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MICROELECTRONIC DEVICES, RELATED ELECTRONIC SYSTEMS, AND
METHODS OF FORMING MICROELECTRONIC DEVICES

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 16/992,566, filed August 13, 2020, for “Microelectronic Devices,

Related Electronic Systems, and Methods of Forming Microelectronic Devices.”

TECHNICAL FIELD
The disclosure, in various embodiments, relates generally to the field of
microelectronic device design and fabrication. More specifically, the disclosure relates to
methods of forming microelectronic devices, and to related microelectronic devices and

electronic systems.

BACKGROUND

Microelectronic device designers often desire to increase the level of integration or
density of features within a microelectronic device by reducing the dimensions of the
individual features and by reducing the separation distance between neighboring features.
In addition, microelectronic device designers often desire to design architectures that are
not only compact, but offer performance advantages, as well as simplified designs.

One example of a microelectronic device is a memory device. Memory devices are
generally provided as internal integrated circuits in computers or other electronic devices.
There are many types of memory devices including, but not limited to, non-volatile
memory devices (e.g., NAND Flash memory devices). One way of increasing memory
density in non-volatile memory devices is to utilize vertical memory array (also referred to
as a “three-dimensional (3D) memory array ™) architectures. A conventional vertical
memory array includes vertical memory strings extending through openings in one or more
decks (e.g., stack structures) including tiers of conductive structures and dielectric
materials. Each vertical memory string may include at least one select device coupled in
series to a serial combination of vertically stacked memory cells. Such a configuration
permits a greater number of switching devices (e.g., transistors) to be located in a unit of
die area (i.e., length and width of active surface consumed) by building the array upwards
(e.g., vertically) on a die, as compared to structures with conventional planar (e.g., two-

dimensional) arrangements of transistors.
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Control logic devices within a base control logic structure underlying a memory
array of a memory device (e.g., a non-volatile memory device) have been used to control
operations (e.g., access operations, read operations, write operations) of the memaory cells
of the memory device. An assembly of the conirol logic devices may be provided in
electrical commumication with the memory cells of the memory array by way of routing
and interconnect structures. However, as the density of the moemory cells of the memory
devices increases, the density of the routing and interconnect structures exhibits a

corresponding mncrease in density and complexity.

SUMMARY

In some embodiments, a microelectronic device comprises a first die and a second
die attached to the first die. The first die comprises a memory array region comprising a
stack structure comprising vertically alternating conductive structures and insulative
structures, vertically extending strings of memory cells within the stack structure, and first
bond pad structures vertically neighboring the vertically extending strings of memory cells.
The second die comprises a control logic region comprising control logic devices
configured to effectuate at least a portion of control operations for the vertically extending
string of memory cells, second bond pad structures in electrical communication with the
first bond pad structures, and signal routing structures located at an interface between the
first die and the second die.

In other embodiments, a microelectronic device comprises a first microelectronic
device structure comprising a memory array region comprising vertically extending strings
of memory cells within a stack structure comprising a vertically alternating sequence of
conductive structures and insulative structures, a second microelectronic device structure
comprising control logic circuitry comprising complementary metal oxide semiconductor
circuitry, and a bond pad region at an interface between the first microelectronic device
structure and the second microelectronic device structure. The bond pad region comprises
first bond pad structures coupled to the first microelectronic device structure, second bond
pad structures coupled to the second microelectronic device structure and in contact with

the first bond pad structures, and signal routing structures in contact with at least the
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second die and laterally neighboring the first bond pad structures and the second bond pad
structures.

In yet other embodiments, a method of forming a microelectronic device comprises
forming a first microelectronic device structure and forming a second microelectronic
device structure. The first microelectronic device structure comprises a memory array
region comprising a stack structure comprising vertically alternating conductive structures
and insulative structures, vertically extending strings of memory cells extending through
the stack structure, and first bond pad structures vertically displaced from the stack
structure. The second microelectronic device structure comprises a control logic region
configured to effectuate one or more control operations for the vertically extending string
of memory cells, second bond pad structures vertically displaced from the control logic
region, and signal routing structures vertically displaced from the control logic region. The
method further comprises attaching the first microelectronic device structure to the second
microelectronic device structure by coupling the first bond pad structures to the second
bond pad structures, the signal routing structures located at an interface between the first
microelectronic device structure and the second microelectronic device structure.

In further embodiments, an electronic system comprises an input device, an output
device, a processor device operably coupled to the input device and the output device, and
a memory device operably coupled to the processor device. The memory device comprises
a first microelectronic device structure and a second microelectronic device structure. The
first microelectronic device structure comprises a stack structure comprising tiers each
comprising a conductive structure and an insulative structure vertically neighboring the
conductive structure, vertically extending strings of memory cells within the stack
structure, and first bond pad structures vertically displaced from the stack structure. The
second microelectronic device structure comprises a control logic region comprising
CMOS circuitry, second bond pad structures coupled to the first bond pad structures, and
signal routing structures between the first microelectronic device structure and the second

microelectronic device structure.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a simplified partial cross-sectional view of a first microelectronic device

structure, in accordance with embodiments of the disclosure;
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FIG. 1B is a simplified partial top down view of the first microelectronic device
structure of FIG. 1A;

FIG. 1C is a simplified partial cross-sectional view of a second microelectronic
device structure, in accordance with embodiments of the disclosure;

FIG. 1D is a simplified partial top down view of the second microelectronic device
structure of FIG. 1C;

FIG. 1E is a simplified partial cross-sectional view of a microelectronic device
structure assembly, in accordance with embodiments of the disclosure;

FIG. 1F 1s a simplified cross-sectional view of the microelectronic device structure
assembly of FIG. 1E taken through a bond pad region;

FIG. 2 is a simplified partial cross-sectional view of a microelectronic device
structure assembly, in accordance with embodiments of the disclosure;

FIG. 3A is a simplified partial cross-sectional view of a microelectronic device
structure assembly, in accordance with embodiments of the disclosure;

FIG. 3B is a simplified top view of a bond pad region of the microelectronic device
structure assembly of FIG. 3A;

FIG. 4A and FIG. 4B are simplified top view of bond pad regions, in accordance
with embodiments of the disclosure;

FIG. 5 is a simplified top view of a bond pad region, in accordance with other
embodiments of the disclosure;

FIG. 6A and FIG. 6B are simplified top view of bond pad regions, in accordance
with additional embodiments of the disclosure;

FIG. 7 is a block diagram of an electronic system, in accordance with embodiments
of the disclosure; and

FIG. 8 is a block diagram of a processor-based system, in accordance with

embodiments of the disclosure.

MODE(S) FOR CARRYING OUT THE INVENTION
The illustrations included herewith are not meant to be actual views of any
particular systems, microelectronic structures, microelectronic devices, or integrated
circuits thereof, but are merely idealized representations that are employed to describe
embodiments herein. Elements and features common between figures may retain the same

numerical designation except that, for ease of following the description, reference numerals
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begin with the number of the drawing on which the elements are introduced or most fully
described.

The following description provides specific details, such as material types, material
thicknesses, and processing conditions in order to provide a thorough description of
embodiments described herein. However, a person of ordinary skill in the art will
understand that the embodiments disclosed herein may be practiced without employing
these specific details. Indeed, the embodiments may be practiced in conjunction with
conventional fabrication techniques employed in the semiconductor industry. In addition,
the description provided herein does not form a complete process flow for manufacturing a
microelectronic device (e.g., a memory device, such as a 3D NAND Flash memory device)
or a complete microelectronic device. The structures described below do not form a
complete microelectronic device. Only those process acts and structures necessary to
understand the embodiments described herein are described in detail below. Additional
acts to form a complete microelectronic device from the structures may be performed by
conventional techniques.

The materials described herein may be formed by conventional techniques
including, but not limited to, spin coating, blanket coating, chemical vapor deposition
(CVD), atomic layer deposition (ALD), plasma enhanced ALD, physical vapor deposition
(PVD), plasma enhanced chemical vapor deposition (PECVD), or low pressure chemical
vapor deposition (LPCVD). Alternatively, the materials may be grown in sifu. Depending
on the specific material to be formed, the technique for depositing or growing the material
may be selected by a person of ordinary skill in the art. The removal of materials may be
accomplished by any suitable technique including, but not limited to, etching, abrasive
planarization (e.g., chemical-mechanical planarization), or other known methods unless the
context indicates otherwise.

As used herein, the term “configured” refers to a size, shape, material composition,
orientation, and arrangement of one or more of at least one structure and at least one
apparatus facilitating operation of one or more of the structure and the apparatus in a
predetermined way.

As used herein, the terms “longitudinal,” “vertical,” “lateral,” and “horizontal” are
in reference to a major plane of a substrate (e.g., base material, base structure, base
construction, etc.) in or on which one or more structures and/or features are formed and are

not necessarily defined by Earth’s gravitational field. A “lateral” or “horizontal” direction
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is a direction that is substantially parallel to the major plane of the substrate, while a
“longitudinal” or “vertical” direction is a direction that is substantially perpendicular to the
major plane of the substrate. The major plane of the substrate is defined by a surface of the
substrate having a relatively large area compared to other surfaces of the substrate.

As used herein, the term “substantially” in reference to a given parameter, property,
or condition means and includes to a degree that one of ordinary skill in the art would
understand that the given parameter, property, or condition is met with a degree of
variance, such as within acceptable tolerances. By way of example, depending on the
particular parameter, property, or condition that is substantially met, the parameter,
property, or condition may be at least 90.0 percent met, at least 95.0 percent met, at least
99.0 percent met, at least 99.9 percent met, or even 100.0 percent met.

As used herein, “about” or “approximately” in reference to a numerical value for a
particular parameter is inclusive of the numerical value and a degree of variance from the
numerical value that one of ordinary skill in the art would understand is within acceptable
tolerances for the particular parameter. For example, “about” or “approximately™ in
reference to a numerical value may include additional numerical values within a range of
from 90.0 percent to 110.0 percent of the numerical value, such as within a range of from
95.0 percent to 105.0 percent of the numerical value, within a range of from 97.5 percent to
102.5 percent of the numerical value, within a range of from 99.0 percent to 101.0 percent
of the numerical value, within a range of from 99.5 percent to 100.5 percent of the
numerical value, or within a range of from 99.9 percent to 100.1 percent of the numerical
value.

As used herein, spatially relative terms, such as “beneath,” “below,” “lower,”

29 < 39 ¢ 29 (.

above,” “upper,” “top,” “front,

. EEINAS

“bottom, rear,” “left,” “right,” and the like, may be
used for ease of description to describe one element’s or feature’s relationship to another
element(s) or feature(s) as illustrated in the figures. Unless otherwise specified, the
spatially relative terms are intended to encompass different orientations of the materials in
addition to the orientation depicted in the figures. For example, if materials in the figures
are inverted, elements described as “below” or “beneath” or “under” or “on bottom of”
other elements or features would then be oriented “above™ or “on top of” the other
elements or features. Thus, the term “below” can encompass both an orientation of above
and below, depending on the context in which the term is used, which will be evident to

one of ordinary skill in the art. The materials may be otherwise oriented (e.g., rotated 90
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degrees, inverted, flipped, etc.) and the spatially relative descriptors used herein interpreted
accordingly.

As used herein, features (e.g., regions, materials, structures, devices) described as
“neighboring” one another means and includes features of the disclosed identity (or
identities) that are located most proximate (e.g., closest to) one another. Additional
features (e.g., additional regions, additional materials, additional structures, additional
devices) not matching the disclosed identity (or identities) of the “neighboring™ features
may be disposed between the “neighboring™ features. Put another way, the “neighboring”
features may be positioned directly adjacent one another, such that no other feature
intervenes between the “neighboring™ features; or the “neighboring” features may be
positioned indirectly adjacent one another, such that at least one feature having an identity
other than that associated with at least one the “neighboring™ features is positioned between
the “neighboring™ features. Accordingly, features described as “vertically neighboring”
one another means and includes features of the disclosed identity (or identities) that are
located most vertically proximate (e.g., vertically closest to) one another. Moreover,
features described as “horizontally neighboring™ one another means and includes features
of the disclosed identity (or identities) that are located most horizontally proximate (e.g.,
horizontally closest to) one another

As used herein, the term “memory device” means and includes microelectronic
devices exhibiting memory functionality, but not necessary limited to memory
functionality. Stated another way, and by way of example only, the term “memory device”
means and includes not only conventional memory (e.g., conventional volatile memory,
such as conventional dynamic random access memory (DRAM); conventional non-volatile
memory, such as conventional NAND memory), but also includes an application specific
integrated circuit (ASIC) (e.g., a system on a chip (SoC)), a microelectronic device
combining logic and memory, and a graphics processing unit (GPU) incorporating
memory.

As used herein, “conductive material” means and includes electrically conductive
material such as one or more of a metal (e.g., tungsten (W), titanium (T1), molybdenum
(Mo), niobium (Nb), vanadium (V), hafnium (Hf), tantalum (Ta), chromium (Cr),
zirconium (Zr), iron (Fe), ruthenium (Ru), osmium (Os), cobalt (Co), thodium (Rh),
iridium (Ir), nickel (Ni), palladium (Pa), platinum (Pt), copper (Cu), silver (Ag), gold (Au),

aluminum (Al)), an alloy (e.g., a Co-based alloy, an Fe-based alloy, an Ni-based alloy, an
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Fe- and Ni-based alloy, a Co- and Ni-based alloy, an Fe- and Co-based alloy, a Co- and Ni-
and Fe-based alloy, an Al-based alloy, a Cu-based alloy, a magnesium (Mg)-based alloy, a
Ti-based alloy, a steel, a low-carbon steel, a stainless steel), a conductive metal-containing
material (e.g., a conductive metal nitride, a conductive metal silicide, a conductive metal
carbide, a conductive metal oxide), and a conductively-doped semiconductor material (e.g.,
conductively-doped polysilicon, conductively-doped germanium (Ge), conductively-doped
silicon germanium (SiGe)). In addition, a “conductive structure” means and includes a
structure formed of and including a conductive material.

As used herein, “insulative material” means and includes electrically insulative
material, such one or more of at least one dielectric oxide material (¢.g., one or more of a
silicon oxide {SiOx), phosphosilicate glass, borosilicate glass, borophosphosilicate glass,
fluorosilicate glass, an aluminum oxide (AlOx), a hafnium oxide (HfOx), a niobium oxide
(NbOx), a titanium oxide (TiOx), a zirconium oxide (ZrOx), a tantalum oxide (TaOx), and a
magnesium oxide (Mg0Qx)), at least one dielectric nitride material (e.g., a silicon nitride
(SiNy)), at least one dielectric oxynitride material (e.g., a silicon oxynitride (SiOxNy)), and
at least one dielectric carboxynitride material (e.g., a silicon carboxynitride (Si0OxC:Ny)).
Formulae including one or more of “x,” “y,” and “z” herein (e.g., SiOx, AlOx, HfOx, NbOx,
TiOx, SiNy, SiOxNy, Si0xC:-Ny) represent a material that contains an average ratio of “x”
atoms of one element, “y” atoms of another element, and “z” atoms of an additional
element (if any) for every one atom of another element (e.g., Si, Al, Hf, Nb, Ti). As the
formulae are representative of relative atomic ratios and not strict chemical structure, an
insulative material may comprise one or more stoichiometric compounds and/or one or

27 ¢,

more non-stoichiometric compounds, and values of “x,” “y,” and *“z” (if any) may be
integers or may be non-integers. As used herein, the term “non-stoichiometric compound”™
means and includes a chemical compound with an elemental composition that cannot be
represented by a ratio of well-defined natural numbers and is in violation of the law of
definite proportions. In addition, an “insulative structure” means and includes a structure
formed of and including an insulative material.

According to embodiments described herein, a microelectronic device includes a
first microelectronic device structure and at least a second microelectronic device structure
coupled to the first microelectronic device structure. The first microelectronic device

structure may include, for example, a control logic wafer comprising various control logic

devices (e.g., complementary metal-oxide-semiconductor (CMOS) devices) and structures,
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and the second microelectronic device structure may comprise, for example, an array wafer
comprising a memory array region and associated circuitry. The first microelectronic
device structure and the second microelectronic device structure may be formed separately,
facilitating fabrication of transistors of devices (e.g., control logic devices) and circuits
thereof at different processing conditions (e.g., temperature) suitable for the available
thermal budget for the respective one of the first microelectronic device structure and the
second microelectronic device structure. The first microelectronic device structure may
include first bond pad structures on a surface thereof configured to couple to second bond
pad structures on a surface of the second microelectronic device structure to attach the first
microelectronic device structure to the second microelectronic device structure and form a
microelectronic device structure assembly. In some embodiments, the first microelectronic
device structure includes signal routing structures laterally neighboring the first bond pad
structures. At least a portion of the signal routing structures may be vertically aligned (e.g.,
co-planar) with at least a portion of the first bond pad structures. Stated another way, the
signal routing structures may be located at an interface between the first microelectronic
device structure and the second microelectronic device structure and may not be vertically
displaced from the first bond pad structures. In some embodiments, a pitch of the signal
routing structures is less than a pitch of the first bond pad structures. In some
embodiments, the second microelectronic device structure includes additional signal
routing structures configured to be located at the interface between the first microelectronic
device structure and the second microelectronic device structure.

Including the signal routing structures at the interface between the first
microelectronic device structure and the second microelectronic device structure may
facilitate an increased density of features of the first microelectronic device structure and
the second microelectronic device structure. In some embodiments, the signal routing
structures may utilize area of the first microelectronic device structure that would otherwise
be unused (e.g., comprise silicon dioxide, dummy bond pad structures).

FIG. 1A through FIG. 1F are simplified partial cross-sectional views (FIG. 1A,
FIG. 1C, FIG. 1E) and simplified partial top down views (FIG. 1B, FIG. 1D, FIG. 1F)
illustrating embodiments of a method of forming a microelectronic device (e.g., a memory
device, such as a 3D NAND Flash memory device). With the description provided below,
it will be readily apparent to one of ordinary skill in the art that the methods and structures
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described herein with reference to FIG. 1A through FIG. 1F may be used in various devices
and electronic systems.

FIG. 1A is a simplified partial cross-sectional view of a first microelectronic device
structure 100, and FIG. 1B is a simplified partial top view of the first microelectronic
device structure 100. Referring to FIG. 1A, the first microelectronic device structure 100
(e.g., a chiplet, a first die) may be formed to include a control logic region 102. The
control logic region 102 includes a semiconductive base structure 104, gate structures 105,
first signal routing structures 106, and first interconnect structures 108. Portions of the
semiconductive base structure 104, the gate structures 105, the first signal routing
structures 106, and the first interconnect structures 108 form various control logic
devices 109 of the control logic region 102, as described in further detail below.

The semiconductive base structure 104 (e.g., semiconductive wafer) of the control
logic region 102 comprises a base material or construction upon which additional materials
and structures of the first microelectronic device structure 100 are formed. The
semiconductive base structure 104 may comprise a semiconductive structure (e.g., a
semiconductive wafer), or a base semiconductive material on a supporting structure. For
example, the semiconductive base structure 104 may comprise a conventional silicon
substrate (e.g., a conventional silicon wafer), or another bulk substrate comprising a
semiconductive material. As used herein, the term “bulk substrate” means and includes not
only silicon substrates, but also silicon-on-insulator (SOI) substrates, such as
silicon-on-sapphire (SOS) substrates and silicon-on-glass (SOG) substrates, epitaxial layers
of silicon on a base semiconductive foundation, and other substrates formed of and
including one or more semiconductive materials (e.g., one or more of a silicon material,
such monocrystalline silicon or polycrystalline silicon; silicon-germanium; germanium;
gallium arsenide; a gallium nitride; and indium phosphide). In some embodiments, the
semiconductive base structure 104 comprises a silicon wafer. In addition, the
semiconductive base structure 104 may include different layers, structures, and/or regions
formed therein and/or thereon. For example, the semiconductive base structure 104 may
include conductively doped regions and undoped regions. At least some of the
conductively doped regions may, for example, be employed as source regions and drain
regions for transistors of the control logic devices 109 of the first control logic region 102;
and at least some of the undoped regions may, for example, be employed as channel

regions for the transistors of the control logic devices 109.
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As shown in FIG. 1A, the gate structures 105 of the control logic region 102 of the
first microelectronic device structure 100 may vertically overlie portions of the
semiconductive base structure 104. The gate structures 105 may individually horizontally
extend between and be employed by transistors of the control logic devices 109 within the
control logic region 102 of the first microelectronic device structure 100. The gate
structures 105 may be formed of and include conductive material. A gate dielectric
material (e.g., a dielectric oxide) may vertically intervene (e.g., in the Z-direction) between
the gate structures 105 and channel regions (e.g., within the semiconductive base
structure 104) of the transistors.

As shown in FIG. 1A, the first signal routing structures 106 may vertically overlie
(e.g., in the Z-direction) the semiconductive base structure 104, and may be electrically
connected to the semiconductive base structure 104 by way of the first interconnect
structures 108. Some of the first interconnect structures 108 may vertically extend between
and electrically couple some of the first signal routing structures 106, and other of the first
iterconnect structures 108 may vertically extend between and electrically couple regions
(e.g., conductively doped regions, such as source regions and drain regions) of the
semiconductive base structure 104 to one or more of the first signal routing structures 106.
The first signal routing structures 106 and the first interconnect structures 108 may each
individually be formed of and include conductive material.

As described above, portions of the semiconductive base structure 104 (e.g.,
conductively doped regions serving as source regions and drain regions, undoped regions
serving as channel regions), the gate structures 105, the first signal routing structures 106,
and the first interconnect structures 108 form various control logic devices 109 of the
control logic region 102. The control logic devices 109 may be configured to control
various operations of other components (e.g., memory cells of a memory cell array) of a
relatively larger assembly to include the first microelectronic device structure 100, as
described in further detail below. Stated another way, the control logic devices 109 may be
configured to effectuate at least a portion of control operations of the components (e.g., the
memory cells of the memory cell array). As a non-limiting example, the control logic
devices 109 may include one or more (e.g., each) of charge pumps (e.g., Vccp charge
pumps, VxeewL charge pumps, DVC2 charge pumps), DLL circuitry (e.g., ring oscillators),
Vad regulators, string drivers, page buffers, and various chip/deck control circuitry. As

another non-limiting example, the control logic devices 109 may include devices
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configured to control column operations for arrays (e.g., memory element array(s), access
device array(s)) within a memory array region of another (e.g., second) microelectronic
device structure to be coupled to the first microelectronic device structure 100, such as one
or more (e.g., each) of decoders (e.g., local deck decoders, column decoders), sense
amplifiers (e.g., EQ amplifiers, ISO amplifiers, NSAs, PSAs), repair circuitry (e.g., column
repair circuitry), I/O devices (e.g., local I/O devices), memory test devices, MUX, and ECC
devices. As a further non-limiting example, the control logic devices 109 may include
devices configured to control row operations for arrays (e.g., memory element array(s),
access device array(s)) within the memory array region of the another microelectronic
device structure to be coupled to the first microelectronic device structure 100, such as one
or more (e.g., each) of decoders (e.g., local deck decoders, row decoders), drivers (e.g., WL
drivers), repair circuitry (e.g., row repair circuitry), memory test devices, MUX, ECC
devices, and self-refresh/wear leveling devices.

With combined reference to FIG. 1A and FIG. 1B, the first microelectronic device
structure 100 may further include first bond pad structures 110, second bond pad
structures 112 (shown in FIG. 1B), and second interconnect structures 114 vertically
overlying and in electrical communication with the first signal routing structures 106 of the
control logic region 102. As shown in FIG. 1A, the first bond pad structures 110 and the
second bond pad structures 112 may vertically overlie the first signal routing
structures 106, and the second interconnect structures 114 may vertically extend between
and electrically connect the first signal routing structures 106 to each of the first bond pad
structures 110 and the second bond pad structures 112. The first bond pad structures 110,
the second bond pad structures 112, and the second interconnect structures 114 may each
individually be formed of and include conductive material. In some embodiments, the first
bond pad structures 110 comprise the same material composition as the second bond pad
structures 112. In some embodiments, the first bond pad structures 110 and the second
bond pad structures 112 comprise the copper.

As will be described herein, the second bond pad structures 112 may comprise so-
called “dummy” bond pad structures and may not be in electrical communication with one
or more components of the first microelectronic device structure 100, such as one of the
second interconnect structures 114 or one or more of the first signal routing structures 106.

The first bond pad structures 110 may comprise so-called “active” bond pad structures that
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are in electrical communication with one or more components of the first microelectronic
device structure 100.

As will be further described herein, at least some of the first bond pad
structures 110 may be used to couple (e.g., bond) the first microelectronic device
structure 100 to an additional microelectronic device structure (e.g., a second
microelectronic device structure 150 (FIG. 1C, FIG. 1D)) to form a relatively larger
assembly including the first microelectronic device structure 100 and the additional
microelectronic device structure. In some embodiments, the second bond pad
structures 112 may not be directly coupled to corresponding bond pad structures of another
microelectronic device structure.

The first bond pad structures 110 and the second bond pad structures 112 may be
collectively referred to herein as “bond pad structures™ of the first microelectronic device
structure 100. The first bond pad structures 110 and the second bond pad structures 112
may be arranged in rows 115 extending in a first lateral direction (e.g., the X-direction) and
columns 117 extending in a second lateral direction (e.g., the Y-direction).

With continued reference to FIG. 1A and FIG. 1B, the first microelectronic device
structure 100 may include second signal routing structures 116 laterally neighboring (e.g.,
in the X-direction, in the Y-direction) at least some of the first bond pad structures 110 and
the second bond pad structures 112. In some embodiments, the second signal routing
structures 116 are substantially vertically (e.g., in the Z-direction) co-planar with the first
bond pad structures 110 and the second bond pad structures 112. Stated another way, the
second signal routing structures 116 are vertically aligned with the first bond pad
structures 110 and the second bond pad structures 112.

In some embodiments, the second signal routing structures 116 may overlie from
about ten percent of an area of the first microelectronic device structure 100 to about ninety
percent of the area of an upper surface of the first microelectronic device structure 100,
such as from about ten percent to about thirty percent, from about thirty percent to about
fifty percent, from about fifty percent to about seventy percent, or from about seventy
percent to about ninety percent of the area of the first microelectronic device structure 100.

The second signal routing structures 116 may be formed of and include conductive
material. In some embodiments, the second signal routing structures 116 comprise copper.

In other embodiments, the second signal routing structures 116 comprise tungsten.
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As will be described herein, in some embodiments, the second signal routing
structures 116 may not directly contact a corresponding structure (e.g., a routing structure,
a bond pad structure) on an additional microelectronic device structure to which the first
microelectronic device structure 100 is coupled.

The second signal routing structures 116 may be configured to facilitate electrical
connection between various components (e.g., one or more of transistors, one or more of
the first control logic devices 109) of the first microelectronic device structure 100. For
example, the second signal routing structures 116 may facilitate routing of electrical signals
between one or more structures and components of the first microelectronic device
structure 100. In some embodiments, the second signal routing structures 116 are
configured to route signals associated with one or more of the first control logic
devices 109 to one or more components (e.g., memory cells) of an additional
microelectronic device structure.

The second signal routing structures 116 may be electrically coupled to at least
some of the first signal routing structures 106 by means of the second interconnect
structures 114. In some embodiments, at least some of the second signal routing
structures 116 are electrically coupled to at least some of the first signal routing
structures 106 directly vertically neighboring (e.g., in the Z-direction) the second signal
routing structures 116 and at least others of the second signal routing structures 116 may be
directly electrically coupled to at least some of the first signal routing structures 106 that
are not directly vertically neighboring (e.g., in the Z-direction) the second signal routing
structures 116. Second signal routing structures 116 that are not directly electrically
coupled to directly vertically neighboring first signal routing structures 106 may be referred
to as “skipping™ a vertically neighboring routing structure.

The second signal routing structures 116 may comprise lines that extend in one or
more directions (e.g., the X-direction, the Y-direction, both the X-direction and the
Y-direction). For example, some of the second signal routing structures 116 extend in the
Y-direction; others of the second signal routing structures 116 extend in the X-direction;
and vet others of the second signal routing structures 116 extend in the X-direction and the
Y -direction.

With reference to FIG. 1B, each of the first bond pad structures 110 may
individually laterally neighbor (e.g., in the X-direction, in the Y-direction) one or more of

other first bond pad structures 110, second bond pad structures 112, and second signal
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routing structures 116. Each of the second bond pad structures 112 may individually
laterally neighbor (e.g., in the X-direction, in the Y-direction) one or more of other second
bond pad structures 112, first bond pad structures 110, and second signal routing
structures 116. Each of the second signal routing structures 116 may individually laterally
neighbor (e.g., in the X-direction, in the Y-direction) one or more other second signal
routing structures 116, first bond pad structures 110, and second bond pad structure 112.

A pitch P1 (e.g., a distance between a feature of a structure to a corresponding
feature of a neighboring structure) of the bond pad structures (e.g., the first bond pad
structures 110 and the second bond pad structures 112) of the first microelectronic device
structure 100 may be within a range from about 0.5 micrometer (um) to about 5.0 um, such
as from about 0.5 pm to about 1.0 um, from about 1.0 um to about 2.0 um, from about 2.0
um to about 3.0 um, from about 3.0 um to about 4.0 um, or from about 4.0 um to about 5.0
um. In some embodiments, the pitch P1 is from about 1.0 um to about 2.0 um. In some
embodiments, the pitch P1is about 1.0 pm.

A pitch P2 of the second signal routing structures 116 may be within a range from
about 0.1 um to about 1.0 um, such as from about 0.1 pm to about 0.2 pm, from about
0.2 um to about 0.4 pum, from about 0.4 um to about 0.6 pm, from about 0.6 um to
about 0.8 um, or from about 0.8 um to about 1.0 um. In some embodiments, the pitch P2 is
less than the pitch P1. In some embodiments, the pitch P2 is from about 0.1 pm to about 0.5
um,

With continued reference to FIG. 1A and FIG. 1B, a dielectric material 118 may
electrically isolate neighboring components (e.g., the gate structures 105, the first signal
routing structures 106, the first interconnect structures 108, the first bond pad
structures 110, the second bond pad structures 112, the second interconnect structures 114,
the second signal routing structures 116) of the first microelectronic device structure 100
from each other. The dielectric material 118 may be formed of and include insulative
material. In some embodiments, the dielectric material 118 comprises silicon dioxide.

Referring now to FIG. 1C, a second microelectronic device structure 150 (e.g., a
second chiplet, a second die) may be formed to include a base structure 152 (e.g., a base
wafer, a support wafer), an interconnect region 154 vertically over (e.g., in the Z-direction),
and a memory array region 156 vertically over (e.g., in the Z-direction) the base

structure 152 and in electrical communication with the interconnect region 154. In some
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embodiments, the interconnect region 154 is vertically interposed between the base
structure 152 and the memory array region 156.

The base structure 152 may comprise a base material or construction upon which
additional materials and structures of the second microelectronic device structure 150 are
formed. The base structure 152 may be a conventional silicon substrate (e.g., a
conventional silicon wafer), or another bulk substrate. By way of non-limiting example, a
base structure 152 may comprise one or more of silicon, silicon dioxide, silicon with native
oxide, silicon nitride, a carbon-containing silicon nitride, glass, semiconductor, metal
oxide, metal, titanium nitride, carbon-containing titanium nitride, tantalum, tantalum
nitride, carbon-containing tantalum nitride, niobium, niobium nitride, carbon-containing
niobium nitride, molybdenum, molybdenum nitride, carbon-containing molybdenum
nitride, tungsten, tungsten nitride, carbon-containing tungsten nitride, Cu, Co, Ni, Fe, Al,
and anoble metal. In some embodiments, the base structure 152 comprises a silicon wafer.

The interconnect region 154 may include bond pad structures 158 vertically
overlying the base structure 152, third interconnect structures 160 vertically overlying (e.g.,
in the Z-direction) the bond pad structures 158, third routing structures 162 vertically
overlying (e.g., in the Z-direction) the third interconnect structures 160, and fourth
interconnect structures 164 vertically overlying (e.g., in the Z-direction) the third routing
structures 162, Each of the bond pad structures 158, the third interconnect structures 160,
the third routing structures 162, and the fourth interconnect structures 164 may individually
be formed of and include conductive material.

The memory array region 156 of the second microelectronic device structure 150
may include a stack structure 166, line structures 168 (e.g., digit line structures, bit line
structures), and line contact structures 170. As shown in FIG. 1C, the line structures 168
may vertically overlie (e.g., in the Z-direction) the stack structure 166, and may be
electrically connected to structures (e.g., pillar structures, such as cell pillar structures;
filled vias, such as through vias filled with conductive material) within the stack
structure 166 by way of the line contact structures 170. The line contact structures 170
may vertically extend between and electrically couple individual line structures 168 and
individual structures within the stack structure 166. The line structures 168 and the line
contact structures 170 may each individually be formed of and include conductive material.

The stack structure 166 of the memory array region 156 includes a vertically

alternating (e.g., in the Z-direction) sequence of conductive structures 172 and insulative
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structures 174 arranged in tiers 176. Each of the tiers 176 of the stack structure 166 may
include at least one of the conductive structures 172 vertically neighboring at least one of
the insulative structures 174. In some embodiments, the conductive structures 172 are
formed of and include tungsten (W) and the insulative structures 174 are formed of and
include silicon dioxide (Si02). The conductive structures 172 and insulative structures 174
of the tiers 176 of the stack structure 166 may each individually be substantially planar, and
may each individually exhibit a desired thickness.

The memory array region 156 further includes additional structures and/or devices
on, over, and/or within the stack structure 166. As a non-limiting example, the memory
array region 156 includes cell pillar structures 180 vertically extending through the stack
structure 166. The cell pillar structures 180 may each individually include a
semiconductive pillar (e.g., a polysilicon pillar, a silicon-germanium pillar) at least
partially surrounded by one or more charge storage structures (e.g., a charge trapping
structure, such as a charge trapping structure comprising an oxide-nitride-oxide (“ONO™)
material; floating gate structures). Intersections of the cell pillar structures 180 and the
conductive structures 172 of the tiers 176 of the stack structure 166 may define vertically
extending strings of memory cells 182 coupled in series with one another within the
memory array region 156 of the second microelectronic device structure 150. In some
embodiments, the memory cells 182 formed at the intersections of the conductive
structures 172 and the cell pillar structures 180 within each the tiers 176 of the stack
structure 166 comprise so-called “MONOS™ (metal - oxide - nitride - oxide -
semiconductor) memory cells. In additional embodiments, the memory cells 182 comprise
so-called “TANOS” (tantalum nitride - aluminum oxide - nitride - oxide - semiconductor)
memory cells, or so-called “BETANOS” (band/barrier engineered TANOS) memory cells,
cach of which are subsets of MONOS memory cells. In further embodiments, the memory
cells 182 comprise so-called “floating gate” memory cells including floating gates (e.g.,
metallic floating gates) as charge storage structures. The floating gates may horizontally
intervene between central structures of the cell pillar structures 180 and the conductive
structures 172 of the different tiers 176 of the stack structure 166.

The conductive structures 172 may be referred to as “word line” or “access line”
structures (e.g., local word line structures) for the memory cells 182 within the memory
array region 156. The memory array region 156 may further include steps 181 (only some

of which are illustrated for clarity and ease of understanding of the description) at lateral
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edges of the conductive structures 172. Conductive contact structures 183 may be
electrically coupled to each of the conductive structures 172 and may be configured to
transmit a voltage to the conductive structures 172 during use and operation of the memory
cells 182 of the cell pillar structures 180.

At least one source structure 184 may vertically underlie (e.g., in the Z-direction)
the tiers 176 of the conductive structures 172 and the insulative structures 174. In some
embodiments, the cell pillar structures 180 are in electrical communication with the source
structure 184. The source structure 184 may be formed of and include conductive material,
such as one or more of doped silicon (e.g., doped polysilicon), tungsten silicide (W Six),
tungsten nitride, and tungsten silicon nitride (WSixNy). In some embodiments, the source
structure 184 is formed of and includes doped silicon.

The cell pillar structures 180 may vertically extend from an upper vertical boundary
of the stack structure 166, through the stack structure 166, and to a location at or proximate
an upper vertical boundary of a source structure 184.

As shown in FIG. 1C, at least one deep contact structure 178 may vertically extend
through the stack structure 166. The deep contact structure(s) 178 may be configured and
positioned to electrically connect one or more components of the second microelectronic
device structure 150 vertically overlying the stack structure 166 with one or more
components of the second microelectronic device structure 150 vertically underlying the
stack structure 166. The deep contact structure(s) 178 may be formed of and include
conductive material.

With continued reference to FIG. 1C, components of the memory array region 156
of the second microelectronic device structure 150 may be electrically connected to
components (e.g., structures, such as third bond pad structures 186) by way of fifth
interconnect structures 188. As will be described herein, the third bond pad structures 186
may be electrically connected to at least some of the first bond pad structures 110
(FIG. 1A, FIG. 1B) of the first microelectronic device structure 100.

The components of the second microelectronic device structure 150 may be
electrically isolated from one another by a dielectric material 190. The dielectric
material 190 may be formed of and include an insulative material. In some embodiments,
the dielectric material 190 comprises silicon dioxide.

FIG. 1D is a simplified partial top view of the second microelectronic device

structure 150 of FIG. 1C. As shown in FIG. 1D, locations of the third bond pad
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structures 186 may correspond to locations of at least some of the first bond pad

structures 110 (FIG. 1A, FIG. 1B) and the second bond pad structures 112 (FIG. 1A,

FIG. 1B) of the first microelectronic device structure 100 (FIG. 1A, FIG. 1B). Stated
another way, the pattern of the third bond pad structures 186 may correspond to the pattern
of the first bond pad structures 110 and the second bond pad structures 112 of the first
microelectronic device structure 100. In some embodiments, a pitch of the third bond pad
structures 186 may correspond to the pitch P1 FIG. 1B) of the first bond pad structures 110
(FIG. 1B) and the second bond pad structures 112 (FIG. 1B).

Referring now to FIG. 1E, the second microelectronic device structure 150 may be
vertically inverted (e.g., flipped upside down in the Z-direction) and attached (e.g., bonded)
to the first microelectronic device structure 100 to form a microelectronic device structure
assembly 195 comprising the first microelectronic device structure 100 and the second
microelectronic device structure 150. For example, the base structure 152 (FIG. 1C) may
be removed (e.g., detached) from the second microelectronic device structure 150, and a
carrier structure (e.g., a carrier wafer) may be attached (e.g., bonded) to the bond pad
structures 158 by way of an adhesive material. The carrier structure and the adhesive
material may be configured to facilitate safe handling of the second microelectronic device
structure 150 for further processing (e.g., attachment to the first microelectronic device
structure 100 to the second microelectronic device structure 150. The carrier structure and
the adhesive material may respectively comprise a conventional carrier structure (e.g., a
conventional carrier wafer) and a conventional adhesive material, and are thus not
described in detail herein. In addition, the base structure 152 may be removed from the
second microelectronic device structure 150 using conventional removal processes (e.g.,
conventional detachment processes, conventional grinding processes) and conventional
equipment, which are also not described in detail herein.

After removing the base structure 152, the second microelectronic device
structure 150 may be attached (e.g., bonded) to the first microelectronic device
structure 100 to form the microelectronic device structure assembly 195, and the carrier
structure and the adhesive material may be removed. The microelectronic device structure
assembly 195 may be formed by laterally aligning and physically contacting the third bond
pad structures 186 of the second microelectronic device structure 150 with the first bond
pad structures 110 and the second bond pad structures 112 of the first microelectronic

device structure 100 and performing at least one thermocompression process to bond the



WO 2022/035545 PCT/US2021/041603

10

15

20

25

30

-20 -

third bond pad structures 186 to the respective ones of the first bond pad structures 110 and
the second bond pad structures 112.

Attaching the first microelectronic device structure 100 to the second
microelectronic device structure 150 may form a bond pad region 193 between the first
microelectronic device structure 100 and the second microelectronic device structure 150.
The bond pad region 193 may include the first bond pad structures 110, the second bond
pad structures 112, the third bond pad structures 186, and the second signal routing
structures 116.

FIG. 1F 1s a simplified cross-sectional view of the microelectronic device structure
assembly 195 taken through the bond pad region 193 at an interface between the first
microelectronic device structure 100 and the second microelectronic device structure 150.
As illustrated in FIG. 1F, the first bond pad structures 110 and the second bond pad
structures 112 of the first microelectronic device structure 100 may be electrically coupled
to corresponding third bond pad structures 186 of the second microelectronic device
structure 150. In some embodiments, the third bond pad structures 186 may be located
within lateral boundaries of the first bond pad structures 110 and the second bond pad
structures 112. However, the disclosure is not so limited, and in other embodiments, the
area of the third bond pad structures 186 may be substantially the same or may be greater
than the area of the first bond pad structures 110 and the second bond pad structures 112.

In some embodiments, the second signal routing structures 116 of the first
microelectronic device structure 100 may not be electrically coupled to corresponding
structures on the second microelectronic device structure 150. The second signal routing
structures 116 may be located within the bond pad region 193 and may include at least one
surface that is vertically aligned with at least one surface of each of the first bond pad
structures 110, the second bond pad structures 112, and the third bond pad structures 186.

In some embodiments, portions of the area of the first microelectronic device
structure 100 may be used to route (e.g., convey) signals from one or more components of
the first microelectronic device structure 100 by means of the second signal routing
structures 116. In some embodiments, the second signal routing structures 116 may
convey signals from one or more of the control logic devices 109 to one or more
components of the cell pillar structures 180 including the memory cells 182. By way of
non-limiting example, the signals conveyed by the second signal routing structures 116

may include signals from the control logic devices 109 for performing one or more row
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operations for the memory cells 182 of the cell pillar structures 180, column operations,
and operations of one or more of decoders, string drivers, page buffers, and various
chip/deck control circuitry. Of course, the disclosure is not so limited and the signals
carried by the second signal routing structures 116 may be different than those described.

Since various locations of the first microelectronic device structure 100 do not
include the first bond pad structures 110 or the second bond pad structures 112, and various
locations of the second microelectronic device structure 150 do not include the third bond
pad structures 186, the first microelectronic device structure 100 may be formed to include
the second signal routing structures 116 at such locations. Stated another way, since the
bond pad region 193 does not include bond pad structures (e.g., the first bond pad
structures 110, the second bond pad structures 112, and the third bond pad structures 186)
over an entire area of the bond pad region 193 (e.g., since areas of the bond pad region 193
do not include the bond pad structures), portions of the bond pad region 193 may include
the second signal routing structures 116 of the first microelectronic device structure 100
and may be configured to route one or more signals of the first microelectronic device
structure 100 to one or more locations. In some embodiments, the pitch P2 of the second
signal routing structures 116 may be less than the pitch P1 of the bond pad structures (e.g.,
the first bond pad structures 110 and the second bond pad structures 112) of the first
microelectronic device structure 100. Since the second routing structures 116 may not be
coupled to corresponding components on the surface of the second microelectronic device
structure 150, the pitch P1 may not be limited by alignment tolerances of the process by
which the first microelectronic device structure 100 is bonded to the second
microelectronic device structure 150.

Incorporating the second signal routing structures 116 in the bond pad region 193
may facilitate an increase in the density of signal routing structures of the microelectronic
device structure assembly 195 compared to conventional microelectronic device structures
that do not include signal routing structures in bond pad regions (e.g., at an interface
between microelectronic device structures). For example, conventional microelectronic
device structures may include active bond pad structures in less than about ten (10) percent
of the area of the microelectronic device structure, while remaining portions of the
microelectronic device structure include dummy bond pad structures or do not include
structures. By way of comparison, the microelectronic device structure assembly 195 may

include the second signal routing structures 116 in the bond pad region 193.
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Although FIG. 1A through FIG. 1F have been described and illustrated as
comprising the second microelectronic device structure 150 including the line
structures 168 vertically (e.g., in the Z-direction) interposed between the third bond pad
structures 186 and the stack structure 166, the disclosure is not so limited. In other
embodiments, the stack structure 166 may be vertically interposed between the line
structures 168 and the third bond pad structures 186.

FIG. 2 is a simplified partial cross-sectional view of a microelectronic device
structure assembly 295 including the first microelectronic device structure 100 and a
second microelectronic device structure 250 coupled to the first microelectronic device
structure 100. The second microelectronic device structure 250 may be substantially the
same as the second microelectronic device structure 150 of FIG. 1C, except that the second
microelectronic device structure 250 may include the source structure 184 vertically
interposed between the stack structure 166 and the third bond pad structures 186.

The source structure 184 may be coupled to the third bond pad structures 186 by
sixth interconnect structures 210. The sixth interconnect structures 210 may be formed of
and include conductive material. For example, the sixth interconnect structures 210 may
comprise tungsten.

The line structures 168 may vertically overlie (e.g., in the Z-direction) the stack
structure 166. In some embodiments, the line contact structures 170 may vertically
intervene and contact the line structures 168 and components of the stack structure 166
(e.g., the deep contact structures 178, the cell pillar structures 180).

With continued reference to FIG. 2, the fourth interconnect structures 164 may
vertically overlie the line structures 168 and electrically couple the line structures 168 to
the third routing structures 162. The third routing structures 162 may be electrically
coupled to the bond pad structures 158 by vertically intervening third interconnect
structures 160.

Although the microelectronic device structure assembly 195 (FIG. 1E, FIG. 1F),
and the microelectronic device structure assembly 295 (FIG. 2) have been described and
illustrated as including the second signal routing structures 116 not contacting a
corresponding structure on the second microelectronic device structure 150, 250, the
disclosure is not so limited.

FIG. 3A is a simplified partial cross-sectional view of a microelectronic device

structure assembly 395 including a first microelectronic device structure 300 and a second
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microelectronic device structure 350 attached (e.g., bonded) to the first microelectronic
device structure 300. FIG. 3B is a simplified cross-sectional view of the microelectronic
device structure assembly 395 illustrating a bond pad region 393 at an interface between
the first microelectronic device structure 300 and the second microelectronic device
structure 350.

The first microelectronic device structure 300 may be substantially similar to the
first microelectronic device structure 100 (FIG. 1A, FIG. 1B), except that the first
microelectronic device structure 300 may include second signal routing structures 316
having a first pitch P3 and third signal routing structures 318 having a second pitch P4
different than the first pitch Ps. The first pitch P; may correspond to the pitch P2 (FIG. 1B)
described above with reference to the second signal routing structures 116 (FIG. 1B). The
second signal routing structures 316 may be substantially the same as the second signal
routing structures 116 described above.

In some embodiments, the second pitch P+ may correspond to the pitch P1 between
adjacent bond structures (e.g., the first bond pad structures 110 and the second bond pad
structures 112) of the first microelectronic device structure 300. In some embodiments, the
second pitch P4 is greater than the first pitch P3. In some embodiments, the second pitch P4
may be greater than alignment tolerances of the process by which the first microelectronic
device structure 300 is bonded to the second microelectronic device structure 350.

At least one surface of the second signal routing structures 316 and the third signal
routing structures 318 may be vertically aligned (e.g., in the Z-direction) with at least one
surface of the first bond pad structures 110 and the second bond pad structures 112. In
addition, at least one surface of the second signal routing structures 316 and the third signal
routing structures 318 may be vertically aligned with the third bond pad structures 186.

Accordingly, the first microelectronic device structure 300 may include signal
routing structures (e.g., the second signal routing structures 316) having a different pitch
(e.g., first pitch Ps) than the pitch (e.g., the second pitch P4) of other signal routing
structures (e.g., the third signal routing structures 318).

The second microelectronic device structure 350 may be substantially similar to the
second microelectronic device structure 150 (FIG. 1C) or the second microelectronic
device structure 250 (FIG. 2), except that the second microelectronic device structure 350
may include one or more additional signal routing structures 352 in the bond pad

region 393. In some embodiments, the additional signal routing structures 352 are
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operably coupled to the third signal routing structures 318 and exhibit substantially the
same pitch P4 as the third signal routing structures 318. Accordingly, the third signal
routing structures 318 of the first microelectronic device structure 300 may be electrically
coupled to structures (e.g., the additional signal routing structures 352) of the second
microelectronic device structure 350. In some embodiments, the second signal routing
structures 316 of the first microelectronic device structure 300 may not be electrically
coupled to a corresponding structure of the second microelectronic device structure 350.

The additional routing structures 352 may include at least one surface that is
vertically aligned (e.g., in the Z-direction) with at least one surface of the third bond pad
structures 186. In addition, the additional routing structures 352 may include at lcast one
surface that is vertically aligned with at least one surface of the first bond pad
structures 110, the second bond pad structures 112, the second signal routing
structures 316, and the third signal routing structures 318.

In some embodiments, the third signal routing structures 318 may be configured to
carry power bus signals and the second signal routing structures 316 are configured to carry
one or more row operations for the memory cells 182 of the cell pillar structures 180,
column operations, and operations of one or more of decoders, string drivers, page buffers,
and various chip/deck control circuitry. Of course, the disclosure is not so limited and the
signals carried by the second signal routing structures 316 and the third signal routing
structures 318 may be different than those described.

In some embodiments, portions of the area of each of the first microelectronic
device structure 300 and the second microelectronic device structure 350 may be used to
route (e.g., convey) signals of one or more components of the respective first
microelectronic device structure 300 and the second microelectronic device structure 350.
Accordingly, each of the first microelectronic device structure 300 and the second
microelectronic device structure 350 may include bond pad structures (e.g., the first bond
pad structures 110, the second bond pad structures112, and the third bond pad
structures 186) that are located within the bond pad region 393, and may further include
signal routing structures (e.g., the second signal routing structures 316, the third signal
routing structures 318, and the additional signal routing structures 352) that are co-planar
with the bond pad structures. Incorporating the signal routing structures in the bond pad
region 393 may facilitate an increase in the density of the signal routing structures of the

microelectronic device structure assembly 395 compared to conventional microelectronic
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device structures that do not include signal routing structures in bond pad regions. For
example, conventional microelectronic device structures may include active bond pad
structures in less than about ten (10) percent of the area of the microelectronic device
structure, while remaining portions of the microelectronic device structure are filled with
dummy bond pad structures or do not include structures. By way of comparison, the
microelectronic device structure assembly 395 may include the signal routing structures in
the bond pad region 393, increasing a density of the signal routing structures of the
microelectronic device structure assembly 395.

FIG. 4A is a simplified partial top down view of a portion of a bond pad region 400
(c.g., bond pad regions 193, 393) comprising a bond pad connection structure 410
comprising a first bond pad structure 402 (e.g., one or more of the first bond pad
structures 110 (FIG. 1A, FIG. 1B, FIG. 1E, FIG. 1F, FIG. 2, FIG. 3A, FIG. 3B) and the
second bond pad structures 112 (FIG. 1B, FIG. 1F)) of a first microelectronic device
structure; a second bond pad structure 404 (e.g., the third bond pad structures 186
(FIG. 1C, FIG. 1D, FIG. 1E, FIG. 1F, FIG. 2, FIG. 3A, FIG. 3B)) of a second
microelectronic device structure; and a first signal routing structure 420 (e.g., one or more
of the second signal routing structures 116 (FIG. 1A, FIG. 1B, FIG. 1E, FIG. 1F), and the
second signal routing structures 316 (FIG. 3A, FIG. 3B)) of one of the first microelectronic
device structure and the second microelectronic device structure. The bond pad
structure 410 may correspond to a connection between, for example, one of the first bond
pad structures 110 or the second bond pad structures 112 and a third bond pad
structure 186.

The bond pad region 400 may facilitate attachment of a first microelectronic device
structure (e.g., the first microelectronic device structure 100, 300) to a second
microelectronic device structure (e.g., the second microelectronic device structure 150,
250, 350). Each of the first bond pad structure 402 and the second bond pad structure 404
may be formed of and include conductive material.

The first signal routing structure 420 may be formed of and include a conductive
material 422. In some embodiments, the conductive material 422 comprises the same
material composition as one or both of the first bond pad structure 402 and the second bond
pad structure 404. In some embodiments, the conductive material 422 is located on the
same microelectronic device structure as one of the first bond pad structure 402 and the

second bond pad structure 404,
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The bond pad connection structure 410 may be located within the lateral boundaries
of the first signal routing structure 420. In some embodiments, the bond pad connection
structure 410 is located at a laterally central (e.g., in the X-direction) portion of the first
signal routing structure 420. Accordingly, the first signal routing structure 420 may
substantially surround the bond pad connection structure 410 and may be electrically
isolated from the bond pad connection structure 410.

In some embodiments, the first signal routing structure 420 is electrically isolated
from the bond pad connection structure 410 by a dielectric material 424. The dielectric
material 424 may directly intervene between the first signal routing structure 420 and the
bond pad connection structure 410. For example, the dielectric material 424 may be
located between the first bond pad structure 402 and the first signal routing structure 420.
The dielectric material 424 may be formed of and include an insulative material. In some
embodiments, the dielectric material 424 comprises silicon dioxide.

FIG. 4B is a simplified partial top down view of a portion of a bond pad region 450
(e.g., bond pad regions 193, 393), in accordance with additional embodiments of the
disclosure. The bond pad region 450 may be substantially similar to the bond pad
region 400 of FIG. 4A, except that the bond pad region 450 includes a second signal
routing structure 460 including a first conductive material 462 (e.g., one of the third signal
routing structure 318 (FIG. 3B)); and an additional signal routing structure 464 (e.g., the
additional signal routing structure 352 (FIG. 3B)) comprising a second conductive
material 466. The second signal routing structure 460 may be located on a first
microelectronic device structure (e.g., the first microelectronic device structure 300
(FIG. 3A)) and the additional signal routing structure 464 may be located on a second
microelectronic device structure (e.g., the second microelectronic device structure 350
(FIG. 3A)). In some embodiments, the first microelectronic device structure is in electrical
communication with the second microelectronic device structure at least through electrical
connection between the second signal routing structure 460 of the first microelectronic
device structure and the additional signal routing structure 464 of the second
microelectronic device structure. In addition, the first microelectronic device structure may
be in electrical communication with the second microelectronic device structure through
the bond pad connection structure 410.

In some embodiments, the second signal routing structure 460 and the first bond

pad structure 402 are located on a first microelectronic device structure and the additional
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signal routing structure 464 and the second bond pad structure 404 are located on a second
microelectronic device structure. The first conductive material 462 and the second
conductive material 466 may be formed of and include conductive material. In some
embodiments, the first conductive material 462 and the second conductive material 466
may comprise the same material composition.

FIG. 5 is a simplified top down view of a bond pad region 500 (e.g., the bond pad
region 193, 393), in accordance with additional embodiments of the disclosure. The bond
pad region 500 may include a bond pad connection structure 410 that is substantially the
same as the bond pad connection structure 410 described above with reference to FIG. 4A
and FIG. 4B. The bond pad region 500 may further include first signal routing
structures 420 that are substantially the same as the first signal routing structure 420 of
FIG. 4A and one or more second signal routing structures 460 that are substantially the
same as the second signal routing structure 460 of FIG. 4B.

With reference to FIG. 5, the bond pad region 500 may include one or more bond
pad connection structures 410 that include a first bond pad structure 402 of a first
microelectronic device structure operably coupled to a second bond pad structure 404 of a
second microelectronic device structure. In addition, the bond pad region 500 may include
one or more first signal routing structures 420 of the first microelectronic device structure
that are not in contact with a corresponding signal routing structure of the second
microelectronic device structure and one or more second signal routing structures 460 in
electrical communication with an additional signal routing structure 464 of a second
microelectronic device structure.

With continued reference to FIG. 5, the first signal routing structures 420 and the
second signal routing structures 460 may be arranged such that they are located outside the
lateral boundaries and the periphery of the bond pad connection structures 410. Stated
another way, the first signal routing structures 420 and the second signal routing
structures 460 may detour around the periphery of the bond pad connection structures 410.
In some embodiments, at least some of the first signal routing structures 420 and the
second signal routing structures 460 may include angled portions 470 that may facilitate
routing of the first signal routing structures 420 and the second signal routing
structures 460 around the periphery of the bond pad connection structures 410.

FIG. 6A is a simplified top down view of a bond pad region 600 (e.g., the bond pad

regions 193, 393) including bond pad connection structures 410, in accordance with
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embodiments of the disclosure. The bond pad connection structures 410 may be
substantially the same as the bond pad connection structures 410 described above with
reference to FIG. 4A and FIG. 4B.

The bond pad region 600 may include first signal routing structures 420 that are
substantially the same as the first signal routing structure 420 of FIG. 4A. Although
FIG. 6A illustrates that bond pad region 600 includes only the first signal routing
structures 420, the disclosure is not so limited. In some embodiments, one or more of (e.g.,
all of) the first signal routing structures 420 may be replaced with the second signal routing
structures 460 (FIG. 4B). In addition, the bond pad region 600 may include one or more
additional signal routing structures 464 (FIG. 4B).

The bond pad connection structures 410 may be arranged in rows 610. In some
embodiments, the bond pad connection structures 410 of a first row 610 are laterally offset
(e.g., in the X-direction) from the bond pad connection structures 410 of a neighboring
(e.g., the Y-direction) row 610 of bond pad connection structures 410. In some
embodiments, the bond pad connection structures 410 of a row 610 are located laterally
between (e.g., in the X-direction) bond pad connection structures 410 of neighboring (e.g.,
in the X-direction) rows 610. In some embodiments, the bond pad connection
structures 410 may be located outside the lateral boundaries of the bond pad connection
structures 410 of neighboring rows 610. In some embodiments, the bond pad connection
structures 410 of every other row 610 may be laterally aligned (e.g., in the X-direction).

In some embodiments, the first signal routing structures 420 may include a first
laterally (e.g., in the Y-direction) extending portion 620, a second laterally (e.g., in the
Y-direction) extending portion 622, and a third laterally (e.g., in the X-direction) extending
portion 624 between the first laterally extending portion 620 and the second laterally
extending portion 622. In some embodiments, the third laterally extending portion 624 is
substantially perpendicular to the first laterally extending portion 620 and the second
laterally extending portion 622. In some embodiments, the third laterally extending
portions 624 extend between neighboring rows 610 of the bond pad connection
structures 410. The first laterally extending portions 620 and the second laterally extending
portions 622 may be laterally aligned (e.g., in the Y-direction) with the bond pad

connection structures 410.
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FIG. 6B is a simplified top down view of a bond pad region 650 (e.g., the bond pad
region 193, 393) including bond pad connection structures 410, in accordance with
embodiments of the disclosure.

The bond pad region 650 may include first signal routing structures 420 that are
substantially the same as the first signal routing structure 420 of FIG. 4A. Although
FIG. 6A illustrates that bond pad region 650 includes only the first signal routing
structures 420, the disclosure is not so limited. In some embodiments, one or more of (e.g.,
all of) the first signal routing structures 420 may be replaced with the second signal routing
structures 460 (FIG. 4B). In addition, the bond pad region 650 may include one or more
additional signal routing structures 464 (FIG. 4B).

The bond pad connection structures 410 may be arranged in rows 610, as described
above with reference to FIG. 6A. In some embodiments, the bond pad connection
structures 410 of a first row 610 are laterally offset (e.g., in the X-direction) from the bond
pad connection structures 410 of a neighboring (e.g., the Y-direction) row 610 of bond pad
connection structures 410. In addition, in some embodiments, each bond pad connection
structure 410 may be laterally aligned (e.g., in the X-direction) with bond pad connection
structures 410 spaced from the first bond pad connection structure 410 by at least two (e.g.,
two, three, four, five, six) rows 610. For example, the bond pad connection structures 410
of every third row 610 may be laterally aligned.

Thus, in accordance with embodiments of the disclosure a microelectronic device
comprises a first die and a second die attached to the first die. The first die comprises a
memory array region comprising a stack structure comprising vertically alternating
conductive structures and insulative structures, vertically extending strings of memory cells
within the stack structure, and first bond pad structures vertically neighboring the vertically
extending strings of memory cells. The second die comprises a control logic region
comprising control logic devices configured to effectuate at least a portion of control
operations for the vertically extending string of memory cells, second bond pad structures
in electrical communication with the first bond pad structures, and signal routing structures
located at an interface between the first die and the second die.

Thus, in accordance with additional embodiments of the disclosure, a
microelectronic device comprises a first microelectronic device structure comprising a
memory array region comprising vertically extending strings of memory cells within a

stack structure comprising a vertically alternating sequence of conductive structures and
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msulative structures, a second microelectronic device structure comprising control logic
circuitry comprising complementary metal oxide semiconductor circuitry, and a bond pad
region at an interface between the first microelectronic device structure and the second
microelectronic device structure. The bond pad region comprises first bond pad structures
coupled to the first microelectronic device structure, second bond pad structures coupled to
the second microelectronic device structure and in contact with the first bond pad
structures, and signal routing structures in contact with at least the second microelectronic
device structure and laterally neighboring the first bond pad structures and the second bond
pad structures.

Thus in accordance with further embodiments of the disclosure, a method of
forming a microelectronic device comprises forming a first microelectronic device
structure comprising a memory array region comprising a stack structure comprising
vertically alternating conductive structures and insulative structures, vertically extending
strings of memory cells extending through the stack structure, and first bond pad structures
vertically displaced from the stack structure. The method further comprises forming a
second microelectronic device comprising a control logic region configured to effectuate
one or more control operations for the vertically extending string of memory cells, second
bond pad structures vertically displaced from the control logic region, and signal routing
structures vertically displaced from the control logic region. The method further comprises
attaching the first microelectronic device structure to the second microelectronic device
structure by coupling the first bond pad structures to the second bond pad structures, the
signal routing structures located at an interface between the first microelectronic device
structure and the second microelectronic device structure.

Microelectronic devices including microelectronic devices structure assemblies
(e.g., the microelectronic device structure assemblies 195, 295, 395) including the bond
pad regions 193, 393 including bond pad structures (e.g., the first bond pad structures 110,
the second bond pad structures 112, and the third bond pad structures 186) and signal
routing structures (e.g., second signal routing structures 116, the second signal routing
structures 316, the third signal routing structures 318, the additional signal routing
structures 352), according embodiments of the disclosure may be used in embodiments of
electronic systems of the disclosure. For example, FIG. 7 is a block diagram of an
electronic system 700, in accordance with embodiments of the disclosure. The electronic

system 700 may comprise, for example, a computer or computer hardware component, a
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server or other networking hardware component, a cellular telephone, a digital camera, a
personal digital assistant (PDA), portable media (e.g., music) player, a Wi-Fi or cellular-
enabled tablet such as, for example, an iPAD® or SURFACE® tablet, an electronic book, a
navigation device, etc. The electronic system 700 includes at least one memory

device 705. The memory device 705 may include, for example, an embodiment of a
microelectronic device structure previously described herein or a microelectronic device
structure assembly (e.g., the microelectronic device structure assembly 195, 295, 395
previously described with reference to FIG. 1A through FIG. 3B).

The electronic system 700 may further include at least one electronic signal
processor device 707 (often referred to as a “microprocessor’). The electronic signal
processor device 707 may, optionally, include an embodiment of a microelectronic device
structure assembly (e.g., one or more of the microelectronic device structure assembly 195,
295, 395 previously described with reference to FIG. 1A through FIG. 3B). The electronic
system 700 may further include one or more input devices 709 for inputting information
mnto the electronic system 700 by a user, such as, for example, a mouse or other pointing
device, a keyboard, a touchpad, a button, or a control panel. The electronic system 700
may further include one or more output devices 711 for outputting information (e.g., visual
or audio output) to a user such as, for example, a monitor, a display, a printer, an audio
output jack, a speaker, etc. In some embodiments, the input device 709 and the output
device 711 may comprise a single touchscreen device that can be used both to input
information to the electronic system 700 and to output visual information to a user. The
mput device 709 and the output device 711 may communicate electrically with one or more
of the memory device 705 and the electronic signal processor device 707.

With reference to FIG. 8, depicted is a processor-based system 800. The processor-
based system 800 may include various microelectronic devices and microelectronic device
structure assemblies (e.g., microelectronic device structure assembly 195, 295, 395)
manufactured in accordance with embodiments of the present disclosure. The processor-
based system 800 may be any of a variety of types such as a computer, pager, cellular
phone, personal organizer, control circuit, or other electronic device. The processor-based
system 800 may include one or more processors 802, such as a microprocessor, to control
the processing of system functions and requests in the processor-based system 800. The
processor 802 and other subcomponents of the processor-based system 800 may include

microelectronic device structure assemblies (e.g., microelectronic device structure
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assemblies 195, 295, 395) manufactured in accordance with embodiments of the present
disclosure.

The processor-based system 800 may include a power supply 804 in operable
communication with the processor 802. For example, if the processor-based system 800 is
a portable system, the power supply 804 may include one or more of a fuel cell, a power
scavenging device, permanent batteries, replaceable batteries, and rechargeable batteries.
The power supply 804 may also include an AC adapter; therefore, the processor-based
system8 may be plugged into a wall outlet, for example. The power supply 804 may also
include a DC adapter such that the processor-based system 800 may be plugged into a
vehicle cigarette lighter or a vehicle power port, for example.

Various other devices may be coupled to the processor 802 depending on the
functions that the processor-based system 800 performs. For example, input devices 806
(e.g., user interface) may be coupled to the processor 802. The input devices 806 may
include devices such as buttons, switches, a keyboard, a light pen, a mouse, a digitizer and
stylus, a touch screen, a voice recognition system, a microphone, or a combination thereof.
A display 808 may also be coupled to the processor 802. The display 808 may include an
LCD display, an SED display, a CRT display, a DLP display, a plasma display, an OLED
display, an LED display, a three-dimensional projection, an audio display, or a combination
thereof. Furthermore, an RF sub-system/baseband processor 810 may also be coupled to
the processor 802. The RF sub-system/baseband processor 810 may include an antenna
that is coupled to an RF receiver and to an RF transmitter (not shown). A communication
port 812, or more than one communication port 812, may also be coupled to the
processor 802. The communication port 812 may be adapted to be coupled to one or more
peripheral devices 814, such as a modem, a printer, a computer, a scanner, or a camera, or
to anetwork, such as alocal area network, remote area network, intranet, or the Internet,
for example.

The processor 802 may control the processor-based system 800 by implementing
software programs stored in the memory. The software programs may include an operating
system, database software, drafting software, word processing software, media editing
software, or media playing software, for example. The memory is operably coupled to the
processor 802 to store and facilitate execution of various programs. For example, the
processor 802 may be coupled to system memory 816, which may include one or more of

spin torque transfer magnetic random access memory (STT-MRAM), magnetic random
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access memory (MRAM), dynamic random access memory (DRAM), static random access
memory (SRAM), racetrack memory, and other known memory types. The system
memory 816 may include volatile memory, non-volatile memory, or a combination thereof.
The system memory 816 is typically large so that it can store dynamically loaded
applications and data. In some embodiments, the system memory 816 may include
semiconductor devices, such as the microelectronic device structure assemblies (e.g., the
microelectronic device structure assemblies 195, 295, 395) described above, or a
combination thereof.

The processor 802 may also be coupled to non-volatile memory 818, which is not to
suggest that system memory 816 is necessarily volatile. The non-volatile memory 818 may
include one or more of STT-MRAM, MRAM, read-only memory (ROM) such as an
EPROM, resistive read-only memory (RROM), and flash memory to be used in
conjunction with the system memory 816. The size of the non-volatile memory 818 is
typically selected to be just large enough to store any necessary operating system,
application programs, and fixed data. Additionally, the non-volatile memory 818 may
include a high-capacity memory such as disk drive memory, such as a hybrid-drive
including resistive memory or other types of non-volatile solid-state memory, for example.
The non-volatile memory 818 may include microelectronic devices including
microelectronic device structures, such as the microelectronic device structures (e.g., the
first microelectronic device structure 100, 300, the second microelectronic device
structure 150, 250, 350), and microelectronic device structure assemblies (e.g., the
microelectronic device structure assemblies 195, 295, 395) described above, or a
combination thereof.

Thus, in accordance with embodiments of the disclosure an electronic system
comprises an input device, an output device, a processor device operably coupled to the
mput device and the output device, and a memory device operably coupled to the processor
device. The memory device comprises a first microelectronic device structure comprising
a stack structure comprising tiers each comprising a conductive structure and an insulative
structure vertically neighboring the conductive structure, vertically extending strings of
memory cells within the stack structure, and first bond pad structures vertically displaced
from the stack structure. The memory device further comprises a second microelectronic
device structure comprising a control logic region comprising CMOS circuitry, second

bond pad structures coupled to the first bond pad structures, and signal routing structures
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between the first microelectronic device structure and the second microelectronic device
structure.

Additional non-limiting example embodiments of the disclosure are set forth below:

Embodiment 1: A microelectronic device, comprising: a first die comprising: a
memory array region comprising: a stack structure comprising vertically alternating
conductive structures and insulative structures; vertically extending strings of memory cells
within the stack structure; and first bond pad structures vertically neighboring the vertically
extending strings of memory cells; and a second die attached to the first die, the second die
comprising: a control logic region comprising control logic devices configured to
effectuate at least a portion of control operations for the vertically extending string of
memory cells; second bond pad structures in electrical communication with the first bond
pad structures; and signal routing structures located at an interface between the first die and
the second die.

Embodiment 2: The microelectronic device of Embodiment 1, wherein the signal
routing structures contact a dielectric material of the first die.

Embodiment 3: The microelectronic device of Embodiment 1 or Embodiment 2,
wherein a pitch of the signal routing structures is less than a pitch of the second bond pad
structures.

Embodiment 4: The microelectronic device of any one of Embodiments 1
through 3, wherein the signal routing structures contact additional signal routing structures
of the first die.

Embodiment 5: The microelectronic device of Embodiment 4, wherein a pitch of
the signal routing structures is greater than or equal to a pitch of the second bond pad
structures.

Embodiment 6: The microelectronic device of any one of Embodiments 1
through 5, wherein the second bond pad structures are located within lateral boundaries of
the signal routing structures.

Embodiment 7: The microelectronic device of any one of Embodiments 1
through 6, wherein the second bond pad structures are electrically isolated from the signal
routing structures by a dielectric material.

Embodiment 8: The microelectronic device of any one of Embodiments 1
through 5, wherein the second bond pad structures are located outside lateral boundaries of

the signal routing structures.



WO 2022/035545 PCT/US2021/041603

10

15

20

25

30

-35-

Embodiment 9: The microelectronic device of any one of Embodiments 1
through 8, wherein the signal routing structures comprise angled portions proximate the
second bond pad structures.

Embodiment 10: The microelectronic device of any one of Embodiments 1
through 9, wherein the second die comprises CMOS circuitry.

Embodiment 11: A microelectronic device, comprising: a first microelectronic
device structure comprising a memory array region comprising vertically extending strings
of memory cells within a stack structure comprising a vertically alternating sequence of
conductive structures and insulative structures; a second microelectronic device structure
comprising control logic circuitry comprising complementary metal oxide semiconductor
circuitry; and a bond pad region at an interface between the first microelectronic device
structure and the second microelectronic device structure, the bond pad region comprising:
first bond pad structures coupled to the first microelectronic device structure; second bond
pad structures coupled to the second microelectronic device structure and in contact with
the first bond pad structures; and signal routing structures in contact with at least the
second die and laterally neighboring the first bond pad structures and the second bond pad
structures.

Embodiment 12: The microelectronic device of Embodiment 11, wherein a pitch of
the first bond pad structures is within a range from about 0.5 pum to about 5.0 pm.

Embodiment 13: The microelectronic device of Embodiment 11 or Embodiment
12, wherein a pitch of the signal routing structures is less than about 0.5 pum.

Embodiment 14: The microelectronic device of any one of Embodiments 11
through 13, wherein the signal routing structures comprise: first signal routing structures on
a surface of the first microelectronic device structure; and second signal routing structures
on a surface of the second microelectronic device structure and in contact with the first
signal routing structures.

Embodiment 15: The microelectronic device of any one of Embodiments 11
through 14, wherein: the first bond pad structures are arranged in rows; and laterally
extending portions of the signal routing structures extend between the rows.

Embodiment 16: The microelectronic device of any one of Embodiments 11
through 14, wherein the first bond pad structures are arranged in rows, the first bond pad

structures of a first row are offset from the first bond pad structures of a neighboring row.



WO 2022/035545 PCT/US2021/041603

10

15

20

25

30

-36 -

Embodiment 17: The microelectronic device of any one of Embodiments 11
through 16, wherein the first microelectronic device structure comprises line contact
structures in electrical communication with the vertically extending strings of memory
cells, the line contact structures vertically interposed between the first bond pad structures
and the vertically extending strings of memory cells.

Embodiment 18: The microelectronic device of any one of Embodiments 11
through 17, wherein the first microelectronic device structure comprises a source structure
in electrical communication with the vertically extending strings of memory cells, the
source structure vertically interposed between the first bond pad structures and the
vertically extending strings of memory cells.

Embodiment 19: A method of forming a microelectronic device, the method
comprising: forming a first microelectronic device structure comprising: a memory array
region comprising: a stack structure comprising vertically alternating conductive structures
and insulative structures; vertically extending strings of memory cells extending through
the stack structure; and first bond pad structures vertically displaced from the stack
structure; forming a second microelectronic device structure comprising: a control logic
region configured to effectuate one or more control operations for the vertically extending
string of memory cells; second bond pad structures vertically displaced from the control
logic region; and signal routing structures vertically displaced from the control logic
region; and attaching the first microelectronic device structure to the second
microelectronic device structure by coupling the first bond pad structures to the second
bond pad structures, the signal routing structures located at an interface between the first
microelectronic device structure and the second microelectronic device structure.

Embodiment 20: The method of Embodiment 19, wherein: forming a first
microelectronic device structure comprises forming the first microelectronic device
structure to comprise additional signal routing structures; and attaching the first
microelectronic device structure to the second microelectronic device structure comprises
coupling at least some of the signal routing structures to the additional signal routing
structures.

Embodiment 21: The method of Embodiment 19 or Embodiment 20, wherein
attaching the first microelectronic device structure to the second microelectronic device
structure comprises placing the first bond pad structures and the second bond pad structures

within lateral boundaries of the signal routing structures, the first bond pad structures and
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the second bond pad structures electrically isolated from the signal routing structures by a
dielectric material.

Embodiment 22: The method of any one of Embodiments 19 through 21, wherein
attaching the first microelectronic device structure to the second microelectronic device
structure comprises routing the signal routing structures between laterally neighboring first
bond structures.

Embodiment 23: The method of any one of Embodiments 19 through 22, wherein
attaching the first microelectronic device structure to the second microelectronic device
structure comprises contacting a dielectric material of the first microelectronic device
structure with the signal routing structures.

Embodiment 24: An electronic system, comprising: an input device; an output
device; a processor device operably coupled to the input device and the output device; and
a memory device operably coupled to the processor device and comprising: a first
microelectronic device structure comprising: a stack structure comprising tiers each
comprising a conductive structure and an insulative structure vertically neighboring the
conductive structure; vertically extending strings of memory cells within the stack
structure; and first bond pad structures vertically displaced from the stack structure; and a
second microelectronic device structure comprising: a control logic region comprising
CMOS circuitry; second bond pad structures coupled to the first bond pad structures; and
signal routing structures between the first microelectronic device structure and the second
microelectronic device structure.

Embodiment 25: The electronic system of Embodiment 24, wherein the signal
routing structures are laterally displaced form the second bond pad structures.

Embodiment 26: The electronic system of Embodiment 24 or Embodiment 25,
wherein at least some of the signal routing structures are in contact with a dielectric
material of the first microelectronic device structure and at least others of the signal routing
structures are in contact with additional signal routing structures of the first microelectronic
device structure.

Embodiment 27: The electronic system of Embodiment 26, wherein a pitch of the
at least some of the signal routing structures is less than a pitch of the at least others of the

signal routing structures.
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Embodiment 28: The electronic system of any one of Embodiments 24 through 27,
wherein the signal routing structures are vertically aligned with the second bond pad
structures.

While certain illustrative embodiments have been described in connection with the
figures, those of ordinary skill in the art will recognize and appreciate that embodiments
encompassed by the disclosure are not limited to those embodiments explicitly shown and
described herein. Rather, many additions, deletions, and modifications to the embodiments
described herein may be made without departing from the scope of embodiments
encompassed by the disclosure, such as those hereinafter claimed, including legal
equivalents. In addition, features from one disclosed embodiment may be combined with
features of another disclosed embodiment while still being encompassed within the scope

of the disclosure.
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What is claimed is:
5 1. A microelectronic device, comprising:

a first die comprising:
a memory array region comprising:
a stack structure comprising vertically alternating conductive structures and
insulative structures;
10 vertically extending strings of memory cells within the stack structure; and
first bond pad structures vertically neighboring the vertically extending
strings of memory cells; and
a second die attached to the first die, the second die comprising:
a control logic region comprising control logic devices configured to effectuate at
15 least a portion of control operations for the vertically extending string of
memory cells;
second bond pad structures in electrical communication with the first bond pad
structures; and
signal routing structures located at an interface between the first die and the second

20 die.

2. The microelectronic device of claim 1, wherein the signal routing structures

contact a dielectric material of the first die.

25 3. The microelectronic device of claim 2, wherein a pitch of the signal routing

structures is less than a pitch of the second bond pad structures.

4. The microelectronic device of claim 1, wherein the signal routing structures
contact additional signal routing structures of the first die.
30
5. The microelectronic device of claim 4, wherein a pitch of the signal routing

structures is greater than or equal to a pitch of the second bond pad structures.
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6. The microelectronic device of claim 1, wherein the second bond pad

structures are located within lateral boundaries of the signal routing structures.

7. The microelectronic device of claim 6, wherein the second bond pad

structures are electrically isolated from the signal routing structures by a dielectric material.

8. The microelectronic device of claim 1, wherein the second bond pad

structures are located outside lateral boundaries of the signal routing structures.

9. The microelectronic device of any one of claims 1 through 8, wherein the
signal routing structures comprise angled portions proximate the second bond pad

structures.

10. The microelectronic device of any one of claims 1 through 8, wherein the

second die comprises CMOS circuitry.

11. A microelectronic device, comprising:

a first microelectronic device structure comprising a memory array region comprising
vertically extending strings of memory cells within a stack structure comprising a
vertically alternating sequence of conductive structures and insulative structures;

a second microelectronic device structure comprising control logic circuitry comprising
complementary metal oxide semiconductor circuitry; and

a bond pad region at an interface between the first microelectronic device structure and the
second microelectronic device structure, the bond pad region comprising:
first bond pad structures coupled to the first microelectronic device structure;
second bond pad structures coupled to the second microelectronic device structure

and in contact with the first bond pad structures; and
signal routing structures in contact with at least the second die and laterally
neighboring the first bond pad structures and the second bond pad

structures.

12. The microelectronic device of claim 11, wherein a pitch of the first bond

pad structures is within a range from about 0.5 um to about 5.0 pm.
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13. The microelectronic device of claim 11, wherein a pitch of the signal

routing structures is less than about 0.5 um.

14. The microelectronic device of claim 11, wherein the signal routing
structures comprise:
first signal routing structures on a surface of the first microelectronic device structure; and
second signal routing structures on a surface of the second microelectronic device structure

and in contact with the first signal routing structures.

15. The microelectronic device of claim 11, wherein:
the first bond pad structures are arranged in rows; and

laterally extending portions of the signal routing structures extend between the rows.

16. The microelectronic device of claim 11, wherein the first bond pad
structures are arranged in rows, the first bond pad structures of a first row are offset from

the first bond pad structures of a neighboring row.

17. The microelectronic device of any one of claims 11 through 16, wherein the
first microelectronic device structure comprises line contact structures in electrical
communication with the vertically extending strings of memory cells, the line contact
structures vertically interposed between the first bond pad structures and the vertically

extending strings of memory cells.

18. The microelectronic device of any one of claims 11 through 16, wherein the
first microelectronic device structure comprises a source structure in electrical
communication with the vertically extending strings of memory cells, the source structure
vertically interposed between the first bond pad structures and the vertically extending

strings of memory cells.
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19. A method of forming a microelectronic device, the method comprising:
forming a first microelectronic device structure comprising:
a memory array region comprising:
a stack structure comprising vertically alternating conductive structures and
35 insulative structures;
vertically extending strings of memory cells extending through the stack
structure; and
first bond pad structures vertically displaced from the stack structure;
forming a second microelectronic device structure comprising:
10 a control logic region configured to effectuate one or more control operations for
the vertically extending string of memory cells;
second bond pad structures vertically displaced from the control logic region; and
signal routing structures vertically displaced from the control logic region; and
attaching the first microelectronic device structure to the second microelectronic device
15 structure by coupling the first bond pad structures to the second bond pad
structures, the signal routing structures located at an interface between the first

microelectronic device structure and the second microelectronic device structure.

20. The method of claim 19, wherein:
20  forming a first microelectronic device structure comprises forming the first microelectronic
device structure to comprise additional signal routing structures; and
attaching the first microelectronic device structure to the second microelectronic device
structure comprises coupling at least some of the signal routing structures to the
additional signal routing structures.
25
21. The method of claim 19, wherein attaching the first microelectronic device
structure to the second microelectronic device structure comprises placing the first bond
pad structures and the second bond pad structures within lateral boundaries of the signal
routing structures, the first bond pad structures and the second bond pad structures

30 electrically isolated from the signal routing structures by a dielectric material.
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22. The method of any one of claims 19 through 21, wherein attaching the first
microelectronic device structure to the second microelectronic device structure comprises

routing the signal routing structures between laterally neighboring first bond structures.

23, The method of any one of claims 19 through 21, wherein attaching the first
microelectronic device structure to the second microelectronic device structure comprises
contacting a dielectric material of the first microelectronic device structure with the signal

routing structures.

24, An clectronic system, comprising:
an input device;
an output device;
a processor device operably coupled to the input device and the output device; and
a memory device operably coupled to the processor device and comprising:
a first microelectronic device structure comprising:

a stack structure comprising tiers each comprising a conductive structure
and an insulative structure vertically neighboring the conductive
structure;

vertically extending strings of memory cells within the stack structure; and

first bond pad structures vertically displaced from the stack structure; and

a second microelectronic device structure comprising:

a control logic region comprising CMOS circuitry;

second bond pad structures coupled to the first bond pad structures; and

signal routing structures between the first microelectronic device structure

and the second microelectronic device structure.

25, The electronic system of claim 24, wherein the signal routing structures are

laterally displaced form the second bond pad structures.

26. The electronic system of claim 24, wherein at least some of the signal
routing structures are in contact with a dielectric material of the first microelectronic device
structure and at least others of the signal routing structures are in contact with additional

signal routing structures of the first microelectronic device structure.
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27.  The electronic system of claim 26, wherein a pitch of the at least some of
the signal routing structures is less than a pitch of the at least others of the signal routing

structures.

28 The electronic system of any one of claims 24 through 27, wherein the

signal routing structures are vertically aligned with the second bond pad structures.



PCT/US2021/041603

WO 2022/035545

1/10

100

110

110

116

110

116

108

105

FIG. 1A

116

i 700, e e ) e 0t S S e e e ST S e e o .7
Lo ENRI L0 “, . (VYA N0 (RSO
22 2. X4 0 A
D0
fl \\\\
\\
% \\\\\\s

’,° ’,
S0
S Sl
AL/

7
N
UUIIIIIUIIIIINIOIN N &

L0y AP O O N AN T ALY A O L S Y Y
- G A " 4
2
”
2
7
”
73 ] %
f
s
"
¢

ALUIIIININN

v

"7
', 7

0
', , 7 ‘.,
, 2 ., %, S
Sl AT
S AR
ool Sl %%
A, [ereffele s stes
G s e, %y ABILAFTI

LRI, \\\\\s

s.7 ‘0% ‘e
2.7 7% 4

7S
Y

7

SN SN

[
A xs
., (3%
2,7 9y o
7o, AP .7 ‘,
e, Al O .,
’ ., ’,’, i, ;
9 ’ ¢ ‘0% i, ;
ra ’,’, 0,
?, (oY
A0
o0
v, ’.
e 7. oy
KO0
50
A0
(R ‘.
7,7, ‘.
ks LY
9 LY
50 K,
7 Loy 7 %
v’ ¢ Loy ey, %
v’ 7, oy S
7. AL ., .’
AL .’ ‘. s
’ (RS Sl ‘0 ;
B L o, .
’ ?,’,
£s ‘%
50
A0 ~
s ! ‘.
sxxs L —
. ~ —_
g 7 /
ot 1(|\<
¢ \\\\ \\ \\ .w.\
.2 . 7
\ . ‘\ \\\ \\\\
/ \N \\\ o
~ U ' %
o 2 /
D v \
/ ’
0 7
50
D

SIS

100

FIG. 1B



PCT/US2021/041603

WO 2022/035545

2/10

150

168

1

/|

188

7\8

N

<
<

B

D
N
N

5\
\

~

I
.
N

S

S ——

N\
RO NS
RN NS
AN
DN\

AN

183 181 1

190
)

”
0
A0y
oY
BOANA
T AN
/) AV LRI
Ay
LI,
KNI
O OO0
ALY AN
AN OO
ORI AN
(0,0 )0l s
ARG
OB
A DOAY
6058

ZANVN
ST

%

160

160

FIG. 1C

117
) 186
)

186
J

117

150

FIG. 1D



PCT/US2021/041603

WO 2022/035545

3/10

160

160

158

195

sZNEXIN

ZNGNZROND
ZNGNIN¥N Y

\u\ w‘ﬂﬂwvuv

AR ORI RRTR
2R T rHg
R R

\VV J
A Y
N3

NANZ NN Ay

N AR 4

me_mvw

108

105

116

FIG. 1E

195

TS0 -,
QXY AOVAN
@
2
2

OO S AP A A O L A ) A AP N Y
LKA 2 et e ol 3 4
v
7 7,
£

/] |
O AP O Y L AN AN T A A ) O SN N Y Y KNI
- ” A ” 4 -
i
”
7
2
7
g
7 ] %
f
7
&
A
.

AN

AU

AOVAR
SO
PO .,
RO AN (9
Ay
s

)l e St i s 0 e A0 L
RV A AN IO LY OO AN ST TSN
03 . , - A0 , 0 L L Lo
P AN LRI IS I AP LNV S e e
7
7 5
G
; g
”
-
2
”

N\\sH

~
NG
~ \.“
\
\“ N

~

RN

SN
N

3

~
SN
A
SN

S

DY

00 e L ‘ ] WEANI O EOED
G \xxs Y AN LN OOL OO AS
\\\ >
2002 “ - g 2 &
g AIARVEOU
f
2
s XN \
3
s

N

N

FIG. 1F '°

116



WO 2022/035545 PCT/US2021/041603

4/10

295
N
162 —
190—"|
250
116 <
100
109
V4




7
sl el

SOUUUUUUUUUUOUUINUNY

\ IS4

NN
N

oD
e
v

=
W ARTLRT SN SD

////ww.

7
2 s

AN

Z
L8l

R

J

PCT/US2021/041603

WO 2022/035545

5/10

0
160

16

158

395

AASASIAIAALIIIA,

A NN

g
g

7, W NAY AN ]
ANV NS

Wﬁ%wn/ﬂ/ﬂmﬁ//m//mzuvinlz.vv
%ﬂﬂ%nf
7 ‘/%,%.m.n

SN

108

105

FIG. 3A
117
/

12

X

K

117
./ 170 1
J

B
\\\\
i N
%0 A
a0 %% [7p)
’, ’
A ™ B
v, -, v’ ,.? s,7,
WL LAY oG
'Y 4 [3Rs ’,,? ’ 4 ’ 7 ¢
v # , 2 PRs . Rs .7 z,7
., ’, ra R ’ 7 Xs ¢ ¢ v’
50 Lol el e, T st o
W4y LB L,
g , ra PRs , R4 .7 .
, el fels s, T
7, , 2 s . 7.1 GRg I
¢ - ’ (s Rd [RXs . ?
5 o] S O, s
Y A /A
; L g4 LAY AT
l’/\“k Z Fe, 0
2
™ \ 77 1
", \ 0
’ ‘. ERs
N~ 9 R, ERIR) 7
Ay © ey 4
) 50 (o] /00, P
¢ 7, ¢, ’,° yari g4 ’,° (X CR ,
Ay oy oy \ o T oAy e Ay Se e el
., 7, ’,”, [+ 2 .. ” 7, s v’ v 7 4,
Lol 4 Jol el ART00
v 4,7, ., ~,?, , 7 (%4 R4 (kg , 7 3 o
S OAY B Lo
SOV Lol lisees, AT
OO Jol el /e, RO
ST, LY ANA
B, AEILD Lol ot /000,
el fLl 0, ABIAT Ao A
SOIAY AN, e .
4 ol il /its, AOIAL 1
L AT _
Y AL, o0 )
Lol Sl et SEIA
3 (23 \\\ \\\\ \\\\ \\\\ RS 7
‘. (s ks ’,? ¢ 7 7 3
Y L o/, A ©
5 SO AP,
> A%
0
“50 h
Y 1 —
5 -
5

393

FIG. 3B



m
) ||

] l \

-
=<
\ x \
(=) o
= 0
< <
Y

]



7/10

ST

I LYy e 7 Ty iy ey

A,

LTI T g L T T T g T iy 0

4\\\\\\\\\\4
§\\

\\\\ \\\\\\\\\\\\\\\\\\&

FIG. 5



PCT/US2021/041603

WO 2022/035545

~_ 622
| 624

620

MI/v Z 4/\0 =)
- ﬂ./v
w S 7)) T
R .

; V22, 7

NN

8/10

o
77 Q
2222222 \\\M i~ S s B U ©
) 0] ()
o ) vz N A I
s m/ 7 <
n/y_ﬁ\\\%\\\\\\\\\\\\\\\ w@\m S 2222222222 T
S Bl 2
3 ) (s / / N
m > x
\ N\ N, P e ]
g = ©



WO 2022/035545

9/10

700

PCT/US2021/041603

Input Output
Device Device
709 11

4
A 4
Processor Memory
Device Device
707 705

FIG.7



PCT/US2021/041603

WO 2022/035545

10/10

7%
22iAaQg
Jedayduad

vy

ci8
Hod
uoneIIUNWUIO)

! §

8 'Old
908 40zn161a-
pieoqhoy- 708
asjnaq anduj 4omod
3
v
918 >
Aiowapy gomwwo.i
wayshs ——>
818 Lowayy

9//jJOA-UON

018 buissossoigd
pueqgeseg
woysAsqns 43

Aeydsig

008




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2021/041603

A. CLASSIFICATION OF SUBJECT MATTER

HO1L 25/10(2006.01)i; HO1L 23/528(2006.01)i; HO1L 23/538(2006.01)i; HO1L 23/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L 25/10(2006.01); G11C 16/04(2006.01); HO1L 23/00(2006.01); HO1L 25/065(2006.01); HO1L 25/18(2006.01);
HOI1L 27/11509(2017.01); HO1L 27/11514(2017.01); HO1L 27/11556(2017.01); HO1L 27/1157(2017.01);
HO1L 27/11582(2017.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: first die, second die, stack structure, first bond pad, second bond pad, signal routing
structure

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2020-0066703 Al (SANDISK TECHNOLOGIES LLC) 27 February 2020 (2020-02-27)
X paragraphs [0074]-[0201], claims 1-14 and figures 1-21 1-23
24-28
US 2019-0043836 Al (INTEL CORPORATION) 07 February 2019 (2019-02-07)
Y paragraph [0060], claim 11 and figure 8 24-28
US 2020-0227397 Al (SANDISK TECHNOLOGIES LLC) 16 July 2020 (2020-07-16)
A paragraphs [0136]-[0143] and figures 21-22 1-28
US 2020-0105774 Al (INTEL CORPORATION) 02 April 2020 (2020-04-02)
A paragraphs [0037]-[0044] and figure 2 1-28

Further documents are listed in the continuation of Box C. See patent family annex.

the priority date claimed

*  Special categories of cited documents: «1> later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“p” document cited by the applicant in the international application «X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means «&” document member of the same patent family

«p” document published prior to the international filing date but later than

Date of the actual completion of the international search

Date of mailing of the international search report

35208, Republic of Korea

Facsimile No. +82-42-481-8578

04 November 2021 04 November 2021
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon PARK, Hye Lyun

Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2021/041603
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2019-0043868 Al (INTEL CORPORATION) 07 February 2019 (2019-02-07)
A paragraphs [0020]-[0029] and figure 3 1-28

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2021/041603
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2020-0066703 Al 27 February 2020 CN 111316440 A 19 June 2020
EP 3669397 Al 24 June 2020
KR 10-2020-0039800 A 16 April 2020
KR 10-2021-0000753 A 05 January 2021
KR 10-2198685  B1 05 January 2021
us 10283493  BI1 07 May 2019
UsS 10510738 B2 17 December 2019
us 2019-221557 Al 18 July 2019
WO 2019-143400 A1l 25 July 2019
us 2019-0043836 Al 07 February 2019 CN 110620117 A 27 December 2019
DE 102019112704 Al 19 December 2019
JP 2019-220244 A 26 December 2019
KR 10-2019-0142715 A 27 December 2019
us 10651153 B2 12 May 2020
us 2020-0227397 Al 16 July 2020 uUsS 10957680 B2 23 March 2021
WO 2020-149943 Al 23 July 2020
us 2020-0105774 Al 02 April 2020 uUsS 10886286 B2 05 January 2021
us 2019-0043868 Al 07 February 2019 CN 110620114 A 27 December 2019
EP 3584837 Al 25 December 2019
JP 2019-220680 A 26 December 2019
KR 10-2019-0142716 A 27 December 2019

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report
	Page 58 - wo-search-report
	Page 59 - wo-search-report

