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THREE DIMENSIONAL MEMORY ARRAYS

TECHNICAL FIELD
{0001} The present disclosure relates generally to memory, and, more
particularly, to three dimensional memory arrays.

BACKGROUND

{0002} Memories, such as memory devices, may typically be provided as
internal, semiconductor, integrated circuits in computers or other electronic
devices. There are many different types of memory, including random-access
memory (RAM), read only memory (ROM}, dynamic random-access memory
(DR AM), synchronous dynamic random-access memory {(SDRAM), resistance
variable memory, and flash memory, among others. Types of resistance variable
memory may include phase-change-material (PCM) memory, programmable-
conductor memory, and reststive random-access memory (RRAM), among
others.
{0003} Memory devices may be utilized as volatile and non-volatile
memory for a wide range of electronic applications in need of high memory
densities, high reliability, and low power consumption. Non-volatile memory
may be used in, for example, personal computers, portable memory sticks, solid
state drives (SSDs), digital cameras, cellular telephounes, portable music players
such as MP3 players, and movie players, among other electronic devices
{0004 Resistance variable memory devices can include resistive
memory cells that can store data based on the resistance state of a storage
element {e.g., a resistive memory element having a variable resistance}. As such,
resistive memory cells may be programmed to store data corresponding to a
target data state by varying the resistance level of the resistive memory element.
Resistive memory cells may be programmed to a target data state (e.g.,
corresponding to a particular resistance state) by applying sources of an
electrical field or energy, such as positive or negative electrical pulses {e.g.,
positive or negative voltage or current pulses) to the cells (e g, to the resistive
memory element of the cells) for a particular duration. A state of a resistive
memory cell may be determined by sensing current through the cell responsive
to an applied interrogation voltage. The sensed current, which varies based on

the resistance level of the cell, can indicate the state of the cell.
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HUHIRY! Une of a number of data states {e.g., resistance states) may be set
for a resistive memory cell. For example, a single level memory cell (SLC) may
be programmed to a targeted one of two different data states, which may be
represented by the binary units 1 or 0 and can depend on whether the cell is
programiued to a resistance above or below a particular level. As an additional
example, some resistive memory cells may be programmed to a targeted one of
more than two data states {e.g., 1111, 0111, 0011, 1011, 1001, 0001, 0101, 1101,
1100, 0100, 0000, 1000, 1010, 0010, 0110, and 1110). Such cells may be
referred to as mult state memory cells, multiunit cells, or multilevel celis
(MLCs}. MLCs can provide higher density memories without increasing the
number of memory cells since each cell can represent more than one digit {(e.g.,
more than one bit),

BRIEF DESCRIPTION OF THE DRAWINGS
10006} Figures 1A-~11D illustrate cross-sectional views of processing steps
associated with forming a three dimensional memory array, in accordance with
an embodiment of the present disclosure.
{6007} Figures 1E-1G illustrate various views of a processing step
associated with forming a three dimensional memory array, in accordance with
an embodiment of the present disclosure.
{0008} Figure 2 illustrates a three dimensional memory array in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION
10009} The present disclosure includes three dimensional memory arrays
and methods of processing the sare. A number of embodiments include a
memory array that may include a plurality of first dielectric materials and a
plurality of stacks, where each respective first dielectric material and each
respective stack alternate, and where each respective stack comprises a first
conductive material and a storage material. A second conductive material may
pass through the plurality of first dielectric materials and the plurality of stacks.
Each respective stack may further include a second dielectric material between
the first conductive material and the second conductive material.
{0010} In examples of previous memory arrays, a storage material may

be formed in a (e.g., vertical} opening passing through a stack of alternating
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{e.g., horizontal) first conductive materials and dielectric materials. A second
conductor may be formed in the opening containing the storage material.
Memory cells of an array may include different portions of the first conductors,
different portions of the storage material, and different portions of the second
conductor, such that the array may include (e g., vertical) stacks of memory cells
to form a three-dimensional array. Utilizing such stacks to form a three
dimensional memory array may increase the number of memory cells in the
array that may provide increased density and/or increased storage capacity.
{0011} However, it may be difficult to form a uniform thickness of the
storage material in the opening (e.g., using standard techniques, such as physical
vapor deposition (PVD)). Non-uniformities in the thickness of the storage
material may, for example, result in non-uniformities in the electrical properties
of the storage material, and thus of the memory cells of the array.

{0012} Embodiments of the present disclosure provide benefits, such as
allowing for three dimensional memory arrays with storage material having
more a uniform thickness, and thus more uniform electrical properties, than
storage material formed in openings in previous memory arrays. For example,
embodiments roay allow for the formation of the storage material (¢ g, havinga
relatively uniform thickness) using standard techniques, such as PVD, while still
achieving increased density and/or storage capacity.

{0013} In the following detailed description, reference is made to the
accompanying drawings that form a part hereof, and in which is shown, by way
of illustration, specific examples. In the drawings, like numerals describe
substantially similar components throughout the several views. Other examples
may be utilized and structural and electrical changes may be made without
departing from the scope of the present disclosure. The following detailed
description 18, therefore, not to be taken in a himiting sense, and the scope of the
present disclosure is defined only by the appended claims and equivalents
thereot.

{6014} As used herein, “a” or “an” may refer to one or more of
something, and “a plurality of” can refer to more than one of such things. For
example, a memory cell can refer to one or more memory cells, and a plurality

of memory cells can refer to two or more memory cells.
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{0015} The term semiconductor can refer to, for example, a layer of
material, a wafer, or a substrate, and includes any base semiconductor structure.
“Semiconductor” is 1o be understood as including silicon-on-sapphire (SOX)
technology, silicon-on-insulator (SOI) technology, thin-tilm-transistor (TFT)
technology, doped and undoped semiconductors, epitaxial layers of a silicon
supported by a base semiconductor structure, as well as other semiconductor
structures. Furthermore, when reference i3 made to a semiconductor in the
following description, previous process steps may have been utilized to form
regions/junctions in the base semiconductor structure, and the term
semiconductor can include the underlying layers containing such
regions/junctions.

106016} The term “vertical” may be defined, for example, as a direction
that is perpendicular to a base structure, such as a surface of an integrated circuit
die. It should be recognized the term vertical accounts for variations from
“exactly” vertical due to routine manufacturing, measuring, and/or assembly
variations and that one of ordinary skill in the art would know what is meant by
the term vertical. The term “horizontal” may be defined, for example, as a
direction that is paralle] to the base structure. It should be recognized the term
horizontal accounts for variations from “exactly” horizontal due to routine
manufacturing, measuring, and/or assembly variations and that one of ordinary
skill i the art would know what ts meant by the term horizontal. It should be
recognized the terms perpendicular and parallel respectively account for
vartations from “exactly” perpendicular and “exactly” paraliel due to routine
manufacturing, measuring, and/or assembly variations and that one of ordinary
skill in the art would know what is meant by the terms perpendicular and
parallel.

{0017} To meet the demand for higher capacity memories, designers
continue to strive to increase memory density, such as the number of memory
cells in a given area of a base structure {¢.g., a base semiconductor, such as a
semiconductor substrate, a silicon substrate, etc.), such as a die (e.g., a chip).
One way to increase memory density is to form stacked memory arrays (e g,
often referred to as three dimensional memory arrays}). For example, a stacked
memory array may include memory cels stacked in a direction perpendicular to

the base structure to increase the number of memory cells. There has been
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substantial interest in three-dimensional cross-point memory. In some examples,
three-dimensional cross-point memory cells may utilize a resistive material, such
as a phase-change material (e.g., chalcogenide), as a multistate material suitable
for storing memory bits.

{0018} Figures 1A-1E are cross-sectional views of a portion of a stacked
memory array 100 (e g, three dimensional memory array), during various stages
of processing (e.g., fabrication), in accordance with a number of embodiments of
the present disclosure. In Figure 1A, a dielectric material {(e.g., a dielectric 102}
may be formed over wiring (e.g., metallization levels) of an apparatus, such as a
memory device. The wiring may be gver decoder circuitry that may be formed
on and/or in a semiconductor (not shown in Figure TA). Dielectric 102 may be
over and may electrically isolate memory array 100 from the wiring, decoder,
and semiconductor. For example, dielectric 102 may be over and may
electrically isolate memory array 100 from complementary-metal-oxide-
semiconductor (CMOS) and metallization levels. In some examples, dielectric
102 may act as an etch-stop. Herein a dielectric material may be referred to as a
dielectric.

{0019} A {e.g., horizountaly dielectric 104 may be formed (e g, flat
deposited) adjacent to (e.g., over), such as in direct physical contact with,
dielectric 102, Dielectrics 102 and 104 may be oxade, such as silicon oxide,
aluminum oxide, hatnium oxide, etc., or nitride, such as silicon nitride.

{0020} Herein when a first element 1s adjacent to a second element, the
first element may be over {e.g., above), below, or lateral to the second element
and may be in direct physical contact with the second element with no
intervening elements or may be separated from the second element by one or
more intervening elements. When a first element is over a second element, the
first element may be in direct physical contact with the second element or may
be separated from the second element by one or more intervening elements.
{0021} A {e.g, horizontal) storage material 106 may be formed (e g, flat
deposited) over {e.g., on) dielectric 104, as shown in Figure 1A, In some
examples, storage material 106 may be formed using PVYD, chemical vapor
deposition {CVD), or atomic layer deposition (ALD). Storage material 106 may
be about ten (10) nanometers thick, for example. Flat depositing storage material

106 {(e.g., horizontally) may, for example, mitigate {e.g., eliminate) the (e.g.,
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unacceptable) non-uniformities in the thickness of the storage matertal that may
otherwise occur when a storage material is formed (e.g., vertically) in an
opening.

{06022} Storage material 106 may include a chalcogenide material, such
as a chalcogenide alloy and/or glass, that may be a self-selecting storage material
(e.g., that can serve as both a select device and a storage element). Storage
material 106 {e.g., the chalcogenide material) may be respousive to an applied
voltage, such as a program pulse, applied thereto. For an applied voltage that is
fess than a threshold voltage, storage material 106 may remain in an “off” state
(e.g., an electrically nonconductive state}. Alternatively, responsive to an applied
voltage that 1s greater than the threshold voltage, storage material 106 may enter
an “on” state (e.g., an electrically conductive state). Further, the threshold
voltage of storage material 106 in a given polarity may change based on the
polarity (e.g., posttive or negative) of the applied voltage. For example, the
threshold voltage may change based on whether the program pulse is positive or
negative.

{6023} Examples of a chalcogenide material suitable for storage material
106 may include indium(Tn}-antimony(Sh)-telturiom(Te) (IST) materials, such
as InxSboTes, IniShyTey, IniShyTer, etc., and germanium({Ge)-antimony{Sbh-
tellurium(Te) (GST) materials, such as GesSbsTes, GeaSbsTes, GerSbyTea,
(GeiSbsTer, GesSbyTer, or eic., among other chalcogenide materials, including,
for instance, alloys that do not change phase during the operation (e.g.,
selenium-based chalcogenide alloys). Further, the chalcogenide material may
include minor concentrations of other dopant materials. The hyphenated
chersical composition notation, as used herein, indicates the elements included
in a particular mixture or compound, and is intended to represent all
stoichiometries involving the indicated elements.

10024 As shown in Figure 1A, a (e.g., horizontal) dielectric 108, such as
aluminum oxide, hafnium oxide, etc., may be formed {e.g , flat deposited) over
storage material 106, such as by CVD or ALD. In some examples, dielectric 108
may be about 0.1 nanometer to about one (1) nanometer thick.

{0025} A {e.g., horizontal} conductive material (e g, a conductor 110},
such as an electrode, may be formed (e g, flat deposited) over dielectric 108,

and a {e.g., horizontal) dielectric 114, such as an oxide or nitride, may be formed
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(e.g., tlat deposited) over conductor 110. For example, a dielectric 108 may act
as a barrier, such as a diffusion barrier, between a conductor 110 and storage
material 106. Herein a conductive material may be referred to as a conductor,
{0026} In some examples, memory array 100 may include a stack of
alternating {(e.g., horizontal) stacks (e.g., tiers) 116 and dielectrics 114 between
dielectric 104 and a (e.g., horizontal) dielectric 120. For example, each
respective stack 116 and each respective dielectric 114 may alternate, where
each respective stack 116 may include, for example, storage material 100,
dielectric 108 over storage material 106, and conductor 110 over dielectric 108,
Dielectric 120 may be over an uppermost stack 116. Dielectric 108 may be flat
depostted over storage material 106, and conductor 110 may be flat deposited
over dielectric 108 to form a stack 116, for example.

{06027} In an embodiment, storage material 106 may be formed over
dielectric 104 or dielectric 114, as shown in Figure 1A For example, a stack 116
may be at each of a plurality of different levels in memory array 100. The stacks
116 may be separated from each other by a dielectric 114, as shown in Figure
1A

{0028} In some examples, the order of the formation of the storage
material 106 and the conductor 110 may be inverted. For example, conductor
110 may be formed either over dielectric 104 or a dielectric 114, dielectric 108
may be formed over conductor 110, and storage material 106 may be formed
over dielectric 108, and thus a dielectric 114 or dielectric 120 may be formed
over storage material 100, As such, a dielectric stack 116 may, for example,
include a conductor 110, a dielectric 108 over conductor 110, and storage
material 106 over dielectric 108. For example, forming a dielectric stack 116
may include forming storage material 106, a dielectric 108, and a conductor 110
respectively at different levels within the stack 116, and thus at different levels
within the array 100,

{0029} As shown in Figure 1B, openings 124 may be formed through
dielectric 120, through alternating stacks 116 and dielectrics 114, and through
dielectric 104, stopping on or in dielectric 102. For example, dielectric 120 may
be patterned to form openings 124 through dielectric 120, through alternating
stacks 116 and dielectrics 114, and through dielectric 104. For example, a mask

{not shown), such as imaging resist {e.g., photo-resist}, may be formed over
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dielectric 120 and patterned to expose regions of dielectric 120. The exposed
regions of dielectric 120 and portions of alternating stacks 116 and dielectrics
114 and portions of dielectric 104 under the exposed regions of dielectric 120
may be subsequently removed, such as by dry or wet etching, to form openings
124 that may terminate on or in dielectric 102.

10030} Openings 124 may expose portions of dielectric 120, portions of
dielectrics 114, portions of stacks 116 (e.g., portions of storage materials 106,
dielectrics 108, and conductors 110), and portions of dielectric 104, For
example, the exposed portions of dielectric 120, dielectrics 114, stacks 116, and
diglectric 104 may be coplanar and contiguous and may form sides (e.g.,
sidewalls) 128 of operings 124. In an example, an exposed portion of a
dielectric 120, a dielectric 114, a storage material 106, a dielectric 108, a
conductor 110, and a dielectric 104 may form a bounding surface, such as a side,
of the portion of the opening 124 passing though that dielectric 120, dielectric
114, storage material 106, dielectric 108, conductor 110, and dielectric 104. In
some examples, openings 124 may have, circular, square, rectangular,
polygonal, or oval cross-sections.

{0031} As shown in Figure 1C, a portion of the conductor 110 in each of
the respective stacks 116, and thus of each of the respective conductors 110, may
be removed so that an exposed portion 130 of the conductor 110 in each of the
stacks 116 may be recessed relative to the exposed portion of the storage
material 106 and the exposed portion of dielectric 108 in each respective stack
116, For example, the portion 130 of a respective conductor 110 may be
recessed relative to the side 128 of an opening 124, and thus the exposed
portions of dielectrics 104, 114, and 120,

{6032} Recessing the portion 130 of a respective conductor 110 may
form an opening {¢.g., a recess) 134 that roay extend trom the side 128, and thus
an exposed portion of a storage material 106, an exposed portion of a dielectric
108, an exposed portion of a dielectric 114, and an exposed portion of a
dielectric 120, to the portion 130 of the conductor 110, For example, the
openings 134 may be formed in the sides 128 of openings 124. The depth d of an
opening 124 fron a stde 128 to a portion 130 illustrated in Figure 1C may be
about 10 to about 30 nanometers, for example. Note that the portion 130 of a

conductor 110 may form a bounding surface, such as a side, of a respective
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opening 134. In some examples, openings 134 may be formed using an isotropic
etch selective to conductors 110

{0033] As shown in Figure 1D, a dielectric 138, such as an oxide or a
nitride, may be formed in each of the openings 134 adjacent to {e.g., in direct
physical contact with) a respective portion 130 of each respective conductor 110,
For example, a dielectric 138 may replace the removed portion of a respective
conductor 110. In some examples, dielectric 138 may be formed in openings 124
and may be subsequently removed, such as by etching, until an exposed portion
of the diclectric 138 in an opening 124 is coplanar (e.g., flush) with the side 128
of the opening 124, and thus the exposed portions of storage materials 106,
dielectrics 108, dielectric 104, dielectrics 114, and dielectric 120.

{0034} In some examples, a dielectric, such as a dielectric similar to
{e.g., the same as) a dielectric 108, may be formed in an opening 134 adjacent to
a portion 130 of a conductor 110 (not shown}. A dielectric 138 may then be
formed in the opening 134 adjacent to the dielectric so that the dielectric is
between the portion 130 of the conductor 110 and the dielectric 138,

{0035} The exposed portions of dielectrics 138, such as an exposed
portion 144 of a dielectric 138, storage materials 106, such as an exposed portion
148 of a storage material 106, dielectrics 108, dielectric 104, dielectrics 114, and
dielectric 120 roay be coplanar and contiguous and may form the sides 128 of
openings 124, For example, a side 128 may be a surface comprising coplanar
and contiguous portions of dielectrics 138, storage materials 106, dielectrics 108,
diglectric 104, dielectrics 114, and dieleciric 120, Note that an exposed portion
144 of a dielectric 138 may form a bounding surface of a portion of the opening
124 passing through that dielectric 138,

{0036} A dielectric 138 in a stack {e.g., each stack} 116 may extend trom
a portion 130 of the conductor 110 of that stack to the exposed portion of the
dielectric 108 and the exposed portion 148 of the charge storage material 106 of
that stack 116. For example, a dielectric 138 (e g, each dielectric 138) may
extend from a portion 130 of a respective conductor 110 to the exposed portions
of storage materials 106, dielectrics 108, dielectric 104, dielectrics 114, and
dielectric 120.

10037} A {e.g, vertical) dielectric 150, such as a dielectric liner, may be

formed in openings 124 adjacent to the stdes 128 of those openings, as shown in
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Figure 1E. For example, openings 124 may be lined with dielectric 150.
Dielectric 150 may be formed adjacent to the exposed portions of dielectric 104,
dielectrics 108, dielectrics 114, dielectric 120, dielectric 138, such as the
exposed portion 144 of a respective dielectric 138, and storage materials 106,
such as the exposed portion 148 of a respective storage material 106, In some
examples, dielectric 150, may be similar to {(e.g., the same as) dielectric 108, as
described above.

{6038} Figure 1F illustrates a cross-sectional view taken along the line
TF-1F in Figure 1E, and Figure 1G illustrates a cross-sectional view taken along
the line 1G-1G in Figure 1E. Figures 1E and 1F show, for example, a dielectric
150 adjacent to {e.g., in direct physical contact with) a previously exposed
portion 144 (e.g., exposed in Figure 1D} of a respective dielectric 138. Figures
LE and 1F further show a dielectric 138 adjacent to a portion 130 of a conductor
110 and between the portion 130 and dielectric 150. Figure 1G and Figure 1E
show, for example, a dielectric 150 adjacent to a previcusly exposed portion 148
{e.g., exposed in Figure 1D) of a storage material 106

{6039} A {e.g, verticaly conductor 152 (e.g., an electrade), such as a
conductive pillar, may be formed in the openings containing {e.g., lined with)
diglectric 150. For example, a conductor 152 may be formed adjacent to
dielectric 150, as shown in Figures 1E-1G. In some examples, only a dielectric
150 and a conductor 152 or only a conductor 152 may be formed in an opening
124. Openings 124 may, for example, might not include (e.g., might be devoid
of any) storage and/or switching materials, such as chalcogenide matertals. For
example, there might not be any storage and/or switching materials between side
128 and conductor 152, A conductor 152 may completely fill an opening 124
lined with a dielectric 150, for example. As previously described, it may be
difficult to form storage and/or switching matenials in an opening, such as an
opening 124, (e.g., without having non-uniformities in the thicknesses of the
storage and/or switching materials).

{6040} Dielectric 150 and conductor 152 may, for example, be
perpendicular to stacks 116, and thus a conductor 110, dielectric 108, dielectric
138, and storage material 106 of each respective stack 116, dielectrics 104, 114,
and 110, and a base structure. For example, dielectric 150 and/or conductor 152

may pass through the stack of alternating dielectrics 114 and stacks 116,
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Conductor 152 may be adjacent to dielectric 150 such that dielectric 150 is
between conductor 152 and the alternating dielectrics 114 and stacks 116. In
some examples, the conductor 138 in each respective stack 116 may be between
a conductor 110 of each respective stack 116 and conductor 152,

{0041} In an embodiment, a dielectric 150 may be {e.g., formed)
completely around a conductor 152, as shown in Figures 1F and 1G. A dielectric
138 may be completely around a dielectric 150, and thus conductor 152, and a
portion of a conductor 110 may be completely around dielectric 138, For
example, a conductor 152, a dielectric 150, a dielectric 138, and a portion of &
conductor 110 may be concentric, as shown in Figure 1F. A portion of a storage
material 106 may be completely around a dielectric 150, and thus a conductor
152, as shown in Figure 1G. For example, a conductor 152, a dielectric 150, and
a portion of a storage material 106 may be concentric, as shown in Figure 1G.
10042} In some examples, conductors 110 and/or conductors 152 may
comprise, consist of, or consist essentially of conductively doped polysilicon
and/or may comprise, consist of, or consist essentially of metal, such as a
refractory metal, or a metal-containing material, such as a refractory metal
silicide, or a metal nitride, e.g., a refractory metal rutride, as well as any other
conductive material. The metals of chromium (Cr}, cobalt (Co), hafnium (Hf),
molybdenum (Mo), niobium (Nb), tantalum (Ta), titanium (T1), tungsten (W),
vanadium (V) and zirconium {Zr) are generally recognized as refractory metals.
{0043} A portion of a dielectric 108 may be completely around a
dielectric 150, and thus a conductor 152, in a manner similar to that shown for
storage material 106 in Figure 1G. For example, a conductor 152, a dielectric
150, and a portion of a dielectric 108 may be concentric.

{6044} A portion of a dielectric 114 may be completely around a
dielectric 150, and thus a conductor 152, in a manuner similar to that shown for
storage material 106 in Figure 1G. For example, a conductor 152, a dielectric
150, and a portion of a dielectric 114 may be concentric.

{0045} In some examples, a stack 116 (e.g., each of stacks 116} may
include a portion of memory cell 156, For example, each respective memory cell
156 may include a portion of a respective storage material 106, a portion of a
respective conductor 110 (e g, on the portion of the respective storage material

106}, a portion of a respective dielectric 138 (e.g., on the portion of the
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respective storage material 106}, a different portion of a dielectric 150, and a
different portion of a conductor 152, as shown in Figures 1E-1G. A memory cell
{e.g., each memory cell} 156 may, for example, be annular in shape, as shown in
Figures 1F and 1G. In some examples, a portion of a respective dielectric 108
may be between the portion of the respective storage material 106 and the
portion of a respective conductor 110 and between the portion of the respective
storage material 106 and the portion of a respective dielectric 138, as shown in
Figure 1E. In an example, the portion of a respective dielectric 138 may be
between the portion of a respective conductor 110 and the different portion of
the dielectric 150, and thus the different portion of the conductor 152.

0046} A memory cell 156 may be in a respective tier (e.g., a deck) of
memory cells, where different tiers of memory celis 156 may be at different
{(e.g., vertical) levels within memory array 100 to form a stack of memory cells
156. For example, a memory cell (e.g., each memory cell} 156 may correspond
to a respective stack 116, A respective memory cell 156 may, for example,
include a portion of a respective conductor 110 and a portion of a respective
dielectric 138 at a level in a respective stack 116, and thus memory array 100, a
portion of a respective dielectric 108 at another level in the respective stack 116,
and portion of a respective storage material 106 at yet another level in the
respective stack 116. Each respective memory cell 156 and each respective
dielectric 114 may alternate so that the memory cells 156 are separated from
each other be a dielectric 114. Although Figures 1A-1E show four stacks 116
and four tiers of memory cells 156, memory array 100 is not so limited and may
include any number of stacks 116 and tiers of memory cells 156

{00471 In some examples, a conductor 110 may be a signal line {e.g.,
plane), such as an access line (e.g., a word line), and a conductor 152 may be a
signal line (e.g., an access line), such as a data line {e.g, a bit line). In some
examples, the storage material 106, and thus a respective memory cell 156, may
be self-selecting. For example, the storage material 106 may act as a swiich,
such as a diode, and a storage element.

{0048} The length of a dielectric 138 in each respective stack 116 may
define an effective length of a respective memory cell 156, For example, the
length of a dielectric 138, and thus the effective length of each respective

memory cell 156, may be about 10 to about 30 nanometers. In some examples,
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the effective length of each respective memory cell 156 may be about the depth
d of an opening 124, shown in Figure 1C.

{0049} In an example, a relatively low voltage (e.g., a negative voltage)
may be applied to a conductor 152, and a relatively high voltage {e.g., a positive
voltage) may be applied to a conductor 110 to produce a voltage differential
across a storage material 106, and thus the memory cell 156 that incudes that
storage material 106. The voltage differential may act to produce a conductive
{e.g., a current) path from the conductor 110 to the conductor 152 that may
include a dielectric 108, the storage material 106, and a dielectric 150. For
example, the current may flow from conductor 110 through dielectric 108, the
storage material 106, the dielectric 150 to the conductor 152. For example,
dielectrics 108 and dielectric 150 may be sufficiently thin to pass current. In
some examples, such a voltage differential may act to program a threshold
voltage, and thus a state, in the respective storage material 106, and thus the
respective memory cell 156. The polarity of the voltage differential may be
reversed, in some examples, to program a different threshold voltage, and thus a
different state, in the respective storage material 100, and thus the respective
memory cell 156,

{0050} Figure 2 tllustrates a three dimensional memory array 200 in
accordance with an embodiment of the present disclosure. Array 200 may be, for
example, array 100 previously described in connection with Figures 1E-1G. For
example, array 200 may be processed according to the processing steps
previously described herein {e.g., tn connection with Figures 1A-1G).

{0051} As shown in Figure 2, access lines, which may be referred to as
word lines (WLs), may be located on a plurality of levels. For example, word
lines may be located on N levels. Insulation material (not shown in Figure 2 for
clarity and 50 as not to obscure embodiments of the present disclosure) can
separate the levels of word lines. As such, the levels of word lines separated by
insulation material can form a stack of WL/insulation materials. Tn some
examples, each word line may include (e.g., may be) a respective conductor 110,
shown in Figures 1E and 1F. In some examples, each respective word line may
be in a respective stack, such as a stack 116 previously described in connection

with Figures 1A-1E, that may include a word line and a storage material, such as

13
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storage material 106 previously described in connection with Figures 1A-1E, at a
different level than the word line.

{0052] Further, data lines, which may be referred to as bit lines (BLs),
may be, for example, arranged perpendicular to the word lines, and located at a
fevel above the N levels of word lines (e.g, at the N-+1 level). In some examples,
each bit line may include to a conductor {e.g., a vertical conductor), such as a
conductor 152 shown in Figures 1E-1G.

{0053] For example, array 200 may include a plurality of conductive
fines 202 {e.g., access lines), which may be referred to herein as word lines, and
a plurality of conductive lines 224 (e ¢, data lines), which may be referred to
herein as bit lines. Word lines 202 may be arranged into a number of levels.
Word lines 202 are shown being arranged into four levels in Figure 2. However,
the quantity of levels into which the word lines 202 may be arranged are not
limited to this quantity, and word lines 202 may be arranged into more, or fewer,
levels. Word lines 202 may be arranged parallel one ancther within a particular
level. For example, word lines 202 10 each of the multiple levels may be located
at a same relative location within each level so as to be aligned with word lines
202 directly above and/or below. Storage material (e g., storage material 106
previously described in connection with Figures 1A-1G) may be located between
the word lines at the different levels to form stacks (e g, the stacks 116
previousty described in connection with Figures 1A-1E}) that may include a
respective word line and the respective storage material 106. Insulation material
{e.g, adielectric 114 previously described in connection with Figures TA-1E)
may be located between the levels at which stacks are located.

{0054} As shown in Figure 2, bit lines 224 may be arranged parallel one
another at a level different than the levels at which word lines 202 are located
{e.g., above the levels at which word lines 202 are located). For example, the bit
lines may be located at the top of the memory array 200, as illustrated in Figure
2. As an additional example, the bit lines may be located at the bottom of array
200 {e.g., such that conductors 152 may be coupled to {(e.g., contact) the bit lines
at the bottom of openings 124). The bit lines 224 may be further arranged
perpendicular {(e.g., orthogonal} to word lines 202 so as to have overlappings
(e.g., crossings at different levels) therebetween. However, embodiments of the

present disclosure are not limited to a strictly parallel/orthogonal configuration,

14
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{0055} The indices shown for each word line 202 in Figure 2 indicate the
position (e.g., ordering) of the word lines within a group of word lines. For
exampie, word line Wil is shown being located at a position 2 at the bottom of
the group of word lines, and word line WLz 3 1s shown being located at position
2 at the top of the group of word lines. The quantity of levels into which the
word lines 202 may be arranged, and the quantity of word lines 202 at each level
may be more, or fewer, than the quantities shown in Figure 2.

{0056] At each overlapping of a bit line 224 and a group of word lines
202, a conductor 152 of a bit line 224 may be oriented substantially
perpendicular to the bit line 224 and the word lines 202, so as to intersect a
portion of each word line 202 in the group of word lines.

{0057} For example, the conductor 152 of the bit line 224 may be
arranged to extend vertically from the bit line 224 to intersect a portion the
respective word lines 202 therebelow, as shown tn Figure 2. For instance, as one
example, the conductor 152 can pass through a stack 116, including a word line
202 and a storage material 106, so as to be surrounded entirely by the word line
202 and the storage material 106. In some examples, a stack 116 may include a
portion of a memory cell 220. For example, a memory 220 may include a portion
of a word line 202, a portion of storage material 106 at a different level than the
portion of word line 202, and a portion of a conductor 152.

{0058 Memory cells 220 are shown in Figure 2 arranged in a three
dimensional architecture near the location of where a conductor 152 of a bit line
224 and the stacks 116 are in proximity to one another at different levels. For
example, a memory cell 220 may be located where a conductor 152 passes
through a portion of a stack 116.

{6059] The memory cells 220, for example, may be arranged in multiple
fevels, each level having memory cells at intersections of conductors, such as
conductors 152, and stacks 116 that include a portion of a word line 202 and a
portion of a storage material 106. The levels of merory cells 220 may be
formed at different levels from one another, thereby being vertically stacked.
Accordingly, memory array 200 may be a three dimensional mermory array that
may include memory cells 220 having a common bit line 224, but separate word
lines 202, Although four levels of word lines 202 (and four corresponding levels

of memory cells 220} are shown in Figure 2, embodiments of the present

o
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disclosure are not so limited and can include more, or fewer, levels of word lines
202 (and corresponding levels of memory cells 220}

10060} Although specific examples have been tllustrated and described
herein, those of ordinary skill in the art will appreciate that an arrangement
calculated to achieve the same results may be substituted for the specific
embodiments shown. This disclosure is intended to cover adaptations or
variations of one or more embodiments of the present disclosure. It is to be
understood that the above description has been made 1n an illustrative fashion,
and not a restrictive one. The scope of one or more examples of the present
disclosure should be determined with reference to the appended claims, along

with the full range of equivalents to which such claims are entitled.
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What is claimed is:

i.

6.

A memory array, comprising:

a plurality of first dielectric materials and a plurality of stacks, wherein
each respective first dielectric material and each respective stack
alternate, and wherein each respective stack comprises a first
conductive material and a storage material; and

a second conductive material passing through the plurality of first
dielectric materials and the plurality of stacks;

wherein each respective stack further comprises a second dielectric
material between the first conductive material and the second

conductive material.

The memory array of claim 1, wherein
the storage material is on only one stde of the first conductive material,
and

the second conductive material is perpendicular to the storage material.

The memory array of any one of claims 1-2, further comprising a third
dielectric material between the second conductive material and the
plurality of stacks and between the second conductive matenal and the

plurality of first dielectric materials.

The memory array of any one of claims 1-2, wherein each respective stack
further comprises a third dielectric material between the first conductive

material and the storage material.

The memory array of any one of claims 1-2, wherein the first conductive
material and the storage material are at different levels within each

respective stack.

The memory array of any one of claims 1-2, wherein the storage material

is a self-selecting storage material.
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12.

The memory array of any one of claims 1-2, wherein the storage material

comprises a chalcogenide material.

A memory array, comprising:
a stack of memory cells; and
a first conductive material;
wherein each respective roemory cell comprises:
a different portion of the first conductive material;
a storage material,
a second conductive material on the storage material; and
a dielectric material on the storage material and between the second

conductive material and the first conductive material.

The memory array of claim 8, wherein the memory cells are separated

from each other by an additional dielectric material.

The memory array of claim 8, wherein

the dielectric material 1s a first dielectric material; and

each respective memory cell further comprises a different portion of a
second dielectric matertal between the first conductive material and
the first dielectric material and between the first conductive

material and the storage material.

The memory array of claim 10, wherein

the first dielectric material is in direct physical contact with the second
conductive material and the second dielectric material; and

the second dielectric material 1s perpendicular to the first dielectric

material.
The memory array of any one of claims 8, 10, and 11, wherein each

respective memory cell further comprises an additional dielectric material

between the second conductive material and the storage material.

18
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13.

14.

[
4%

16.

17.

The memory array of any one of claims &, 10, and 11, wherein the first
conductive material 1s perpendicular to the second conductive material and

the storage material of each respective memory cell.

A method of forming a memory array, comprising:

forming a plurality of stacks and a plurality of first dielectric materials so
that each respective stack and each respective first dielectric
material alternate, wherein forming each respective stack
comprises forming a storage material, a first conductive matenial on
the storage material, and a second dielectric material on the storage
material adjacent to the first conductive material; and

forming a second conductive material through the plurality of stacks and
the plurality of first dielectric materials so that the second dielectric
material in each respective stack is between the first conductive

material and the second conductive material.

The method of claim 14, further comprising forming a third dielectric
material through the plurality of stacks and the plurality of first dielectric
materials before forming the second conductive material, wherein forming
the second conductive material comprises forming the second conductive
material adjacent to the third dielectric material so that the third dielectric
material is between the second conductive material and the plurality of
stacks and between the second conductive material and the plurality of

first dielectric materials.

The method of claim 14, wherein forming the second dielectric material
comprises recessing the first conductive material before forming the
second conductive material to form an opening in the first conductive

material and forming the second dielectric material in the opening,

The method of claim 14, wherein forming each respective stack further
comprises forming a third dielectric material between the storage material

and the second conductive material and between the storage material and

19
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i8.

19.

21

The method of any one of claims 14-17, wherein forming the storage

material comprises flat depostiing the storage material.

The method of any one of claims 14-17, wherein forming the storage
material comprises forming the storage material using physical vapor

depostition.

The method of any one of claims 14-17, wherein forming the storage

material comprises forming the storage material horizontally.

A method of forming a memory array, comprising:

forming a plurality of stacks and a plurality of first dielectric materials so
that each respective stack and each respective first dielectric
material alternate, wherein each respective stack comprises a first
conductive material and a storage matenal;

forming a first opening through the plurality of stacks and the plurality of
first dielectric materials;

removing a portion of the first conductive material in each respective stack
to form a second opening in each respective stack;

forming a second dielectric material in the second opening in each
respective stack; and

forming a second conductive matenial in the first opening adjacent to the
second dielectric material in each respective stack and the storage

material in each respective stack.
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