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(57) ABSTRACT

Some embodiments include a method of fabricating inte-
grated structures. A metal-containing material is formed over
a stack of alternating first and second levels. An opening is
formed through the metal-containing material and the stack.
Repeating vertically-stacked electrical components are
formed along the stack at sidewalls of the opening. Some
embodiments include a method of forming vertically-stacked
memory cells. Metal-containing material is formed over a
stack of alternating silicon dioxide levels and conductively-
doped silicon levels. A first opening is formed through the
metal-containing material and the stack. Cavities are formed
to extend into the conductively-doped silicon levels along

(51) Int.ClL sidewalls of the first opening. Charge-blocking dielectric and
HO1L 27/115 (2006.01) charge-storage structures are formed within the cavities to
HO1L 2102 (2006.01) leave a second opening. Sidewalls of the second opening are
HO1L 213205 (2006.01) lined with gate dielectric and then channel material is formed
HO1L 29/19 (2006.01) within the second opening.
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METHODS OF FABRICATING INTEGRATED
STRUCTURES, AND METHODS OF
FORMING VERTICALLY-STACKED

MEMORY CELLS

TECHNICAL FIELD

[0001] Methods of fabricating integrated structures, and
methods of forming vertically-stacked memory cells.

BACKGROUND

[0002] Memory provides data storage for electronic sys-
tems. Flash memory is one type of memory, and has numer-
ous 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 increas-
ingly 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.

[0003] NAND may be a basic architecture of flash memory.
A NAND cell unit comprises at least one selecting device
coupled in series to a serial combination of memory cells
(with the serial combination commonly being referred to as a
NAND string). Example NAND architecture is described in
U.S. Pat. No. 7,898,850. NAND architecture may be config-
ured to comprise vertically-stacked memory cells. Fabrica-
tion of the vertically-stacked memory cells may comprise
forming openings through a tall stack of alternating electri-
cally conductive levels and electrically insulative levels,
which becomes increasingly difficult with higher aspect ratio
and smaller critical dimensions of the openings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1-11 are cross-sectional views of a semicon-
ductor construction at process stages of an example embodi-
ment method of forming integrated structures.
[0005] FIG.12is across-sectional view of a semiconductor
construction at a process stage of another example embodi-
ment method of forming integrated structures.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0006] In some embodiments, metal-containing masks are
utilized to pattern openings during fabrication of vertical
NAND strings. The metal-containing masks may be sacrifi-
cial, or may be incorporated into select gates associated with
the NAND strings. Example embodiments are described with
reference to FIGS. 1-12.

[0007] Referring to FIG. 1, a semiconductor construction
10 is shown to comprise a stack 15 of alternating first and
second levels 18 and 20. The levels 18 may be electrically
insulative, and the levels 20 may be electrically conductive.
The electrically conductive levels 20 may comprise, for
example, one or more of various metals (for example, tung-
sten, titanium, etc.), metal-containing compositions (for
example, metal nitride, metal carbide, metal silicide, etc.),
and conductively-doped semiconductor materials (for
example, conductively-doped silicon, conductively-doped
germanium, etc.). For instance, the electrically conductive
levels 20 may comprise n-type doped polycrystalline silicon
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(i.e., n-type doped polysilicon). The electrically insulative
levels 18 may comprise any suitable composition or combi-
nation of compositions; and may, for example, comprise sili-
con dioxide.

[0008] The levels 18 and 20 may be of any suitable thick-
nesses; and may, for example, have thicknesses within arange
of from about 10 nm to about 300 nm. In some applications,
the levels 18 may be thinner than the levels 20. For instance,
levels 18 may be about 20 nm thick and levels 20 may be
about 30 nm thick.

[0009] The electrically conductive levels 20 may be uti-
lized to pattern control gates of flash devices. In such appli-
cations, a vertical string of memory cells (such as, for
example, a vertical NAND string of memory cells) may be
fabricated, with the number of memory cells in each string
being determined by the number of electrically conductive
levels 20. The stack may comprise any suitable number of
electrically conductive levels. For instance, the stack may
have 8 electrically conductive levels, 16 electrically conduc-
tive levels, 32 electrically conductive levels, 64 electrically
conductive levels, etc.

[0010] The stack is over a source-side select-gate material
16, which is over an etchstop material 14.

[0011] The source-side select-gate material 16 may com-
prise any suitable electrically conductive composition or
combination of compositions; and may, for example, com-
prise p-type doped silicon and/or other suitable conductively-
doped semiconductor material.

[0012] The etchstop material may comprise, for example,
one or more oxides; such as, for example, one or more of
aluminum oxide, hafnium oxide, etc.

[0013] The etchstop material 14 is over a source material
13. The source material may comprise any suitable electri-
cally conductive material; and may, for example, comprise
metal (e.g., copper, titanium, tungsten, etc.), metal-contain-
ing composition (e.g., metal carbide, metal nitride, metal
silicide, etc.) and/or conductively-doped semiconductor
material (e.g., conductively-doped silicon, conductively-
doped germanium, etc.). In some embodiments, the etchstop
material may be omitted, and instead etching may selectively
stop at source material 13 (for instance, in some embodi-
ments, material 13 may be tungsten silicide and appropriate
etching conditions may be chosen to selectively stop at mate-
rial 13 during subsequent process stages which may enable
processing to be conducted without using a separate etch-
stop).

[0014] The source material 13 is supported by a base 12. A
break is provided between the material 13 and the base 12 to
indicate that there may be additional materials and/or inte-
grated circuit structures between the base and the material 13.
[0015] The base 12 may comprise semiconductor material;
and may, for example, comprise, consist essentially of, or
consist of monocrystalline silicon. The base 12 may be
referred to as a semiconductor substrate. The term “semicon-
ductor substrate” means any construction comprising semi-
conductive material, including, but not limited to, bulk semi-
conductive materials such as a semiconductive wafer (either
alone or in assemblies comprising other materials), and semi-
conductive material layers (either alone or in assemblies com-
prising other materials). The term “substrate” refers to any
supporting structure, including, but not limited to, the semi-
conductor substrates described above. In some applications,
the base 12 may correspond to a semiconductor substrate
containing one or more materials associated with integrated
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circuit fabrication. Such materials may include, for example,
one or more of refractory metal materials, barrier materials,
diffusion materials, insulator materials, etc.

[0016] A metal-containing material 22 is over stack 15, a
protective capping material 23 is over the metal-containing
material 22, and a carbon-containing material 24 is over the
capping material. In some embodiments, metal-containing
material 22 may be a drain-side select-gate material.

[0017] Themetal-containing material 22 may comprise any
suitable composition or combination of compositions;
including, for example, one or more of elemental metals (e.g.,
titanium, tungsten, copper, aluminum, ruthenium, etc.) and
metal-containing compositions (e.g., metal nitrides, metal
carbides, metal silicides, polysilicon with one or more depos-
ited metal layers, etc.). In some embodiments, the metal-
containing material 22 is sacrificial. In some embodiments,
metal-containing material 22 is incorporated into a drain-side
select gate, and accordingly may be referred to as a drain-side
select-gate material. In such embodiments, the metal-con-
taining material 22 may comprise, for example, metal nitride;
such as, for example, one or both of titanium nitride and
tungsten nitride. The metal-containing material 22 may be
formed to any suitable thickness, and in some embodiments
may be formed to a thickness of from about 120 nm to about
150 nm. In some embodiments, the metal-containing material
may be a combination of polysilicon and one or more metal-
containing layers, with the metal-containing layers being
deposited to thicknesses within a range of from about 20 nm
to about 40 nm.

[0018] The protective capping material 23 may comprise,
for example, silicon nitride and/or silicon dioxide.

[0019] The carbon-containing material 24 may comprise,
for example, amorphous carbon.

[0020] The construction of FIG. 1 may be formed with any
suitable processing. For instance, the materials 13, 14, 16, 18,
20,22, 23 and 24 may be formed in sequential order over base
12 using one or more of atomic layer deposition (ALD),
chemical vapor deposition (CVD), and physical vapor depo-
sition (PVD) with appropriate deposition parameters and
materials, and utilizing one or more process chambers.
[0021] Referring to FIG. 2, an opening 30 is formed to
extend through materials 16, 18, 20, 22 and 23; and the
carbon-containing material 24 (FIG. 1) is removed. The open-
ing 30 extends to the etchstop material 14, and may even
extend partially into such etchstop material. However, the
opening does not extend entirely through the etchstop mate-
rial. The illustrated opening is an example, and a plurality of
such openings may be formed and treated during fabrication
of an integrated assembly (e.g., a NAND memory array).
[0022] The opening 30 may be formed utilizing any suit-
able processing. For instance, a patterned mask (not shown)
may be formed over material 24 (FIG. 1) to define a location
of'opening 30, and then the opening may be extended through
the materials 16, 18, 20, 22 and 23 with one or more etches.
The patterned mask and carbon-containing material 24 (FIG.
1) may be removed during and/or after extending opening 30
into one or more of the materials 16, 18, 20, 22 and 23. The
patterned mask utilized to define the opening 30 may be any
suitable mask, including, for example, photolithographically-
patterned photoresist and/or a mask formed utilizing pitch-
multiplication methodologies. Since the opening is formed
through all of materials 16, 18, 20 and 22 with a single mask,
the opening may be considered to be formed through all of
such materials in single etch step in some embodiments.
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[0023] The opening 40 has sidewalls 31. The opening may
be a closed shape when viewed from above (for instance, a
circle, ellipse, rectangle, square, etc.) so that the illustrated
sidewalls 31 are part of a continuous sidewall that extends
around such closed shape.

[0024] The opening 30 may be a high-aspect-ratio opening,
and advantageously has relatively straight sidewalls. In the
shown embodiment, the sidewalls stay vertical along metal-
containing material 22, and then “blowout” a little upon
reaching stack 15. However, in some embodiments the side-
walls along the stack still remain substantially vertical, at
least in part due to a metal-containing material 22 functioning
as a hardmask during the etching through stack 15.

[0025] A problem that may occur in prior art methods of
forming an opening through a stack analogous to stack 15 is
that the sidewalls along the stack become substantially sloped
due to a high-critical-dimension opening becoming much
narrower at the bottom relative to the top during the etching
utilized to form the opening. Ultimately, vertically-stacked
electrical components may be formed along the sidewalls,
and the sloped sidewalls may make it difficult to have uniform
operating parameters across all of the components. The rela-
tively straight sidewalls achieved when utilizing a metal-
containing material 22 as a hardmask can alleviate, and even
prevent, such difficulties when fabricating high-critical-di-
mension openings.

[0026] Referring to FIG. 3, cavities 40 are formed to extend
into the conductive levels 20 along the sidewalls 31 of open-
ing 30. Such cavities may be formed with an isotropic etch
selective for the material of conductive levels 20 relative to
the material of insulative levels 18. In some embodiments,
conductive levels 20 comprise conductively-doped silicon,
insulative levels 18 comprise silicon dioxide, and the cavities
40 are formed utilizing tetramethylammonium hydroxide
(TMAH). In the shown embodiment, the metal-containing
material 22 is not significantly etched during formation of
cavities 40. For instance, if metal-containing material 22
comprises one or both of titanium nitride and tungsten nitride,
the material may be substantially resistant to the TMAH
etching utilized to form cavities 40.

[0027] The conductive material 16 below stack 15 is shown
to be substantially resistant to the etch utilized to form cavi-
ties 40. In some embodiments, levels 20 comprise n-type
doped silicon, and conductive material 16 comprises p-type
doped silicon; and the conditions utilized to form cavities 40
are substantially selective for n-type doped silicon relative to
p-type doped silicon.

[0028] Referring to FIG. 4, charge-blocking dielectric 42 is
formed along sidewalls 31 of opening 30 and within cavities
40. The charge-blocking dielectric may comprise any suitable
composition or combination of compositions; and in some
embodiments may comprise one or more of silicon nitride,
silicon dioxide, hafnium oxide, zirconium oxide, etc. For
instance, in some embodiments the charge-blocking dielec-
tric 42 may comprise silicon dioxide/silicon nitride/silicon
dioxide. In the shown embodiment, the charge-blocking
dielectric 42 forms along metal-containing material 22, as
well as within cavities 40. In some embodiments, the charge-
blocking dielectric may be formed by initially depositing
silicon dioxide utilizing tetracthylorthosilicate and ozone
(e.g., may be formed with a high-aspect ratio process
[HARPY]), followed by deposition of silicon nitride, which in
turn is followed by additional deposition of silicon dioxide.
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The initial silicon dioxide may be treated with in situ steam
generation (ISSG) in some applications.

[0029] Referring to FIG. 5, charge-storage material 44 is
formed over the charge-blocking dielectric 42 and within
cavities 40. The charge-storage material 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 mate-
rial (for instance, silicon nitride, metal dots, etc.).

[0030] Referring to FIG. 6, the charge-blocking dielectric
42 and charge-storage material 44 are removed from surfaces
of' materials 16, 22 and 23, while leaving the charge-blocking
dielectric 42 and the charge-storage material 44 within cavi-
ties 40. Such removal may be accomplished with any suitable
processing. For instance, in some embodiments the charge-
storage material 44 may be removed utilizing TMAH or
hydrofiuoric acid vapor. Subsequently, charge-blocking
dielectric 42 may be removed with any suitable etch or com-
bination of etches. Such etches may include hot phosphoric
acid etching to remove oxide in some embodiments.

[0031] The charge-storage material 44 remaining at the
processing stage of FIG. 6 is configured as charge-storage
structures 46 (only some of which are labeled) within the
cavities 40.

[0032] The opening remaining at the processing stage of
FIG. 6 may be referred to as a second opening 50. Such
second opening has sidewalls 51 that extend along materials
16, 22 and 23, and which also extend along surfaces of the
charge-storage structures 46.

[0033] Referring to FIG. 7, gate-dielectric material 60 and
protective material 62 are formed along sidewalls 51 of open-
ing 50 to line such sidewalls.

[0034] The gate-dielectric material may comprise any suit-
able composition or combination of compositions; and in
some embodiments may comprise one or more of silicon
dioxide, hafnium oxide, zirconium oxide, aluminum oxide,
etc. In some embodiments, it may be desired to deposit the
gate-dielectric material rather than oxidatively grow the gate-
dielectric material so that the gate-dielectric material is a
common composition across all of the materials 16, 22 and
23. In some embodiments, the gate diclectric may be formed
by first depositing a polysilicon liner, and then converting the
polysilicon to silicon dioxide utilizing steam (for instance,
utilizing ISSG).

[0035] The protective material 62 is a sacrificial material,
and may comprise any suitable composition or combination
of compositions. For instance, in some embodiments the pro-
tective material 62 may comprise one or more of silicon
nitride, polysilicon, etc.

[0036] Referring to FIG. 8, an isotropic etch is utilized to
punch through the etchstop material 14 at the bottom of the
lined second opening 50, which extends the opening to the
source material 13. In the shown embodiment, the etch has
penetrated partially into the source material. In other embodi-
ments, the etch may extend only to an upper surface of the
source material.

[0037] The protective material 62 protects the gate dielec-
tric 60 from being degraded by the etch conditions utilized to
punch through the etchstop material. In the shown embodi-
ment, the etching conditions utilized to punch through the
etchstop material have partially removed the protective cap-
ping material 23. In subsequent processing, the remainder of
the protective capping material 23 may be removed with a

May 21, 2015

suitable etch; such as, for example, a wet etch selective for
material 23 relative to materials 22 and 62.

[0038] An advantage of utilizing metal-containing material
22 can be that the metal-containing material is able to provide
higher etch selectivity relative to the etching conditions uti-
lized for punching through the etchstop material than would
be provided by non-metal-containing materials. Thus, expo-
sure of a region of the upper surface of metal-containing
material 22 adjacent opening 50 is not problematic, and
instead enables material 22 to be utilized as a hardmask
during the punch-through of the etchstop material. The metal-
containing hardmask of material 22 may enable a high aspect
ratio of opening 50 to be maintained during the punch-
through etch.

[0039] Referring to FIG. 9, the protective capping material
23 (FIG. 8) and protective liner material 62 (FIG. 8) are
removed.

[0040] Referring to FIG. 10, channel material 70 is depos-
ited within opening 50. The channel material may comprise
any suitable composition or combination of compositions;
and in some embodiments may comprise appropriately-
doped silicon.

[0041] Referring to FIG. 11, construction 10 is subjected to
planarization (for example, chemical-mechanical polishing)

to form a planarized upper surface 69 extending across mate-
rials 22, 60 and 70.

[0042] The construction of FIG. 11 comprises vertically-
stacked memory cells 72 containing the charge-storage struc-
tures 46 and the charge-blocking dielectric 42. In some
embodiments, such memory cells may be incorporated into a
NAND memory array, and may be considered to be a vertical
string of memory cells. The material 16 may form a source-
side select gate 74 beneath the vertical string of memory cells,
and the metal-containing material 22 may form a drain-side
select gate 76 above the vertical string of memory cells.

[0043] Utilization of metal-containing material 22 in a
drain-side select gate may be advantageous in some embodi-
ments. In other embodiments, metal-containing material 22
may be sacrificial, and may be removed at a processing stage
prior to that of FIG. 11. For instance, the material 22 may be
removed after the punch-through etch of FIG. 8.

[0044] The memory cells 72 are examples of vertically-
stacked electrical components that may be formed. In other
embodiments, other vertically-stacked electrical components
may be formed with processing analogous to that of FIGS.
1-11.

[0045] The embodiment of FIG. 11 shows channel material
70 patterned into a solid monolithic plug (or pillar) 80 extend-
ing along memory cells 72 and along drain-side select gate
76. In other embodiments, the channel material may be
formed to be in other configurations. For instance, FIG. 12
shows a construction 10a analogous to that of FIG. 11, but
comprising the channel material 70 configured as a hollow
monolithic plug (or pillar) 82 extending along memory cells
72 and along drain-side select gate 76. In some embodiments,
it may be advantageous to configure the channel material 70
as a hollow plug in that the channel material 70 will then be a
liner of constant thickness along sidewalls of opening 50.
Such can enable a uniform thickness of channel material 70 to
be maintained along all of the memory cells 72 even if there
is variation of the width dimension of opening 50 along the
depth of the opening. In some embodiments, opening 50 will
have a substantially uniform width along an entirety of the
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depth (e.g., will have substantially vertical sidewalls instead
of problematic tapered sidewalls of prior art constructions).
[0046] Insome embodiments, utilization of metal-contain-
ing material 22 as a hardmask along a drain side of a NAND
stack may be advantageously utilized to maintain the critical
dimension of high-aspect-ratio structures (for instance, struc-
tures having aspect ratios approaching 40:1 or greater),
because of the etch selectivity of metal compared to silicon
oxide, polysilicon and silicon nitride.

[0047] There may be numerous advantages to integrating a
drain-side select-gate channel material with memory cell
channel material in monolithic channel material pillars (i.e.,
to forming monolithic pillars (or channels) 80 and 82 of
FIGS. 11 and 12). A monolithic channel may provide a string
current advantage; and if the monolithic channel is hollow,
there may be an additional boost voltage reduction and/or
further drain-side select-gate leakage advantage. In some
embodiments, the monolithic pillars may be formed utilizing
one-step etching through metal-containing drain-side select-
gate material and alternating levels under the drain-side
select-gate material.

[0048] The constructions discussed above may be utilized
for fabrication of integrated structures which are incorporated
into electronic systems. Such electronic systems may be used
in, for example, memory modules, device drivers, power
modules, communication 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, clocks, televi-
sions, cell phones, personal computers, automobiles, indus-
trial control systems, aircraft, etc.

[0049] The term “integrated structure” means any structure
utilized in integrated circuitry; such as structures supported
by silicon chips, and including structures utilized in inte-
grated memory, integrated logic, etc.

[0050] The terms “dielectric” and “electrically insulative”
are both utilized to describe materials having insulative elec-
trical properties. Both terms are considered synonymous in
this disclosure. The utilization of the term “dielectric” in
some instances, and the term “electrically insulative” in other
instances, is to provide language variation within this disclo-
sure to simplify antecedent basis within the claims that fol-
low, and is not utilized to indicate any significant chemical or
electrical differences.

[0051] The particular orientation of the various embodi-
ments in the drawings is for illustrative purposes only, and the
embodiments may be rotated relative to the shown orienta-
tions in some applications. The description provided herein,
and the claims that follow, pertain to any structures that have
the described relationships between various features, regard-
less of whether the structures are in the particular orientation
of the drawings, or are rotated relative to such orientation.
[0052] The cross-sectional views of the accompanying
illustrations 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.

[0053] 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 interven-
ing structures present. When a structure is referred to as being
“connected” or “coupled” to another structure, it can be
directly connected or coupled to the other structure, or inter-
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vening structures may be present. In contrast, when a struc-
ture is referred to as being “directly connected” or “directly
coupled” to another structure, there are no intervening struc-
tures present.

[0054] Someembodiments include a method of fabricating
integrated structures. A metal-containing drain-side select-
gate material is formed over a stack of alternating first and
second levels. An opening is formed which extends through
the metal-containing drain-side select-gate material and
through the stack of alternating first and second levels.
Repeating vertically-stacked electrical components are
formed along the stack of alternating first and second levels at
sidewalls ofthe opening. A monolithic channel material pillar
is formed which fills the opening and extends along the elec-
trical components and along the metal-containing drain-side
select-gate material.

[0055] Someembodiments include a method of fabricating
integrated structures. A metal-containing material is formed
over a stack of alternating first and second levels. An opening
is formed which extends through the metal-containing mate-
rial and through the stack of alternating first and second
levels. Repeating vertically-stacked electrical components
are formed along the stack of alternating first and second
levels at sidewalls of the opening.

[0056] Some embodiments include a method of forming
vertically-stacked memory cells. A metal-containing material
is formed over a stack of alternating silicon dioxide levels and
conductively-doped silicon levels. A first opening is formed
to extend through the metal-containing material and the stack.
Cavities are formed to extend into the conductively-doped
silicon levels along sidewalls of the first opening. Charge-
blocking dielectric and charge-storage structures are formed
within the cavities. A second opening remains after forming
the charge-blocking dielectric and the charge-storage struc-
tures. The second opening has sidewalls extending along the
metal-containing material and the charge-storage structures.
The sidewalls of the second opening are lined with gate
dielectric. Channel material is formed within the lined second
opening.

[0057] Some embodiments include a method of forming
vertically-stacked memory cells. A source-side select-gate
material is formed over a source material. A stack of alternat-
ing silicon dioxide levels and conductively-doped silicon lev-
els is formed over the source-side select-gate material. A
metal-containing drain-side select-gate material is formed
over the stack. A first opening is formed to extend through the
drain-side select-gate material, the stack and the source-side
select-gate material. Cavities are formed to extend into the
conductively-doped silicon levels along sidewalls of the first
opening. Charge-blocking dielectric and charge-storage
structures are formed within the cavities. A second opening
remains after forming the charge-blocking dielectric and the
charge-storage structures. The second opening has sidewalls
extending along the source-side select-gate material, the
drain-side select-gate material, and the charge-storage struc-
tures. The sidewalls of the second opening are lined with gate
dielectric. A bottom of the lined second opening is punched
through to extend the second opening to the source material.
Channel material is formed within the extended second open-
ing.

[0058] In compliance with the statute, the subject matter
disclosed herein has been described in language more or less
specific as to structural and methodical features. It is to be
understood, however, that the claims are not limited to the
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specific features shown and described, since the means herein
disclosed comprise example embodiments. The claims are
thus to be afforded full scope as literally worded, and to be
appropriately interpreted in accordance with the doctrine of
equivalents.
T/we claim:
1. A method of fabricating integrated structures, compris-
ing:
forming metal-containing drain-side select-gate material
over a stack of alternating first and second levels;

forming an opening which extends through the metal-con-
taining drain-side select-gate material and through the
stack of alternating first and second levels;

forming repeating vertically-stacked electrical compo-

nents along the stack of alternating first and second
levels at sidewalls of the opening; and

forming a monolithic channel material pillar which fills the

opening and extends along the electrical components
and along the metal-containing drain-side select-gate
material.

2. The method of claim 1 wherein the monolithic channel
material pillar is a solid pillar.

3. The method of claim 1 wherein the monolithic channel
material pillar is a hollow pillar.

4. A method of fabricating integrated structures, compris-
ing:

forming a metal-containing material over a stack of alter-

nating first and second levels;

forming an opening which extends through the metal-con-

taining material and through the stack of alternating first
and second levels; and

forming repeating vertically-stacked electrical compo-

nents along the stack of alternating first and second
levels at sidewalls of the opening.

5. The method of claim 4 wherein the first and second levels
comprise silicon dioxide and conductively-doped silicon,
respectively.

6. The method of claim 4 further comprising removing the
metal-containing material from over the stack after forming
the opening.

7. The method of claim 4 wherein the opening has an aspect
ratio of at least about 40:1.

8. The method of claim 4 wherein:

the repeating vertically-stacked electrical components

comprise a string of memory cells;

the metal-containing material comprises one or both of

tungsten nitride and titanium nitride; and

the metal-containing material is incorporated into a drain-

side select gate over the string of memory cells.

9. The method of claim 8 wherein:

an electrically conductive material is under the stack of

alternating first and second levels;

the opening is extended through the electrically conductive

material; and

the electrically conductive material is incorporated into a

source-side select gate under the string of memory cells.

10. A method of forming vertically-stacked memory cells,
comprising:

forming a metal-containing material over a stack of alter-

nating silicon dioxide levels and conductively-doped
silicon levels;

forming a first opening to extend through the metal-con-

taining material and the stack;
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forming cavities extending into the conductively-doped
silicon levels along sidewalls of the first opening;

forming charge-blocking dielectric and charge-storage
structures within the cavities; a second opening remain-
ing after forming the charge-blocking dielectric and the
charge-storage structures, the second opening having
sidewalls extending along the metal-containing material
and the charge-storage structures;

lining the sidewalls of the second opening with gate dielec-

tric; and

forming channel material within the lined second opening.

11. The method of claim 10 wherein the metal-containing
material comprises one or more metal nitrides.

12. The method of claim 10 wherein the lining of the
sidewalls of the second opening comprises depositing the
gate-dielectric material along the sidewalls, or converting
polysilicon liner material to gate dielectric through oxidation
with steam.

13. The method of claim 10 wherein:

the charge-blocking dielectric and the charge-storage

structures are together incorporated into a vertically-
extending string of memory cells;

the metal-containing material comprises one or both of

tungsten and titanium nitride; and

the metal-containing material is incorporated into a drain-

side select gate over the vertically-extending string of
memory cells.

14. The method of claim 13 wherein:

an electrically conductive material is under the stack of

alternating silicon dioxide levels and conductively-
doped silicon levels;

the first opening is extended through the electrically con-

ductive material; and

the electrically conductive material is incorporated into a

source-side select gate under the vertically-extending
string of memory cells.

15. A method of forming vertically-stacked memory cells,
comprising:

forming a source-side select-gate material over a source

material;

forming a stack of alternating silicon dioxide levels and

conductively-doped silicon levels over the source-side
select-gate material;

forming a metal-containing drain-side select-gate material

over the stack;

forming a first opening to extend through the drain-side

select-gate material, the stack and the source-side select-
gate material; the first opening not extending into the
source material;
forming cavities extending into the conductively-doped
silicon levels along sidewalls of the first opening;

forming charge-blocking dielectric and charge-storage
structures within the cavities; a second opening remain-
ing after forming the charge-blocking dielectric and the
charge-storage structures; the second opening having
sidewalls extending along the source-side select-gate
material, the drain-side select-gate material, and the
charge-storage structures;

lining the sidewalls of the second opening with gate dielec-

tric;

punching through a bottom of the lined second opening to

extend the second opening into the source material; and
forming channel material within the extended second
opening.
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16. The method of claim 15 wherein the channel material
forms a solid plug within the extended second opening.

17. The method of claim 15 wherein the channel material
forms a hollow plug within the extended second opening.

18. The method of claim 15 wherein the source-side select-
gate material comprises conductively-doped semiconductor
material.

19. The method of claim 15 wherein the source-side select-
gate material comprises p-type doped silicon.

20. The method of claim 15 wherein the drain-side select-
gate material comprises metal nitride.

21. The method of claim 15 wherein the drain-side select-
gate material comprises titanium nitride.

22. The method of claim 15 wherein the drain-side select-
gate material comprises tungsten nitride.

23. The method of claim 15 wherein a protective capping
material is over the drain-side select-gate material during
formation of the first opening, and is removed prior to form-
ing the channel material.

24. The method of claim 23 wherein a protective capping
material comprises one or both of'silicon dioxide and silicon
nitride.

25. The method of claim 15 wherein the etch stop material
comprises an oxide.

May 21, 2015



