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STACKED CONNECTIONS IN 3D MEMORY AND METHODS OF

[0601]

[0062]

{0003]

[0004]

MAKING THE SAME

BACKGROUND

Ermbodiments of the present disclosure relate to three-dimensional (3D) memory
devices and fabrication methods thereof.

Flash memory devices have undergone rapid development. Flash memory devices
can store data for a considerably long time without powering (1.e., they are a form of non-
volatile memory}, and have advantages sach as high integration level, fast access, easy
erasing, and rewriting. To further improve the bit density and reduce cost of flash
memory devices, three-dimensional NAND flash memory devices have been developed.

A three-dimensional NAND flash memory device includes a stack of gate
electrodes arranged over a subsirate, with a plurality of semiconductor channels through
and intersecting word lines, into the p- and/or n-type implanted substrate. The
bottom/lower gate electrodes function as bottom/lower selective gates (BSG). The
top/upper gate electrodes function as top/upper selective gates (T8G). Back-End-of Line
(BEOL} Metal plays the role of Bit-Lines (BLs). The word lines/gate electrodes between
the top/upper selective gate elecirodes and the bottom/lower gate electrodes function as
word lines {WLs). The intersection of a word line and a semiconductor channel forms a
memory cefll. Whs and BLs are typically laid perpendicular to each other (e.g., in an X-
direction and a Y-direction), and TSGs are laid in a direction perpendicular to both the

WLs and BLs {(e.g,, in a Z-direction}

BRIEF SUMMARY

Embodiments of three-dimensional memory device architectures and fabrication
methods therefore are disclosed herein. The disclosed structures and methods for forming
connections between stacked memory structures provide numerous benefits, including,
but not hmited to improved alignment tolerance between the stacked memory structures

and superior etch-stop capability.



WO 2020/034084 PCT/CN2018/100388

[06065] In some embodiments, a first memory device includes a subsirate having a first
layer stack on it. The first layer stack inclodes alternating conductor and insulator layers.
A second layer stack 1s disposed over the first laver stack where the second layer stack
also includes alternating conductor and insulator layvers. One or more vertical structures
extend through the first layers stack. A conductive material 1s disposed on a top surface
of the one or more vertical structures. One or more second vertical structures extend
through the second laver stack and through a portion of the conductive material.

{e006] In some embodiments, a second memory device includes a substrate having a first
layer stack on it. The first laver stack includes alternating conductor and insulator layers.
A second layer stack 1s disposed over the first layer stack where the second layer stack
also includes alternating conductor and insulator layers. One or more vertical structures
extend through the first layer stack. A conductive material is disposed on a top surface of
the one or more vertical structures. One or more second vertical structures extend through
the second layer stack and abut a top surface of the conductive material

10067] Inn some embodiments, a third memory device includes a substrate having a first
layer stack on it. The first layer stack includes alternating conductor and insulator layers.
One or more vertical structures extend through the first layer stack. A conductive material
is disposed on a top surface of the one or more vertical structures. An insulating layer s
disposed over the first laver stack and over the conductive material. A second layer stack
13 disposed over the insulating layer where the second layer stack also mcludes
alternating conductor and nsulator lavers. One or more second vertical structures extend
through the second laver stack and through the msulating layer to abut a top surface of
the conductive material.

[6608] In some embodiments, the one or more first vertical structures includes one or
more first NAND strings and the one or more second vertical structures includes one or
more second NAND strings.

[6669] In some embodiments, each of the one or more first NAND strings and the one or
more second NAND strings includes a plurality of layers surrounding a core insulating

material.
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In some embodiments, the plurality of layers includes a stack consisting of a first
oxide layer, a nitride laver, a second oxide layer, and a polysilicon layer.

In some embodiments, dopants originating from the conductive material are
present in portions of the polysilicon laver adjacent to the conductive material.

In some embodiments, the conductive material includes doped polysilicon.

In some embodiments, a portion of the conductive material surrounds a lower end
of the one or more second vertical structures.

In some embodiments, the insulating layer comprises aluminum oxide.

In some embodiments, the insulating laver surrounds a lower end of the one or
more second vertical structures.

In some embodiments, a method to form the first NAND memory device includes
forming a first layer stack over a substrate, the first layer stack including alternating
sacrificial and dielectric layers, and forming one or more first openings through the first
layer stack. The method also includes forming one or more first vertical structures in the
one or more first openings. The method includes removing a top portion of the one or
more first vertical structures to form one or more first recesses, and depositing a
conductive material within the one or more first recesses. The method also includes
forming a second layer stack over the first layer stack, the second layer stack including
alternating sacrificial and dielectric lavers, and forming one or more second openings
through the second layer stack and through a portion of the conductive material. The
method also includes forming one or more second vertical structures in the one or more
second openings.

In some embodiments, a method to form the second NAND memory device
mcludes forming a first layer stack over a substirate, the first layer stack mcluding
alternating sacrificial and dielectric lavers, and forming one or more first openings
through the first layer stack. The method also includes forming one or more first vertical
structures in the one or more first openings. The method includes removing a top portion
of the one or more first vertical structures to form one or more first recesses, and
depositing a conductive matenial within the one or more first recesses. The method
mmcludes removing a top portion of the conductive matenial to form one or more second
3
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[0¢18]

[0019]

[0021]

recesses and forming an msulating material 1n the one or more second recesses. The
method also mcludes forming a second layer stack over the first layer stack, the second
layer stack including alternating sacrificial and dielectric layers, and forming one or more
second openings through the second layer stack and through a portion of the msulating
material. The method includes removing the msulating material and forming one or more
second vertical structures in the one or more second openings.

In some embodiments, a method to form the third NAND memory device
includes forming a first layer stack over a substrate, the first layer stack meluding
alternating sacrificial and dielectric layers, and forming one or more first openings
through the first layer stack. The method also includes forming one or more first vertical
structures in the one or more first openings. The method includes removing a top portion
of the one or more first vertical structures to form one or more first recesses, and
depositing a conductive material within the one or more first recesses. The method
includes depositing an insulating layer over the first layer stack and over the conductive
material. The method also includes forming a second layer stack over the insulating laver,
the second lavyer stack including alternating sacrificial and dielectric layers, and forming
one or more second openings through the second layer stack and through the insulating
layer. The method includes removing additional portions of the insulating layer at the
bottom of the one or more second openings and forming one or more second vertical
structures in the one or more second openings.

In some embodiments, forming the one or more first vertical structures includes
depositing a plurality of lavers comprising a first oxide laver, a mitride layer, a second
oxide layer and a polysilicon laver, depositing a core insulator material.

In some embodiments, removing a top portion of the one or more first vertical
structures mcludes etching back a portion of the core insulator material using a first
etching process; etching back a portion of the polysilicon layer using a second etching
process, and etching back a portion of the first oxide layer, the mitride layer, and the
second oxide layer using one or more other stching processes.

In some embodiments, the method to form any of the first, second, or third
memory devices further inchudes annealing the memory device such that dopaunts from
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the conductive material diffuse 1nto the polysilicon layer adjacent to the conductive
material,

[6022] In some embodiments, depositing the conductive material includes depositing
polysilicon.

{6623} In some embodiments, the method to form any of the first, second, or third
memory devices further includes removing the sacrificial layers of the first layer stack
and the second layer stack, and replacing the removed sacrificial layers of the first layer
stack and the second layer stack with conductive layers.

{0024} In some embodiments, depositing the insulating material includes depositing
aluminum oxide,

10025] In some embodiments, depositing the nsulating layer includes depositing
aluminum oxide.

{0026} The three-dimensional memory devices provided by the present disclosure are
fabricated using different processes that improve alignment folerance and etch-stop
selectivity when forming the connections between stacked NAND memory strings. The
different embodiments involve different materials and processes used when fabricating

the connections between upper and lower NAND memory strings.

BRIEF DESCRIPTION OF THE DRAWINGS

0027} Aspects ot the present disclosure are best understood from the following detailed
description when reading with the accompanying figures. It 15 noted that, in accordance
with the common practice in the industry, various features are not drawn to scale. In fact,
the dimensions of the various features may be arbitrarily increased or reduced for clarity
of 1llustration and discussion.

0928] FIG. 1 s an dlustration of a three-dimensional memory device.

[8029] FIG. 2 iflustrates a side view of a three-dimensional memory structure at a stage
of an exemplary fabrication process, according to some embodiments.

{8030] FIG. 3 illustrates a side view of a three-dimensional memory structure at a stage

of an exemplary fabrication process, according to some embodiments.

-5.
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{0031} FIG. 4 dlustrates a side view of a three-dimensional memory structure at a stage
of an exemplary fabrication process, according to some embodiments,

0932] FIGs. 5A — SF illustrate side views of a three-dimensional memory structure at
different stages of an exemplary fabrication process, according to a first embodiment.

16033} FIGs. 6A — 6F illustrate side views of a three-dimensional memory structure at
different stages of an exemplary fabrication process, according to a second embodiment.

{6034} FIGs. 7A — 7F illustrate side views of a three-dimensional memory structure at
different stages of an exemplary fabrication process, according to a third embodiment.

0035} FIG. 8 1s an illustration of a fabrication process for forming a three-dimensional
memory structure, according to a first embodiment.

10036] FIG. 9 15 an illustration of a fabrication process for forming a three-dimensional
memory structure, according to a second embodiment.

10037} FiG. 16 1s an illustration of a fabrication process for forming a three-dimensional

memory structure, according to a third embodiment.

DETAILED DESCRIPTION

[6938] Although specific configurations and arrangements are discussed, it should be
understood that this is done for dlustrative purposes only. A person skilled in the
pertinent art will recoguize that other configurations and arrangements can be used
without departing from the spirit and scope of the present disclosure. It will be apparent
1o a person skilled m the pertinent art that the present disclosure can also be employed 1n
a variety of other applications.

[0039] It 1s noted that references n the specification to “one embodiment,” “an

embodiment,” “an example embodiment,” “some embodiments,” etc.| indicate that the

embodiment described may include a particular feature, stracture, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases do not necessarily refer to the same embodiment.

Further, when a particular feature, structure or characteristic is described mn connection

with an embodiment, it would be within the knowledge of a person skilled in the
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[0040]

{0041

[0042]

[0043]

pertinent art to effect such feature, structure or characteristic in connection with other
embodiments whether or not explicitly described.

In general, terminology may be understood at east in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon
context, may be used to describe any feature, structure, or characteristic in a singular
sense or may be used to describe combinations of features, structures or characteristics in
a plural sense. Similarly, terms, such as “a,” “an,” or “the,” again, may be understood to
convey a singular usage or to convey a plural usage, depending at least in part upon
context.

2

It should be readily understood that the meaning of “on,” “above,” and “over” in
the present disclosure should be interpreted in the broadest manner such that “on” not
only means “directly on” something but also includes the meaning of “on” something
with an intermediate feature or a layer therebetween, and that “above” or “over” not only
means the meaning of “above” or “over” something but can also include the meaning it is
“above” or “over” something with no intermediate feature or layer therebetween (ie,,
directly on something).

93

Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“upper,” and the like, may be used herein for ease of descripiion to describe one element
or feature’s relationship to another element(s) or feature(s) as illustrated in the figures.
The spatially relative terms are intended to encompass different orientations of the device
in use or operation i addition to the orientation depicted in the figures. The apparatus
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may likewise be interpreted accordingly.

As used herein, the term “substrate” refers to a material onto which subsequent
material lavers are added. The substrate itself can be patterned. Matenials added on top of
the substrate can be patterned or can remain unpatterned. Furthermore, the substrate can
mnclude a wide array of semiconductor materials, such as silicon, germanium, gallium
arsenide, mdium phosphide, etc. Alternatively, the substrate can be made from an

electrically non-conductive material, such as a glass, a plastic, or a sapphire wafer.

~1
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[0044]

10045

[0646]

[0047]

As used heremn, the term “layer” refers to a matenial portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying
structure, or may have an extent less than the extent of an underlying or overlying
structure. Further, a layer can be a region of a2 homogeneous or inhomogeneous
continuous structure that has a thickness less than the thickness of the continucus
structure. For example, a layer can be located between any pair of horizontal planes
between, or at, a top surface and a bottom surface of the continuocus structure. A layer can
extend horizontally, vertically, and/or along a tapered surface. A substrate can be a layer,
can include one or more layers therein, and/or can have one or more layer thereupon,
thereabove, and/or therebelow. A layer can include multiple layers. For example, an
interconnect layer can include one or more conductor and contact layers (in which
contacts, interconnect lines, and/or vias are formed) and one or more dielectric layers.

As used herein, the term “nomunal/nommally” refers to a desired, or target, value
of a characteristic or parameter for a component or a process operation, set during the
design phase of a product or a process, together with a range of values above and/or
below the desired value. The range of values can be due to slight variations in
manufacturing processes or tolerances. As used herein, the term “about” indicates the
value of a given quantity that can vary based on a particular technology node associated
with the subject semiconductor device. Based on the particular technology node, the term
“about” can indicate a value of a given quantity that varies within, for example, 10-30%
of the value (e.g., £10%, £20%, or £30% of the value).

As used herein, the term “3D memory device” refers to a senuconductor device
with vertically oriented strings of memory cell transistors (referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrate so that the memory
strings extend in the vertical direction with respect to the substrate. As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of a
substrate.

In the present disclosure, for ease of description, “tier” 1s used to refer to elements
of substantially the same height along the vertical direction. For example, a word line and
the underlying gate dielectric layer can be referred to as “a tier,” a word line and the
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{0048

{0049

[0056]

underlying insulating layer can together be referred to as “a tier,” word lines of
substantially the same height can be referred to as “a tier of word lines” or similar, and so
on.

Any of the memory devices described herein can be used in an elecironic system,
such as, for example, portable electronics, computers, or wearable electronics.

FIG. 1 illustrates a portion of a three-dimensional NAND flash memory device
100. The flash memory device 100 includes a substrate 101, an insulating layer 103 over
substrate 101, a tier of lower selective gate electrodes 104 over the insulating layer 103,
and a plurality of tiers of control gate electrodes 107 stacking on top of bottom selective
gate electrodes 104 to form an alternating conductor/dielectric stack. The flash memory
device also inchudes a tier of upper selective gate electrodes 109 over the stack of control
gate electrodes 107, doped source line regions 120 in portions of substrate 101 between
adjacent lower selective gate electrodes 104, and NAND strings 114 through upper
selective gate electrodes 109, control gate electrodes 107, lower selective gate electrodes
104, and insulating layer 103. NAND strings 114 includes a memory film 113 over the
inner surface of NAND strings 114 and a core filling film 115 surrounded by memory
film 113, The flash memory device 100 further includes a plurality of bit lines 111
connected to NAND strings 114 over upper selective gate electrodes 109 and a plurality
of metal interconnects 119 connected to the gate electrodes through a plurality of metal
contacts 117 Insulating layers between adjacent tiers of gate electrodes are not shown in
FIG. 1 for clanty. The gate electrodes include upper selective gate electrodes 109, control
gate electrodes 107 {e.g, also referred to as the word lines), and lower selective gate
electrodes 104,

In FIG. 1, for illustrative purposes, three tiers of control gate electrodes 107-1,
107-2, and 107-3 are shown together with one tier of upper selective gate electrodes 109
and one tier of lower selective gate electrodes 104, Each tier of gate electrodes have
substantially the same height over substrate 101. The gate electrodes of each tier are
separated by gate line shits 108-1 and 108-2 through the stack of gate electrodes. Each of
the gate electrodes in a same tier 15 conductively connected to a metal interconnect 119
through a metal contact 117. That s, the number of metal contacts formed on the gate
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electrodes equals the number of gate electrodes (1.¢., the sum of all upper selective gate
electrodes 109, control gate electrodes 107, and lower selective gate electrodes 104),
Further, the same nurber of metal interconnects 13 formed to connect to each metal
contact via. In some arrangements, additional metal contacts are formed to connect to
other structures beyond the gate electrodes, such as, for example, dummy structures.

{8051} When forming NAND strings 114, other vertical structures may also be formed
that extend through the tiers of control gate electrodes 107-1, 107-2, and 107-3 down to
substrate 101. Examples of other vertical structures include through array contacts (TACs)
that may be used to make electrical connection with components above and/or below the
tiers of gate electrodes. These other vertical structures are not illustrated in FIG. 1 for
clarity.

[6052] For illustrative purposes, similar or same parts i1 a three-dimensicnal NAND
device are labeled using same element numbers. However, element numbers are merely
used to distinguish relevant parts in the Detatled Description and do not indicate any
similarity or difference in functionalities, compositions, or locations. The structures 200-
400 dlustrated in FIG. 2 to FIG. 4 are each part of a three-dimensional NAND memory
device. FIGs. 5A — 5F illustrate an example fabrication process for forming connections
between stacked NAND strings, according to a first embodiment. FIGs. 6A — 6F illustrate
an example fabrication process for forming connections between stacked NAND strings,
according to a second embodiment. FIGs. 7A — 7F illustrate an example fabrication
process for forming connections between stacked NAND strings, according to a third
embodiment. Other parts of the memory devices are not shown for ease of description.
Although using three-dimensional NAND devices as examples, in various applications
and designs, the disclosed structures can also be applied 1n similar or different
semiconductor devices to, e.g., reduce the number of metal connections or wiring. The
specific application of the disclosed structures should not be limuted by the embodiments
of the present disclosure. For illustrative purposes, word lines and gate electrodes are
used mierchangeably to describe the present disclosure,

{8653} FIGs. 2 — 4 illustrate side views (along the X-axis) of various fabrication stages of
an example NAND memory device, according to some embodiments.

-10 -
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[0054]

[6G35]

[6056]

[0057]

FIG. 2 dlustrates an exemplary structure 200 for forming a three-dimensional
memory structure, according to some embodiments. In some embodiments, structure 200
includes a substrate 202. Substrate 202 can provide a platform for forming subsequent
structures. Such subsequent structures are formed on a front {e.g., top) surface of
substrate 202. And such subsequent structures are said to be formed in a vertical direction
{e.g., orthogonal to the front surface of substrate 202} In FIG. 2, and for all subsequent
iHustrated structures, the X and Y directions are along a plane parallel to the front and
back surfaces of substrate 202, while the Z direction is in a direction orthogonal to the
front and back surfaces of substrate 202.

In some embodiments, substrate 202 includes any switable matenial for forming
the three-dimensional memory device. For example, substrate 202 can include silicon,
silicon germanium, silicon carbide, silicon on insulator (SOI), germanium on nsulator
(GO, glass, gallium nitride, gallium arsenide, and/or other suitable -V compound.

In some embodiments, an alternating sacrificial/dielectric layer stack 204 1s
formed over substrate 202. The layer stack 204 includes dielectric layers 206 alternating
with sacrificial layers 208 The formation of layer stack 204 can involve depositing
sacrificial layers 208 to each have the same thickness or to have different thicknesses.
Example thicknesses of sacrificial layers 208 can range from 20 nm to 500 nm. Similarly,
dielectric layers 206 can each have the same thickness or have different thicknesses.
Example thicknesses of dielectric layers 206 can range from 20 nm to 500 nm. Another
dielectric material 207 1s deposited over layer stack 204. Dielectric material 207 has the
same material composition of dielectric layers 206, according to some emboduments.

The dielectric material of sacrificial layers 208 is different from the dielectric
material of dielectric layers 206, according to an embodiment. For example, each of
sacrificial layers 208 can be silicon nitride while each of dielectric layers 206 can be
silicon dioxide. Other example materials for each of sacrificial layers 208 include poly-
crystalline silicon, poly-crystalline germanium, and poly-crystalline germanium-sificon.
The dielectric materials used for any of dislectric layers 206 or sacrificial lavers 208 can
mclude silicon oxade, silicon nitride, silicon oxyniride, or any combination thereof,
Although only eleven total layers are iHustrated in layer stack 204, 1t should be

211 -
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understood that this 1s for dlustrative purposes only and that any number of dielectric
layers may be included in layer stack 204,

j0058] Layer stack 204 mncludes a portion having a staircase structure where each of at
least sacrificial layers 208 terminate at a different length in the horizontal “X direction.
This staircase structure allows for elecirical contact to connect each of the word lines of
the memory device.

{0059} In some embodiments, a plurality of first vertical structures 210 are formed
through layer stack 204 and extending down to an epitaxially grown material 209
Epitaxially grown material 209 can include epitaxially grown silicon, and may extend
into a portion of substrate 202. Plurality of first vertical structures 210 can be a plurality
of NAND strings that include a plurality of memory layers 212 and a core insulator 214,
Plurality of memory layers 212 can include a semiconductor channel laver, such as
amorphous silicon, polysilicon, or single crystalline silicon. Plurality of memory layers
212 can also include a tunneling layer, a storage layer (also known as “charge
trap/storage layer”), and a blocking layer. The blocking laver, the storage layer, the
tunneling layer, and the semiconductor channel layer are arranged over one another on
the sidewalls in the order listed (with the blocking layer deposited first and the
semiconductor channel layer deposited fast), according to some embodiments. The
tunneling layer can include silicon oxide, silicon nitride, or any combination thereof. The
blocking laver can include silicon oxide, silicon nitride, high dielectric constant (high-k)
dielectrics, or any combination thereof. The storage layer can include silicon nitride,
silicon oxyritride, silicon, or any combination thereof. In some embodiments, plurality of
memory layers 212 includes silicon oxide/silicon nuride/silicon oxide (ONO) dielectrics
(e.g., a tunneling laver including silicon oxide, a storage layer including silicon nitride,
and a blocking laver including silicon oxide). Core insulator 214 can be any dielectric
material, such as oxide, for example. A diameter of first vertical structures 210 can be
between about 100 mim and 200 nm.

{0966] In some embodiments, the formation of plurality of first vertical structures 210
mcludes etching a plurality of openings through layer stack 204 and mto a portion of
substrate 202. Epitaxially grown material 209 s then formed at the bottom of the
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plurality of openings, followed by deposttion of plurality of memory layers 212 and
deposition of core insulator 214. A chemical mechanical polishing process {CMP} may
also be performed to planarize a top surface of structure 200 following the formation of
plurality of first vertical structures 210. Hach of the various layers of plurality of memory
layers 212 can be formed using any suitable deposition technique, such as spuitering,
evaporation, of chemical vapor deposition (CVD). Example CVD techniques include
plasma-enhanced CVD (PECVD}, low pressure CVD (LPCVD), and atomic layer
deposttion {ALD). Sumlarly, core mnsulator 214 can be formed using any of the
technigues described above.

{6061 FIG. 3 illustrates an exemplary structure 300 for forming the three-dimensional
memory device, according to some embodiments. A top portion of first vertical structures
210 1s etched to form recesses that are filled with a conductive material 302. In some
embodiments, conductive material 302 is provided to form a connection between
plurality of first vertical structures 210 and a plurality of second vertical structures
formed over plurality of first vertical structures 210 as illustrated in FIG. 4. In some
embodiments, conductive material 302 includes polysilicon.

06062} FIG. 4 illustrates an exemplary structure 400 for forming the three-dimensional
memory device, according to some embodiments. A second alternating
sacrificial/dielectric layer stack 402 1s formed over first layer stack 204, according to
some embodiments. Layer stack 402 includes dielectric layers 404 alternating with
sacrificial layers 406. The formation of laver stack 402 can involve depositing sacrificial
layers 406 to each have the same thickness or to have different thicknesses. Example
thicknesses of sacrificial lavers 406 can range from 10 nm to 60 nm. Stmilarly, dielectric
layers 404 can each have the same thickness or have different thicknesses. Example
thicknesses of dielectric layers 404 can range from 10 nm to 60 nm. Another dielectric
material 407 1s deposited over layer stack 402, Dielectric material 407 has the same
material composition of dielectric layers 404, according to some embodiments.

0963] The dielectric material of sacrificial layers 406 s different from the dielectric
material of dielectric layers 404, according to an embodiment. For example, each of
sacrificial layers 406 can be silicon nitride while each of dielectric layers 404 can be
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{0064

[B065]

[0066]

silicon dioxide. Other example materials for each of sacrificial layers 406 include poly-
crystalline silicon, poly-crystalline germanium, and poly-crystalline germanium-sificon.
The dielectric materials used for any of dislectric layers 404 or sacrificial layers 406 can
include silicon oxade, silicon nitride, silicon oxyntiride, or any combination thereof.
Although only eleven total layers are itlustrated in layer stack 402, it should be
understood that this is for itllustrative purposes only and that any number of dielectric
layers may be included in layer stack 402, Dielectric lavers 404 can have the same
material composition as dielectric layers 206 from laver stack 204. Sacrificial layers 406
can have the same material composition as sacrificial layers 208 from layer stack 204.

Layer stack 402 includes a portion having a staircase structure where each of at
least sacrificial layers 406 terminate at a different length in the horizontal “X direction.
This staircase structure allows for electrical contact to connect each of the word lines of
the memory device.

According to some embodiments, a plurality of second vertical structures 408 are
formed through layer stack 402 and substantially aligned over plurality of first vertical
structures 210. Plurality of second vertical structures 408 can be a plurality of NAND
strings that include a plurality of memory layers and a core insulator just as those
described for plurality of first vertical structures 210. According to some embodiments, a
top portion of plurality of second vertical structures 408 1s etched to form recesses that
are filled with another conductive material 410, such as for example, polysilicon.

During any of the llustrated fabrication stages of structure 200, 300, or 400,
sacrificial layers 208 of laver stack 204 and/or sacrificial layers 406 of second laver stack
402 can be removed and replaced with conductor layers to form alternating
msulator/conductor stacks. Sacrificial layers 208/406 can be removed by a suitable
etching process, e.g., an isotropic dry etch or a wet etch. The etching process can have
sufficiently high etching selectivity of the material of sacrificial layers 208/406 over the
materials of other parts of the structure, such that the etching process can have minmmal
fmpact on the other parts of the structure. In some embodiments, sacrificial layers
208/406 mclude stlicon nitride and the etchant of the 1sotropic dry etch includes one or
more of CFy, CHF;, C4Fs, C4Fs, and CH,F,. The radio frequency (RF) power of the
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isotropic dry etch can be fower than about 100 W and the bias can be lower than about 10
V. In some embodiments, sacrificial layers 208/406 mclude silicon nitride and the etchant
of the wet etch includes phosphoric acid. In some embodiments, dielectric layers 206/404
can be removed such that empty space (vacuum) exists between the conductor layers. The
vacuum space between the conductor layers acts as an insulating layer and may help
reduce parasitic capacitance

{6067} The conductor layers used to replace sacrificial layers 208/406 can include
conductor materials including, but not limited to, W, Co, Cu, Al, doped silicon, silicides,
or any combination thereof. Each of the conductor layers can be deposited into the
regions left behind by the removal of sacrificial layers sacrificial layers 208/406 using a
suitable deposition method such as CVD, sputtering, MOCVD, and/or ALD.

[6068] Duscussion will now proceed with various fabrication embodiments for forming
the connecting regions between plurality of first vertical structures 210 and plurality of
second vertical structures 408.

16069} FIGs. SA — 5F illustrate cross sections of a semiconductor structure during a
fabrication process, according to a first embodiment. Fig. SA illustrates first vertical
structures 210 extending through layer stack 204 and having a plurality of memory layers
including a first oxide layer 504, a nitride layer 506, a second omade layer 508, and a
semiconductor faver 510, In some embodiments, first oxide layer 504 acts as a blocking
layer, mtride layer 506 acts as a storage layer, second oxide layer SO8 acts as a tunneling
layer, and semiconductor laver 510 acts as a channel layer through which current can
flow. Semiconductor layer 510 can be polysilicon. In some embodiments, a top dielectric
layer 502 is disposed over layer stack 204,

[0976] According to some embodiments, a core 1nsulator 512 of first vertical structures
210 15 etched back to form recesses 514, Core insulator 512 can include oxide and be
etched using various wet etchants known for etching oxide, such as buffered oxide etch
(BOE) or hydrofluoric acid.

18971} FIG. 5B illustrates a process of removing exposed portions of semiconductor
layer 510 using known wet etchants. In some embodiments, senuconductor fayer 510 is
etched such that it 1s recessed below a top surface of core msulator 512,
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10672

{6674]

[0675]

[0076]

FIG. 5C ilustrates one or more etching processes being performed to etch each of
fust oxide layer 504, mitride layer 506, and second oxide layer 508, according to some
embodiments. The etching process also further etches core insulator 512 and laterally
etches into top dielectric layer 502. Dhfferent etchants may be required for etching the
various memory layers. For example, nitride layer 506 can be etched using phosphoric
acid while each of first oxide layer 504 and second oxide layer 508 can be etched using
BOE or hydrofluoric acid. A top surface of top dielectric layer 502 can be protected from
the etching using a mask layer {(not shown}. The result of the etching processes vields a
wider recess 516 at the top portions of first vertical structures 210.

FIG. 5D dllustrates the deposition of a conductive material 518 within recesses
516, according to some embodiments. Conductive material 518 can be polysilicon. A
CMP procedure can be performed to planarize a top surface of conductive material 518
In some embodiments, dopants are implanted within conductive material 518 using a
well-known 1on implantation technique. The dopants may be any n-type or p-type
dopants to further increase the conductivity of conductive material 518.

FIG. 5E illustrates the formation of the second layer stack 402 over first laver
stack 204 In some embodiments, a top dielectric layer 520 1s also formed over layer
stack 402. Openings 519 are formed through layer stack 402 and through a portion of
conductive material 518. Openings 519 can be formed using deep reactive ion etching
(DRIE). In some embodiments, the width of conductive material 518 is wider than
openings 519, which provides improved alignmuent tolerance when forming openings 519

Memory layers of second vertical structures 408 are deposited within openings
519 For example, a first oxide layer 522, a nitride layver 524, a second oxide layer 526,
and a semiconductor layer 528 are deposited, in the order listed, within openings 519 In
order to ensure that semiconductor layer 528 makes an ohmic contact with conductive
material 518, another etch can be performed through each of the memory layers at the
bottom of openings 519 to form nested recess 521, and semiconductor layer 528 is
stripped away and re-deposited within nested recess 521, according to some embodiments.

FIG. 5F lustrates the completion of the formation of second vertical structures
408, according to some embodiments. Specifically, a core insulator 530 s deposited to
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fill 2 remamder of openings 519, and subsequently recessed to provide space for
depositing a top conductive material 532. Top conductive material 532 can include
polysilicon. In some embodiments, top conductive material 532 is the same material as
semiconductor layer 528. According to some embodiments, a bottom portion of second
vertical structures 408 is surrounded by conductive material 518. Top conductive material
532 can be similarly doped as described above with respect to conductive material 518.
In some embodiments, the dopanis that are either diffused or implanted into top
conductive material 532 do not extend through the entire thickness of top conductive
material 532. According to some embodiments, a width of conductive material 518 1s
greater than widths of each of first vertical structures 210 and second vertical structures
408, such that conductive material 518 projects outward from each of first vertical
structures 210 and second vertical structures 408.

{0677} According to some embodiments, dopants from top conductive matenal 532 and
conductive material 518 can diffuse into adjacent portions of semiconductor layer 528 of
second vertical structures 408 and semiconductor layer 310 of first vertical structures 210.
The diffusion may be aided by annealing the semiconductor structure at a high
temperature between 750 and 950 °C, for about 30 minutes.

{0078} FIGs. 6A — oF illustrate cross sections of a semiconductor structure during a
fabrication process, according to a second embodiment. FIG. GA illustrates first vertical
structures 210 extending through layer stack 204 and having a plurality of memory layers
mcluding a first oxide layer 604, a mitride layer 606, a second oxide layer 608, and a
semiconductor layer 610. FIG. 6A illustrates a fabrication stage similar to that iHustrated
n FIG. 5D, and thus each of the operations discussed from FIG. SA — 5D are siularly
performed to form a conductive material 602 filling recesses at the top portions of first
vertical structures 210. Conductive material 602 can be polysilicon, and may have
properties simtlar to that of conductive matenial 518 described in FIGS. 5D - SF.

[6079] FIG. 6B illustrates the removal of a top portion of condactive material 602 to
form recesses that are subsequently filled with msulating matenal 612, according to some
embodiments. Insulating material 612 can be deposited using any known chemical or
physical vapor deposition technique. In one example, insulating material 612 1s
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alummurmn oxide. After deposition, a top surface of msulating material 612 can be
planarized using CMP.

[8956] FIG. 6C illustrates the formation of second fayer stack 402 over first layer stack
204. In some embodimenits, a top dieleciric layer 613 is formed over layer stack 402.
Openings 614 are formed through layer stack 402 and through a portion of insulating
material 612, Gpenings 614 can be formed using DRIE. In this arrangement, insulating
material 612 can act as an etch-stop material for the etching of openings 614, and can
protect the underlying conductive material 602 from being etched by the formation of
openings 614. In some embodiments, the widih of both conductive material 602 and
msufating material 612 are wider than openings 614, which provides improved alignment
tolerance when forming openings 614.

{0081} FIG. 6D illustrates the formation of memory layers of second vertical structures
408 within openings 614 after the removal of insulating material 612, according to some
embodiments. For example, a first oxide layer 616, a nitride layer 618, a second oxide
layer 620, and a semiconductor layer 622 are deposited, in the order listed, within
openings 614. One or more of the memory layers also form along sidewalls of a groove at
the bottom of openings 614 that is left behind after the removal of insulating material 612.

{0082} FIG. 6E illustrates an additional etching process to punch through the memory
layers at the bottom of openings 614 to form nested recess 623, according to some
embodiments. Semiconductor layer 622 15 stripped away and re-deposited within nested
recess 023 as semiconductor layer 624, according to some ernbodiments. Semiconductor
layer 624 makes ohmic contact with conductive material 602, and can be the same
material as semiconductor layer 622,

[0083] FIG. oF iHlustrates the completion of the formation of second vertical structures
408, according to some embodiments. Specifically, a core msulator 626 1s deposited to
fill 2 remamder of openings 614, and subsequently recessed to provide space for
depostting a top conductive material 628 Top conductive material 628 can mmclude
polysiiicon. In some embodiments, top conductive material 628 s the same material as
semiconductor fayer 624, According to some embodiments, second vertical structures
408 are formed directly on a top surface of conductive material 602. Top conductive
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material 628 can be sumularly doped as described above with respect to conductive
material 602, In some embodiments, the dopants that are etther diffused or implanted into
top conductive material 628 do not extend through the entire thickness of top conductive
material 628, According to some embodiments, a width of conductive matenial 602 is
greater than widths of each of first vertical structures 210 and second vertical structures
408, such that conductive material 602 projects outward from each of first vertical
structures 210 and second vertical structures 408.

{6084] According to some embodiments, dopants from top conductive material 628 and
conductive material 602 can diffuse into adjacent portions of semiconductor layer 624 of
second vertical structures 408 and semiconductor layer 610 of first vertical structures 210,
The diffusion may be aided by annealing the semiconductor structure at a high
temperature between 750 and 950 °C, for about 30 nunutes.

{0085 FiGs. 7A — 7F illustrate cross sections of a semiconductor structure during a
fabrication process, according to a third embodiment. FIG. 7A illustrates first vertical
structures 210 extending through layer stack 204 and having a plurality of memory layers
including a first oxide layer 704, a nitride layer 706, a second oxide layer 708, and a
semiconductor layer 710. FIG. 7A illustrates a fabrication stage similar to that illustrated
in FIG. 5D, and thus each of the operations discussed from FIG. SA — 5D are similarly
performed to form a conductive material 702 filling recesses at the top portions of first
vertical structures 210, Conductive material 702 can be polysilicon, and may have
properties similar to that of conductive material 518 described in FIGS. 5D — 5F.

[6986] FIG. 7B illustrates the deposition of an insulating laver 712 over layer stack 204
and on a top surface of conductive matenial 702, Tnsulating layer 712 can be deposited
using any known chemical or physical vapor deposition technique. In one example,
msulating layer 712 15 alununum oxide. After deposition, a top surface of insulating layer
712 can be planarnized using CMP.

[6087] FIG. 7C iftostrates the formation of second layer stack 402 over first layer stack
204. In some embodiments, a top dielectric layer 713 1s formed over layer stack 402,
Openings 714 are formed through layer stack 402 and through a portion of insulating
layer 712. Openings 714 can be formed using DRIE. In this arrangement, insulating fayer
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712 can act as an etch-stop material for the etching of openings 714, and can protect the

underlying conductive material 702 from being etched by the formation of openmgs 714
In some embodiments, the width of conductive material 702 is wider than openings 714,
which provides improved alignment tolerance when forming openings 714.

0038} FIG. 7D illustrates the removal of a portion of insulating layer 712 from the
botiom of openings 714, according to some embodiments. Portions of insulating layer
712 can be removed using standard wet gichants such that lateral portions of insulating
layer 712 are eiched beneath layer stack 402. Insulating layer 712 can be etched antil 2
significant portion of a top surface of conductive material 702 is exposed. Removing the
portions of insufating layer 712 creates a groove 716 at the lower end of openings 714,
according to seme embodiments. Other portions of insulating layer 712 remain between
adjacent openings 714, according to some embodiments.

{0089} FiG. 7E illustrates the formation of memory lavers of second vertical structures
408 within openings 714 after the removal of the portions of insulating laver 712,
according to some embodiments. For example, a first oxide layer 718, a nitride layer 720,
a second oxide layver 722, and a semiconductor laver 724 are deposited, in the order listed,
within openings 714. Each of the memory layers also form along sidewalls of groove 716
at the bottom of openings 714 that 15 left behind after the removal of the portions of
msulating layer 712

{0096} An additional etching process can be performed to punch through the memory
layers at the bottom of openings 714 to form nested recess 723, according to some
embodiments. Semiconductor layer 724 15 stripped away and re-deposited within nested
recess 723, according to some embodiments. Serntconductor layer 724 makes ohmic
contact with conductive material 702.

[6091] FIG. 7F ilustrates the completion of the formation of second vertical structures
408, according to some embodiments. Specifically, a core msulator 726 1s deposited to
fill a remainder of openings 714, and subsequently recessed to provide space for
depositing a top conductive material 728, Top conductive material 728 can include
polysilicon. In some embodiments, top conductive matenial 728 is the same material as
sericonductor laver 724, According to some embodiments, second vertical structures
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408 are formed directly on a top surface of conductive matenial 702, Top conductive
material 728 can be similarly doped as described above with respect to conductive
material 702, In some embodiments, the dopants that are either diffused or implanted into
top conductive material 728 do not extend through the entire thickness of top conductive
material 728. According to some embodiments, a width of conductive material 702 1s
greater than widths of each of first vertical structures 210 and second vertical structures
408, such that conductive material 702 projects outward from each of first vertical
structures 210 and second vertical structures 408.

0092} According to some embodiments, dopants from top conductive material 728 and
conductive material 702 can diffuse into adjacent portions of semiconductor layer 724 of
second vertical structures 408 and semiconductor layer 710 of first vertical structures 210,
The diffusion may be aided by annealing the semiconductor structure at a high
temperature between 750 and 950 °C, for about 30 mmutes.

[0093] FIG. 8 1s a tlowchart of an exemplary method 800 for forming a NAND memory
device, according to the first embodiment. The operations of method 800 are generally
iHustrated in FIGs. 5A — 5F. It should be understood that the operations shown in method
800 are not exhaustive and that other operations can be performed as well before, after, or
between any of the illustrated operations. In various embodiments of the present
disclosure, the operations of method 800 can be performed in a different order and/or
vary.

6094} In operation 802, first NAND strings comprising a plurality of memory layers and
core insulators are formed in first openings through a first alternating dielectric stack
disposed over a substrate. The first alternating dielectric stack may include sacrificial
dielectric layers alternating with dielectric layers having a different material composition.
The layers of the first alternating dielectric stack can include materials including, but not
himited to, silicon oxide, silicon nitride, silicon oxynitride, or any combination thereof,
The layers of the first alternating dielectric stack can include dielectric materials
deposited by one or more thin film deposition processes including, but not inuted to,

CVD, PVD, ALD, or any combination thereof.
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[0095] According to some embodiments, the layers of the first alternating dielectric stack
have a staircase structure where each of at least the sacrificial layers terminate ata
different length i a horizontal direction over the surface of the substrate. This staircase
structure allows for electrical contact to connect each of the word lines of the memory
device

{8096] Forming the phurality of memory layers may include depositing a semiconductor
channetl layer, such as amorphous stlicon, polysilicon, or single crystalline silicon, a
tunneling layer, a storage layer (aiso known as “charge trap/storage layer”), and a
blocking layer. The blocking layer, the storage layer, the tunneling layer, and the
semiconductor channel layer may each be deposited in the order listed on the sidewalls of
the one or more first openings, according to some embodiments. The tunneling layer can
include silicon oxide, silicon nitride, or any combination thereof. The blocking layer can
include silicon oxide, silicon nitride, high dielectric constant (high-k) dielectrics, or any
combination thereof. The storage layer can include silicon nitride, silicon oxynitride,
silicon, or any combination thereof. In some embodiments, the plurality of memory
layers includes silicon oxide/silicon nitride/silicon oxide (ONO) dielecirics (e.g., a
tunneling layer including silicon oxide, a storage layer including silicon nitride, and a
blocking laver including silicon oxide).

16097} In operation 804, recesses are etched into a fop portion of the core insulator within
the first openings. The recesses may be etched using BOE or hydrofluoric acid when core
msulator is oxide.

[08098] In operation 806, the semiconductor channel layer is etched back. Wet etchants
may be used to etch the semiconductor channel, and the semiconductor channel can be
etched until 1t is recessed below a top surface of the core msulator,

6099} In operation 808, other ones of the memory lavers are etched back using one or
more wet etching processes. For example, each of the tunneling layer, storage layer, and
blocking layer may be etched in the listed order using different etch processes for each
layer.

[8100] In operation 310, a conductive material is deposited over the etched memory
layers and the etched core insulator of the first NAND memory strings. The conductive
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material can be deposited into recesses formed from the etching performed in operations
804 — BOB. The conductive material can be polysilicon and can be doped using n-type or
p-type dopants to further increase its conductivity.

[e161] In operation 812, a second alternating dielectric stack is formed over the first
alternating dielectric stack. The second alternating diglectric stack may include sacrificial
dielectric layers alternating with dielectric layers having a different material composttion.
The layers of the second alternating dielectric stack can include materials including, but
not fimited to, silicon oxide, silicon mitride, silicon oxynitride, or any combination thereof.
The layers of the second alternating dielectric stack can include dielectric materials
deposited by one or more thin film deposition processes including, but not himited to,
CVD, PVD, ALD, or any combination thereof.

[0162] According to some embodiments, the layers of the second alternating dielectric
stack have a staircase structure where each of at least the sacrificial layers terminate ata
different length in a horizontal direction over the surface of the substrate. This staircase
structure allows for electrical contact to connect each of the word lines of the memory
device.

j0103] 1n operation 814, second openings are etched through the second alternating
dielectric stack and through a portion of the conductive material. The second openings
may be substantially aligned with the first NAND strings formed 1n the first openings.
The second openings can be formed to have substantially the same diameter or cross-
sectional shape as the first NAND strings. The second openings can be formed using
DRIE.

[6104] In operation 816, top memory layers and top core insulators are deposited within
the second openings to form second NAND strings. The second NAND strings may be
formed using substantially the same processes and materials used to form the first NAND
strings. According to some embodiments, a lower portion of the second NAND strings 13
surrounded by the conductive material depostted in operation 810.

{0165] In operation 818, a top portion of the top core 1nsulators of the second NAND
strings 18 recessed using any suitable etching process, such as BOE or hydrofluoric acid
when top core insulator 1s oxide.
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[8106] In operation 820, a conductive matenal 1s deposited within the recesses of the top
core insulators. The conductive material in the recesses of the top core insulator may
mclude polysilicon. The conductive material in the recesses of the top core insulator may
be similarly doped as described above with respect to the conductive material depostted
in operation 810

[0107] According to some embodiments, after formation of the conductive material in
operation 820, an annealing process is performed to allow dopants from the conductive
material deposited in operations 810 and 820 to diffusive info the adjacent semiconductor
channels of the first NAND strings and the second NAND strings.

[6168] According to some embodiments, the sacrificial layers of the first and second
alternating dielectric stacks may be removed and replaced by conductor layers to form
first and second alternating conductor/insulator stacks at any time during method 800.

10109] FIG. 2 15 a flowchart of an exemplary method 900 for forming a NAND memory
device, according to the second embodiment. The operations of method 900 are generally
iHlustrated in FIGs. 6A — 6F. It should be understood that the operations shown in method
900 are not exhaustive and that other operations can be performed as well before, after, or
between any of the illustrated operations. In various embodiments of the present
disclosure, the operations of method 900 can be performed in a different order and/or
vary,

[0110] Operations 902 — 910 are the same as operations 802 — 810 described above in
method 800, and thus their description is not repeated here.

0111} In operation 912, a recess is etched in a top surface of the conductive material
deposited in operation 910. The recess may be etched using any standard wet or dry
processes

10112} In operation 914, the etched recess from operation 912 1s filled with an insulating
material. The msulating material can be deposited using any known chemical or physical
vapor deposition technique. In one example, the insulating material 1s aluminom oxide.
After deposition, a top surface of the imnsulating material may be planarized using CMP.

[8113] In operation 916, a second alternating dielectric stack s deposited over the first
alternating dielectric stack just as described in operation 812 of method 800.
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[8114] In operation 918, second openings are etched through the second alternating
dielectric stack and through a portion of the inselating material. The second openings
may be substantially aligned with the first NAND strings formed n the first openings.
The second openings can be formed to have substantially the same diameter or cross-
sectional shape as the first NAND strings. The second openings can be formed using
BRIE.

6115} In operation 920, the insulating material is removed from the bottom of the
second openings, leaving behind a groove at the bottom of the second openings. The
msulating material can be removed using standard wet etching procedures.

{6116 In operation 922, top memory layers and top core insulators are deposited within
the second openings to form second NAND strings. The second NAND strings may be
formed using substantially the same processes and materials used to form the first NAND
strings. According to some embodiments, one or more of the memory layers also form
along sidewalls of the groove at the bottom of the second openings that is left behind
after the removal of the insulating material in operation 920. Formation of the top
memory lavers can involve etching through the top memory lavers deposited at the
bottom of the second openings and re-depositing the semiconductor channel layer to
ensure that it makes chmic contact with the conductive material.

8117} In operation 924, a top portion of the top core insulators of the second NAND
strings is recessed using any suitable etching process, such as BOE or hydrofluoric acid
when top core insulator is oxide.

[0118] In operation 926, a conductive material 1s deposited within the recesses of the top
core insulators. The conductive material in the recesses of the top core insulator may
mclude polysilicon. The conductive material in the recesses of the top core insulator may
doped similarly to the conductive material deposited in operation 910

[0119] According to some embodiments, after formation of the conductive material m
operation 926, an annealing process 15 performed to allow dopants from the conductive
material deposited n operations 910 and 926 to diffusive into the adjacent semiconductor

channels of the first NAND strings and the second NAND strings.
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[0120] According to some embodiments, the sacrificial layers of the first and second
alternating dielectric stacks may be removed and replaced by conductor layers to form
first and second ahlternating conductor/insulator stacks at any time during method 900,

{6121 FIG. 10 15 2 flowchart of an exemplary method 1000 for forming a NAND
memory device, according to the third embodiment. The operations of method 1000 are
generally lustrated in FIGs. 7A — 7F. 1t should be understood that the operations shown
in method 1000 are not exhaustive and that other operations can be performed as well
before, after, or between any of the illustrated operations. In various embodiments of the
present disclosure, the operations of method 1000 can be performed in a different order
and/or vary.

10122] Operations 1002 — 1010 are the same as operations 802 — 810 described above in
method 800, and thus their description is not repeated here.

{0123} In operation 1012, an insulating layer is deposited over the first alternating
dielectric stack and on the top surface of the conductive material deposited in operation
1010. The msulating layer can be deposited using any known chemical or physical vapor
deposition technique. In one example, the insulating layer is aluminum oxide.

10124} In operation 1014, a second alternating dielectric stack s deposited over the first
alternating dielectric stack just as described in operation 812 of method 800

[8125] In operation 1016, second openings are etched through the second alternating
dielectric stack and through a portion of the msulating layer. The second openings may
be substantially aligned with the first NAND strings formed in the first openings. The
second openings can be formed to have substantially the same diameter or cross-sectional
shape as the first NAND strings. The second openings can be formed using DRIE.

{0126] In operation 1018, additional portions of the mnsulating layer are removed from
the bottom of the second openings, leaving behind a groove at the bottom of the second
openings. The portions of the insulating layer can be removed using standard wet etching
procedures. The insulating layer can be etched until a significant portion of a top surface
of the conductive matenial 1s exposed, according to some embodiments. Other portions of
the msulating layer remain between adjacent ones of the second openings, according to
some embodiments.
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{8127} In operation 1020, top memory layers and top core msulators are deposited within
the second openings to form second NAND strings. The second NAND sirings may be
formed using substantially the same processes and materials used to form the first NAND
strings. According to some embodiments, one or more of the memory layers also form
along sidewalls of the groove at the bottom of the second openings that is left behind
after the removal of the portions of the insulating layer in operation 1018. Formation of
the top memory layers can involve eiching through the top memory layers deposited at
the bottom of the second openings and re-deposiiing the semiconductor channel layer to
ensure that it makes ohmic contact with the conductive material.

[6128] In operation 1022, a top portion of the top core insulators of the second NAND
strings 18 recessed using any suitable etching process, such as BOE or hydrofluoric acid
when top core insulator is oxide.

{0129] In operation 1024, a conductive material is deposited within the recesses of the
top core insulators. The conductive material in the recesses of the top core msulator may
include polysilicon. The conductive material in the recesses of the top core insulator may
doped similarly to the conductive material deposited in operation 1010,

10136} According to some embodiments, after formation of the conductive material in
operation 1024, an annealing process is performed to allow dopants from the conductive
material deposited in operations 1010 and 1024 to diffusive into the adjacent
semiconductor channels of the first NAND strings and the second NAND strings.

[8131] According to some embodiments, the sacrificial layers of the first and second
alternating dielectric stacks may be rernoved and replaced by conductor lavers to form
first and second alternating conductor/insulator stacks at any time during method 1000

0132] The present disclosure describes various embodiments of three-dimensional
NAND memory device and methods of making the same. In some embodiments, a first
NAND memory device includes a substrate having a first laver stack on it. The first laver
stack includes alternating conductor and insulator layers. A second layer stack 1s disposed
over the first layer stack where the second layer stack also includes alternating conductor
and insulator layers. One or more vertical structures extend through the first layers stack.
A conductive material is disposed on a top surface of the one or more vertical structures.
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[0133]

10134]

[0135]

One or more second vertical structures extend through the second layer stack and through
a portion of the conductive material.

In some embodiments, a method to form the first NAND memory device inclodes
forming a first layer stack over a substrate, the first layer stack including alternating
sacrificial and dielectric layers, and forming one or more first openings through the first
layer stack. The method also includes forming one or more first vertical structures in the
one or more first openings. The method includes removing a top portion of the one or
more first vertical structures to form one or more first recesses, and depositing a
conductive material within the one or more first recesses. The method also includes
forming a second layer stack over the first layer stack, the second layer stack including
alternating sacrificial and dielectric layers, and forming one or more second openings
through the second layer stack and through a portion of the conductive material. The
method also mcludes forming one or more second vertical structures in the one or more
second openings.

In some embodiments, a second NAND memory device includes a substrate
having a first layer stack on it. The first layer stack includes alternating conductor and
insulator layers. A second layer stack is disposed over the first layer stack where the
second layer stack also includes alternating conductor and insulator layers. One or more
vertical structures extend through the first layer stack. A conductive material is disposed
on a top surface of the one or more vertical structures. One or more second vertical
structures extend through the second layer stack and abut a top surface of the conductive
material.

In some embodiments, a method to form the second NAND memory device
mcludes forming a first layer stack over a substirate, the first layer stack mcluding
alternating sacrificial and dielectric lavers, and forming one or more first openings
through the first layer stack. The method also includes forming one or more first vertical
structures in the one or more first openings. The method includes removing a top portion
of the one or more first vertical structures to form one or more first recesses, and
depositing a conductive matenial within the one or more first recesses. The method
mcludes removing a top portion of the conductive material to form one or more second
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16136]

[0137]

recesses and forming depositing an mmsulating material m the one or more second recesses.
The method also mcludes forming a second layer stack over the first layer stack, the
second layer stack incleding alternating sacrificial and dielectric layers, and forming one
or more second openings through the second layer stack and through a portion of the
insulating material. The method includes removing the insulating material and forming
one or more second vertical structures in the one or more second openings.

In some embodiments, a third NAND memory device includes a substrate having
a first layer stack on it. The first layer stack includes alternating conductor and insulator
layers. One or more vertical structures extend through the first layer stack. A conductive
material is disposed on a top surface of the one or more vertical structures. An insulating
layer s disposed over the first layer stack and over the conductive material. A second
layer stack is disposed over the insulating layer where the second layer stack also
includes alternating conductor and insulator layers. One or more second vertical
structures extend through the second layer stack and through the insulating layer to abut a
top surface of the conductive material.

In some embodiments, a method to form the third NAND memory device
includes forming a first layer stack over a substrate, the first layer stack including
alternating sacrificial and dielectric layers, and forming one or more first openings
through the first laver stack. The method also includes forming one or more first vertical
structures in the one or more first openings. The method includes removing a top portion
of the one or more first vertical structures to form one or more {irst recesses, and
depositing a conductive material within the one or more first recesses. The method
mncludes depositing an insulating layer over the first layer stack and over the conductive
material. The method also includes forming a second layer stack over the insulating laver,
the second layer stack mcluding alternating sacrificial and dielectric layers, and fornung
one or more second openings through the second layer stack and through the insulating
layer. The method includes removing additional portions of the insulating layer at the
hottom of the one or more second openings and forming one or more second vertical

structures in the one or more second openimgs.
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[0138] The foregoing description of the specific embodiments will so fully reveal the
general nature of the present disclosure that others can, by applying knowledge within the
skall of the art, readily modify and/or adapt for various applications such specific
embodiments, without undue experimentation, without departing from the general
concept of the present disclosure. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents of the disclosed embodiments,
based on the disclosure and guidance presented herein. It is to be undersiood that the
phraseology or terminology herein is for the purpose of description and not of limitation,
such that the terminology or phraseology of the present specification is to be interpreted
by the skilled artisan in light of the disclosure and guidance.

10139] Embodiments of the present disclosure have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and
relationships thereof The boundaries of these functional building blocks have been
arbitrarily defined herein for the convenience of the description. Alternate boundaries can
be defined so long as the specified functions and relationships thereof are appropriately
performed.

10140} The Summary and Abstract sections may set forth one or more but not all
exemplary embodiments of the present disclosure as contemplated by the inventor(s}), and
thus, are not intended to limit the present disclosure and the appended claims in any way.

0141} The breadth and scope of the present disclosure should not be limited by any of
the above-described exemplary embodiments, but should be defined only in accordance

with the following claims and thewr equivalents.
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