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NAND MEMORY ARRAYS, AND METHODS OF FORMING NAND
MEMORY ARRAYS

RELATED PATENT DATA

This application claims priority to U.S. Patent Application Serial No. 15/422,307
which was filed on February 1, 2017, titled “NAND Memory Arrays, and Methods of
Forming NAND Memory Arrays”, the disclosure of which is incorporated herein by

reference.

TECHNICAL FIELD

NAND memory arrays, and methods of forming NAND memory arrays.

BACKGROUND

Mergory provides data storage for electronic systems. Flash memory is one type
of memory, and has numerous uses in modern computers and devices. For instance,
modern personal computers may have BIOS stored on a flash memory chip. As another
example, it is becoming increasingly common for computers and other devices to utilize
flash memory in solid state drives to replace conventional hard drives. As yet another
example, flash memory is popular in wireless electronic devices because it enables
manufacturers to support new communication protocols as they become standardized,
and to provide the ability to remotely upgrade the devices for enhanced features.

NAND may be a basic architecture of integrated flash memory. A NAND cell
unit comprises at least one selecting device coupled in series {0 a serial combination of
memory cells {with the serial combination commonly being referred to as 3 NAND
string). NAND architecture may be configured in a three-dimensional arrangement
comprising vertically-stacked memory cells. It is desired to develop improved NAND

architecture.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 s a dlagrammatic cross-secticnal side view of an exampie integrated
structure having a region of an example NAND memory array.
FIG. 2 is a diagrammatic cross-sectional side view of another example integrated
5 structure having a region of another example NAND memory array.
FIGH. 3-12 are diagrammatic cross-sectional side views of an example integrated
structure at process stages of an example method.
FIGS. 13-17 are diagrammatic cross-sectional side views of an example
integrated structure at process stages of an example method. The process stage of FIG.
10 13 may follow that of FIG. 7.
FIGS. 18-20 are diagrammatic cross-sectional side views of an example
integrated structure at process stages of an example method. The process stage of FIG.
18 may follow that of FIG. &
FIGS. 21 and 22 are diagrammatic cross-sectional side views of an example
15 integrated structure at process stages of an example method. The process stage of FIG.

21 may follow that of FIG. 15

3]
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Operation of NAND memory cells comprises movement of charge between a
channel material and a charge-storage material. For instance, programming of a NAND
memory cell may comprise moving charge (i.e., electrons) from the channel material into
the charge-storage material, and then storing the charge within the charge-storage
material. Erasing of the NAND memory cell may comprise moving holes into the
charge-storage material to recombine with electrons stored in the charge-storage
matenal, and thereby release charge from the charge-storage material. The charge-
storage matertal may comprise charge-trapping material (for instance, silicon nitride,
metal dots, etc.}. A problem with conventional NAND can be that charge-trapping
material extends across multiple memory cells of a memory array, and can enable charge
migration between the cells. The charge migration between memory cells may lead to
data retention problems. Some embodiments include structures which impede migration
of charge between meroory cells. In example embodiments, the structures utilized to
impede charge migration may be thinved regions of the charge-trapping material in
regions between memory cells, or may be breaks in the charge-trapping material in
regions between memory cells. Example embodiments are described with reference to
FIGS. 1-22.

Referring to FIG. 1, a portion of an integrated structure 10 is illustrated, with
such portion including a fragment of a three-dimensional NAND memory array 12.

The integrated structure 10 corprises a stack 15 of alternating first and second
levels 18 and 20. The levels 18 are insulative (i.e. dielectric), and the levels 20 are
conductive.

The insulative levels 18 comprise insulative material 26. Such insulative material
may comprise any suitable composition or combination of compositions; and may, for

example, comprise silicon dioxide.



10

15

WO 2018/144538 PCT/US2018/016144

The conductive levels 20 comprise conductive materials 28 and 30. The
conductive material 28 may be counsidered to be a conductive core, and the conductive
material 30 may be considered to be an outer conductive laver surrounding the
conductive core. The conductive materials 28 and 30 may comprise different
compeosttions relative to one another. In some embodiments, the conductive material 28
may comprise, consist essentially of, or consist of one or more metals (for instance,
tungsten, titanum, etc.), and the conductive material 30 may comprise, consist
essentially of, or consist of one or more metal-containing compositions (for instance,
metal nitride, metal silicide, metal carbide, etc ). In some embodiments, the conductive
core material 28 may comprise, consist essentially of, or consist of one or more metals
(for instance, tungsten, titanium, etc.), and the surrcunding conductive material 30 may
comprise, consist essentially of, or consist of one or more metal nitrides (for instance,
titanium nitride, tungsten nitride, ete.).

The materials 28/30 illustrate an example configuration of the conductive levels
20. In other embodiments, the conductive levels 20 may comprise other configurations of
conductive material; and may, for example, comprise a single conductive material or
more than the illustrated two conductive materials. Generally, the conductive levels 20
may comprise conductive material having any suitable composition or combination of
compositions; and may comprise, for example, one or more of various metals {for
example, tungsten, titanium, etc.}, metal-containing compositions (for example, metal
mitride, metal carbide, metal silicide, etc }, and conductively-doped semiconductor
materials (for example, conductively-doped silicon, conductively-doped germanium,

ete ).
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Insulative material 32 forms an insulative liner surrounding the outer conductive
layer of material 30. The insulative material 32 may comprise high-k material (for
instance, one or more of aluminum oxide, hafnium oxide, zirconinm oxide, tantalum
oxide, etc.); where the term “high-k” means a dielectric constant greater than that of
silicon dioxide. Although the insulative material 32 is shown to be a single homogenous
material, in other embodiments the insulative material may comprise two or more
discrete compositions. For instance, in some embodiments the insulative material 32 may
comprise a laminate of silicon dioxide and one or more high-k materials. Tn some
ermbodiments, the insulative material 32 may be referred to as a charge-blocking
material In some embodiments, the conductive levels 20 may be considered to be
wordline levels of a NAND memory array. Terminal ends 34 of the wordline levels 20
may function as control gate regions 35 of NANDY memory cells 36, with approximate
locations of the memory cells 36 being indicated with brackets in FIG. 1.

The conductive levels 20 and insulative levels 18 may be of any suitable vertical
thicknesses. In some embodiments, the conductive levels 20 and the insulative levels 18
may have vertical thicknesses within a range of from about 10 nanometers (nm) to about
300 nm. In some embodiments, the conductive levels 20 may have about the same
vertical thickuesses as the insulative levels 18, In other embodiments, the conductive
levels 20 may have substantially different vertical thicknesses than the insulative levels
i8.

The vertically-stacked memory cells 36 form a vertical string (such as, for
example, a vertical NAND string of memory cells), with the number of memory cells in
gach string being determined by the number of conductive levels 20, The stack may
comprise any suitable number of conductive levels. For instance, the stack may have 8
conductive levels, 16 conductive levels, 32 conductive levels, 84 conductive levels, 512
conductive levels, 1028 conductive levels, etc.

The insulative materials 26 and 32 may be considered to form sidewalls 38 of an
opening 40 extending through stack 1S, with such sidewalls undulating inward along
material 26, and cutward along the material 32, The opening 40 may have a continuous
shape when viewed from above; and may be, for example, circular, elliptical, atc.
Accordingly, the sidewalls 38 of FIG. 1 may be comprised by a continuous sidewall that

extends around the periphery of opening 40
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Charge-blocking material 42 extends along the terminal ends 34 of wordiine
tevels 20, and is spaced from conductive material 30 of the wordline levels 20 by the
wsulative material 32. In the illustrated embodiment, the charge-blocking material 42
wraps around the terminal ends 34 of the wordline levels 20.

The charge-blocking material 42 forms charge-blocking regions of the memory
cells 30. The charge-blocking material 42 may comprise any suitable composition or
combination of compositions; including, for example, sificon dioxide, one or more high-
k dielectric materials, etc. In some embodiments, the insulative material 32 and charge-
blocking material 42 together form charge-blocking regions of the memory cells 36.

Charge-storage material 44 extends along the terminal ends 34 (i.e. ., contro] gate
regions 33} of wordline levels 20, and is spaced from the terminal ends 34 by the charge-
blocking materials 32/42. The charge-storage material 44 may comprise any suitable
composition or combination of compositions; and In some embodiments, may comprise
floating gate material {for instance, doped or undoped silicon) or charge-trapping
matenal {for instance, silicon nitride, roetal dots, et ). In some embodiments, the charge-
storage material 44 may comprise, consist essentially of, or consist of material
comprising silicon and nitrogen. In some erbodiments, the charge-storage material 44
may consist of silicon nitride, and may bave a horizontal thickness T; within a range of
from about 3 nm to about 10 nm. In some aspects, a “charge trap” refers to an energy
well that can reversibly capture a charge carrier (e.g., an electron or hole).

The charge-storage material 44 is provided in vertically-stacked segments 43,
which are spaced from one another by gaps 45 The gaps 45 may be referred to as
intervening regions through which charge migration is impeded. In some embodiments,
the charge-storage material 44 comprises charge-trapping material {e g, silicon nitride),
and the gaps 43 prevent charge from migrating between vertically-adjacent memory cells
36. In contrast, conventional three-dimensional NAND rvemory arrays may have a
continuous layer of charge-trapping material extending along all of the vertically-stacked
memory celis of a NAND siring, and such may undesirably enable charge-migration
between the memory cells of the NAND string and data loss. The embodiment of FIG. 1
may have improved data retention as compared 1o such conventional three-dimensional

NANE memory arfays.
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Gate-dielectric material 46 extends vertically along the charge-storage material
42, and extends into the gaps 45. The gate-diclectric material 46 may comprise any
suitable composition or combination of compositions; and in some embodiments may
comprise, consist essentially of, or consist of silicon dioxide. The gate-dielectric material
46 forms gate dielectric regions of memory cells 36. In some embodiments, the
insulative material 26 of levels 18 may be considered to be first insulative material, and
the gate-dielectric material 46 may be considered to be second insulative material which
is within gaps 45 between the segments of charge-storage material 44, The first and
second 1nsulative materials 26 and 46 may be the same composition as one another in
some embodiments (for instance, both may comprise, consist essentially of, or consist of
silicon dioxide), or may be compositionally different from one another in other
embodiments. The first and second insulative materials 26 and 46 join to one another
along interfaces 47. In some embodiments, voids 49 (shown in dashed line to indicate
that they are optional} may extend into the first insulative material 26 along the
interfaces 47. The voids 49 may form during deposition of material 26, as discussed in
more detail below with reference to FI(G. 10, The gate-dielectric material can function as
a material through which charge carriers funne! or otherwise pass during programming
operations, erasing operations, etc. In some contexts, the gate-dielectric material may be
referred to siraply as an insulative material or a dielectric material.

In the shown embodiment, the first insulative material 26 has g vertical thickness
T: along the mterface 47, and the second insulative material 46 has a vertical thickness
T- along the interface 47. The vertical thickness Ts is less than the vertical thickness T,
and 1u some embodiments may be less than or equal to about one-half of the vertical
thickness T;. The vertical thickuesses Tz and Ts of materials 26 and 46 may be referred

to as first and second vertical thickness, respectively, in some embodiments.
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Channel material 48 extends vertically along the gate-dielectric material 46 (and,
in some embodiments may be considered to extend vertically along the stack 15), and is
spaced from the charge-storage material 44 by the gate-dielectric material 46, The
channel material 48 may comprise any suitable composition or combination of
compositions; and in some embodiments may comprise, consist essentially of, or consist
of appropriately-doped silicon. The channel material is referred to as “extending
vertically” to indicate that it generally extends through the stack 15 The vertically-
extending material 48 {and other materials described herein as extending vertically} may
extend substantially orthogonally relative to upper surfaces of the levels 18 and 20 {(as
shown), or not; depending on, for example, whether opening 40 has sidewalls which are
substantially orthogonal to the upper surfaces of the levels 18 and 20, or not.

In some embodiments, the gate-dielectric material 46 may be considered to be a
charge-tunneling material; Le., to be a material through which charge tunnels between

the charge-storage material 44 and the channel material 48 of the memory cells 36 during

e
programniing operations, erasing operations, ¢tc. The charge-tunneling material may
comprise silicon dioxide, as described above, or may comprise bandgap-engineered
materials {such as silicon nitride laterally sandwiched between two oxides, where one or
both to the oxides may be silicon dioxide).

Ir'the illustrated embodiment, an insulative region 50 extends along a middle of
opening 40. The insulative region 50 may comprise any suitable insulative composition;
including, for example, silicon dioxide, silicon nitride, etc. Alternatively, at least a
portion of the insulative region 50 may be a void. The illustrated embodiment having the
insulative region 50 extending down the middle of opening 40 is a so-called hollow-
channel configuration. In other embodiments, the channel material 48 may entirely fill
the central region of opening 40 to form a verticallyv-extending pedestal within such
central region.

The stack 15 is supported by a base 52 A break is provided between the base 52
and the stack 15 to indicate that there may be additional materials and/or integrated
circuit structures between the base 52 and the stack 15 In some applications, such
additional integrated materials may include, for example, source-side select gate material

{SGS material).
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The base 32 may comprise semiconductor material; and may, for example,
comprise, consist essentially of, or consist of monocrystalline silicon. The base 52 may
be referred to as a semiconductor substrate. The term "semiconductor substrate” 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 lavers {either alone or in
asserublies comprising other materials). The term “substrate” refers to any supporting
structure, including, but not Hmited to, the semiconductor substrates described above. In
some applications, the base 32 may correspond to a semiconductor substrate containing
one of more malertals associated with integrated circuit fabrication. Such materials may
include, for example, one or more of refractory metal materials, barrier materials,
diffusion materials, insulator materials, ete.

FIG. 2 shows a construction 10a having a NAND memory array 12a illustrating
another example configuration. The configuration of FIG. 2 is similar to that of FIG. 1,
except that the gaps 45 (FI1G. 1) are replaced with thinned regions 51 of charge-storage
material 44. The thinned regions 51 have a thickness Ts which is much less than the
thickness Ty of the charge-storage matenial along the control gate regions 35. The
thinned regions 51 are formed to be thin enough to impede charge migration, and
accordingly correspond to intervening regions between memory cells 36 which impede
charge migration from one memory cell to another. In some embodiments, the thickuess
T4 of the thinned regions 51 may be less than on-half of the thickness Ty of the charge-
storage material segments within the memory cells 36, In some embodiments, the
thickness T4 of the thinned regions 51 may be less than about 2 nm, less than about 1 nm,
less than about 0.5 mm, etc. In some embodiments, the thinned regions 51 may be about |
monolayer thick.

The three-dimensional NAND configurations of FIGS. 1 and 2 may be fabricated
utitizing any suttable methodology. Example methodology is described with reference o
FIGS. 3-22. A fust exarople erobodiment method is described with reference to FIGS. 3-

i2.
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Reterring to FIG. 3, a construction 10b includes a vertical stack 60 of alternating
first levels 62 and second levels 64 over the base 52, The first levels 62 comprise first
material 66, and the second Jevels 64 comprise second material 68. The first and second
materials 66 and 68 may comprise any suitable compositions or combinations of
compositions. The first material 66 is selectively removable relative to the second
material 68, and vice versa. In some embodiments, the first material 66 comprises,
consists essentially of, or consists of silicon dioxide; and the second material 68
comprises, consisis essentially of, or consists of silicon nitride.

Referring to FIG. 4, the opening 40 is formed to extend through the stack 60 The
opening 40 may be formed utilizing any suitable methodology. For instance, a patterned
mask {not shown} may be formed over the stack 60 to define a location of the opening
40, and then the opening 40 may be formed to extend through the stack 60 with one or
more suitable etches. Subsequently, the patterned mask may be removed.

The opening 40 has sidewalls 65 exiending along the first and second materials
66 and 68

Referring to FIG. S, the first levels 62 are recessed relative to the second levels
64. Such recessing may be accomplished utilizing any suitable etch selective for the first
material 66 relative to the second material 68. After the first levels 62 are recessed, the
second levels 64 have projecting terminal ends 70 which extend cutwardly beyond the
recessed first fevels 62. Cavities 72 extend into the first levels 62 between the projecting
ternunal ends 70. Undulating sidewall surfaces 73 of opening 40 extend into cavities 72

and around the projecting terminal ends 70.

10
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Referring to FIG. 6, charge-blocking material 42 is formed along the undulating
sidewall surfaces 73, and charge-storage material 44 is formed along the charge-blocking
material 42. The materials 42/44 extend into the cavities 72 and around the projecting
terminal ends 70. In some embodiments, the materials 42/44 may be cousidered to line
the cavities 72. A charge block may have the following functions in a memory cell: ina
program mode, the charge block may prevent charge carviers from passing out of the
charge-storage material {e.g., floating-gate material, charge-trapping material, etc.)
toward the control gate; and in an erase mode, the charge block may prevent charge
carriers from flowing into the charge-storage material from the control gate. A charge-
blocking region may comprise any suitable material(s) or structure(s) providing desired
charge-blocking properties; and may, for example, comprise: an insulative material
between control gate and charge-storage material; an outermost portion of a charge-
trapping material where such material is dielectric and independent of where “charge” is
stored in such portion; an interface between the control gate and the charge-trapping
material, etc.

Referring to FIG. 7, gate-dielectric material 46 is formed to extend vertically
along the charge-storage material 44, and to fill the cavities 72. Channel material 48 is
formed to extend vertically along the gate-dielectric material 46, fnsulative material 74 is
then formed within a remaining ceniral region of opening 40. The insulative material 74
forms the insulative region 50 described above with reference to FIG . 1; and may
comprise any suitable composition or combination of compositions {(such as, for
example, silicon nitride, silicon dioxade, etc ). In some embodiments, the insulative
material 74 may be omitted and a void may be left within the central region of opening
40. Alternatively, channel material 48 may be formed to entirely fili the opening 40,

Referring to FIG. B, the first material 66 (FIG. 7) is removed to leave voids 76.
Such removal may be accomplished with any suitable etch which is selective for the first
material 66 relative to the second material 68 Tn a processing step which is not shown,
stits may be formed through stack 60 (FIG. 7) to provide access to the first and second
tevels 62/64 (FIG. 7). Erchant may be flowed into such slifs {0 access the first material

66 (FIG. 7).

11
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Referring to FIG. 9, the charge-blocking material 42 and charge-storage material
44 are etched with etchant provided in voids 76. The etching removes regions of the
charge-storage material 42 and the charge-blocking material 44 within the cavities 72 to
expose surfaces of the gate-dielectric material 46; and to pattern the charge-storage
material 42 and the charge-blocking material 44 into segments 77 and 43, respectively,
that extend around the projections 70,

The etching of one or both of the charge-blocking material 42 and charge-storage
material 44 from within voids 76 may be conducted with a same eichant as is utilized o
form the voids 76, or may be conducted with a different etchant thau that utilized to form
the voids 76.

Referring to FIG. 19, insulative material 26 is formed within voids 76. The
insulative material 26 may be referred to as a third material in some embodiments, to
distinguish it from the first and second materials 66 and 68 of FIG. 3. The voids 49
{shown in dashed line to indicate that they are optional) may or may not remain as
kevhole voids within material 26 after deposition of material 26 within the voids 76,
depending on, for example, the composition of material 26, the deposition conditions
utilized, etc. The material 26 contacts the gate-dielectric material 46 along interfaces 47
in the shown embodiment.

Reterring to FIG. 11, the second material 68 (FIG. 10} is removed to leave voids
80. Such removal may be accomplished with any suitable etch which is selective for the
second material 68 relative to the materials 26 and 42. The voids 80 may be referred to as
second vouds to distinguish them from the first voids 76 formed at the processing stage of
FIG. 8. The term “first voids” may be utilized to refer to voids formed by removing frst
material 66 (FIG. 3}, and the term “second voids” may be utilized to refer to voids
formed by removing second material 68. The second voids may be formed after the first
vouds, as shown in the processing of FIGS. 8-11; ur may be formed before the first voids
{as shown in processing described below with reference to FIGS. 13-15),

The optional voids 49 may be referred to as third voids in some embodiments to

distinguish them from the first and second voids 76 and 80.

12
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Referring to FIG. 12, insulative material 32 is formed within voids 80 (FIG. 10)
to fine the voids, and thereby becowe an insulative liner within the voids. The insulative
material 32 may comprise high-k material (for instance, one or more of aluminum oxide,
hafnium oxide, zircontum oxide, tantalum oxide, etc.) as discussed above with reference

%  toFIG 1, and may be a charge-blocking material.

Conductive material 3¢ is formed within the lined voids 80 (FIG. 10) after
forming msulative material 32, and then conductive material 28 is formed within the
voids 80 (FIG. 10}, The conductive material 28 may be considered to be a conductive
core {as discussed above with reference to FIG. 1), and the conductive material 30 may

10 be considered to be an outer conductive layer surrounding the conductive core (as is also
discussed above regarding FIG. 1),

The construction 10b of FIG. 12 comprises a NAND memory array 12b
analogous 1o the NAND memory array 12 discussed above with reference to FIG. 1.

A second example embodiment method of fabricating a NAND memory array is

15 described with reference to FIGS. 13-17.

Referring to FIG. 13, a construction 10c¢ is shown at a processing stage following
that of FIG. 7. The construction 10¢ is shown after the second material 68 (FIG. 7} is
removed to leave voids 80 (the so-called “second voids”). Such removal may be
accomplished with any suitable etch which is selective for the second material 68 relative

20 tothe materials 66 and 42,

Referring to FIG. 14, matenials 28, 30 and 32 are formed within the second vouds
80 (FIG. 13).

Referring to FIG. 15, the first material 66 (FIG. 14) is removed to leave voids 76
{the so-called “first voids™). Such removal may be accomplished with any suitable eich

25  which is selective for the first material 66 relative to the charge-blocking materials 32
and 42.

Referring to FIG. 19, the charge-blocking material 42 and charge-storage material
44 are etched with etchant provided in voids 76 in processing analogous to that described
above with reference to FIG. 9.

30 Referring to FIG. 17, insulative material 26 is formed within voids 76 (FIG. 16).
The construction 10c of FIG. 17 comprises a NAND memory array 12¢ analogous to the

NAND memory array 12 discussed above with reference to FIG. 1

13
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A third example embodiment method of fabricating a NAND memory array is
described with reference to FIGS. 18-20.

Referring to FIG. 18, a construction 104 is shown at a processing stage following
that of FIG. 8. The construction 104 is shown after the etch into the first voids 76
removes charge-blocking material 42 from within cavities 72, and thins charge-storage
material 44. In contrast to the processing described above with reference to FIG. 9, the
charge-storage material 44 is thinned, but not removed. The charge-storage material 44
may be thinned to a final thickness T4 having the dimensions described above with
reference to FIG. 2.

Referring to FIG. 19, insulative material 26 is formed within voids 76 (FIG. 18)
with processing analogous to that described above with reference to FIG. 10,

Referring to FIG. 20, the second material 68 (FIG. 19) is removed with
processing analogous to that described above with reference to FIG. 11 to leave voids
{(Iike the voids 80 of FIG. 11); and then materials 28, 20 and 32 are formed within the
voids with processing analogous to that described above with reference to FIG. 12,

The construction 10d of FIG. 20 comprises a NAND memory array 12d
analogous to the NAND memory array [2a discussed above with reference to FIG. 2.

A fourth example embodiment method of fabricating a NAND memory array is
described with reference to FIGS. 21 and 22,

Referring to FIG. 21, a construction 10e is shown at a processing stage following
that of FIG. 15. The construction 10e is shown after the etch into the first voids 76
removes charge-blocking material 42 from within cavities 72, and thins charge-storage
material 44. In contrast to the processing described above with reference to FIG. 16, the
charge-storage material 44 is thinned, but not removed. The charge-storage material 44
may be thinoed to a final thickness T4 having the dimensions described above with
reference to FIG 2.

Referring to FIG. 22, insulative material 26 is formed within voids 76 (FIG. 21)
with processing analogous to that described above with reference to FIG. 10.

The construction 10e of FIG. 22 comprises a NAND memory array 12e

analogous to the NAND memory array 12a discussed above with reference to FIG. 2.
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The structures described above may be incorporated into electronic systems. Such
electronic systems may be used in, for example, memory modules, device drivers, power
modules, comrunication modems, processor modules, and application-specific modules,
and may include multilayer, multichip 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
computers, automobiles, industrial control systems, aircraft, ete.

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

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

The particular orientation of the various embodiments in the drawings is for
Hlustrative purposes only, and the embodiments may be rotated relative to the shown
orientations in some applications. The description provided herein, and the claims that
tollow, pertain to any structures that bave the described relationships between various
features, regardless 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 ilustrations only show features
within the planes of the cross-sections, and do not show materials behind the planes of
the cross-sections in order to simplify the drawings.

When a structure is referred to above as being "on" 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" or “directly against”

another structure, there are no intervening structures present.
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Structures {e.g., layers, materials, etc.) may be referred to as “extending
vertically” 1o 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 jnclude a NAND memory arvay which has a vertical stack of
alternating insulative levels and wordline levels. The wordline levels have terminal ends
corresponding to control gate regions. Charge-trapping material is along the control gate
regions of the wordline levels, and is spaced form the control gate regions by charge-
blocking material. The charge-trapping material along vertically adjacent wordline levels
is spaced by intervening regions through which charge migration is impeded. Channel
material extends vertically along the stack and is spaced from the charge-trapping
material by charge-tunneling material.

Some embodiments include a NAND memory array which has a vertical stack of
alternating nsulative levels and wordline levels. The wordline levels have terminal ends
corresponding to control gate regions. The insulative levels comprise first insulative
material vertically between the wordline levels. Charge-trapping material is along the
control gate regions of the wordline levels, and is spaced form the control gate regions
by charge-blocking material. The charge-trapping material along vertically adjacent
wordline levels is spaced by intervening regions of second insulative material which
impedes charge migration. Channel material extends vertically along the stack and is
spaced from the charge-trapping material by charge-tunneling material.

Some embodiments include a NAND memory array which has a vertical stack of
alternating insulative levels and wordline levels. The wordline levels have terminal ends
corresponding to control gate regions. The insulative levels corprise first insulative
material vertically between the wordline levels. Charge-trapping material is along the
control gate regions of the wordline levels, and is spaced form the control gate regions
by charge-blocking material. The charge-trapping material along vertically adjacent
wordline levels 1s spaced by intervening regions of second insulative matertal. The
charge-trapping material comprises silicon and nitrogen. The second insulative material
comprises oxide. Voids extend into the first insulative material along an interface of the
tirst and second insulative materials. Channel material extends vertically along the stack

and s spaced from the charge-trapping material by charge-tunneling material.
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Some embodiments include a method of forming a NAND memory array. A
vertical stack of alternating first and second levels is formed. The first levels comprise
first material, and the second levels comprise second material. The first levels are
recessed relative to the second levels. The second levels have projecting terminal ends
extending beyound the recessed first levels. Cavities extend into the first levels between
the projecting terminal ends. Charge-storage material is formed arcund the terminal ends
of the second levels. The charge-storage material extends into the cavities to line the
cavities. Charge-tunneling material is formed to extend vertically along the charge-
storage material. The charge-tunneling material {ills the lined cavities. Channel material
is formed to extend vertically along the charge-tunneling material. The first material is
removed to leave first voids. Etchant provided in the first voids is utilized to etch {nto the
charge-storage material. Insulative third material is formed within the first voids after
etching nto the charge-storage material. The second material is removed to form second
voids. Conductive levels are formed within the second voids. The conductive levels are
wordline levels of the NAND memory array and have terminal ends corresponding to

coutrol gate regions. The control gate regions are adjacent to the charge-storage material.
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Some embodiments include 3 method of forming a NAND memory array. A
vertical stack of alternating first and second levels is formed. The first levels comprise
first material, and the second levels comprise second material. The first levels are
recessed relative to the second levels. The second levels have projecting terminal ends
extending beyond the recessed first levels. Cavities extend into the first levels between
the projecting terminal ends. First charge-blocking matertal is formed around the
terminal ends of the second levels. Silicon nitride is formed over the first charge-
blocking material and around the terminal ends of the second levels. The silicon nitride
and the first charge-blocking material extend into the cavities {¢ line the cavities. Charge-
tunneling material is formed to extend vertically along the silicon nitride. The charge-
tunneling material extends nto the lined cavities. Channel material is formed to extend
vertically along the charge-tunneling material. The first material is removed to leave first
voids. The silicon nitnide 15 etched with etchant provided in the first voids. Insulative
third material 1s formed within the first voids after etching into the silicon nitride. The
second material 1S removed to form second voids. The second voids are lined with
second charge-blocking material. Conductive levels are formed within the lined second
voids. The conductive levels are wordline levels of the NAND memory array and have
terminal ends corresponding to control gate regions. The control gate regions are
adjacent to the silicon niiride. Each of the conductive levels comprises a conductive core
surrounded by an outer conductive layer The conductive core comprises a different

composttion than the cuter conductive layer.
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CLAIMS

Fwe claim,

L A NAND memory array, comprising:
a vertical stack of alternating insulative levels and wordiine levels, the
5 wordline levels having terminal ends corresponding to control gate regions;

charge-irapping material along the control gate regions of the wordline
levels, and spaced form the control gate regions by charge-blocking material; the charge-
trapping material along vertically adjacent wordline levels being spaced by intervening
regions through which charge migration is impeded; and

10 channel material extending vertically along the stack and spaced from the

charge-trapping material by charge-tunneling material.

2. The NAND mewmory array of clairg 1 wherein the charge-trapping

material comprises silicon and nitrogen.

15

3 The NAND memory array of claim 1 wherein the intervening regions are

gaps extending through the charge-trapping material.

4. The NAND memory array of claim 1 wherein the intervening regions are
20 thinned regions of the charge-trapping material; the charge-trapping material along the
control gate regions having a first thickness, and the thinned regions of the charge-
trapping material having a second thickness which is less than one-half of the first

thickness.

25 5. The NAND memory array of claim 4 wherein the second thickness is less

than 2 nm.
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6. The NANE memory array of claim 4 wherein the second thickness is less

than 0.5 nm.

~~3

A NAND memory array, comprising
5 a vertical stack of alternating insulative levels and wordline levels, the
wordline levels having terminal ends corresponding to conirol gate regions; the
insulative levels comprising first insulative material vertically between the wordline
lfevels;
charge-trapping material along the control gate regions of the wordline
10 levels, and spaced form the control gate regions by charge-blocking material; the charge-
trapping material along vertically adjacent wordline levels being spaced by intervening
regions of second insulative material which impedes charge migration; and
channel material extending vertically along the stack and spaced from the

charge-trapping material by charge-tunneling material.
15

g The NAND memory array of claim 7 wherein the charge-trapping

material comprises silicon and nitrogen,

9. The NAND memory array of claim 7 comprising voids extending into the
7 3 & e

20 first insulative material along an interface of the first and second nsulative materials.

0. The NAND memory array of claim 7 wherein the first insulative material
has a first vertical thickness along the interface of the first and second insulative
materials, and wherein the second insulative material has a second vertical thickness

25 along the interface of the first and second iusulative materials of less than or equal to

about one-half of the first vertical thickness.
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1L The NAND memory array of ¢laim 7 wherein the first and second

mmsulative materials are a same composition as one another.

12, The NAND memory array of claim 7 wherein the first and second

S insulative materials are different compositions relative to one ancther,

13, The NAND memory array of claim 7 wherein each wordline level
comprises a conductive core surrounded by an outer conductive layer; with the

conductive core comprising a different composition than the outer conductive layer,

10
14, The NAND memory array of claim 13 wherein the conductive cores
comprise one of more metals; and wherein the outer conductive lavers comprise metal
nitride.
15 15, The NAND memory array of claim 13 further comprising a high-k

dielectric material surrounding the outer conductive layer of each conductive level,

21



WO 2018/144538 PCT/US2018/016144
16, A NAND memory array, comprising:

a vertical stack of alternating insulative levels and wordline levels, the
wordline levels having terminal ends corresponding to control gate regions; the
insulative levels comprising first insulative material vertically between the wordline

5  levels;

charge-trapping material along the control gate regions of the wordline
levels, and spaced form the control gate regions by charge-blocking material; the charge-
trapping material along vertically adjacent wordline levels being spaced by intervening
regions of second insulative material; the charge-lrapping material comprising silicon

10 and nitrogen; the second insulative material comprising oxide;

voids extending into the first insulative material along an interface of the
first and second insulative materials; and

channel material extending vertically along the stack and spaced from the

charge-trapping material by charge-tunneling material
15

17.  The NAND memory array of claim 16 wherein the first insulative
material has a first vertical thickness along the interface of the first and second insulative
materials, and wherein the second insulative material has a second vertical thickness
along the interface of the first and second insulative materials of less than or equal to

20 about one-haif of the first vertical thickness,

18 The NAND memory array of claim 16 wherein the first and second

msulative materials are a same composition as one another.

25 i9. The NAND memory array of ¢laim 16 wherein the first and second

insulative materials are different compositions relative to one another.
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~

26 A method of forming a NAND memory array, comprising.
forming a vertical stack of alternating first and second levels; the first
levels comprising first material, and the second levels comprising second material;
recessing the fivst levels relative to the second levels; the second levels
5  having projecting terminal ends extending bevond the recessed first levels; cavities
extending into the first levels between the projecting terminal ends;
forming charge-storage material around the terminal ends of the second
levels; the charge-storage material extending into the cavities to line the cavities;
forming charge-tunneling material extending vertically along the charge-
10 storage material; the charge-tunueling material filling the lined cavities;
forming channel material extending vertically along the charge-tunneling
material;
removing the first material to leave first voids;
etching into the charge-storage material with etchant provided in the first
15 voids;
forming insulative third material within the first voids after etching into
the charge-storage maierial;
removing the second material to form second voids; and
forming conductive levels within the second voids; the conductive levels
20  bemg wordline levels of the NAND memory array and having terminal ends
corresponding to control gate regions; the control gate regions being adjacent the charge-

storage material.

21 The method of claim 20 wherein the first voids are formed before the

25 second voids.

a7

22, The method of claim 20 wherein the first voids are formed after the

second voids.
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23. The method of claim 20 wherein the charge-storage materdal is charge-

trapping material.

24, The method of claim 23 wherein the etching into the charge-trapping

5 material thins regions of the charge-trapping material within the cavities.

25, The method of claim 23 wherein the charge-trapping material comprises

silicon and nitrogen.

10 26, The method of claim 20 wherein the etching into the charge-storage
material removes regions of the charge-storage material within the cavities to expose
surfaces of the charge-tunneling material, and wherein the insulative third material

contacts the exposed surfaces of the charge~tunneling material.

15 27.  The wethod of claim 26 wherein third voids remain along interfaces

where the insulative third material contacts the charge-tunneling material,

28. The method of claim 26 wherein the insulative third material and the

charge-tunneling material are different compositions relative to one another.

29. The method of claim 26 wherein the insulative third material and the

charge-tunneling material are a same composition as one another.
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30, The method of claim 20 comprising form charge-blocking material
around the terminal ends of the second levels prior to forming the charge-storage
material around the terminal ends of the second levels, and/or forming charge-blocking
material within the second voids to line the second voids prior to forming the conductive

fevels within the second voids.
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31 A method of forming a NAND memory array, comprising:
forming a vertical stack of alternating first and second levels; the first
levels comprising first material, and the second levels comprising second material;
recessing the first levels relative to the second levels; the second levels
5 having projecting terminal ends extending beyond the recessed first levels; cavities
extending into the first levels between the projecting terminal ends;
forming first charge-blocking material around the terminal ends of the
second levels;
forming silicon nitride over the first charge«bioéking material and around
10 the terminal ends of the second levels; the silicon nitride and the first charge-blocking
material extending into the cavities to line the cavities;
forming charge-tunneling material extending vertically along the silicon
nitride; the charge-tunpeling material ex‘fen&ing into the hned cavities;
forming channel material extending vertically along the charge-tunneling
15 material
reroving the first matenial to leave first voids;
etching nto the silicon aiiride with eichant provided in the first voids;
forming insulative third material within the first voids afer etching into
the silicon nitride;
20 removing the second material to form second voids;
lining the second voids with second charge-blocking material; and
formung conductive levels within the lined second voids; the conductive
levels being wordline levels of the NAND memory array and having terminal ends
corresponding to coutrol gate regions; the control gate regions being adjacent the silicon
25 nitride; each of the conductive levels comprising a conductive core surrounded by an
outer conductive layer, with the conductive core comprising a different composition than

the cuter conductive Jayer.

32, The method of claim 31 wherein the etching into the silicon nitride thins

30 regions of the silicon nitride within the cavities.
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33, The method of claim 32 wherein the thinned regions of the silicon nitride
have a thickness which is less than or equal 1o about one-half of an original thickness of

the silicon nitride.

5 34 The method of claim 31 wherein the etching into the silicon nitride
removes regions of the silicon vitride within the cavities to expose a surface of the
charge-tunneling material, and wherein the tnsulative third material contacts the exposed

surtaces of the charge-tunneling material.

10 35, The method of claim 34 wherein third voids remain along interfaces

where the insulative third material contacts the charge-tunneling material.

36, The method of claim 34 wherein the insulative third material and the

charge-tunneling material are different corpositions relative to one another.
15

37, The method of claim 34 wherein the insulative third material and the

charge-tunneling material are a same composition as one another.
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