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57 ABSTRACT

Some embodiments include an integrated assembly having
an interconnect over a first conductive structure and coupled
with the first conductive structure. The interconnect includes
a conductive core. The conductive core has a slender upper
region and a wide lower region. The upper region joins to the
lower region at a step. A liner laterally surrounds the lower
region of the conductive core. The liner has an upper surface
which is substantially coplanar with the step. An insulative
collar is over and directly against both an upper surface of
the step and the upper surface of the liner. The insulative
collar laterally surrounds and directly contacts the slender
upper region. A second conductive structure is over and
directly against a region of the insulative collar, and is over
and directly against an upper surface of the slender upper
region. Some embodiments include methods of forming
integrated assemblies.
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1
CONDUCTIVE INTERCONNECTS AND
METHODS OF FORMING CONDUCTIVE
INTERCONNECTS

RELATED PATENT DATA

This patent resulted from a divisional of U.S. patent
application Ser. No. 16/718,454 filed Dec. 18, 2019, which
is hereby incorporated by reference herein.

TECHNICAL FIELD

Integrated assemblies, memory arrays, conductive inter-
connects, and methods of forming conductive interconnects.

BACKGROUND

Memory is often incorporated into integrated circuitry.
The memory may be used, for example, in computer systems
for storing data.

Memory may be provided as a large array of memory
cells. Wordlines (access lines) and bitlines (digit lines, sense
lines) may be provided across the array such that individual
memory cells may be uniquely addressed through the com-
bination of a wordline and a bitline.

Conductive interconnects may be utilized to electrically
couple circuitry from a lower level to circuitry of an upper
level; and in some embodiments may be utilized for cou-
pling wordlines with control circuitry (e.g., driver circuitry)
and/or for coupling bitlines with sensing circuitry (e.g.,
sense-amplifier-circuitry).

A continuing goal of integrated circuit fabrication is to
increase the level of integration (i.e., to scale circuitry to
smaller dimensions). Wordlines and bitlines may become
increasingly tightly packed across a memory array with
increasing levels of integration.

Difficulties are encountered in increasing the level of
integration of memory in that it becomes increasingly dif-
ficult to make suitable connections to the wordlines and
bitlines. It is desired to develop new conductive intercon-
nects suitable for making connections to wordlines and
bitlines, and new methods of fabricating such interconnects.
It may also be desirable for the new conductive intercon-
nects to be suitable for making connections to tightly-packed
integrated circuit components other than wordlines and
bitlines.

Examples of the difficulties involved in making electrical
connections to wordlines and bitlines are described with
reference to FIGS. 1A, 1B, 2A and 2B.

Referring to FIGS. 1A and 1B, an assembly 300 includes
an electrical interconnect 302 extending through an insula-
tive mass 304. The electrical interconnect couples a lower
conductive structure 306 with an upper constructive struc-
ture 3085. The upper conductive structure 3085 is shown to
be one of several similar conductive lines 308 (with other
conductive lines being labeled 308a and 308c¢). The con-
ductive lines 308 may be wordlines or bitlines.

The electrical interconnect 302 is shown to comprise a
conductive liner 310 which laterally surrounds a conductive
core 312. The liner 310 may comprise metal nitride (e.g.,
titanium nitride or tungsten nitride), and the conductive core
312 may comprise metal (e.g., tungsten). The liner 310 may
be provided to enhance adhesion between the metal of the
conductive core 312 with the insulative material of the mass
304 and/or to provide a seed layer during deposition of the
metal of the conductive core 312.
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FIGS. 1A and 1B show a desired arrangement in which
only the central line 3085 is electrically coupled with the
interconnect 302. However, problems may occur with
increased levels of integration which lead to one or both of
the conductive lines 308a and 308¢ shorting with the inter-
connect 302. For instance, FIGS. 2A and 2B show the
assembly 300 in a problematic arrangement in which the line
308c¢ is shorted to the interconnect 302 (with such shorting
occurring in an illustrated region 314 shown in FIG. 2B).
The shorting may result from misalignment of the line 308¢
(as shown) and/or from misalignment of the interconnect
302.

It is desired to alleviate or prevent the problematic short-
ing problems described with reference to FIGS. 2A and 2B.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a diagrammatic cross-sectional side
view and a diagrammatic top-down view of a region of a
prior art integrated assembly. The view of FIG. 1A is along
the line A-A of FIG. 1B.

FIGS. 2A and 2B are a diagrammatic cross-sectional side
view and a diagrammatic top-down view of a region of
another prior art integrated assembly. The view of FIG. 2A
is along the line A-A of FIG. 2B.

FIGS. 3-6 are diagrammatic cross-sectional side views of
a region of an integrated assembly at sequential process
stages of an example method.

FIG. 6A is a diagrammatic top-down view of a region of
the integrated assembly of FIG. 6. The view of FIG. 6 is
along the line 6-6 of FIG. 6A.

FIGS. 7-10 are diagrammatic cross-sectional side views
of a region of an integrated assembly at sequential process
stages of an example method. The process stage of FIG. 7
may follow that of FIG. 6.

FIG. 10A is a diagrammatic top-down view of a region of
the integrated assembly of FIG. 10. The view of FIG. 10 is
along the line 10-10 of FIG. 10A.

FIG. 10B is a diagrammatic top-down view of the region
of the integrated assembly of FIG. 10A at a process stage
subsequent to that of FIG. 10A.

FIG. 11 is a diagrammatic cross-sectional side view of a
region of an integrated assembly at an example process stage
of an example method. The process stage of FIG. 11 may
follow that of FIG. 9.

FIG. 12 is a diagrammatic cross-sectional side view of a
region of an integrated assembly at an example process stage
of an example method. The process stage of FIG. 12 may
follow that of FIG. 7.

FIG. 13 is a diagrammatic cross-sectional side view of a
region of an integrated assembly at an example process stage
of an example method. The process stage of FIG. 13 may
follow that of FIG. 6.

FIGS. 14-17 are diagrammatic cross-sectional side views
of a region of an integrated assembly at sequential process
stages of an example method. The process stage of FIG. 14
may follow that of FIG. 13.

FIG. 18 is a diagrammatic cross-sectional side view of a
region of an integrated assembly at an example process stage
of an example method. The process stage of FIG. 18 may
follow that of FIG. 17 or that of FIG. 10, and may be
equivalent to that of FIG. 10B.

FIG. 19 is a diagrammatic schematic view of a region of
an example memory array.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Some embodiments include a conductive interconnect
having a slender upper region and a wide lower region. The
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upper region joins to the lower region at a step. A liner may
laterally surround the lower portion of the conductive inter-
connect. The liner may have an upper surface which is
substantially coplanar with the step. An insulative collar
may laterally surround the slender upper region, and may be
over and directly against both an upper surface of the step
and the upper surface of the liner. Some embodiments
include methods of forming integrated assemblies. Example
embodiments are described with reference to FIGS. 3-19.

Referring to FIG. 3, an assembly 10 includes an insulative
mass 12 over a conductive structure 14.

The insulative mass 12 comprises an insulative material
16. Such insulative material may comprise any suitable
composition(s); and in some embodiments may comprise,
consist essentially of, or consist of one or more of silicon
dioxide, silicon nitride, aluminum oxide, hafhium oxide, etc.

The conductive structure 14 comprises an electrically
conductive material 18. The material 18 may comprise any
suitable electrically conductive composition(s); such as, for
example, one or more of various metals (e.g., titanium,
tungsten, cobalt, nickel, platinum, ruthenium, etc.), metal-
containing compositions (e.g., metal silicide, metal nitride,
metal carbide, etc.), and/or conductively-doped semicon-
ductor materials (e.g., conductively-doped silicon, conduc-
tively-doped germanium, etc.). In some embodiments, the
material 18 may comprise one or more of copper (Cu), silver
(Ag), aluminum (Al), tungsten (W), platinum (Pt), palla-
dium (Pd), conductively-doped silicon, metal nitride, metal
silicide, etc.

The conductive structure 14 may be referred to as a first
conductive structure to distinguish it from other conductive
structures formed at subsequent process stages.

The conductive structure 14 may be electrically coupled
with logic circuitry (not shown); such as for example, one or
both of wordline-driver-circuitry and sense-amplifier-cir-
cuitry. The logic circuitry may comprise CMOS, and may be
under the conductive structure 14. In some embodiments,
the conductive structure 14 may be supported by a base (not
shown), and the logic circuitry may be over such base and
under the conductive structure 14.

The base may comprise semiconductor material; and may,
for example, comprise, consist essentially of, or consist of
monocrystalline silicon. The base may be referred to as a
semiconductor substrate. The term “semiconductor sub-
strate” means any construction comprising semiconductive
material, including, but not limited to, bulk semiconductive
materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials), and semiconductive
material layers (either alone or in assemblies comprising
other materials). The term “substrate” refers to any support-
ing structure, including, but not limited to, the semiconduc-
tor substrates described above. In some applications, the
base may correspond to a semiconductor substrate contain-
ing one or more materials associated with integrated circuit
fabrication. Such materials may include, for example, one or
more of refractory metal materials, barrier materials, diffu-
sion materials, insulator materials, etc.

Referring to FIG. 4, an opening 20 is formed to extend
through the insulative mass 12 to an upper surface 15 of the
conductive structure 14. The opening 20 has sidewalls 21.
The sidewalls 21 are shown to be somewhat tapered. In other
embodiments the sidewalls 21 may be more tapered, less
tapered, or even not tapered. Also, although the sidewalls are
shown to be straight, in other embodiments at least some
regions of the sidewalls may be curved.
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In the illustrated embodiment, the opening 20 stops at the
top surface 15 of the conductive structure 14. In other
embodiments, the opening 20 may penetrate into the con-
ductive structure 14.

Referring to FIG. 5, a liner material 22 is formed over the
mass 12 and within the opening 20. The liner material 22
lines the sidewalls 21 of the opening 20.

The liner material 22 is shown to be electrically conduc-
tive. However, it is to be understood that in some embodi-
ments the liner material may be insulative or semiconduc-
tive.

The liner material 22 may comprise any suitable compo-
sition(s). For instance, the liner material 22 may be an
insulative material; and may comprise, consist essentially of,
or consist of one or more of silicon nitride, silicon dioxide,
aluminum oxide, hafnium oxide, zirconium oxide, etc. As
another example, the liner material 22 may be semiconduc-
tive; and may comprise, consist essentially of, or consist of
one or both of silicon and germanium. As another example,
the liner material 22 may be conductive, and may comprise,
consist essentially of, or consist of one or more of metal
nitride, metal silicide and metal carbide. In some embodi-
ments, the liner material 22 may comprise one or both of
tungsten nitride and titanium nitride.

A conductive core material 24 is formed within the
opening 20 and along the lined sidewalls 21. The core
material 24 directly contacts the first conductive structure 14
in the shown embodiment. In other embodiments, the liner
material 22 may be electrically conductive and may be along
a bottom of the opening 20 so that the liner material 22 is
between the conductive material 24 and the conductive
structure 14.

The conductive core material 24 may comprise any suit-
able electrically conductive composition(s); such as, for
example, one or more of various metals (e.g., titanium,
tungsten, cobalt, nickel, platinum, ruthenium, etc.), metal-
containing compositions (e.g., metal silicide, metal nitride,
metal carbide, etc.), and/or conductively-doped semicon-
ductor materials (e.g., conductively-doped silicon, conduc-
tively-doped germanium, etc.). In some embodiments, the
conductive core material 24 may comprise, consist essen-
tially of, or consist of one or more metals. For instance, the
conductive core material 24 may comprise, consist essen-
tially of, or consist of tungsten.

The liner material 22 may be utilized to enhance adhesion
of the core material 24 to the insulative material 16 of the
mass 12 and/or may be utilized as a seed layer to promote
growth of the core material 24 during deposition of such
core material.

In the illustrated embodiment, the liner material 22 is a
single homogeneous composition, and the core material 24
is also a single homogeneous composition. In other embodi-
ments, the liner material 22 may comprise a laminate of two
or more different compositions; and/or the core material 24
may comprise a laminate of two or more different compo-
sitions.

Referring to FIG. 6, the assembly 10 is subjected to
planarization (e.g., chemical-mechanical polishing, CMP) to
form a substantially planar surface 25 which extends across
the insulative mass 12, the liner material 22 and the core
material 24. The surface 25 is referred to as being “substan-
tially planar” to indicate that the surface is planar to within
reasonable tolerances of fabrication and measurement.

The formation of the substantially planar surface 25
removes excess materials 22 and 24 from over the insulative
mass 12, patterns the remaining liner material 22 into a liner
26 within the opening 20, and patterns the remaining core
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material 24 into a core structure 28 within the opening. The
liner 26 laterally surrounds an outer peripheral surface (outer
periphery) 27 of the core structure 28, as shown in the
top-down view of FIG. 6A.

The liner 26 and core structure 28 together form a
construction 30. Such construction has a width W along the
cross-section of FIG. 6. Such width may comprise any
suitable dimension, and in some embodiments may be
within a range of from about 10 nm to about 30 nm.

Referring to FIG. 7, an upper portion of the liner 26 is
removed to form a moat 32 around an upper region 34 of the
core structure 28. A lower portion 38 of the liner 26 remains
as a collar under the moat 32. Such collar laterally surrounds
a lower region 36 of the core structure 28.

In some embodiments, the liner material 22 comprises
one or both of titanium nitride and tungsten nitride, the
material 16 of the mass 12 comprises silicon dioxide, and the
core material 24 comprises tungsten; and the liner material
is removed with a wet vapor etch utilizing phosphoric acid.

Referring to FIG. 8, a lateral width of the upper region 34
of the core structure 28 is reduced, and such converts the
upper region to a slender region 40 of the core structure. The
slender region 40 of the core structure 28 joins to the wide
lower region 36 of the core structure 28 at a step 42. In the
illustrated embodiment, the core structure 28 extends sub-
stantially vertically (i.e., extends along an illustrated z-axis),
and the step 42 extends substantially horizontally (i.e.
extends along an illustrated x-axis). The term “substantially
vertically” means vertical to within reasonable tolerances of
fabrication and measurement, and the term “substantially
horizontally” means horizontal to within reasonable toler-
ances of fabrication and measurement. In some embodi-
ments, the vertically-extending core structure 28 may be
considered to extend substantially orthogonally relative to
the horizontally-extending step 42, with the term “substan-
tially orthogonally” meaning orthogonal to within reason-
able tolerances of fabrication and measurement. In some
embodiments, the vertical direction of the core structure 28
may be within about 100 of orthogonal to the horizontal
direction of the step 42.

In the illustrated embodiment, the step 42 has a substan-
tially planar surface 43, and the lower portion 38 of the liner
26 has an upper surface 45 which is substantially coplanar
with the planar surface 43. In other embodiments, the step 42
and/or the lower portion 38 of the liner 26 may have a
rounded upper surface, a non-horizontal upper surface, or
any other suitable configuration.

In some embodiments, the lower portion 38 of the liner 26
may be considered to be configured as a collar 44 which
laterally surrounds an outer periphery of the lower portion
36 of the core structure 28. Such collar may be referred to
as a first collar to distinguish it from another collar formed
at a later process stage. The collar 44 may be electrically
conductive in some embodiments (e.g., may comprise one or
more of titanium nitride, tungsten nitride, etc.). Alterna-
tively, the collar 44 may be electrically insulative (e.g., may
comprise one or more of silicon dioxide, silicon nitride,
aluminum oxide, hafnium oxide, zirconium oxide, etc.).
Alternatively, the collar 44 may be semiconductive (e.g.,
may comprise silicon, germanium, etc.).

The narrowing of the upper region 34 of the core structure
28 expands the moat 32.

The upper region 34 of the core structure 28 may be
narrowed utilizing any suitable processing. For instance, in
some embodiments the core structure may comprise tung-
sten, and may be narrowed utilizing an etch comprising one
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or both of fluorocarbon (e.g., CxFy, where x and y are
numbers) and BCl, in combination with suitable oxidant
(e.g., 02).

Referring to FIG. 9, an insulative material 46 is formed
over the slender region 40 of the core structure 28, and
within the moat 32. The insulative material 46 may comprise
any suitable composition(s); and in some embodiments may
comprise, consist essentially of, or consist of one or both of
silicon nitride and silicon dioxide. The insulative material 46
may be formed with any suitable processing, and in some
embodiments may be formed as a spin-on dielectric (SOD)
or a spin-on glass (SOG).

Referring to FIG. 10, excess of the insulative material 46
is removed with a planarization process (e.g., CMP). Such
forms a substantially planar surface 47 which extends across
the insulative mass 12, the insulative material 46, and an
upper surface 49 of the slender region 40 of the core
structure 28. The substantially planar surface 47 may be
referred to as a second substantially planar surface to dis-
tinguish it from the first substantially planar surface 25
described above with reference to FIG. 6.

The formation of the substantially planar surface 47
patterns the insulative material 46 into an insulative collar
48 which laterally surrounds the slender region 40 of the
core structure 28.

The configuration of FIG. 10 shows the conductive struc-
ture 14 electrically coupled with logic circuitry 62. The
coupling to such logic circuitry may be provided at any
suitable process stage, including a process stage before or
after the illustrated process stage of FIG. 10. In some
embodiments, the logic circuitry 62 may comprise sense-
amplifier circuitry and/or wordline-driver-circuitry.

FIG. 10A shows a top-down view of the assembly 10 at
the process stage of FIG. 10. The insulative collar 48 and the
slender region 40 may be together considered to form a
construction 50, and such construction may be considered to
comprise an upper surface region 52. Such construction has
a first width W, along the cross-section of FIG. 10. The
slender region 40 has a second width W, along the cross-
section of FIG. 10. The ratio of the second width to the first
width (i.e., W,/W,) may be within a range of from about
0.01 to about 0.9, and in some embodiments may be about
0.5. The width W, of FIGS. 10 and 10A may be about the
same as the width W of FIG. 6.

The conductive core material 24 of FIGS. 10 and 10A
may be considered to be part of a conductive interconnect 53
which is electrically coupled with the conductive structure
14. The liner material 22 may also be considered to be part
of such electrical interconnect in embodiments in which the
liner 22 is electrically conductive. In some embodiments, the
conductive structure 14 may be referred to as a first con-
ductive structure, and the interconnect 53 may be referred to
as a second conductive structure. In some embodiments, the
conductive core 28 of the interconnect 53 may be referred to
as the second conductive structure.

Referring to FIG. 10B, conductive lines (conductive
structures) 54 are formed over the insulative mass 12. In
some embodiments, the lines 54 may be referred to as third
conductive structures to distinguish them from the first
conductive structure 14 (FIG. 10) and the second conductive
structure 53 (FIG. 10). In some embodiments, the lines 54
may be referred to as second conductive structures, the
structure 14 (FIG. 10) may be referred to as a first conduc-
tive structure, and the structure 53 (FIG. 10) may be referred
to as an interconnect structure.

The conductive lines are labeled 54a-c¢ so that they may
be distinguished from one another. In some embodiments,
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the lines 54 may correspond to wordlines or digit lines
(bitlines) extending across a memory array. The central line
54b is electrically coupled to the slender region 40 of the
conductive core 28, and in some embodiments may be
formed to be directly against the upper surface 49 of the
conductive core material 24 of the slender region 40.

An advantage of the configuration of FIG. 10B relative to
the conventional configurations described in the Back-
ground section (FIGS. 1A, 1B, 2A and 2B) is that the
electrical coupling to the central line 545 is through the
relatively narrow region 40 of the interconnect 53 (FIG. 10).
Such may prevent the problematic shorting described above
with reference to FIGS. 2A and 2B, and may thereby
advantageously enable future generations of integrated cir-
cuitry to be scaled to higher levels of integration.

The process stage of FIG. 10 shows a configuration in
which the upper surface 49 of the slender region 40 of the
conductive core 28 is substantially coplanar with the upper
surface of the material 16 of the insulative mass 12. In other
embodiments, the upper surface 49 may be above or below
the upper surface of the material 16, even though the surface
47 is substantially coplanar, depending on the relative com-
positions of materials 24, 46 and 16, and depending on the
planarization process utilized to form the surface 47. FIG. 11
shows the assembly 10 at a process stage analogous to that
of FIG. 10 in an example embodiment in which the upper
surface 49 of the slender region 40 projects above the upper
surfaces of the insulative materials 16 and 46.

The process stage of FIG. 8 shows a configuration in
which an upper surface of the slender region 40 of the
conductive core 28 remains substantially flat after the for-
mation of the moat 32 (FIG. 7) and the thinning of the upper
region of the core material 24 to create the slender region 40
(FIG. 8). In other embodiments, the upper surface of the
slender region 40 may become rounded during the etching
utilized to form the moat 32 and/or during the etching
utilized to thin the upper region of the core material. For
instance, FIG. 12 shows the assembly 10 at a process stage
analogous to that of FIG. 8, but in which the upper surface
of the slender region 40 is undesirably rounded. If such
rounding is found to be problematic, a protective structure
(e.g., capping structure) may be provided over the core
material 24 to protect such material during subsequent
etching processes. FIG. 13 shows a process stage analogous
to that of FIG. 6, but in which a protective capping material
58 is provided over the conductive core material 24. The
protective capping material 58 may comprise any suitable
composition(s); and in some embodiments may comprise,
consist essentially of, or consist of metal oxide (e.g., tita-
nium oxide, tungsten oxide, etc.), carbon, photoresist, etc.
The protective material 58 may be patterned with any
suitable processing. The protective material 58 may be
considered to be configured as a protective cap 60.

Referring to FIG. 14, the moat 32 is formed with pro-
cessing analogous to that described above with reference to
FIG. 7. The protective material 58 protects an upper surface
of the conductive core material 24 during the formation of
such moat.

Referring to FIG. 15, the lateral width of the upper region
34 of the core structure 28 is reduced with processing
analogous that described above with reference to FIG. 8, and
such forms the slender region 40. The protective material 58
protects the upper surface of the conductive core material 24
during such processing.
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Referring to FIG. 16, the insulative material 46 is formed
within the moat 32 and over the protective material 58 with
processing analogous to that described above with reference
to FIG. 9.

Referring to FIG. 17, the substantially planar surface 47
is formed with processing analogous to that described above
with reference to FIG. 10, and such removes the protective
material 58. The process stage of FIG. 17 is analogous to that
described above with reference to FIG. 10 and accordingly
the assembly 10 of FIG. 17 comprises a conductive inter-
connect 53 analogous to that described above with reference
to FIG. 10.

The conductive interconnects 53 of FIGS. 10 and 17 may
be utilized for coupling wordlines and/or bitlines to under-
lying logic circuitry. For instance, FIG. 18 shows the assem-
bly 10 at a process stage which may be analogous to that
described above with reference to FIG. 10B. The conductive
structures 54a-c¢ are formed across the substantially planar
upper surface 47, with the central conductive structure 545
being directly against the upper surface 49 of the slender
region 40 of the core structure 28. The conductive structures
54a-c may be wordlines or bitlines.

The conductive interconnect 53 electrically couples the
conductive structure 545 with the logic circuitry 62 under
such conductive structure. The coupling to the logic circuitry
may be through the conductive structure 14 (shown in FIGS.
10 and 17). The logic circuitry 62 may comprise CMOS
(complementary metal oxide semiconductor). If the struc-
ture 545 is a wordline, the logic circuitry 62 may comprise
wordline-driver-circuitry. If the structure 5454 is a bitline, the
logic circuitry 62 may comprise sense-amplifier-circuitry.

The logic circuitry 62 is supported by a base 64. The base
64 may comprise a semiconductor substrate; and in some
embodiments may comprise monocrystalline silicon of a
wafer or die.

The base 64 is shown to be spaced from the interconnect
53 by a gap to indicate that other components and/or
materials may be provided between the base 64 and the
interconnect 53.

In some embodiments, the structures 54a-c may be word-
lines or bitlines extending across a memory array. An
example memory array 66 is described with reference to
FIG. 19. The memory array includes digit lines (bitlines)
DL1-DL4 extending along columns of the array, and
includes wordlines WL1-WL4 extending along rows of the
array. Memory cells 68 are addressed with the wordlines and
the digit lines; with each memory cell being uniquely
addressed by a combination comprising one of the wordlines
and one of the digit lines. The memory cells may be DRAM
(dynamic random-access memory) cells or any other suit-
able memory cells. If the memory cells are DRAM cells,
each of the memory cells may comprise one transistor and
one capacitor, or may comprise any other suitable combi-
nation of transistors and capacitors. The memory array of
FIG. 19 may be considered to be generically representative
of any suitable memory array, including, for example, a
three-dimensional cross-point memory array.

The wordlines (e.g. WL1) are shown be coupled with
wordline-driver-circuitry (indicated as Wordline Driver),
and the digit lines (e.g., DL1) are shown to be coupled with
sense-amplifier-circuitry (indicated as Sense Amplifier). The
wordline-driver-circuitry and sense-amplifier-circuitry may
be within the logic circuitry 62 of FIG. 18. At least some
portion of the wordline-driver-circuitry and/or at least some
portion of the sense-amplifier-circuitry may be directly
under the memory cells 68 of the memory array 66.
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The assemblies and structures discussed above may be
utilized within integrated circuits (with the term “integrated
circuit” meaning an electronic circuit supported by a semi-
conductor substrate); and may be incorporated into elec-
tronic systems. Such electronic systems may be used in, for
example, memory modules, device drivers, power modules,
communication modems, processor modules, and applica-
tion-specific modules, and may include multilayer, multi-
chip modules. The electronic systems may be any of a broad
range of systems, such as, for example, cameras, wireless
devices, displays, chip sets, set top boxes, games, lighting,
vehicles, clocks, televisions, cell phones, personal comput-
ers, automobiles, industrial control systems, aircraft, etc.

Unless specified otherwise, the various materials, sub-
stances, compositions, etc. described herein may be formed
with any suitable methodologies, either now known or yet to
be developed, including, for example, atomic layer deposi-
tion (ALD), chemical vapor deposition (CVD), physical
vapor deposition (PVD), etc.

The terms “dielectric” and “insulative” may be utilized to
describe materials having insulative electrical properties.
The terms are considered synonymous in this disclosure.
The utilization of the term “dielectric” in some instances,
and the term “insulative” (or “electrically insulative”) in
other instances, may be to provide language variation within
this disclosure to simplify antecedent basis within the claims
that follow, and is not utilized to indicate any significant
chemical or electrical differences.

The terms “electrically connected” and “electrically
coupled” may both be utilized in this disclosure. The terms
are considered synonymous. The utilization of one term in
some instances and the other in other instances may be to
provide language variation within this disclosure to simplify
antecedent basis within the claims that follow.

The particular orientation of the various embodiments in
the drawings is for illustrative purposes only, and the
embodiments may be rotated relative to the shown orienta-
tions in some applications. The descriptions provided herein,
and the claims that follow, pertain to any structures that have
the described relationships between various features, regard-
less of whether the structures are in the particular orientation
of the drawings, or are rotated relative to such orientation.

The cross-sectional views of the accompanying illustra-
tions only show features within the planes of the cross-
sections, and do not show materials behind the planes of the
cross-sections, unless indicated otherwise, in order to sim-
plify the drawings.

When a structure is referred to above as being “on”,
“adjacent” or “against” another structure, it can be directly
on the other structure or intervening structures may also be
present. In contrast, when a structure is referred to as being
“directly on”, “directly adjacent” or “directly against”
another structure, there are no intervening structures present.
The terms “directly under”, “directly over”, etc., do not
indicate direct physical contact (unless expressly stated
otherwise), but instead indicate upright alignment.

Structures (e.g., layers, materials, etc.) may be referred to
as “extending vertically” to indicate that the structures
generally extend upwardly from an underlying base (e.g.,
substrate). The vertically-extending structures may extend
substantially orthogonally relative to an upper surface of the
base, or not.

Some embodiments include an integrated assembly hav-
ing a first conductive structure, and having an interconnect
over the first conductive structure and electrically coupled
with the first conductive structure. The interconnect includes
a conductive core structure having a conductive core mate-
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rial. The conductive core structure has, along a cross-
section, an upper region which includes a slender portion of
the conductive core material, and a lower region which
includes a wide portion of the conductive core material. The
upper region joins to the lower region at a step. A liner
laterally surrounds the lower region of the conductive core
structure. The liner has an upper surface which is substan-
tially coplanar with the step. An insulative collar is over and
directly against both an upper surface of the step and the
upper surface of the liner. The insulative collar laterally
surrounds and directly contacts the slender portion of the
conductive core material. A second conductive structure is
over and directly against a region of the insulative collar, and
is over and directly against an upper surface of the slender
portion of the conductive core material.

Some embodiments include an integrated assembly hav-
ing a first conductive structure electrically coupled with
logic circuitry and a second conductive structure over the
first conductive structure and electrically coupled with the
first conductive structure. The second conductive structure
has, along a cross-section, an upper narrow region and a
lower wide region. The upper narrow region joins to the
lower wide region at a step. A conductive collar laterally
surrounds the lower wide region of the second conductive
structure. An insulative collar laterally surrounds the upper
narrow region of the second conductive structure. A lower
surface of the insulative collar is along an upper surface of
the step and is along an upper surface of the conductive
collar. A third conductive structure extends across a region
of the insulative collar and across an upper surface of the
upper narrow region of the second conductive structure. The
third conductive structure is electrically coupled with the
first conductive structure through the second conductive
structure, and is a wordline or a digit line.

Some embodiments include a method of forming an
integrated assembly. An opening is formed to extend through
an insulative mass to an upper surface of a first conductive
structure. A liner material is formed within the opening to
line sidewalls of the opening. A core material is formed
within the opening and along the lined sidewalls of the
opening. The core material may directly contact the first
conductive structure. A first substantially planar surface is
formed to extend across the insulative mass, the liner
material and the core material. The formation of the first
substantially planar surface patterns the core material within
the opening into a core structure and patterns the liner
material within the opening into a liner that laterally sur-
rounds an outer periphery of the core structure. An upper
portion of the liner is removed to form a moat around an
upper region of the core structure. A lower portion of the
liner remains as a first collar under the moat and laterally
surrounds a lower region of the core structure. A lateral
width of the upper region of the core structure is reduced to
convert the upper region to a slender region of the core
structure. The lower region of the core structure is a wide
region of the core structure and joins to the slender region of
the core structure at a step. An insulative material is formed
over the slender region of the core structure and within the
moat. A second substantially planar surface is formed to
extend across the insulative material, the insulative mass and
an upper surface of the slender region of the core structure.
The formation of the second substantially planar surface
patterns the insulative material into an insulative collar
which laterally surrounds the slender region of the core
structure. A second conductive structure is formed directly
against the upper surface of the slender region of the core
structure.
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In compliance with the statute, the subject matter dis-
closed herein has been described in language more or less
specific as to structural and methodical features. It is to be
understood, however, that the claims are not limited to the
specific features shown and described, since the means
herein disclosed comprise example embodiments. The
claims are thus to be afforded full scope as literally worded,
and to be appropriately interpreted in accordance with the
doctrine of equivalents.

We claim:

1. A method of forming an integrated assembly, compris-
ing:

forming an opening to extend through an insulative mass

to an upper surface of a first conductive structure;
forming a liner material within the opening to line side-
walls of the opening;

forming a core material within the opening and along the

lined sidewalls of the opening;
forming a first substantially planar surface extending
across the insulative mass, the liner material and the
core material; the forming of the first substantially
planar surface patterning the core material within the
opening into a core structure and patterning the liner
material within the opening into a liner that laterally
surrounds an outer periphery of the core structure;

removing an upper portion of the liner to form a moat
around an upper region of the core structure; a lower
portion of the liner remaining as a first collar under the
moat and laterally surrounding a lower region of the
core structure;

reducing a lateral width of the upper region of the core

structure to convert the upper region of the core struc-
ture to a slender region of the core structure; the lower
region of the core structure being a wide region of the
core structure and joining to the slender region of the
core structure at a step;

forming an insulative material over the slender region of

the core structure and within the moat;

forming a second substantially planar surface to extend

across the insulative material, the insulative mass and
an upper surface of the slender region of the core
structure; the forming of the second substantially planar
surface patterning the insulative material into an insu-
lative collar which laterally surrounds the slender
region of the core structure; and

forming a second conductive structure directly against the

upper surface of the slender region of the core structure.

2. The method of claim 1 further comprising forming
protective cap over an upper surface of the core material
after forming the first substantially planar surface and prior
to forming the moat.

3. The method of claim 2 further comprising removing the
protective cap during the formation of the second substan-
tially planar surface.

4. The method of claim 1 wherein the second conductive
structure is a wordline or a digit line.

5. The method of claim 1 wherein the liner material is a
conductive material.

6. The method of claim 1 wherein the liner material is an
insulative material.

7. The method of claim 1 wherein the core material
comprises only a single homogenous composition.

8. The method of claim 1 wherein the core material
consists essentially of one or more metals; and wherein the
liner material comprises metal nitride.
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9. The method of claim 1 wherein the core material
consists essentially of tungsten; and wherein the liner mate-
rial comprises one or both of tungsten nitride and titanium
nitride.
10. The method of claim 1 wherein the core material
comprises metal; and wherein the liner material comprises
one or more of silicon nitride, silicon dioxide and aluminum
oxide.
11. The method of claim 1 wherein the insulative material
comprises one or both of silicon nitride and silicon dioxide.
12. The method of claim 1 wherein the insulative mass
comprises silicon dioxide.
13. The method of claim 1 wherein the core material
directly contacts the first conductive structure.
14. A method of forming an integrated assembly, com-
prising:
forming a first conductive structure;
forming an interconnect over the first conductive structure
and electrically coupled with the first conductive struc-
ture; the interconnect including a conductive core hav-
ing an upper region which includes a slender portion of
conductive core material, and a lower region which
includes a wide portion of the conductive core material;
the upper region joining to the lower region at a step;

forming a liner laterally surrounding the lower region of
the conductive core structure; the liner comprising a
first composition having an upper surface which is
substantially coplanar with the step and being absent
from the upper region of the conductive core structure;

forming an insulative collar comprising a second compo-
sition that differs from the first composition, the insu-
lative collar being formed over and directly against
both an upper surface of the step and the upper surface
of the liner; the second composition of the insulative
collar laterally surrounding and directly contacting the
slender portion of the conductive core material; and

forming a second conductive structure over and directly
against the insulative collar, and over and directly
against an upper surface of the slender portion of the
conductive core material.

15. The method of claim 14 wherein the liner comprises
conductive material.

16. The method of claim 14 wherein the liner comprises
insulative material.

17. The method of claim 14 wherein the insulative collar
has an upper surface laterally surrounding the upper surface
of'the slender portion of the core material; wherein the upper
surfaces of the insulative collar and the slender portion of the
core material are together an upper surface region; wherein
a cross-section through the upper surface region has a first
width; wherein the portion of the upper surface of the core
material along such cross-section has a second width; and
wherein a ratio of the second width to the first width is
within a range of from about 0.01 to about 0.9.

18. A method of forming an integrated assembly, com-
prising:

forming a first conductive structure electrically coupled

with logic circuitry;
forming a second conductive structure over the first
conductive structure and electrically coupled with the
first conductive structure; the second conductive struc-
ture having, along a cross-section, an upper narrow
region and a lower wide region; the upper narrow
region joining to the lower wide region at a step;

forming a conductive collar laterally surrounding the
lower wide region of the second conductive structure,
the conductive collar having tapered sidewalls;



US 11,978,527 B2
13

forming an insulative collar laterally surrounding the
upper narrow region of the second conductive struc-
ture; a lower surface of the insulative collar being along
an upper surface of the step and being along an upper
surface of the conductive collar, the insulative collar 5
having tapered sidewalls extending from the tapered
sidewalls of the conductive collar; and

forming a third conductive structure extending across a

region of the insulative collar and across an upper
surface of the upper narrow region of the second 10
conductive structure; the third conductive structure
being electrically coupled with the first conductive
structure through the second conductive structure, and
being a wordline or a digit line.

19. The method of claim 18 wherein the second conduc- 15
tive structure comprises only a single homogenous compo-
sition.

20. The method of claim 18 wherein the second conduc-
tive structure consists essentially of one or more metals.
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