffness (e.g., hard dielectric and soft dielectric), then the
processor 202 can determine that the interfaces between the first and second dielectric regions can
be relatively more vulnerable to cracks. The processor 202 can run the ERR model with a
projected anomaly on the interface 106 between dielectric regions 101e and 101d. The processor
202 can further run the ERR model with a projected anomaly on the interface between dielectric
regions 101d and 101c¢. In the example shown in Fig. 5, the processor 202 can project the crack
432 at the interface 106 (see Fig. 1) to run the ERR model.

In another example, the processor 202 may determine that the interface between two low k

regions, such as the dielectric regions 101e and 101f, may not be vulnerable to have cracks since

the dielectric constants are the same (e.g., dielectric regions 101e and 101f having same
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stiffness). Therefore, the processor 202 may not need to run the ERR model on modeled

structures having project anomalies at the interface between dielectric regions 101e and 101f.

[0084] In the example shown in Fig. 5, the processor 202 can initiate the ERR modeling 500 by
generating a modeled structure 510, where the modeled structure 510 can be a virtual prototype of
the plurality of dielectric regions of the structure 102, with the projected crack 432 location at the
location of the hotspot 105. The ERR modeling 500 can progress through different modeled
structures having different number of vias in a stacked vias 508. For example, the ERR modeling
500 can progress in an order starting with the least number of vias among the stacked vias 508 to
the most vias among the stacked vias 508. In the example shown in Fig, 5, the ERR modeling 500
can progress in an order of modeled structures 511, 512, 513, 514, and end at 515. Although

the ordered modeled structures 511, 512, 513, 514, 515 are shown herein, additional modeled
structures can be included in the ERR modeling 500 before, after, or in between any one of the
shown modeled structures 511, 512, 513, 514, 515. The rivet cell with the least ERR from
among the modeled structures 511, 512, 513, 514, 515 can be chosen or selected as the optimal
rivet cell (e.g., having optimal length). In the example in Figure 5, the modeled structure 513 has
the least ERR. The ERR can be a measure of a propensity to crack. The larger the ERR the
higher the likelihood of cracking. Thus, the rivet cell in the modeled structure 513, for example,
can be the optimal choice. In an example, ERR is the energy that is released per unit area of
crack propagation. Numerically, ERR can represent the energy available at the crack tip due to
the crack geometry, material properties, and the external stresses induced on the free body.
Further, each material can have a unique property referred to as the "critical" energy release rate.
A crack can propagate if (and only if) the ERR at the crack tip exceeds the critical ERR of the
material. Hence, a lowest possible ERR for a given crack geometry and material conditions can

be desirable in chip design and construction.

[0085] In an example, the instructions 206 can include algorithms and/or code relating to finite
element analysis such that the processor 202 can execute the instructions 206 to perform finite
element analysis on the structure 102. Finite element analysis (FEA) can be referred to as a

computerized method for predicting how the structure 102 may react to real-world forces such
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as, vibration, heat, fluid flow, and/or other forces. The finite element analysis performed by the
processor 202 can provide predictions on how the structure 102 may react to the different number
of vias being included in the vias 508. One of the reactions that can be monitored is the ERR.
The ERR can be indicative of negative effects on the structure 102 in response to a presence of

cracks or delamination. Therefore, it may be desirable to construct a structure having a low ERR.

[0086] To begin the ERR modeling 500, the processor 202 can gradually add vias to the stacked
vias 508 and calculate the ERR in response to the added vias. In the example shown in Fig. 5, an
axis 501 can represent values of the ERR of the modeled structures in Fig. 5, and an axis 502 can
represent the number of vias in the stacked vias S08. A curve 503 can represent a relationship
between an observed ERR and the length or the number of vias in the stacked vias 508. A curve
503 can represent a relationship between an observed ERR and the length or the number of vias in
the stacked vias 508 under a condition that the modeled structure 510 includes the projected crack
432. As shown in Fig. 5, the ERR of the modeled structure 510 without the projected crack 432
is expected to decrease as more vias are being added to the stacked vias 508, but when the
modeled structure 510 includes the projected crack 432, the observed ERR increases after a certain
number of vias is added to the stacked vias 508. In an example, this minimum value can occur due
to mechanisms such as cracking imposed by, and chip level hotspots created by, the thermo-
mechanical loads coming from the differential thermal expansions of the different materials in the
chip package (e.g., the chip package being modeled as the model 300 in Fig. 3A) of the structure.
In the example shown in Fig. 5, the modeled structure 515 includes a rivet cell that threads along
an entirety of the structure (e.g., through the whole set of dielectrics), which can cause a vertical
tension that can cause additional cracking propensity. Thus, the modeling examples shown in Fig,
2 and Fig. 4 can allow the system 200 to identify an optimal size of a rivet cell (e.g., modeled
structure 513) that allows the ERR criterion to be minimum.

Technologies that have a different BEOL thicknesses with different dielectric stacks can utilize

the modeling processes described herein to identify hotspots and prevent cracking and crack

propagation.
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[0087] Based on the relationships modeled by the curve 503, the processor 202 can identify an
optimal length of the rivet cell 110. For example, the processor 202 can identify a minimum point
on the curve 503 that corresponds to a minimum ERR. In response to identifying the minimum
point, the processor 202 can identify the modeled structure that corresponds to the identified
minimum ERR. In the example shown in Fig. 5, the modeled structure 513 appears to correspond
to the minimum ERR on both the curve 503. The processor 202 can set the length of the rivet cell
110 based on the stacked vias 508 in modeled structure 513. In an example, the length of the rivet
cell 110 can have the identical number of vias as the stacked vias 508 in the modeled structure 513.
In another example, the processor 202 can remove one or more vias from the stacked vias 508 of
the modeled structure 513 based on factors such as local via density restrictions, ERR, and other
thermo-mechanical stresses in the modeling domain along with the BEOL stack used in the
technology, the different dielectrics used, and the respective dielectric thicknesses. Upon setting
the length of the rivet cell 110, the processor 202 can include the length of the rivet cell 110 in the
rivet cell data 208.

[0088] Fig. 6 illustrates a flow diagram relating to stacked via rivets in chip hotspots in one
embodiment. The process 600 in Fig. 6 may be implemented using, for example, computer
system 200 discussed above. An example process may include one or more operations, actions,
or functions as illustrated by one or more of blocks 602, 604, 606, 608, and/or 610. Although
illustrated as discrete blocks, various blocks may be divided into additional blocks, combined into

fewer blocks, eliminated, or performed in parallel, depending on the desired implementation.

[0089] The process 600 can be a process for determining a location of a rivet cell in a structure.
The process 600 can begin at block 602, where a device can model a location of a stress hotspot
in a structure. In some examples, the device can generate a three-dimensional (3D) model of the
structure, execute an instruction to perform stress analysis on the 3D model, and identify the

location of the stress hotspot from an output of the stress analysis.

[0090] The process 600 can proceed from block 602 to block 604. At block 604, the device can

model a relationship between a length of a rivet cell and an energy release rate of the structure.
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In some examples, the device can model the relationship based on a projection of an anomaly at
the location of the stress hotspot and on an interface between a first dielectric region and a second
dielectric region among the plurality of dielectric regions. In some examples, the energy

release rate of the structure can be based on the location of the projected anomaly. In some
examples, the projected anomaly can be a crack at the interface between the first dielectric region
and the second dielectric region. In some examples, the first dielectric region and the second
dielectric region can have different values of dielectric constant. In some examples, the rivet cell
can be among a number of rivet cells inserted in the stress hotspot, and the number of rivet cells

can be based on a size of the stress hotspot.

[0091] The process 600 can proceed from block 604 to block 606. At block 606, the device can
identify an optimal length of the rivet cell based on the modeled relationship. In some examples,
the device can identify the optimal length of the rivet cell by identifying a length of the rivet cell

that results in a lowest energy release rate.

[0092] The process 600 can proceed from block 606 to block 608. At block 608, the device can
generate rivet cell data that indicates an insertion location of the rivet cell. The insertion location
can be based on the location of the stress hotspot. In some examples, the rivet cell data can further
indicate multiple insertion locations of multiple rivet cells. The multiple insertion locations can
be within the stress hotspot. In some examples, the insertion location can be located at a lateral

distance from a corner of the structure.

[0093] The process 600 can proceed from block 608 to block 610. At block 610, the device can
send the rivet cell data to a device to instruct the device to construct the structure in accordance
with the rivet cell data. The structure can be constructed to include the rivet cell at the insertion
location. The rivet cell can extend through the stress hotspot of the structure, and can thread
through at least one dielectric region among a plurality of dielectric regions of the structure. In
some examples, upon the insertion of the rivet cell, the rivet cell can thread through at least a

portion the first dielectric region and at least a portion of the second dielectric region.
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[0094] Fig. 7 illustrates a schematic of an example computer or processing system that may
implement a generation of stacked via rivets in chip hotspots in one embodiment. The computer
system is only one example of a suitable processing system and is not intended to suggest any
limitation as to the scope of use or functionality of embodiments of the methodology described
herein. The processing system shown may be operational with numerous other general purpose or
special purpose computing system environments or configurations. Examples of well-known
computing systems, environments, and/or configurations that may be suitable for use with the
processing system shown in Fig. 7 may include, but are not limited to, personal computer systems,
server computer systems, thin clients, thick clients, handheld or laptop devices, mobile phones,
tablet computers, wearable devices, virtual reality devices, multiprocessor systems,
microprocessor-based systems, set top boxes, programmable consumer electronics, network PCs,
minicomputer systems, mainframe computer systems, supercomputers, and distributed cloud

computing environments that include any of the above systems or devices, and the like.

[0095] The computer system may be described in the general context of computer system
executable instructions, such as program modules, being executable by a computer system.
Generally, program modules may include routines, programs, objects, components, logic, data
structures, and so on that perform particular tasks or implement particular abstract data types. The
computer system may be practiced in distributed cloud computing environments where tasks

are performed by remote processing devices that are linked through a communications network.

In a distributed cloud computing environment, program modules may be located in both local and

remote computer system storage media including memory storage devices.

[0096] The components of computer system may include, but are not limited to, one or more
processors or processing units 12, a system memory 16, and a bus 14 that couples various system
components including system memory 16 to processor 12. The processor 12 may include a
module 30 (e.g., rivet cell module 30) that performs the methods described herein. The module 30
may be programmed into the integrated circuits of the processor 12, or loaded from system

memory 16, storage device 18, or network 24 or combinations thereof.
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[0097] Bus 14 may represent one or more of any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, an accelerated graphics port, and a

processor or local bus using any of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects (PCI) bus, and universal serial bus

(USB).

[0098] Computer system may include a variety of computer system readable media. Such media
may be any available media that is accessible by computer system, and it may include both

volatile and non-volatile media, removable and non-removable media.

[0099] System memory 16 can include computer system readable media in the form of volatile
memory, such as random access memory (RAM) and/or cache memory or others. Computer
system may further include other removable/non-removable, volatile/non-volatile computer

system storage media. By way of example only, storage device 18 can be provided for reading
from and writing to a non-removable, non-volatile magnetic media (e.g., a "hard drive").

Although not shown, a magnetic disk drive for reading from and writing to a removable, non-
volatile magnetic disk (e.g., a "floppy disk"), and an optical disk drive for reading from or writing
to a removable, non-volatile optical disk such as a CD-ROM, DVD-ROM or other optical media
can be provided. Other examples of non-volatile memory or storage media can include, for
example, flash memory, magnetoresistive random-access memory (MRAM), In such instances,

each can be connected to bus 14 by one or more data media interfaces.

[0100] Computer system may also communicate with one or more external devices 26 such as a
keyboard, a pointing device, a display 28, etc.; one or more devices that enable a user to interact
with computer system; and/or any devices (e.g., network card, modem, etc.) that enable computer
system to communicate with one or more other computing devices. Such communication can

occur via Input/Output (I/O) interfaces 20.
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[0101] Still yet, computer system can communicate with one or more networks 24 such as a local
area network (LAN), a general wide area network (WAN), WI-FI, a cellular network (e.g., 3G,
4G, 5G, Long-Term Evolution (LTE)), and/or a public network (e.g., the Internet) via network
adapter 22. As depicted, network adapter 22 communicates with the other components of
computer system via bus 14. It should be understood that although not shown, other hardware
and/or software components could be used in conjunction with computer system. Examples
include, but are not limited to: microcode, device drivers, redundant processing units, external

disk drive arrays, RAID systems, tape drives, and data archival storage systems, etc.

[0102] The flowchart and block diagrams in the Figures illustrate the architecture, functionality,
and operation of possible implementations of systems, methods, and computer program products
according to various embodiments of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, segment, or portion of instructions, which
comprises one or more executable instructions for implementing the specified logical function(s).
In some alternative implementations, the functions noted in the block may occur out of the order
noted in the figures. For example, two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of blocks in the block diagrams and/or
flowchart illustration, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts or carry out combinations of special purpose hardware

and computer instructions.

[0103] The terminology used herein is for the purpose of describing particular embodiments only
and 1is 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.
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[0104] 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 the present application not be limited to the exact

forms and details described and illustrated, but fall within the scope of the appended claims.
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CLAIMS

What is claimed 1s:

1. A structure comprising:

a plurality of dielectric regions;

arivet cell including a set of stacked vias, wherein the rivet cell extends through a stress
hotspot of the structure, and a length of the rivet cell threads through at least one dielectric region

among the plurality of dielectric regions.

2. The structure of claim 1, wherein the rivet cell is a first rivet cell located at a first
lateral distance from a first corner of the structure, and the structure further comprises a second

rivet cell located at a second lateral distance from a second corner of the structure.

3. The structure of claim 1, wherein the rivet cell is among a number of rivet cells

inserted in the stress hotspot, and the number of rivet cells is based on a size of the stress hotspot.

4. The structure of claim 1, wherein the stress hotspot is among a plurality of stress

hotspots across the structure, and each stress hotspot include a respective set of rivet cells.

5. The structure of claim 1, wherein the length of the rivet cell is based on a model

of a relationship between the length of the rivet cell and an energy release rate of the structure.

6. The structure of claim 1, wherein the structure is a back-end-of-line (BEOL)

structure of a semiconductor device.

7. The structure of claim 1, wherein the rivet cell threads through an interface
between a first dielectric region and a second dielectric region among the plurality of dielectric
regions, and the first dielectric region and the second dielectric region have different dielectric

constants.
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8. The structure of claim 7, wherein the first dielectric region includes hard

dielectric materials and the second dielectric region includes soft dielectric materials.

9. A method for determining a location of a rivet cell in a structure, the method
comprising;

modeling a location of a stress hotspot in a structure;

modeling a relationship between a length of a rivet cell and an energy release rate of the
structure;

identifying an optimal length of the rivet cell based on the modeled relationship;

generating rivet cell data that indicates an insertion location of the rivet cell, wherein the

insertion location 1s based on the location of the stress hotspot; and

sending the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data, such that the structure is constructed to include the rivet cell
at the insertion location, and such that the rivet cell extends through the stress hotspot of the
structure, and threads through at least one dielectric region among a plurality of dielectric regions

of the structure.

10. The method of claim 9, wherein the rivet cell data further indicates multiple
insertion locations of multiple rivet cells, the multiple insertion locations being within the stress

hotspot.

11. The method of claim 9, wherein:

modeling the relationship is being performed based on a projection of an anomaly at the
location of the stress hotspot and on an interface between a first dielectric region and a second
dielectric region among the plurality of dielectric regions;

upon the insertion of the rivet cell, the rivet cell threads through at least a portion the first
dielectric region and at least a portion of the second dielectric region; and

the energy release rate of the structure is based on the location of the projected anomaly.
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12. The method of claim 11, wherein the projected anomaly is a crack at the interface

between the first dielectric region and the second dielectric region.

13. The method of claim 11, wherein the first dielectric region and the second

dielectric region has different values of dielectric constant.

14. The method of claim 9, wherein the stress hotspot is among a plurality of stress

hotspots across the structure, and each stress hotspot include a respective set of rivet cells.

15. The method of claim 9, wherein the rivet cell is among a number of rivet cells

inserted in the stress hotspot, and the number of rivet cells is based on a size of the stress hotspot.

16. The method of claim 9, wherein identifying the optimal length of the rivet cell

comprises identifying a length of the rivet cell that results in a lowest energy release rate.

17. The method of claim 9, wherein modeling the stress hotspot comprises:
generating a three-dimensional (3D) model of the structure;
executing an instruction to perform stress analysis on the 3D model; and

identifying the location of the stress hotspot from an output of the stress analysis.

18. A computer program product for determining a location of a rivet cell in a
structure, the computer program product comprising a computer readable storage medium having
program instructions embodied therewith, the program instructions executable by a processing
element of a device to cause the device to:

model a location of a stress hotspot in a structure;

model a relationship between a length of a rivet cell and an energy release rate of the
structure;

identify an optimal length of the rivet cell based on the modeled relationship;

generate rivet cell data that indicates an insertion location of the rivet cell, wherein the

insertion location is based on the location of the stress hotspot; and
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send the rivet cell data to a device to instruct the device to construct the structure in
accordance with the rivet cell data, such that the structure is constructed to include the rivet cell
at the insertion location, and such that the rivet cell extends through the stress hotspot of the
structure, and threads through at least one dielectric region among a plurality of dielectric

regions of the structure.

19. The computer program product of claim 18, wherein:

the model of the relationship is being performed based on a projection of an anomaly at
the location of the stress hotspot and on an interface between a first dielectric region and a
second dielectric region among the plurality of dielectric regions;

upon the insertion of the rivet cell, the rivet cell threads through at least a portion the first
dielectric region and at least a portion of the second dielectric region; and

the energy release rate of the structure is based on the location of the projected anomaly.

20. The computer program product of claim 19, wherein the projected anomaly is a

crack at the interface between the first dielectric region and the second dielectric region.

21. The computer program product of claim 19, wherein the first dielectric region and

the second dielectric region has different values of dielectric constant.

22. The computer program product of claim 18, wherein the rivet cell is among a
number of rivet cells inserted in the stress hotspot, and the number of rivet cells is based on a

size of the stress hotspot.
23. The computer program product of claim 18, wherein the stress hotspot is among a
plurality of stress hotspots across the structure, and each stress hotspot include a respective set of

rivet cells.

24. The computer program product of claim 18, wherein the program instructions are

further executable by the processing element of the device to cause the device to identify a length
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of the rivet cell that results in a lowest energy release rate to identify the optimal length of the

rivet cell.

25. The computer program product of claim 18, wherein the program instructions are
further executable by the processing element of the device to:

generate a three-dimensional (3D) model of the structure;

execute an instruction to perform stress analysis on the 3D model; and identify the

location of the stress hotspot from an output of the stress analysis.



