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(57) Abstract: A semiconductor structure includes an alternating stack of insulating layers and electrically conductive layers located
on a semiconductor layer, a memory opening vertically extending through the alternating stack and the semiconductor layer, a mem-
ory opening fill structure located in the memory opening and containing a memory film and a vertical semiconductor channel, and a
backside semiconductor source structure including a doped semiconductor material. The backside semiconductor source structure may
be polycrystalline or single crystalline.
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THREE-DIMENSIONAL MEMORY DEVICE INCLUDING
BACKSIDE SEMICORDUCTOR SOURCE STRUCTURE
AND METHODS FOR FORMING THE SAME

RELATED APPLICATIONS
{6001 ] This application claims the benefit of pricvity from U.S. Non-Provisional Patent
Application No. 18/343,118, filed June 28§, 2023; and U.S. Non-Provisional Patent
Application No. 18/343,162, filed June 28§, 2023, the entive contents of which are hereby
incorporated by reference for all purposes.

FIELD

{6062] The present disclosure relates generally to the field of semiconductor devices, and
particularly to three-dimensional memory devices including backside semiconductor source

structure and methods for forming the same.

BACKGROUND
{60037 Three-dimensional vertical NAND strings having one bit per cell are disclosed in
an article by T. Endoh et al., titled "Novel Ultra High Density Memory With A Stacked-
Surrounding Gate Transistor (8-SGT) Suuctured Cell”, IEDM Proc. (2001} 33-36.

SUMMARY
{6004] According to an aspect of the present disclosure, a semiconductor structure
comprises: an alternating stack of insulating layers and electrically conductive layers located
on a planar semiconductor layer comprising a first semiconductor material and laterally
extending along a horizontal direction; 2 wemory opening vertically extending through the
alternating stack; a memory opening fill structure located in the memory opening and
comprising a memory film and a vertical semiconductor chanuel that includes a second
semiconductor material; and a backside semiconductor source stracture comprising a third
semiconductor material and contacting the vertical semiconductor channel and the planar
semiconductor layer.
{6005] According to another aspect of the present disclosure, a method of forming a
semiconductor structure is provided. The method comprises: forming an ctch stop material
fayer over a carvier substrate; forming a planar sendconductor layer over the cich stop

material layer; forming an alternating stack of insudating layers and spacer material layers
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aver the planar semiconductor layer, wherein the spacer material layers are formaed as, or are
subsequently replaced with, electrically conductive layers; forming a memory opemng
through the alternating stack; forming a memory opening fill structure in the memory
opening, wherein the memory opening fl structure comprises a memory film and a vertical
semiconductor channel; rernoving the carrier substrate; removing the etch stop material tayer
and an end portion of the memory film to expose an end portion of the vertical semiconductor
channel and a backside surface of the planar semiconductor layer; and growing a backside
semiconductor source structure from physically exposed surfaces of the vertical
semiconductor channel and the planar sericonductor layer.

{6006] According to yet another aspect of the present disclosure, a semiconductor
structure is provided, which comprises: an alternating stack of insulating layers and
clectrically conductive layers located on a single crystalline semiconductor layer; a memory
opening vertically extending through the alternating stack and through the single crystalline
semiconductor layer; a memory opening fill structure located in the memory opening and
comprising a memory film and a vertical semiconductor channel; and a backside
semiconductor source structure comprising a doped semiconductor material, wherein the
backside semiconductor source structure comprises an epifaxial doped semiconductor portion
in contact with and in epitaxial alignment with a single crystalline structure of the single
crystalline semiconductor layer, and a polyverystaliine doped semiconductor portion in contac
with the vertical serpiconductor channel.

{60077 According to still another aspect of the present disclosure, a method of forming a
semiconductor structure is provided. The method comprises: forming an alternating stack of
insulating lavers and spacer raaterial layers over a composite substate that includes a carrier
substrate, a buried insulating layer, and a single crystalline semiconductor layer, wherein the
spacer material layers are formed as, or are subsequently replaced with, electrically
conductive layers; forming a memory opening through the alternating stack, the single
crystalline semiconductor layer, and the buried insulating laver; forming a memory opening
fill structure in the memory opening, wherein the memory opening fill structure comprises a
memory film and a vertical semiconduoctor channel; removing the carrier substrate; removing
the buried insulating layer and an end portion of the memory opening fill structure, wherein
an end portion of the vertical semiconductor channcel and a backside surface of the single

crystatline semiconduoctor layer are exposed; and forming a backside semiconductor source
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structure on the vertical semiconductor channe! and the backside surface of the single
crystatline semiconductor layer, wherein the backside semiconductor source structure
comprises an epitaxial doped semiconductor portion that is formed in contact with and in
cpitaxial alignment with a single crystalline structure of the single crystaliine semiconductor
layer, and a polycrystalline doped semiconductor portion that is formed on the vertical
semiconductor channel.

BRIEF DESCRIPTION OF THE DRAWINGS
{6008] FIG. 1 is a schematic vertical cross-sectionad view of a first exemplary structure
after formation of an etch stop material layer, a planar semiconductor layer, and an
alternating stack of insulating layers and sacrificial material layers over a carrier substrate
according to a first embodiment of the present disclosure.
{6009] FIG. 2 is a schematic vertical cross-sectional view of the first exeraplary structure
after formation of stepped surfaces and a stepped dieleciric material portion according to the
first embodiment of the present disclosure.
{60107 FIG. 3 is a schematic vertical cross-sectional view of the first exemplary structure
after formation of support openings according to the first embodiment of the present
disciosure.
{60117 FIG. 4 is a vertical cross-sectional view of the first exemplary structure after
formation of support pillar structures according to the first erbodiment of the present
disclosure.
{6012] FIG. 5A is a schematic vertical cross-sectional view of the first exemplary
structure after formation of memory openings according to the first embodiment of the
present disclosure.
{60131 FIG. 5B is a top-down view of the first exemplary structure of FIG. 5A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 5A.
{60147 FIGS. 86A — 6F are sequential vertical cross-sectional views of a memory opening
during formation of a memory opening fill structure according to an ecmbodiments of the
present disclosure.
{6015] FIG. 7A is a schematic vertical cross-sectional view of the first exemplary
structure atter formation of memory opening fill structures according to the first embodiment

of the present disclosure.
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{6016} FIG. 7B is a top-down view of the first exemplary structure of FIG. 7A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 7A.

{60177 FIG. BA is a vertical cross-sectional view of the first exemplary structure after
formation of lateral isolation trenches according to the first embodiment of the present
disclosure.

{6018] FIG. 8B is a top-down view of the first exemplary structore of FIG. 8A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. BA.

{60191 FIG. 9 is a vertical cross-sectional view of the furst exemplary structure after
formation of laterally-extending cavities according to the first embodirsent of the present
disciosure.

{6028] FIG. 143 i3 a schematic vertical cross-sectional view of the first exemplary
structure after formation of electrically conductive layers according to the first embodiment
of the present disclosure.

{60217 FIG. 11A is a vertical cross-sectional view of the first exemplary strocture after
formation of lateral isolation trench fill structures, layer contact via structures, and drain
contact via structures according to the first embodiment of the present disclosure.

{6022] FIG. 11B 1s a top-down view of the first exemplary structure of FIG. 11 A, The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 11 A,
{6023] FIG. 12 15 a vertical cross-sectional view of the first exemplary structure afier
formation of a memory die according to the first embodiment of the present disclosure,
{60247 FIG. 13 is a vertical cross-sectional view of a logie die according to the first
embodiment of the present disclosure.

{60251 FIG. 14 is a vertical cross-sectional view of the first exemplary structure after
attaching the logic dic to the memory die according to the first embodiment of the present
disciosure.

{6026] FIG. 15A is a vertical cross-sectional view of the first exemplary structure after
removal of the carrier substrate according to the first embodiment of the present disclosure.
{6027} FIG. 158 5 a magnified view of region B of FIG. 15A,

{6028] FIGS. 16A — 16D are sequential vertical cross-sectional views of a region of a
first configuration of the first exemplary structure during formation of a backside

semiconductor source structure according to the first embodiment of the present disclosure.



WO 2025/005997 PCT/US2024/011861

{00257 FIG. 16E is a vertical cross-sectional view of a region of an alternative
crbodiment for the first configuration of the first exemplary strocture.

{60307 FIGS. 17A — 17C are sequential vertical cross-sectional views of a region of a
sccond configuration of the first exemplary structure during formation of a backside
semiconductor source structure according to the first crabodiment of the present disclosure.
{60317 FIGS. 17D — 17F are sequential vertical cross-sectional views of aregionof a
thivd configuration of the first exemplary structure during formation of a backside
semiconductor source structure according to the first embodiment of the present disclosure.
{83321 FIGS. 17G — 177 are sequental vertical cross-sectional views of aregion of a
fowrth configuration of the first exemplary structure during formation of a backside
semiconductor source structure according to the first crabodiment of the present disclosure.
{6033] FIGS. 18A and 18B are scquential vertical cross-sectional views of aregionof a
fifth configuration of the first exemplary structure doring formation of a backside
semiconductor source structure according to the first embodiment of the present disclosure.
{60347 FIG. 19 15 a vertical cross-sectional view of the first exemplary structure after
formation of a source contact structure according to the first embodiment of the present
disciosure.

{6035] FIG. 24 is a schematic vertical cross-sectional view of a second exemplary
structure after formation of an alternating stack of insulating layers and sacrificial material
layers over a composite stbstrate including a carrier substrate, a buried insulating layer, and a
single crystalline semiconductor layer according to a second embodiment of the present
disclosure.

{60361 FIG. 21 is a schematic vertical cross-sectional view of the second exeraplary
structure after formation of stepped surfaces and a stepped diclectric material portion
according to the second embodiment of the present disclosure.

{60371 FIG. 22 is a schematic vertical cross-sectional view of the second exemplary
structure after formation of support openings according to the second embodiment of the
present disclosure.

{6038] FIG. 23 is a vertical cross-sectional view of the second exemplary structure after
formation of support pillar structures according to the sccond embodiment of the present

disclosure.
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{60391 FIG. 24 A is a schematic vertical cross-sectional view of the second exemplary
structure after formation of mermory openings according to the second embodiment of the
present disclosure.

{6040] FIG. 248 5 a top-down view of the second exemplary structure of Fiz. 24A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FiG. 24A.

{60417 FIGS. 25A — 25F are sequential vertical cross-sectional views of a memory
opening during formation of a memory opening fill structore according to an embodiments of
the present disclosure.

{6042] FIG. 26A 18 a schematic vertical cross-sectional view of the second exemplary
structure after formation of memory opening fill structures according to the second
cmbodiment of the present disclosure.

{6043] FIG. 26B is a top-down view of the second exemplary structure of FiGG. 26A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 26A.

{60447 FIG. 27A is a vertical cross-sectional view of the second exemplary stucture after
formation of lateral isolation trenches according to the second embodiment of the present
disciosure.

{60457 FIG. 278 1s a top-down view of the second exemplary stracture of FIG. 27A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 27TA.

{0046] FIG. 28 15 a vertical cross-sectional view of the second exemplary structure after
formation of laterally-cxtending cavities according to the second embodiment of the present
disclosure.

{60477 FIG. 29 is a schematic vertical cross-sectional view of the second exemplary
structure after formation of electrically conductive layers according to the second
cmbodiment of the present disclosure.

{6048] FIG. 30A is a vertical cross-sectional view of the second exemplary structure after
formation of lateral isolation wench fill suctures, layer contact via structures, and drain
contact via structures according to the second embodiment of the present disclosure.

{0049] FIG. 30B is a top-down view of the second exemplary structure of FiGG. 30A. The
vertical plane A — A is the cut plane of the vertical cross-sectional view of FIG. 30A.

{60507 FIG. 31 is a vertical cross-sectional view of the second exemplary structure after

formation of a memory dic according to the sccond embodiment of the present disclosure.
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{60511 FIG. 32 is a vertical cross-sectional view of the second exemplary structure after
attaching the logic dic o the memory die according to the second embodiment of the present
disciosure.

{6052] FIG. 33A is a vertical cross-sectional view of the second exemplary structure after
removal of the carricr substrate according to the second embodiment of the present
disclosure.

{6053] FIG. 33B is a magnified view of region B of FIG. 33A.

{60541 FIGS. 34A — 34C are sequential vertical cross-sectional views of a region of a first
configuration of the second exemplary structure during formation of a backside
semiconductor sovrce structure according to the second embodiment of the present
disciosure.

{B055] FIGS. 35A - 35C are sequential vertical cross-sectional views of a region of a
second configuration of the second exemplary structure during formation of a backside
semiconductor source struciure according to the sccond embodiment of the present
disclosure.

{60561 FIG. 36 is a vertical cross-sectional views of a region of a third configaration of
the second exemplary strocture after formation of a backside semiconductor source structure
according to the second embodiment of the present disclosure.

{6057} FIG. 37 is a vertical cross-sectional view of the second exemplary siructure after
formation of a source contact structure according to the second embodiment of the present
disclosure.

{6058] FIGS. 38A — 38D are sequential vertical cross-sectional views of a region of a
fourth configuration of the second exemplary structure during formation of a backside
semiconductor source structure according to the second emnbodiment of the present
disciosure.

{00391 FIG. 38E is a bottom-up view of the structure of FIG. 38D

{6060] FIGS. 39A and 398 are scquential vertical cross-sectional views of aregionof a
fifth configuration of the second exemplary structure during formation of a backside
semiconductor source struciure according to the sceond embodiment of the present

disclosure.
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{6061} FIG. 40 is a vertical cross-sectional view of the second exemplary structure after
formation of a source contact structure according to the second embodiment of the present
disciosure.

DETAILED DESCRIPTION
{0062} As discussed above, the emabodiments of the present disclosure are divected to a
three-dimensional memory device including a backside semiconductor source structure and
methods for forming the same, the various aspects of which are described below.
Embodiments of the disclosure can be emploved to form various structures including a
multifevel memory structure, non-Eimiting examples of which inclode three-dimensional
memory devices comprising a plurality of memory strings.
{6063] The drawings are not drawn fo scale. Multiple instances of an element may be
duplicated where a single instance of the element is tHustrated, unless absence of duplication
of clements is expressly deseribed or clearly indicated otherwise. Ordinals such as “first,”
“second,” and “third” are emploved merely to identify similar elements, and different
ordinals may be employed across the specification and the claims of the instant disclosure.
The term “at least one” clement refers to all possibilitics including the possibility of a single
clement and the possibility of multiple elements.
{00641 The same reference mumerals refer to the same element or similar element. Unless
otherwisec indicated, elements having the same reference nurmerals are presumed to have the
same composition and the same function. Unless otherwise indicated, a “contact” between
elements refers to a direct contact between elements that provides an edge or a swrface shared
by the elements. If two or more elements are not in divect contact with each other or among
one another, the two clements are “disjoined from” cach other or “disjoined among” one
another. As used herein, an element located “on” a second element can be located on the
exterior side of a surface of the second element or on the interior side of the second element.
As used herein, an element is located “directly on” a second element if there exist a physical
contact between a surface of the clement and a surface of the second element. As used
herein, an element is “clectrically connected 107 a second clement f there exists a conductive
path consisting of at least one conductive material between the element and the second
clement. As used herein, a “prototype’ structure or an “in-process” structure refers (o a
transient structure that is subsequently modified in the shape or composition of at least one

component therein.
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{60651 As used herein, a “layer” refers to a material portion including 4 region having a
thickness. A layer may 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 may be a region of a homogeneous or inhomogeneous continuous structure that has a
thickness less than the thickness of the continuous structure. For cxample, a layer may be
located between any pair of horizontal planes between, or at, a top swface and a bottom
surface of the continuous structure. A layer may extend horizontally, vertically, and/or along
a tapered surface. A substrate may be a layer, may inchude one or more layers therein, or
may have one or more layer thereupon, thereabove, and/or therebelow.

{6066] Generally, a semiconductor die, or a semiconductor package, can include a
memaory chip. Each semiconductor package contains onc or more dies (for example one, two,
or four). The die is the smallest unit that can independently execute coramands or report
status. Each die contains one or more planes (typically one or two). {dentical, concurrent
operations can take place on each plane, although with some restrictions. Each plane
contains a number of blocks, which are the smallest unit that can be erased in a singie crase
operation. Each block contains a number of pages, which are the smoallest unit that can be
programmed, i.e., a smaliest unit on which a read operation can be performed.

{60671 As used herein, a “semiconducting material” refers to a material having electrical
conductivity in the range from 1 x 107 S/nito 1 x 10° S/m. As used herein, a “semiconductor
material” refers to a material having electrical conductivity in the range from 1 x 107 S/m to
1 S/m in the absence of electrical dopants therein, and is capabie of producing a doped
material having electrical conductivity in a range from 1 S/fm to 1 x 107 S/m upon suitable

8¢

doping with an clectrical dopant. As used herein, an “clectrical dopant” refers to a p-type
dopant that adds a hole to a valence band within a band structire, or an n-type dopant that
adds an electron to a conduction band within a band structure. As used hergin, a “conductive
material” refers to a material having electrical conductivity greater than 1 x 10° S/m. As used
herein, an “insulator material” or a “dielectric material” refers to a material having clectrical
conductivity less than 1 x 1077 8/m. As used herein, a “heavily doped semiconductor
material” refers to a semiconductor material that is doped with electrical dopant at a
sufficiently high atomic concentration t0 become a conductive material either as formed as a
crystatline material or if converted info a crystalline material through an anneal process (for

exaraple, from an initial amorphous state), i.e., to provide electrical conductivity greater than

9.
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1x 1 §/m. A “doped semiconductor material” may be a heavily doped semiconductor
material, or may be 4 semiconductor material that ncludes electrical dopants {ie., p-type
dopants and/or n-type dopants) at a concentration that provides electrical conductivity in the
range from 1 x 107 S/mto 1 x 107 S/m. An “intrinsic semiconductor material” refers to a
semiconductor material that is not doped with clectrical dopants. Thus, a semiconductor
material may be semiconducting or conductive, and may be an intrinsic seniconductor
material or a doped semiconductor material. A doped semiconductor material may be
seraiconducting or conductive depending on the atonuic concentration of electrical dopants
therein. As used herein, a “metallic material” refers to a conductive material inchiding at
least one metallic element therein. Al measurements for electrical conductivities are made at
the standard condition.

{0068] Referring to FiG. 1, a first exeraplary structure according to a first erabodiment of
the present disclosure is illustrated. The first exeraplary stracture comprises a carrier
substrate 9, which may be a semiconductor substrate or a conductive substrate. For example,
the carrier substrate 9 may comprisc a commercially available silicon wafer. Alternatively,
the carricr subsirate 9 may comprise any material that may be removed sclective the materials
of insulating layers 32 and dielectric material portions to be subsequently formed.

{60691 Axn etch stop material layer 22 can be formed on the top surface of the carrier
substrate 9. The ctch stop material layer 22 includes a material that can function as an etch
stop material during a subscquent anisotropic cich process to be employed to form memory
openings through an alternating stack of insulating layers and spacer material layers to be
subsequently formed. In one embodiment, the eteh stop material layer 22 comprise a carbon-
based laver such as a metal-doped carbon laver; a dielectric metal oxide material laver such
as alayer of aluminum oxide, hafnium oxide, tantaluom oxide, titandum oxide, ¢fc.; or a metal
nitride layer, such as a TiN, TaN, WN, or MoN laver. The etch stop material layer 22 may be
deposited by chemical vapor deposition or physical vapor deposition. The thickness of the
cich stop material layer 22 may be in a range fron 10 noto 60 nm, such as from 15 nm 10 40
am, for example from 20 am to 30 nw, although lesser and greater thicknesses may also be
employed.

{60787 A planar semiconductor layer 24 including a first semiconductor material can be
formed over the etch stop material layer 22, The first semiconductor material may coraprise

silicon {e.g., polysilicon or amorphous silicon), germanium or a stlicon-germaniom

-10-
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compound semiconductor raaterial, and moay be formed by chemical vapor deposition, atomic
tayer deposition or physical vapor deposition. In one embodiment, the fivst semiconductor
material may have a doping of a conductivity type that is the opposite of the conductivity
type of doping in vertical semiconductor channels o be sehsequently formed. For example,
if the vertical semiconductor channels to be subsequently formed comprise a semiconductor
material (e.g., silicon) having a doping of a first conductivity type, then the first
semiconductor material of the planar semiconductor layer 24 may have a doping of a second
conductivity type. I the first conductivity type is p-type, the second conductivity type is n-
type, and vice versa. The atomic concentration of dopants of the second condactivity type in
the planar semiconductor layer 24 may be in a range from § x 10%em® w 2 x 10*Yem?®, such
as from 1 x 10"%cm® to 1 x 10%Yeny’, although lesser and greater thicknesses may also be
cmployed. The planar semiconductor layer 24 laterally extends along horizontal directions,
may have a uniform thickness throughout, which may be in a range from 10 nm to 100 nm,
although lesser and greater thicknesses may also be employed.

{60711 An alternating stack of first material layers and second material layers can be
formed over the planar semiconductor layer 24, The first material layers may be insulating
tayers, and the second material layers may be spacer material layers. In one embodiment, the
spacer material layers may comprise sacrificial material layers 42, In this case, an alternating
stack (32, 42) of insulating layers 32 and sacrificial material layers 42 can be formed over the
carrier subsirate 9. The insulating fayers 32 coraprise an insulating material such as undoped
silicate glass or a doped silicate glass, and the sacrificial material fayers 42 comprise a
sacrificial material such as silicon nitride or a silicon-germanium alioy. In one embodiment,
the insulating layers 32 (i.e., the first material layers) raay comprise silicon oxide layers, and
the sacrificial material layers 42 (i.e., the second material layers) may comprise silicon nitride
layers.

{6072] The alternating stack (32, 42) may comprise multiple repetitions of a unit layer
stack including an insufating layer 32 and a sacrificial material layer 42. The total nurnber of
repetitions of the unif layer stack within the alternating stack (32, 42) may be, for exaraple, in
a range from 8 to 1,024, such as from 32 to 256, although lesser and greater number of
repetitions may alsc be emploved. The topmost one of the insulating layers 32 is hereafter

referred to as a toproost insulating layer 327, The bottoromost one of the insulating layers 32
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is an msulating fayer 32 that is most proximal to the carrier substrate 9 is herein referred to as
a bottommost insulating layer 32B.

{6073] Each of the insulating layers 32 other than the topmost insulating layer 32 may
bave a thickness in a range froms 20 nio 1o 100 nm, such as from 30 nm to 60 poy, although
lesser and greater thicknesses may also be emaploved. Hach of the sacrificial material layers
42 may have a thickness in arange from 20 nm to 100 nm, such as from 30 nm to 60 nm,
although lesser and greater thicknesses may also be employed. In one embodiment, the
topmost insulating layer 32 moay have a thickness of about one half of the thickness of other
insulating layers 32

{60747 The first exemplary structure comprises a memory array region 100 in which a
three-dimensional array of memaory eleraents is to be subsequently formed, and a contact
region 300 in which layer contact via structurces contacting word lines are to be subsequently
formed.

{6075] While an embodiment is deseribed in which the spacer material layers are formed
as sacrificial material layers 42, the spacer material layers may be formed as electrically
conductive layers in an alternative embodiment. Geunerally, spacer material layers of the
present disclosure may be formed as, or may be subsequently replaced at least partly with,
clectrically conductive layers.

{0076] Referring to FiG. 2, optional stepped surfaces are formed in the contact region
300. As used herein, “stepped surfaces” refer to a set of surfaces that include at least two
horizontal surfaces and at least two vertical surfaces such that each horizontal swface is
adjoined to a first vertical surface that extends upward from a first edge of the horizontal
surface, and is adjoined to a sccond vertical surface that extends downward from a second
edge of the horizontal surface. A stepped cavity is formed within the volume from which
portions of the alternating stack (32, 42) are removed through formation of the stepped
surfaces. A “stepped cavity” refers {0 a cavity having stepped swrtaces.

{6077} The stepped cavity can have various stepped surfaces such that the horizontal
cross-sectional shape of the stepped cavity changes in steps as a function of the vertical
distance from the top swface of the planar semiconductor layer 24, In one embodiment, the
stepped cavity can be formed by repetitively performing a set of processing steps. The set of
processing steps can include, for example, an ctch process of a first type that vertically

increases the depth of a cavity by one or more levels, and an etch process of a second type
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that laterally expands the area to be vertically etched in a subsequent etch process of the first
type. As used herein, a “level” of a structure inchiding alternating plurality is defined as the
relative position of a pair of a first material layer and a second material laver within the
structure.

{0078] Each sacrificial material layer 42 other than a topmost sacrificial material layer 42
within the alternating stack {32, 42) laterally extends farther than any overlying sacrificial
material layer 42 within the alternating stack (32, 42} in the terrace region. The stepped
surfaces of the alternating stack (32, 42) continuously extend from a bottonunost layer within
the alternating stack (32, 42) (such as the bottommost insulating laver 32B) to a topmost layer
within the alternating stack (32, 42) {such as the topmost insulating layer 327T).

{6079] A stepped diglectric material portion 65 (i.e., an insulating fill material portion)
can be formed in the siepped cavity by deposition of a dielectric material thevein. For
example, a diclectric material such as silicon oxide can be deposited in the stepped cavity.
Excess portions of the deposited dielectric material can be removed from above the top
surface of the topmost insulating layer 32T, for example, by chemical mechanical
planarization (CMP). The remaining portion of the deposited diclectric material filling the
stepped cavity constitutes the stepped dielectric material portion 65. As used herein, a
“stepped” element refers to an element that has stepped surfaces and a horizontal cross-
sectional area that increases or decreases stepwise as a function of a vertical distance from a
top surface of a substrate on which the element is present. i silicon oxide is employed for
the stepped dielectric material portion 65, the silicon oxide of the stepped dielectric material
portion 65 may, or may not, be doped with dopants such as B, P, and/or F.

{60801 Referring to FIG. 3, an optional first etch mask layer (such as a photoresist layer)
can be formed over the alternating stack (32, 423, and can be lithographically patterned to
form openings in the contact region 300. An antsotropic etch process can be performed
transfer the pattern of the openings in the first eteh mask layer through the stepped dielectric
material portion 63 and the alternating stack (32, 42). Support openings 19 can optionally be
formed through the stepped dielectric material portion 65 and the alternating stack (32, 42} in
the contact region 300. Each of the support openings 19 can vertically extend into the carrier
substrate 9. In one embodiment, bottom swrfaces of the support openings 19 may be formed

at or below the top surface of the carrier substrate 9. The support openings 19 may have a
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diameter in a range from 68 nm to 400 nm, such as from 120 nm to 300 am, although lesser
and greater thicknesses may be employed.

{00811 Referring to FYG. 4, a dielectric fill material, such as silicon oxide, can be
deposited in the support openings 19 by a conformal deposition process. Excess portions of
the dielectric fill material can be removed from above the top surface of the topmost
insulating layer 327, for example, by a recess etch process. Each portion of the dielectric fill
material that fills a respective support opening 19 constitutes a support pillar structare 24,
which can be employed to provide structural support o the insulating layers 32 and the
stepped dielectric material portion 635 during replaceraent of the sacrificial material layers 42
with electrically conductive layers. Alternatively, the support openings 19 can be formed at
a later step at the same time as the memory openings, and the support pillar structures 20 can
be formed in the support openings 19 at the same tie as the memory opening fill structures
are formed in the memory openings, as will be described below.

{6082] Referring to FIGS. 5A and 5B, a second etch mask layer {such as a photoresist
faver) can be formed over the alternating stack (32, 42), and can be lithographically patterned
o forot openings in the moemory array region 100. An anisotropic etch process can be
performed (o transfer the pattern of the openings in the second etch mask layer through the
alternating stack {32, 42), the planar semiconductor layer 24, and the eich stop material laver
22. According to an aspect of the present disclosure, the anisotropic etch process may
comprise a first anisotropic etch step that etches the materials of the insulating fayers 32 and
the spacer material layers {such as the sacrificial matenial layers 42) selective to the first
semiconductor material of the planar semiconductor layer 24, a second anisotropic ctch step
that etches the first semiconductor roaterial selective to the material of the etch stop material
fayer 22, and a third anisotropic ctch process that etches the material of the ctch stop material
layer 22 selective to the material of the carrier subsirate 9.

{6083] Memory openings 49 can be formed through the alternating stack (32, 42), the
planar semiconductor faver 24, and the ctch stop material faver 27 in the memory array region
100. According to an aspect of the present disclosure, sequential use of selective etch
chemistries can minimize overetch of the third anisotropic etch step into a top portion of the
carrier substrate 9. Thus, bottom surfaces of the memory openings 49 may be formed within
or underneath, but in proxinuty o, a horizontal plane including the bottom surface of the etch

stop material faver 22, In one embodiment, recess distance of the bottom surfaces of the
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memory openings 49 relative o the borizontal plane including the bottom surface of the etch
stop material layer 22 may be less than the total thickaness of each memory film to be
subsequently formed, and may be in a range from O nm to 15 nm, such as from 0 nm to 10
no.

{0084] Each cluster of mermory openings 49 may comprise a plurality of rows of memory
opentngs 49. Each row of memory openings 49 may comprise a plurality of memory
opentngs 49 that are arranged along the first horizontal direction hdl with a uniform pitch.
The rows of memory openings 49 roay be laterally spaced among one another along the
second horizontal direction hd?2, which may be perpendicular to the first horizontal divection
hdZ. In one embodiment, each cluster of memory openings 49 may be formed as a two-
dimensional periodic array of memory openings 49. The memory openings 49 may have a
diameter in a range from 60 nm to 400 nmy, such as from 120 nuw to 300 g, although lesser
and greater thicknesses may be employed. In the alternative embodiment, the support
opentngs 19 are formed at the same time as the memory openings 4% using the same
patterned photoresist layer.

{60851 FIGS. 6A — 6F are sequential vertical cross-sectional views of a memory opening
49 duoring formation of a memory opening fill structure 58 according to an embodiments of
the present disclosure.

{0086] Referring to FiG. 8A, a memory opening 4% is illustrated after the processing
steps of FIGS. 5A and 5B.

{60871 Referring to FIG. 6B, a layer stack inciuding a memory matenal layer 54 can be
conformally deposited. In an fllustrative example, the layer stack may comprise an optional
blocking diclectric layer 52, the memory material layer 34, and an optional dielectric liner 56.
The memory material laver 54 includes a memory material, 1.¢., a material that can store data
bits therein. The memory material layer 54 may comprise a charge storage material {such as
silicon mitride}, a fervoelectric material, a phase change memory material, or any other
memory material that can store data bits by inducing a change in the electrical resistivity,
ferrockectric polarization, or any other measurable physical property. In case the memory
material layer 54 comprises a charge storage material, the optional dielectric liner 56 may
comprise a tunneling dielectric layer.  The bottom surface of the blocking dielectric layer 52
may be formed at, or below, the horizontal plane including the bottont surface of the cich stop

material layer 22. In one embodiment, the raemory filn 50 may be thinner than the etch stop
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material layer 22, In this embodiment, the top surface of a horizontally-extending portion of
the optional dielectric liner 36 {or the memory material layer 54 in case the dielectric liner is
not present) may be formed below the horizontal plane including the top surface of the etch
stop material fayer 22.

{GO88] Referring to FiG. 6C, a semiconductor channel material layer 60L can be
deposited over each memory film 50 by performing a conformal deposition process. If the
semiconductor channel material laver 60L is doped, the semiconductor channel material layer
601 may have a doping of a first conductivity type, which may be p-type or n-type. The
thickness of the semiconductor channel material layver 601 may be 11 a range from 5 nm to 50
nm, such as front 10 nm to 30 nm. although lesser and greater thicknesses may also be
cployved. In one embodiment, the combination of the memory film 50 and the
semiconductor channel material faver 601 may have the same thickness as or be thinner than
the etch stop material laver 22, The top surface of a horizontally-extending bottom portion of
the semiconductor channel material layer 60L may be formed below, at or above, the
horizontal planc including the top surface of the etch stop material layer 22.

{60891 Referring to FIG. 6D, a dielectric core layer 621 comprising a dielectric fill
material, such as silicon oxide, can be deposited in remaining volumes of the memory
openings 48, While the dielectric core layer 621 can be deposited employing a conformal
deposition process, such as a chemical vapor deposition process, the conformity of the
conformal deposition process may not be perfect. Thus, the thickness of a bottom portion of
the dielectric core layer 62L at the bottom of each memory opening 49 may be less than the
thickness of an upper portion of the dielectric core layer 621 at the top of each memory
opening 49.

{60501 Referring to FIG. 6E, the diclectric core layer 621 can be vertically recessed such
that each remaining portion of the dielectric core layer has a top surface at, or about, the
horizontal plane including the bottom surface of the topmost insulating layers 32. Each
remaining portion of the diclectric core tayer constitutes a diclectric core 62.

{6091} Referring to FiG. 6F, a doped semiconductor material having a doping of a second
conductivity type can be deposited within each recessed region above the dielectric cores 62,
The second conductivity type is the opposite of the first conductivity type. For example, if
the first conductivity type s p-type, the second conductivity tvpe is n-type, and vice versa.

The dopant concentration in the deposited semiconductor material can be in a range from 3 X
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10%cm® t0 2 x 107 /em’, although lesser and greater dopant concentrations can also be
cployed. The doped semiconductor material can be, for example, doped polysilicon.
{6092] Excess portions of the deposited semiconductor material having a doping of the
sccond conductivity type and a horizontal portion of the sericonductor channel layer 60L
can be removed from above the horizontal plane including the top surface of the topmost
insulating layer 327, for example, by chemical mechanical planarization (CMPF) or a recess
etch process. Each remaining portion of the doped semiconductor matevial having a doping
of the second conductivity fype constitutes a drain region 63, Bach remaining portion of the
serniconductor channel layer 60L {which has a doping of the first conductivity type)
constitutes a vertical semiconductor channel 60,

{6093] Each portion of the layer stack including the memory material layer 54 that
remains in a respective memory apening 49 constitutes a mmerory flm 50, Inone
embodiment, a merpory film 50 may comprise an optional blocking dielectric layer 52, a
memory material layer 54, and an optional dielectyic liner 56. Each contiguous combination
of a memory film 50 and a vertical semiconductor channel 60 constitutes a memory stack
structure 35. Fach combination a memory stack structure 35, a dielectric core 62, and a drain
region 63 within a memory opening 49 constitutes a mermory opening fill soucore 58, Each
memory opening fill structure 58 comprises a respective vertical stack of memory elements,
which moay comprise portions of the memory material layer 54 located at levels of the
sacrificial materiad layers 42, or generally speaking, at levels of spacer moaterial layers that
may be formed as, or may be subsequently replaced at least partly with, electrically
conductive lavers. In the alternative embodiment, the support pillar structures 20 may be
formed in the support openings 19 at the same time as the memory opening fill structures 58
are formed in the memory openings 49, In this casc, the support pillar structures 20 comprise
the same materials as the memory opening fill structures 58.

{60947 Referring to FIGS. 7TA and 7B, the first exemplary structure is illustrated after
formation of memory opening fill structures 58 within the memaory openings 49, The
memaory apening fill structures 38 are located in the memory openings 49. Hach of the
memory opening fill structures 58 comprises a respective memory film 50 and a respective
vertical semiconductor channel 60.

{60551 Referring to FIGS. 8A and 88, a dielectric material, such as undoped silicate glass

{(i.e., silicon oxide) or a doped silicate glass can be deposited over the alternating stack (32,
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473 1o form a contact-level dielectric layer 80, The thickness of the contact-level diclectric
tayer B0 miay be in a range from 100 nm to 608 nm, such as from 200 am to 400 nm, although
lesser and greater thicknesses may also be employed.

{6096] A photoresist laver (not shown) can be applied over the contact-level dielectric
layer 80, and can be lithographically patterned to form clongated openings that laterally
extend along the first horizontal direction hdl between neighboring clusters of memory
opening fill structures 58. An anisotropic etch process can be performed to transfer the
paticrn of the openings in the photoresist layer through the contact-level diclectric layer 80,
the alternating stack (32, 42), and the stepped dielectric material portion 65, and to a top
surface of the planar semiconduoctor layer 24, Lateral isolation trenches 79 laterally
cxtending along the first horizontal direction hdl can be formed through the aliernating stack
(32, 42, the stepped diclectric material portion 63, and the contact-level dielectric layer 80,
Each of the lateral isolation trenches 79 may comprise a respective pair of lengthwise
sidewalls that are parallel to the first horizontal direction hdl and vertically extend from the
top surface of the contact-level dielectric layer 80 to the top surface of the planar
semiconductor layer 24, A surface of the planar semiconductor laver 24 can be physically
exposed underneath cach lateral isolation trench 79, The photoresist layer can be
subsequently removed, for example, by ashing.

{6097} Referring to FiG. 9, an etchant that selectively etches the material of the sacrificial
material layers 42 with respect to the material of the insulating layers 32 can be introduced
into the access trenches 79, for example, employing an isotropic etch process. Lateral
recesses 43 are formed in volumes from which the sacrificial material layers 42 are removed.
The rernoval of the sacrificial material layers 42 can be selective to the materials of the
insulating layvers 32, the stepped dielectric material portion 65, and the material of the
outermost layver of the memory films 50. In one embodiment, the sacrificial material layers
42 can include silicon nitride, and the materials of the insulating layers 32 and the stepped
dielectric material portion 65 can include silicon oxide,

{0098] The cich process that removes the second material selective to the first material
and the outermost layer of the memory films 50 can be a wet etch process employing a wet
etch solution, or can be a gas phase (dry) etch process in which the etchant is introduced in a
vapor phase into the access trenches 79, For example, if the sacrificial material layers 42

include silicon nitride, the eteh process can be a wet etch process in which the first exemplary
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structure 18 inunersed within a wet etch tank including phosphoric acid, which etches silicon
nitride selective to silicon oxide, silicon, and various other materials employed in the art. The
support piltar structure 20, the stepped dielectric material portion 63, and the memory stack
structures 55 provide structural support while the lateral recesses 43 are present within
voluraes previousty occupied by the sacrificial material layers 42.

{60997 Each lateral recess 43 can be a laterally extending cavity having a lateral
dimension that is greater than the vertical extent of the cavity. In other words, the lateral
dimension of each lateral recess 43 can be greater than the height of the lateral recess 43, A
plurality of lateral recesses 43 can be formed in the volumes from which the sccond material
of the sacrificial material layers 42 is removed. The memory openings in which the memory
stack structures 55 are formed are herein referred to as front side openings or front side
cavifies in contrast with the lateral recesses 43,

[601006]  Each of the plarality of lateral recesses 43 can extend substantially parallel to the
top surface of the carrier substrate 9. A lateral recess 43 can be vertically bounded by a top
surface of an underlying insulating layer 32 and a bottom surface of an overlying insulating
fayer 32, In one embodiment, cach fateral recess 43 can have a uniform height throughout.
{00161] Referring to FIG. 10, an outer blocking dielectric layer (not expressly illustrated in
FIG. 18y can be optionally formed. The outer blocking dielectric layer, if present, comprises
a diclectric material that functions as a control gate dielectric for the control gates to be
subsequently formed in the fateral recesses 43, In case the blocking dielectric layer 52 is
present within each memory opening, the outer blocking dielectric laver is optional. In case
the blocking dielectric layer 52 is omutted. the outer blocking dielectric layer is present.
{060102] At lcast one conductive material can be deposited in the lateral recesses 43 by
providing at least one reactant gas into the lateral recesses 43 through the access trenches 79.
A metallic barrier layer can be deposited in the iateral recesses 43. The metallic barrier layer
includes an electrically conductive metallic material that can function as a diffusion barrier
layer and/or adbesion promotion layer for a metallic fill material to be subsequently
deposited. The metallic barrier layer can include a conductive metallic nitride material suc
as TiN, TaN, WN, or a stack thereof, or can include a conductive metallic carbide material
such as TiC, Tal, W(, or a stack thereot. In one erabodiment, the metallic barrier layer can
be deposited by a conformal deposition process such as chemical vapor deposition (CVD) or

atomic layer deposition {ALD). The thickness of the metallic barrier layer can be in a range
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from 2 nra to § nm, such as from 3 o to0 & nm, although lesser and greater thicknesses can
also be employed. In one embodiment, the metallic barcier layer can consist essentially of a
conductive metal nitride such as TiN.

{00103] A metal fill material is deposited in the plurality of lateral recesses 43, on the
sidewalls of the at least one the access trench 79, and over the top surface of the contact-level
dielectric layer 80 to form a metallic fill material layer. The metallic fill material can be
deposited by a conformal deposition method, which can be, for example, chemical vapor
deposition (CVD), atomic laver deposition (ALD), electrofess plating, clectroplating, or a
combination thereof. In one ermnbodiment, the metallic fill material layer can consist
cssentially of at least one elemental metal. The at least one clemental metal of the metallic
fill material layer can be selected, for example, from {ungsten, cobalt, ruthenium, Gianium,
and tantalum. In onc erabodiment, the metallic fill material laver can consist essentially of a
single elemental metal. In one embodiment, the metallic fill material layer can be deposited
employing a fluorine-containing precursor gas such as WH6. In one embodiment, the
metallic fill material layer can be a tungsten laver including a residual level of fluorine atoms
as imapuritics. The metallic fill material layer is spaced from the insulating layers 32 and the
memory stack structures 53 by the metallic barrier layer, which is a metallic barnier layer that
blocks diffusion of flvorine atoms therethrough.

{00104] A plurality of clectrically conductive layers 46 can be formed in the plurality of
lateral recesses 43, and a contimuous metallic material layer can be formed on the sidewalls of
each access trench 79 and over the contact-level dielectric layer 80. Each electrically
conductive laver 46 includes a portion of the metaliic barrier layer and a portion of the
metaliic fill oaterial layer that are located between a vertically neighboring pair of dielectric
material layers such as a pair of insulating layers 32, The continuous metallic material layer
inchudes a continuous portion of the metallic barier layer and a continuous portion of the
metallic fill material layer that are located in the access trenches 78 or above the contact-level
diclectric layer 8.

{00105]  The deposited metallic material of the continuous clectrically conductive material
tayer is etched back from the sidewalls of each access wench 79 and from above the contact-
fevel dieleciric layer 80 by performing an isotropic etch process that etches the at least ane
conductive material of the continuous clectrically conductive material laver. Each remaining

portion of the deposited metallic material in the lateral recesses 43 constitutes an electrically
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conductive layer 46. Each electrically conductive layer 46 can be a conductive line structure.
Thus, the sacrificial material layers 42 are replaced with the electrically conductive layers 46.
Generally, the electrically conductive layers 46 can be formed by providing a metallic
precursor gas into the lateral isolation trenches 79 and into the lateral recesses 43.

{00106] At least one uppermost electrically conductive laver 46 may comprise a drain side
select gate electrode. At least one bottommost electrically conductive layer 46 may comprise
a source side select gate electrode. The remaining electrically conductive layers 46 may
comprise word lines. Hach word line functions as a common control gate electrode for the
plurality of vertical NAND strings {e.g., memory opening fill structures 58},

{00387] Referring to FYGS. 11A and 1B, a diclectric fill material, such as silicon oxade
can be depasited in the lateral isolation trenches 78, Excess portions of the dielectric fill
material can be removed from above the contact-level dielectric laver 80, Hach remaining
portion of the dielectric fill material that fills a respective one of the lateral isolation trenches
79 constitutes a lateral isolation trench fill structure 76, which may be a dielectric wall
structure. In an alternative embodiment, an insulating spacer having a tubular configuration
can be formed in peripheral portions of cach of the lateral isolation trenches 79, and a
through-stack conductive via structure may be formed within a respective one of the
insulating spacers. In this case, each lateral isolation trench fill structore 76 may comprise a
corabination of a through-stack conductive via structure and an insulating spacer that laterally
surrounds the through-stack conductive via structure.

§06168]  Contact via soructures (88, 86) can be formed through the contact-level dielectric
tayer 80, and optionally through the stepped dielectric material portion 65. For example,
drain contact via structures 88 can be formed through the contact-level dielectric layer 80 on
cach drain region 63. Layer contact via structures 86 can be formed on the electrically
conductive layers 46 through the contact-level dielectric layer 80, and through the stepped
dielectric material portion 65.

[00109]  Referning to FiG. 12, additional dicleciric material lavers and additional metal
interconnect structures can be formed over the contact-level dielectric layer 80, The
additional dielectric material layers may include at least one via-level dielectric layer, at least
one additional line-level diclectric layer, and/or at least one additional line-and-via-level
diclectric layer. The additional metal interconnect structures may comprise metal via

structures, metal line structures, and/or integrated metal line-and-via structires. The
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additional diclectric material layers that arc formed above the contact-level dickectric layer 80
are herein referred to as memory-side dielectric material layers 960. The additional metal
interconnect structures are collectively referved to as memory-side dielectric material layers
960. The memory-side diclectric material layers 960 comprise a bit-lne-level diclectric
material layer embedding bit lines, which are a subset of the memory-side metal interconnect
structures 980.

{60116] Metal bonding pads, which are herein referred to as upper bonding pads 988 or
memory-side bonding pads 988, may be formed at the topmost level of the memory-side
dielectric material layers 960. The upper bonding pads 988 may be electrically connected to
the memory-side metal interconnect structures 98{ and various nodes of the three-
dimensional memory array including the electrically conductive layers 46 and the memory
openiang fill structures 58. A meraory die 200 can thus be provided.

[60111] The memory-side dielectric raterial layers 960 are formed over the alternating
stacks (32, 46). The memory-side metal interconnect structures 980 are embedded in the
memory-side dielectric material layers 960. The memory-side bonding pads 988 can be
cmbedded within the memory-side dielectric material layers 960, and specifically, within the
topmost layer among the memory-side dielectric material layers 96{0. The memory-side
bonding pads 988 can be electrically connected to the memory-side metal interconnect
structures 980,

{603112] In one embodiment, the moemory die 900 may comprise: a three-dimensional
memory array underlying the first dielectric material layer 110 and comprising an alternating
stack (32, 463 of insvlating layers 32 and electrically conductive layers 46, a two-dimensional
array of memory openings 49 vertically extending through the aliernating stack (32, 46}, and
a two-dirmensional array of memory opening fill structures 58 located in the two-dimensional
array of memory openings 49 and comprising a respective vertical stack of memory elementis
and a respective vertical semiconductor channel 60; and a two-dimensional array of contact
via structures {such as the drain contact via structures 88) overlying the three-dirnensional
memory array and clectrically connected to a respective one of the vertical semiconductor
channels 60.

{60113] Referring to FIG. 13, a logic die 700 can be provided. The logic die 700 includes
a logic-side substrate 709, a peripheral circuit 720 located on the logic-side substrate 709 and

comprising logic-side semiconduoctor devices (such as field effect transistors), logie-side
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metal interconnect structures 780 embedded within logic-side dislectric material layers 760,
and logic-side bonding pads 778. The peripheral civeuit 720 can be configured to contol
operation of the memory array within the memory die 9. Specifically, the peripheral
circuit 720 can be configured to drive various electrical components within the memory amay
including, but not limited to, the clectrically conductive layers 46, the drain regions 63, and a
source contact structure to be subsequently formed. The peripheral circuit 720 can be
configured to control operation of the vertical stack of memory elements in the memory array
in the memory die 900,

{60114] Referming to FIG. 14, the logic die 700 can be attached to the memory die 900, for
example, by bonding the logic-side bonding pads 788 to the memory-side bonding pads 988
at 2 bonding interface. The bonding between the memory die 900 and the logic die 700 may
be performed employing a wafer-to-wafer bonding process in which a two-dimensional array
of mermory dies 900 is bonded to a two-dimensional array of logic dies 700, by a die-to-
bonding process, or by a die-to-die bonding process. The logic-side bonding pads 788 within
each logic die 700 can be bonded to the memory-side bonding pads 988 within a respective
memory die 900,

{00315] Referring to FYGS. 13A and 158, the carrier substrate 9 can be removed, for
example, by grinding, polishing, cleaving, an isotropic efch process, an anisotropic etch
process, and/or a combination thereof. If a chemical mechanical polishing process or an cich
process is emaployed as a terminal step for removing the carrier substrate 9, the ctch stop
material layer 22 may be employed as a polish stop or etch stop, respectively.

{60116] In one embodiment, at least a terminal step of at least one removal process that is
employed o remove the carrier substrate 9 may corprise a selective wet etch process that
etches the material of the carrier substrate 9 {(such as a semiconductor material of the carrier
substrate 9) selective to diglectric materials of the memory films 50, In an illustrative
example, if the carrier substrate Y comprises a semiconductor material, the terminal step of
the at least one remaoval process may comprise a wet cich process using hot trimethyl-2
bydroxyethyvl ammonium hydroxide ("hot TMY™) or tetramethy! anvmonium bhydroxide
(TMAH). The entirety of the carrier substrate 9 can be removed by the selective wet etch
process. Backside end surfaces of the support pillar structures 20 can be physically exposed

upon removal of the cartier substrate 9. Optional outer blocking dielectric layers 44 are
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illustrated in FIG. 158, cach of which embeds a respective electrically conductive layer 46.
Alternatively, the optional cuter blocking dielectric lavers 44 may be omitted.

{00117] FIGS. 16A — 16D are sequential vertical cross-sectional views of a region of a
first configuration of the first exemplary structure during formation of a backside
semiconductor source structure according to the first crabodiment of the present disclosure.
{60118] Referring to FIG. 16A, the etch stop material layer 22 can be removed selective to
the material of the planar semconductor layer 24 by performing an ashing process (i the etch
stop material layer 22 comprises a carbon layer), & selective wet eteh process or a selective
atomic layer etch (ALE) process. The eteh chemistry of the selective wet etch process or the
selective ALE process may be selected depending on the material of the etch stop material
tayver 22 and the planar semiconductor layer 24. In one embodiment, the selective wet etch
process or the selective ALE process may etch the etch stop material layer 22 selective to at
least one material of the mermory flm 30, such as the material of the blocking dielectric layer
5Z. In one embodiment, the etch stop matenial iayer 22 may be removed without physically
exposing any portion of the vertical semiconductor channel 60,

{60119] Referring to FIG. 168, an end portion of cach memory opening fll structure 58
can be removed. In one embodiment, an end portion of each memory film 50 may be
removed by performing a sequence of wet etch processes. A horizontal end portion 60H of
cach vertical semiconductor channel 60 may be physically exposed. 1n one cmbodiment, the
seguence of wet etch processes may be selective to the maierial of the vertical semiconductor
channels 60. In summary, the horizontal surface the horizontal end portion 60H of each
vertical semiconductor channel 60 may be physically exposed by removing an end portion of
the memory film 50 selective to the vertical semiconductor channels 60.

{60128] Referring to FIG. 160, a selective wet etch process may be optionally performed
to remove the physically exposed horizontal end portions 60H of the vertical semiconductor
channels 60 and to reduce a thickness of the planar semiconductor laver 24. Thus, the
thickness of the planar semiconductor layer 24 may decrease during the selective wet ctch
process. An end surface of cach diclectric core 62 can be physically exposed after the
selective wet etch process. Further, each of the vertical semiconductor channels 60 may have
a tubular configuration after the selective wet etch process. Generally, an end surface of each
vertical semiconductor channel 60 and a backside surface of the planar semiconductor layer

]

24 can be physically exposed. In one embodiment, each physically exposed end surface of
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the vertical serniconductor channels 80 may comprise an annular swrface 60A. n the fust
configuration illustated in FIGS. 16A — 16C, the etch stop material layer 22 can be removed
by performing an etch process that etches the etch stop material layer 22 selective to the
vertical seraiconductor channel 60 and the planar semiconductor layer 24 before the
horizontal end portion 60H of cach vertical semiconductor channel 60 is removed. In one
embodiment, the horizontal end portion 60H of each vertical semiconductor channel 60 may
be removed after physically exposing the horizontal end surface of each vertical
semiconductor channel 60 after the step of FIG. 16B. Then, the annular surface 60A of cach
vertical sermuconductor chanvel 60 is formed and is physically exposed around a sidewall of a
respective dielectric core 62 after the step of FIG. 16C.

{00121] Refering to FIG. 16D, a backside semiconducior source structure 26 can be
sciectively grown from physically exposed surfaces {(c.g., from the annular surface 60A) of
the vertical semiconductor channels 60 and the planar semiconductor layer 24. In one
embodiment, the backside semiconductor source structure 26 may be selectively grown
faterally (e.g., in the horizontal direction) over the exposed swfaces of memory filim 50 and
the dielectric core 62 using the annular surface 60A of the vertical semiconductor channefs 60
and the planar semiconductor layer 24 as a seed (e.g., as seed layers for selective growth).
{00122] In one embodiment, the backside semiconductor source structure 26 may be
deposited by a chernical vapor deposition process eraploying a semiconductor precursor gas
containing a plurality of atoms of a semiconductor element per molecule, in order to deposit
the backside semiconductor source structure 26 at a lower temperature. For example, if the
backside semiconductor source structure 26 comprises a silicon iayer, then the semiconductor
Precursor gas contains at feast two silicon atoras per molecule. Examples of such gases
include disilane, trisilate, tetrasilane, isotetrasilane and ncopentasilanc. In contrast, silane
{SiH4} inchudes only one silicon atom per molecule.

{00123]  According to an aspect of the present disclosure, the chemical vapor deposition
may be performed at a temperature that does not significantly degrade the copper bonding
pads and interconnects in the bonded assembly of the memory die 900 and the logic die 700,
such as a temperature of 500 degrees Celsius or less. For example, the chemical vapor
deposition process may be performed at a teraperature in a range from 300 degrees Celsius to

47235 degrees Celsius, such as from 350 degrees Celsius to 400 degrees Celsius for germanivm
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containing layers and af a temperature in a range from 400 degrees Celsius to 500 degrees
Celsius, such as from 400 degrees Celsius to 450 degrees Celsius for silicon layers.

{00324] In one embodiment, the backside semiconductor source structure 26 comprises,
and/or consisis of a silicon-based semiconductor material, a germanium-based semiconductor
material, a silicon-germaniurn compound semiconductor material, or a stack thereof.  Silicon
precursor gases including a single silicon atom per molecule are typically used in higher
temperature sihicon deposition processes. For example, silicon layers deposited asing silane,
dichlorosilane, trichlorosilane, or silicon tetrachloride are deposited by CVD at temperatures
higher than 500 degrees Celsius. According to an aspect of the present disclosure, a high
order silicon-precursor gas, such as Si2H6, Si3HE, Si4H10, SiHGiH3)3, and/or Si(5iH3)4
may be employed to deposit a silicon layer at a temperature of 500 degrees Celsius or ess.
Furthermore, germanium hydride precursor gases such as GeH4, Ge2HS6, and Ge3HE are
conducive to low-termperature nucleation.  Higher order germane gases, such as Ge2H6 and
Ge3HE may be used to deposit a germaniuni-based material at a lower temperature than a
femperature required for a germanium deposition process cmploying GeH4. Both silicon-
precursor gas and germanivm-precursor gas may be used to deposit silicon-germanium
compound semiconductor fayers.

{00125]  Generally, the backside semiconductor source structure 26 is doped with electrical
dopants of the second conductivity type cither through in-sity doping during deposition or by
performing an on raplantation process after 2 serpiconductor deposition process that
deposits an undoped semiconductor material. The backside semiconductor sowrce structure
26 as deposited may comprise and/or may consist essentially of undoped silicon, undoped
germanium or undoped silicon-germanium; doped silicon, doped germanium or doped
silicon-germanium including dopants of the second conductivity tvpe; a layer stack including
an undoped or doped silicon, germanium or silicon-germanium layer in contact with the
vertical semiconductor channels 60 and an undoped or doped silicon, germanium or silicon-
gerraanium laver that is spaced from the vertical senuconductor channels 60. Por examaple,
the layer stack may include a lower undoped semiconductor layer in contact with the vertical
semiconductor channels 60 and an upper doped semiconductor layer that is spaced from the
vertical semiconducior channels 6. I the layer stack includes both silicon and germanium
fayers, then an optional silicon-germanium laver may be located between thera. If present in

the backside semiconductor source structure 26, the silicon-germanium alloy laver may
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optionally include grading in the atomic percentage of germeanium that decreascs Or increases
with a distance from the vertical semiconductor channels.

{00126] In one embodiment, the backside semiconductor source structure 26 as deposited
may comprise an amorphous semiconductor material. In this case, the backside
semiconductor source structure 26 is converted into a polyerystalline semiconductor material
in a subsequent laser anneal process that electrically actives electrical dopants {such as
dopants of the second conductivity type). Alternatively, the backside semiconductor source
structure 26 may be deposited as a polverystalline semiconductor material. I this case, the
average grain size of the polyerystalline semiconductor roaterial in the backside
semiconductor source structure 26 may increase during a subsequently laser anneal process
that activates the electrical dopants in the backside semiconductor source structure 26.
{00127]  Generally, the backside semiconductor source structire 26 may be deposited
directly on an end surface of each vertical semiconductor channel 60 that is not vertical. The
semiconductor material of the backside semiconductor source structure 26 is herein referred
{0 as a third semiconductor material. The backside semiconductor source structure 26
contacts cach of the vertical semiconductor channels 60, and contacts the planar
semiconductor layer 24, The thickness of the horizontally-extending portion of the backside
semiconductor source layer 26 may be in a range from 30 nm to 300 nm, although lesser and
greater thicknesses may also be employed. The atomiic concentration of dopants of the
sccond conductivity type in the backside semiconductor source structure 26 may be in a range
from 5 x 1018/cm3 to 2 x 1021/em3, such as from 1 x 101%cm3 to 1 x 1021 /em3, although
lesser and greater atomic concentrations may also be employed.

{00128] In onc cmbodiment, cach diclectric core 62 may coraprise an cnd portion that
protrudes farther away from the alternating stack (32, 46) than a first borizontal plane HP1
including a horizontal interface 25 between the planar semiconductor layer 24 and the
backside semiconductor source stucture 26. Alternatively, each dielectric core 62 may
comprise an cnd surface that is more proximal o the alternating stack (32, 46) than the fust
borizontal plane HP1 inchuding the horizontal interface 25 between the planar semiconductor
tayer 24 and the backside semiconducior source structure 26 is to the alternating stack (32,
46). Yet alternatively, each dielectric core 62 may comprise an end surface contained within
the first horizontal plane HP1 including the borizontal interface 23 between the planar

semiconductor layer 24 and the backside semiconductor source structure 26.
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{60129]  The horizontal interface 25 may comprise a horizontal discontinuity in the grain
structire between the polycrystalline semiconductor materials of the planar semiconductor
layer 24 and the backside semiconductor source structure 26, a horizontal plane delineating a
difference in doping concentration between the semiconductor materials of the planar
semiconductor layer 24 and the backside semiconductor source structure 26, and/or a
horizontal plane between different semiconductor matenial compositions of the planar
semiconductor layer 24 and the backside semiconductor source structure 26 {e.g., if one
semiconductor material comprises silicon and the other semiconductor material comprises
germanium or silicon-germanium, etc.).

{0013¢]  In one embodiment, the backside semiconductor source structure 26 may be
formed on an annwlar surface 60A of each vertical semiconductor channel 60, In one
cmbodiment, the backside semiconductor source structure 26 comprises a planar portion 260
in contact with the planar serniconductor layer 24 and having a backside surface 268 that is
spaced from the first horizontal plane HP1 by a uniform vertical spacing (i.e., a uniform
thickness of the backside semiconductor source structure 26}, and a cap portion 26 in
contact with the vertical semiconducior channel 60 and having an arcal overlap with the
memory opening fill structure 58 and vertically protruding farther from the alternating stack
{32, 46) than a backside surface 26B of the planar portion 26P. In one embodiment, the cap
portion 26C may protrude farther outward from a second horizontal plane HP2 including an
interface between the aliernating stack (32, 46} and the planar semiconductor layer 24 than
the planar portion 24P, In one embodiment, the backside semiconductor source structure 26
may contact concave annular surface segments 24C of the planar senuconductor layer 24
around cach memory opening fill structure 58.

{001311 In onc embodiment, the backside semiconductor source structure 26 contacts an
entirety of an end surface of each memory {ilm 30. The end surface of the memory filim 50 is
not vertical, and may comprise a tapered concave annular surface 50T, In one embodiment,
the backside semiconductor source structure 26 may be in contact with a non-vertical end
surface of the vertical semiconductor channe! 60, which may comprise a tapered concave
annular surface 60A. In one embodiment, the backside semiconductor source structure 26
may be in contact with each dielectric core 62.

{60132] Refering to FIG. 16E, an aliernative embodiraent of the first configuration of the

exeraplary structure is Ulastrated, which may be derived from the first configuration of the
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exeraplary structure illustrated in FIGS. 16A — 16D by omitiing the processing sieps
described with reference to FIG. 160, In other words, a selective etch process that removes
physically exposed end portion of each vertical semiconductor channel 60 and a backside
surface portion of the planar semiconductor layer 24 can be omitted. In this case, the
backside semiconductor source structure 26 may contact vertical cylindrical surface segments
24¥ of the planar semiconductor layer 24 around each memory opening fill suructure 5§, and
may contact a planar horizontal end surface 60P of and a cylindrical vertical outer sidewall
segment 60V of the horizontal end portion 60H each of the vertical semiconductor channels
60. In one embodiment, the backside serniconduactor source structure 26 may comprise: a
first vertical sidewall 26F in contact with the cylindrical vertical outer sidewall segment 60V
of the vertical semiconductor channel 60, and a sccond vertical sidewall 268 in contact with
the vertical cylindrical surface segroents 24V of the planar semiconductior layer 24 and
laterally offset cutward from the {irst vertical sidewall 26F.
{60133] Alternatively, the backside semiconductor source structure 26 may have other
alternative configurations. FIGS. 17A — 17J, 18A, and 18B ilustrate non-limiting examples
of such alternative configurations.
{00134] FIGS. 17A - 17C are sequential vertical cross-sectional views of a region of a
second configuradion of the first exemplary structure during formation of a backside
semiconductor source structure 26 according to the first emmbodiment of the present
disclosure.
{601358] Referring to FIG. 17A, the second configuration of the first exemplary structure
may be derived from the first exemplary structure illustrated in FIGS. 15A and 13B by
removing an end portion of each memory film 530, Specifically, an end portion of cach
memory film 30 may be removed by performing a selective wet etch process or a sequence of
et etch processes. The horizontal end portion 60H of each vertical semiconductor channel
60 may be physically exposed after the etching. In one embodiment, the sequence of wet
cich processes may be selective to the material of the vertical seraiconductor channels 60, the
material of the planar semiconductor fayer 24, and the material of the etch stop material layer
22. In one embodiment, the planar horizontal end surface 60P and the cylindrical vertical
outer sidewall segment 60V of each vertical semiconductor channel 60 may be physically
cxposed by rereoving an end portion of the memory film 50 selective to the vertical

semiconductor channels 60. The memory film 50 may have an annular end surface 50A that
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is recessed relative to a physically exposed planar horizonial end surface 60F of the vertical
semiconductor channel 60.

{00136] Referring to FIG. 178, the eich stop material laver 22 may be removed selective
to the materials of the vertical semiconductor channels 64 and the planar semiconductor laver
24 by perforraing an ashing process, a selective wet etch process or a selective atomic layer
etch (ALE) process. The etch chemisiry of the selective wet etch process or the selective
ALE process may be sclected depending on the material of the etch stop material layer 22 and
the planar semiconductor fayer 24, In one embodiment, the etch stop material laver 22 may
be removed while each vertical semiconductor channel 60 comprises 4 respective physically
exposed surface portion {e.g., portion 60H).

{60137] Referring to FIG. 17C, the processing steps described with reference to FIG. 16D
may be performed o form the backside semiconductor source structure 26, In this
configaration, the backside serniconductor source structure 26 is not in divect contact with the
dielectric cores 62, and are spaced from the dielectric cores 62 by the planar horizontal
portion 60H of the vertical semiconductor channels 60. In one embodiment, the backside
semiconductor source structure 26 may comprise the first vertical sidewall 26F in contact
with the cylindrical vertical outer sidewall segment 60V of the vertical semiconductor
channel 60, and a second vertical sidewall 265 in contact with the vertical cyhindrical sinface
scgments 24V of the planar semiconductor layer 24 and laterally offset outward from the first
vertical sidewall 26F, as described above with respect to FIG. 16E.

{60138]  FIGS. 17D — 17F are sequential vertical cross-sectional views of aregion of a
thivd configuration of the first exemplary structure during formation of a backside
semiconductor source structure 26 according to the first embodiment of the present
disciosure.

{60139] Referring to FIG. 17D, the third configuration of the first exemplary structure may
be derived from the second configuration of the first exemplary structure by reducing the
duration of the wet eich processes within the sequence of wet etch processes. In this case, the
recessed annular end surface 50A of cach memory film 50 may be located above or at the
third horizontal plane HP3 than the interface between the planar semiconductor layer 24 and

the etch stop material layer 22.
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{60146] Refering to FIG. 17E, the etch stop material layer 22 may be removed selective to
the materials of the vertical semiconductor channels 60 and the planar semiconductor layer
24 as described above.

{00141] Referning to FiG. 17F, the processing steps described with reference to FIG. 16D
may be performed o form the backside semiconductor source structure 26, In this
configuration, the backside semiconductor source structure 26 is also not in direct contact
with the dielectric cores 62, and is spaced from the diclectric cores 62 by vertical
semiconductor channels 60, In one embodiment, the backside semiconductor source
structure 26 may comprise a first vertical sidewall 268 in contact with the vertical
semiconductor channel 60, and a second vertical sidewall 268 in contact with the memory
film 50 and laterally offset outward from the first vertical sidewall 26F. In one embodiment,
the second vertical sidewall 268 of the hackside semiconductor source structure 26 may be in
contact with a vertical end portion of an ouster sidewall of the memory filim 50,

{60142] FIGS. 176G — 177 are sequential vertical cross-sectional views of aregionof a
fourth configuration of the first exemplary structure during formation of a backside
semiconductor source structure 26 according to the first embodiment of the present
disciosure.

{00143] Referring to FIG. 17G. the fourth configuration of the first exemplary structure
may be the same as the sccond configuration of the first exemplary structure illustrated in

FiG. 17A.

o~

{60144] Referring to FIG. 17H, a selective isotropic etch process may be performed o
isotropically recess the vertical semiconductor channels 60 and surface portions of the planar
seraiconductor layer 24 around each memory opening 49, The recess distance can be greater
than the thickness of the vertical semiconductor channel 6. The remaining portion of cach
vertical semiconductor channel 60 may comprise an annular concave surface 60A. An
annular portion of the planar semiconductor layer 24 is collaterally removed during removal
of the end portion of the vertical semiconductor channel 60. A recessed contoured sidewall
of the planar semiconductor laver 24 is formed around cach memory opening fill structure 58.
Each physically exposed recessed contoured sidewall of the planar semiconductor layer 24
may comprise a respective vertical cylindrical surface segment 24V and a respective annular

concave surface segraent 24C.
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{60145] Referring to FIG. 171, the ctch stop material laver 22 may be removed selective o
the materials of the vertical semiconductor channels 60 and the planar semiconductor layer
24 as described above.

{00146] Referring to FiG. 17], the processing steps described with reference to FIG. 16D
may be performed o form the backside semiconductor source structure 26. The backside
semiconductor source structure 26 is in direct contact with the dielectric cores 62. In one
embodiment, the backside semiconductor source structure 26 may be in contact with the
vertical semiconductor channel 50 and with the planar semiconductor layer 24, Inone
embodiment, the backside semiconductor source structure 26 may be in contact with a
vertical end portion of an outer sidewall of the memory {ilm 50 {e.g., of the blocking
dielectric 52), and may be in contact with a vertical end portion of an inner sidewall of the
memory film 56 (e.g., of the liner 56). In the fourth configuration of the first exemplary
structure, the backside semiconduactor source structure 26 may be formed on the recessed
contoured sidewall of the planar semiconductor layer 24.

{06147] FIGS. 18A and 14B are sequential vertical cross-sectional views of aregionof a
fifth configuration of the first exemplary structure during formation of a backside
semiconductor source structure 26 according to the first embodiment of the present
disciosure.

{00148] Reforring to FiG. 18A, the fifth configuration of the first exemplary structire may
be derived from the first configuration of the first exemplary structure iustrated in FIG. 16A
by performing an etchback or a chemical mechanical polishing (CMP) process that removes
portions of the memory opening fill structures 58 that protrude farther outward than the
physically exposed distal planar surface of the planar semiconductor laver 24, Alternatively,
the etch stop material layer 22 and distal portions of the memory opening fill structures 58 in
the first exemplary structure illustrated in FIGS. 15A and 158 may be simuitaneously
removed by performing a CMP process emploving the planar semiconductor laver 24 as a
stopping layer. In the fifth configuration of the first exemplary structure, physically exposed
end surfaces of the diclectric core 62, the vertical semiconductor channel 60, and the memory
film 50 of each memory opening fill structure 58 and a planar distal surface of the planar
semiconductor layer 24 may be formed within a same horizontal plane.

{60149] Rcferring to FIG. 188, the processing steps described with reference to FIG. 16D

may be performed to form the backside semiconductor source structire 26. The backside
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semiconductor source structure 26 may be in direct contact with horizontal end surfaces of
the dielectric cores 62, horizonal annular end swfaces 60HA of the vertical semiconductor
channels 60, and horizontal annular end surfaces SOHA of the memory films 50.

{01561 Referning to FiG. 19, if the backside semiconductor source structure 26 is formed
as an undoped layer, an ion implantation process can be performed to introduce dopants of
the second conductivity type into the backside semiconductor source structare 26, The
atomic concentration of dopants of the second conductivity type in the backside
seraiconductor source structure 26 mway be in arange from 5 x 101903 to 2 x 1021/em3,
sach as from 1 x 1020/crn3 to 1 x 102 1/em3, although lesser and greater atomic
concentrations may also be employed. A laser anneal process can be performed to activate
the dopants of the second conductivity type in the backside semiconductor source structure
26. A laser beam can be rastered over the entire area of the backside semiconductor source
structure 26 from the backside to electrically activate the dopants in the backside
semiconductor source structure 26.

{60151] A backside insulating layer 34 including an tnsulating material can be deposited
aver the backside semiconductor souree structure 26. A source contact structure (36, 38) may
be formed through the backside insulating layer 34 on the distal surface of the backside
semiconductor source structure 26. The source contact structure {36, 38) may comprise a
metal via portion 36 and a metal pad portion 3%, which can be emploved as a bonding pad for
providing clectrical connection, for cxample, by forming a solder ball or a wircbonding
connection thereupon.

{60152] Referring to FIGS. 1 - 19 and according to some embodiments of the present
disclosure, a semiconductor structure coraprises: an alternating stack (32, 46) of insulating
favers 37 and electrically conductive layers 46 located on a planar semiconductor layer 24
comprising a first semiconductor material and laterally extending along a horizontal
direction; a memory opening 49 vertically extending through the alternating stack (32, 46); a
memory apening fill structure 58 located in the mermory opening 49 and comprising a
memaory film 50 and a vertical semiconductor channel 60 that includes a second
semiconductor material; and a backside semiconductor source structure 26 comprising a third
semiconductor material and contacting the vertical semiconductor channel 60 and the planar

semiconductor fayer 24.
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{60153]  In onc cmbodiment, a horizontal interface 25 18 present between the backside
semiconductor source structure 26 and the planar semiconductor layer 24; the vertical
semiconductor channel 60 has a doping of a first conductivity type; and the first
semiconductor material of the planar semiconductor layer 24 comprises a doped
polyerystalline semiconductor material having a doping of a second conductivity type that is
an opposite of the first conductivity type.

{06154]  In one embodiment, the backside semiconductor sowree structure 26 comprises: a
planar portion 26F in contact with the planar semiconductor layer 24 and having a backside
surface 268 that is spaced from the first horizontal plane HP1 by a untform vertical spacing;
and a cap portion 26C in contact with the vertical semiconductor channel 64 and having an
areal overlap with the memory opening fill structure 58 and vertically protruding farther from
the alternating stack (32, 46) than a distal surface of the planar portion. In one embodiment,
the cap portion 26C protrudes farther outward from a horizontal plane ineluding an interface
between the alternating stack (32, 46) and the planar semiconductor layer 24 than the planar
portion 26P.

{B0155]  In one embodiment, the backside semiconductor source structure 26 contacts an
entirety of a non-vertical end surface of the memory film 50. In one embodiment, the
backside semiconductor source structure 26 i8 in contact with a non-vertical end surface of
the vertical senuconductor channel 60, In one embodumnent, the backside semiconductor
source structure 26 s in contact with an end portion of an outer sidewall of the vertical
semiconductor channel 60.

{60156] In one embodiment, the dielectric core 62 comprises an end portion that protrudes
farther away from the alternating stack (32, 46} than a first horizontal plane HPI including a
horizontal interface between the planar semiconductor layer 24 and the backside
semiconductor source structure 26, and the backside semiconductor source structure 26 is in
contact with the dielectric core 62.

{G0157] In one embodiment, the backside semiconductor source structure 26 is in contac
with an end portion of an wnner sidewall of the memory film 530, In one ersbodiment, the
backside semiconductor source structure 26 s in contact with an end portion of an outer
sidewall of the memory film 50. In one embodiment, the backside semiconductor source

structiire 26 comprises: a first vertical sidewall 26F in contact with the vertical semiconductor
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channel 60; and a second vertical sidewall 268 in contact with the planar semiconductor layer
24 and laterally offset outward from the first vertical sidewall 26F.

{00158] Referring to FIG. 20, a second exemplary strocture according to a second
crobodiment of the present disclosure is itiustrated. The second exerpplary structure can be
derived from the first exemplary structure tlustrated in FIG. 1 by forming a buried insulating
layer 12 and a single crystalline semiconductor layer 14 in lieu of an etch stop material layer
22 and a planar semiconductor layer 24.

{001589]  The buried insulating layer 12 includes an insulating material, such as silicon
oxide. The thickness of the buried insulating layer 12 may be in a range from 30 nm 1o 300
nm, although lesser and greater thicknesses may also be emaployed. The singe crystalline
semiconductor layer 14 comprises a single crystalline semiconductor material, such as single
crystalline silicon. The thickness of the single crystalline semiconductor laver 14 may be in a
range from 30 nm to 200 nro, although lesser and greater thicknesses may also be employed.
Generally, a composite substrate including a semiconductor (g.g.. single crystalline silicon)
substrate 9, a buried insulating layer 12, and a single crystalline semiconductor layer 14 can
be provided.

{00360]  In one embodiment, a commercially available silicon-on-insulator (SO wafer
may be employed as a combination of the semiconductor substrate 9, the buried insulating
layer 12, and the single crystalline senuconductor layer 14, In this embodiment, the
semiconductor substrate 9 and the singie crystalline semiconductor fayer 14 comprise single
crystalline sificon, and the buried msulating layver 12 comprises silicon oxide.

{60161]  In one embodiment, the SOI wafer is formed by implanting oxygen ions below a
surface of a single crystalline silicon wafer followed by annecaling to form the silicen oxide
buried insulating laver 12, The single erystalline semiconductor layver 14 comprises an upper
portion of the silicon wafer that remains above the buried insulating layer 12, while the
semiconductor substrate 9 comprises a fower portion of the silicon wafer that remains below
the buried insulating layer 12,

{60162] In another embodiment, the SOV wafer is formed by wafer bonding. In this
embodiment, an insulating layer 12, such as a silicon oxide layer, is formed on an upper
surface of a single crystalline silicon wafer by layer deposition or by oxidation of the upper
surface of the silicon wafer. A carrier substrate 9 is then bonded to the insulating layer 12,

The silicon wafer thickness is then reduced by grinding, polishing and/or etching to form the
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single crystailine semiconductor (e.g., silicon) layer 14 on the insulating layer 12, which
comprises the buried insulating layer. In this embodiment, the carvier substrate 9 may
comprise any suitable material (e.g., insulator, conductor or semiconductor), and thus may or
may not be a single crystalline semiconductor substrate.

{003163]  The single crystalline semiconductor layer 14 may have a doping of the second
conductivity type. The doping may be performed in-situ during formation of this layer or by
ion implantation into this layer. The atomic concentration of dopants of the second
conductivity type in the single crystalline semiconductor layer 14 may be in arange from S X
1018/cm3 to 2 x 1021 em3, such as from 1 x 1019/em3 to 1 x 1021/om3, although lesser and
greater atomic concentrations may also be employed. Subsequently, an alternating stack of
insulating layers and spacer material layers can be formed in the manner described within
reference to FIG, 1.

[60164] Referring to FiG. 22, the processing steps described with reference to FIG. 2 may
bie performed to form stepped surfaces on the alternating stack (32, 42), and to form a stepped
dielectric material porticn 65. Subsequently, the processing steps described with reference o
FIG. 3 may be performed to form support openings 19 through the stepped diclectric material
portion 65, the alternating stack {32, 42), and the single crystalline semiconductor layer 14,
and optionally into, and/or through, the buried insulating layer 12.

{00165] Referring to FiG. 23, the processing steps described with reference to FIG. 4 may
be performed to form support pillar structures 20 in the support openings 19.

{60166] Referring to FIGS. 24A and 24B, the processing steps described with reference to
FIGS. 5A and 5B may be performed, with any needed changes in the eich chemistry of
anisotropic ctch steps of the anisotropic cteh process, to form the memory openings 49 which
vertically extend through the alternating stack (32, 42), the single crystatline semiconductor
layer 14, and the buried insulating layer 12, In one embodiment, bottom surfaces of the
memory openings 49 may be formed below the horizontal plane including the interface
between the carrier subsiraic 9 and the buried josulating layer 12, In one embodument, the
recess depth of the bottom surfaces of the memory openings 49 may be greater than the
thickness of each memory film 50 to be subsequently formed.

{60167]  FIGS. 25A - 25F are sequential vertical cross-sectional views of the memory
opening 49 during formation of a memaory opening fill structure 58 according to an

embodiments of the present disclosure. Generally, the processing steps described with
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reference to FIGS. 6A ~ 6F 1o form the memory opening fill structure 58 within each memory
opening 49.

{00168] Referring to FIGS. 26A and 26B, the second exemplary structure is ilustrated
after formation of the memory opening fill structures 58.

[00169]  Reforring to FIGS. 27A and 278, the processing steps described with reference to
FIGS. 8A and 3B can be performed to form the contact-level dielectric layer and lateral
isolation trenches 79

{00178] Referring to FIG. 28, the processing steps described with reference to FIG. 9 can
be performed to form laterally-extending cavities 43,

{00171] Referring to FIG. 29, the processing steps described with reference to FIG. 10 can
be performed to form the optional outer blocking diclectric layer and the electrically
conductive fayvers 46.

[60173]  Referring to FIGS. 304 and 308, the processing steps described with reference to
FIGS. 1A and 11B can be performed to form the lateral isolation trench ill structures 76,
faver contact via structures 86, and drain contact via structurss 88,

{060173] Referring to FIG. 31, the processing steps described with reference to FIG. 12 can
be performed to form the memory-side metal interconnect structares 980 embedded within
memory-side dielectric material layers 960, and to form the memory-side bonding pads 988.
Memory dics 900 are thus formed.

{00174] Reforring to FiG. 32, the processing steps described with reference to FIGS. 13
and 14 can be performed to bond the logic die 700 to the memory die 500,

{60175]  Referring to FIGS. 33A and 33B, the carrier substrate 9 may be removed, for
cxaraple, by grinding, polishing, an anisotropic etch process, and/or an isotropic etch process
selective to the buried insulating layer 12 and the moemory films 50, {n an illustrative
example, if the carrier substrate Y comprises silicon, then the terminal step of the at least one
removal process may comprise a wet etch process using hot trimethyl-2 hydroxyethyl
amnmonivm hydroxide (Chot TMY™) or tetrameethyl ammonium hydroxide (TMAH). The
cntirety of the carrier substrate 9 can be removed by the selective wet etch process. The
backside surface, ie., the distal surface, of the buried insolating layer 12, and the backside
end surfaces of the memory opening fill structures 38 and the support pillar structures 20 can

he physically exposed upon removal of the carrier substrate 9.
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[60176]  FIGS. 34A - 34C are sequential vertical cross-sectional views of a region of a first
configuration of the second exemplary structure during formation of a backside
semiconductor source structure 28 according to the second embodiment of the present
disclosure.

{00177] Referring to FIG. 34A, the buried insulating layer 12 and an end portion of the
memory opening fill structure 58 can be removed such that each vertical semiconductor
channel 60 and a backside surface (i.., a distal swtace) of the single crystailine
semiconductor fayer 14 are exposed. In one embodiment, an cich process can be performed
to etch roaterials of the buried insulating layer 12 and the memory films 50 selective o
semiconductor materials of the vertical semiconductor channel 60 and the single crystalline
semiconductor layer 14, In an tlustrative example, if the buried insulating layer 12
comprises silicon oxide, a wet etch process employing bydrofluoric acid can be performed to
remove the buried insulating tayer 12 and the silicon oxide layers (e.g.. the blocking
dielectric 32 and the dielectric liner 56) in the end portions of the memory films 50, A wet
etch process employing phosphaoric acid can be performed o remove the end portion of a
silicon nitride memory material layer 54, Hach vertical semiconductor channel 60 may
comprise a respective planar horizontal end surface 60F and a cylindrical vertical surface
segment 60V that are physically exposed after the etch process. Each remaining portion of
the memory film 50 may comprise a respective annular end surface SOA that is recessed
relative 1o the physically exposed horizontal surface 14H of the single crystalline
semiconductor layer 14. In one embodiment, the annular end surface S0A of each memory
film 50 may be located between a horizontal plane including an interface between the single
crystatline semiconductor laver 14 and the alternating stack (32, 46).

{00178] Referring to FIG. 348, the processing steps described with reference to FIG. 16D
may be performed o form a backside semiconductor source structure ineluding a silicon-
based senuconductor material, a germanium-based semiconductor material, a silicon-
gerraanium hased semiconductor materia or a stack thereof, as described above. In one
cmbodiment, the backside semiconductor source structure can be formed as an in-process
structure including an amorphous semiconductor material, which is herein referred to as an
amorphous backside semiconductor source struciure 27 including a planar portion 27H and
cap portions 27C. The amorphous semiconducior material may comprise amorphous silicon,

amorphous germanium and/or araorphous silicon-germaniom. The planar portion 27H is in
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contact with the backside horizontal surface 14H of the single crystalline semiconductor layver
14 and has a untform thickness throughout. The cap portion 27C is in contact with a
respective vertical semiconductor channel 60, has an areal overlap with a respective memory
opening fill structure S8, and vertically protrudes farther ouwtward from the alternating stack
(32, 46) than a distal surface of the planar portion 27H.

{60179]  The amorphous backside semiconductor source structure 27 is doped with
electrical dopants of the second conductivity type through in-situ doping or by performing an
ion implantation process after a semiconductor deposition process that deposits an undoped
semiconductor material. Generally, the deposition process emploved to form a backside
semiconductor source structure 26 as described above may be used to deposit the amorphous
backside semiconductor source structure 27, provided that the semiconductor material of the
amorphous backside semiconductor source structure 27 is deposited as an amorphous
material. Searns S may be formed during deposition of the amorphous backside
semiconductor source structure 27.

{00186] Referrng to FIG. 34, in casc the amorphous backside semiconductor scurce
structure 27 is deposited as an undoped amorphous semiconductor layver, an ion iraplantation
process may be performed to implant dopants of the sccond conductivity type into the
amorphous backside semiconductor source structure 27. The atomic concentration of dopanis
of the second conductivity type in the amorphous backside semiconductor souree struciure 27
may be in a range from 5 x 1018/co3 10 2 x 1021/em3, such as from 1 X 101%cm3 o 1 X
1021/cm3, although lesser and greater concentrations may also be employed.

{00181]  The amorphous backside semiconductor source structure 27 is converted into a
crystatline backside semiconductor source structure 28 by performing a crystallization
process. The backside semiconductor source structure 28 includes a planar portion 28E and
cap portions 28P. The planar portion 28H is in contact with the backside horizontal suwrface
14H of the single crystatline semiconductor layer 14 and has a sniform thickness throughout,
and the cap portion 28P is in contact with a respective vertical sermniconductor channel 60, has
an arcal overlap with a respective memory opening fill structure 38, and vertically protrudes
farther outward from the alternating stack (32, 46) than a distal surface of the planar portion
28E.

{60182] In onc cmbodiment, the crystallization process comprises a laser anneal process.

The laser anneal process activates electrical dopants of the second conduetivity type while
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converting the amorphous backside semiconducior source structure 27 info a crystaliine
semiconductor material layer. According to an aspect of the present disclosure, the laser
power and the duration of the laser irvadiation per unit area during the laser irradiation
process can be selected to induce crystallographic alignment between the crystalline materials
of the planar porticn 28E and the cap portions 28P of the backside semiconductor souree
structure 28 and the crystallographic structures of underlying semiconductor surfaces, i.e., the
surfaces of the single crystalline semiconductor layer 14 and the vertical semiconductor
channels 60. In one erobodiment, the planar portion 28E of the backside semiconducior
source strocture 28 moay be formed as a single crystalline semiconductor material layer in
epitaxial alignment with the single crystaliine semiconductor structure of the single
crystailine semiconductor layer 14, Thus, the planar portions 28E of the backside
semiconductor source structure 28 are also referred 1o as an epitaxial doped semiconductor
{e.g.. 51, Ge and/or SiGe) portion 28E. The cap portions 28P are formed as polyerystalline
semiconductor matertal portions including plural crystal grains separated by grain
boundaries. As such, the cap portions 28F are also referred to as polycrystalline doped
seraiconductor (e.g., SU, Ge and/or SiGe) portions 28P. Each seam as formed atf the
processing steps of FIG. 348 may be converted info a grain boundary GB.

{603183]  In an embodiment described with reference to FIGS. 34B and 34C. the epitaxial
doped sermniconductor portion 28E and the polycrystaliine doped semiconductor portion 28F
are formed by performing a serniconductor deposition process that deposits an amorphous
semiconductor material fayer, and by performing a crystatlization process that induces
epitaxial alignment between crystallized portions of the amorphous semiconductor material
fayer and the single crystatline semiconductor laver 14, In one embodiment, boundary
between the epitaxial doped semiconductor portion 288 and the polyerystalline doped
semiconductor portion 28P may comprise a continuously extending grain boundary GB that
extends from the memory film 50 to a backside surface of the backside semiconductor source
structure 28

{00184]  In an alternative embodiment shown in FEG. 36 and described below, separate
amorphous semiconductor material deposition and its orystallization steps are omitted, and
the semiconductor material is deposited in the crystalline {c.g., single crystalline and/or
polycrystalline) state. In this embodiment, the process parameters (¢.g., the deposition

temperature, reactant pressure, species of reactant gas used, etc.) used at the processing steps
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described with reference to FIG. 348 are selected to deposit a crystalline backside
semiconductor source structure is formed in lieu of an amorphous backside semiconductor
source structure 27. In other words, the epitaxial doped semiconductor portion 28E and the
polycrystalline doped semiconductor portion 289 can be formed by performing an epitaxial
semiconductor deposition process. In this case, the structure illustrated in FIG. 34C may be
obtained directly without formation of the intermediate structive of FIG. 34C which includes
the amorphous semiconductor source structure 27, An optional laser anneal can be
subsequently performed to activate the dopants of the second conductivity type in the
backside semiconductor source structure 28. Optionally, a boundary between the epitaxial
doped semiconductor portion 28E and the polyerystaliine doped semiconductor portion 28P
may comprise a continuously extending grain boundary GB that extends from the memory
film 50 to a backside smrface of the backside semiconductor source structure 28,

{60183]  In summary, a backside semiconductor source structure 28 can be formed on each
vertical semiconductor channel 60 and the backside horizontal surface 14H of the single
crystalline semiconductor layer 14. The backside semiconductor source structure 28
comprises an epitaxial doped seraiconductor portion 28E that is formed on a backside
horizontal surface 14H of the single crystaliine semiconductor layer 14 and in epitaxial
alignment with a single crystalline structure of the single crystalline semiconductor fayer 14,
and a polyerystalline doped semiconductor portions 28P that are formed on the vertical
semiconductor channels 6. ki one embodument, the above described horizontal interface
25 between the single crystalline semiconductor layer 14 and the epitaxial doped
semiconductor portion 28E is formed in a fivst horizontal plane HP L.

{60186] In onc cmbodiment, the epitaxial doped semiconductor portion 28E comprises a
portion located on the distal backside horizontal surface 14H of the single crystalline
semiconductor layer 14. In one embodiment, an interface between the epitaxial doped
semiconductor portion 28E and the polycerystalline doped semiconductor portion 28P
comprises a tapered annular surface (e.g., the grain boundary (GB) having a variable lateral
cxtend that increases with a vertical distance from a horizontal plane including the distal
backside horizonal surface 14H of the single crystalline semiconductor layer 14,

{60187  In one embodiment, the horizontal interface 25 between the single crystalline
semiconductor layer 14 and the epitaxial doped semiconductor portion 28E is located in a

first borizontal plane HP1; the memory opening fill stracture 58 comprises a diclectric core
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62 that is laterally surrounded by the vertical semiconductor channel 60; and an end surface
of the dielectric core 62 is more distal from a second horizontal plane HP2 including an
interface between the single crystalline semiconductor laver 14 and the alternating stack (32,
46) than the first horizontal plane HP1 is from the second horizontal plane HP2. Inone
embodiment, the backside semiconductor source structure 28 1s not contact with the dielectric
core 62, and is spaced from the dielectric core 62 by the horizontal portion 60H of the vertical
semiconductor channel 60.

{00188 FIGS. 35A - 35C are sequential vertical cross-sectional views of a region of a
second configuration of the second exemplary structure during formation of a backside
semiconductor source structure 28 according to the second embodiment of the present
disciosure.

[0018%]  Referring to FiG. 354, the second configuration of the second exemplary
structure can be derived from the first configuration of the second exemplary strucoure by
increasing the duration of the selective eteh process that etches the materials of the buaried
insulating laver 12 and the memory films 50. Specifically, the duration of the selective etch
process can be extended such that the recess depth vd, as measured between a borizontal
plane including the distal backside horizontal surface 14H of the single crystalline
semiconductor layer 14 and a recessed annular surface 50A of a memory film 50, may be in a
vange from 20 % to 95 %, such as from 40 % to 90 %, of the thickness of the single
crystafline semiconductor layer 14

{60190] Referring to FIG. 35B, the optional processing steps described with reference to
FIG. 348 may optionally be performed to form an amorphous backside semiconduoctor source
structure 27. The amorphous backside semiconductor source structure 27 may corprise
cylindrical portions that are formed in the recess volumes between an outer sidewall of a
respective vertical semiconductor channel 60 and a respective cylindrical sidewall of the
single crystalline semiconductor layer 14 around each memory opening fill structure 58.
{00191] Referring to FiG. 35C, the processing steps described with reference to FIG. 34C
may be performed to convert the amorphous backside serpiconductor source structure 27 into
a backside semiconductor source structure 28 or to deposit a crystalline backside
semiconductor source structure 28 if the step of FIG. 35B is omitted, as shown in FIG. 36 and
described below. fo this configuration, the cpitaxial doped semiconductor portion 28E also

comprises a portion located on a distal backside horizontal surface 14H of the single
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crystatline semiconductor laver 14, In this configuration, an interface between the epitaxial
doped semiconductor portion 28E and the polyerystaliine doped semiconductor portion 28P
may also comprise the tapered annular swrface {e.g., the grain boundary GB) having a
variable latoral extent that increases with a vertical distance from a horizontal plane including
the distal horizonal surface of the single crystalline semiconductor layer 14,

{00192]  FIG. 36 is a vertical cross-sectional view of a region of a thivd configuration of the
second exemplary structure after formation of a backside semiconductor source stiucture 28
according to the second embodiment of the present disclosure. The third configuration of the
second exemplary structure may be derived from the first or sccond configuration of the
second exemplary stucture by performing an epitaxial semiconductor deposition process at
the processing step of FHG. 34B or FIG. 358 such that the deposited semiconductor material
forms a backside semiconductor source structure 28 deseribed with reference to FIG. 34C or
FiG. 350, In other words, the as-deposited semiconductor material may form a backside
semiconductor source structure 28 including an epitaxial doped semiconductor portion 28E
and polycrystaliine doped semiconductor portions 28P.

{00193]  Refering to FIG. 37, the processing steps described with reference to FIG. 19
may be performed. Optionally, a laser anneal process can be performed if the laser anneal
process has not been performed so far. The average grain size of the polycrystalline
semiconductor material in the polyerystalline doped semiconductor portions 28P of the
backside semiconductor source structure 28 may increase during the laser anneal process,
which also activates the electrical dopants in the backside semiconductor source structare 28.
Additional polycrystalline doped semiconductor portions 28F may be formed over the
support pillar structures 20 in the backside semiconducior source structure 28, A backside
insulating layer 34 and a source contact structure (36, 38) can be subsequently formed.
{00154] FIGS. 38A — 38D are sequential vertical cross-sectional views of aregion of a
fourth configuration of the second exemplary structore during formation of a backside
semiconductor source structure 28 according to the second embodiment of the present
disclosure.

{00195]  Referring to FIG. 38A, the fourth configuration of the second exemplary structure
may be derived from the second exemplary structure illustrated in FEGS. 33A and 338 by
removing the buried insulating layer 12 and end portions of the memory opening fill

structures 58 that are more distal from the alternating stack (32, 46) than the horizontal plane
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including the distal backside horizontal surface 14H of the single crystalline semiconductor
tayver 14. In this configuration, the horizontal portion 60H of the vertical semiconductor
channel 60 is also removed, instead of being left on the dieleciric core 62 as shown in FIG.
338

{00196]  Referring to FIG. 388, at least one isofropic etch process may be performed to
vertically recess the memory films 50, as described above. The recessed annuvlar end surfaces
SOA of the memory films 30 may be formed at, above or below the horizontal plane including
the interface between the aliernating stack (32, 46) and the single crystalline semiconductor
tayer 14. In other words, the recess distance rd by which the annular end surfaces 504 of the
memory films 50 are vertically recessed relative to the horizontal plane including the distal
backside horizontal surface 14H of the single crystalline semiconductor layer 14 may be
greater than, less than or the same as the thickness of the single crystalline semiconductor
tayer 14. As such, sidewall surface segments of the bottommost insulating layer 328 may or
may not be physically exposed to the cylindrical recesses SOR located around end portions of

the vertical semiconductor channels 60.

-t

{060197]  Referring to FIG. 38, the processing steps described above may be performed to
form the backside semiconductor source structure 28. In one embodiment, the backside
semiconductor source structure 28 may be formed as an in-process structure incloding an
amorphous semiconductor material, and may be subscquently crystallized to form the
backside semiconductor source structure 28, as will be described in moore detail with respect
to FIGS. 39A — 398 below. Alternatively, the backside semiconductor source structure 28
may be deposited in the crystalline state, as described above with respect to FIG. 36. As
described above, the backside semiconductor source structure comprises an epitaxial doped
seraiconductor portion 28K and polyerystalline doped semiconductor portions 28F.

{00198] Referring to FIGS. 38D and 38E, a chemiical mechanical polishing process may be
optionaily performed atter the processing steps of FIG. 38C. In an embodiment in which
stich a chemical mechanical planarization process is performed, portions of the backside
semiconductor source structure 28 that overlie a first horizontal plane HP1 including the
backside horizontal surface 14H of the single crystalline semiconductor layer 14 may be
removed. A plurality of discrete backside semiconducior source structures 28 may be

formed, cach of which has a doping of the sccond conductivity type, and comprises a
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cylindrical polyerystalline doped semiconductor portions 28P and a cylindrical epitaxial
doped semiconductor portion 28E.

{00399] In one embodiment, within each backside sennconductor source structure 28, the
polycrystalline doped semiconductor portion 28F has a first tubular shape; the epitaxial doped
semiconductor portion 28E comprises a portion having a second tubular shape that faterally
strrounds the first tubular shape; and distal annular end surfaces of the polyerystalline doped
semiconductor portion 28P and the epitaxial doped semiconductor portion 28E are formed
within a horizontal plane including the distal horizontal surface 14H of the single crystalline
semiconductor layer 14, In one ershodiment, an entirety of the backside semiconductor
source structure 28 is located within a bottom portion of the memory opening 49.

{60260]  FIGS. 39A and 398 are sequential vertical cross-sectional views of aregion of a
fifth configuration of the second exemplary structure during formation of a backside
semiconductor source structure 28 according to the second embodiment of the present
disclosure.

{00201] Referring to FIG. 39A, an amorphous backside semiconductor source structure 27
can be formed by performing the processing steps described with reference to FIG. 38C with
a modification in the process conditions such that the deposited semiconductor material is
amorphous.

{60202]  Referving to FIG. 398, a laser anneal process and a chemical mechanical
polishing process may be performed to convert the amorphous backside semiconductor
source structure 27 into a plurality of backside semiconductor source structures 28, each
taterally surrounding, and contacting, a respective vertical semiconductor channel 60, and
faterally surrounded by, and contacting, a respective cylindrical sidewall of the single
crystatline semiconductor laver 14, In one embodiment, an entirety of the backside
semiconductor source structure 28 is located within a bottom portion of the memory opening
49.

{00203] Referring to FiG. 40, the processing steps described with reference 1o FIG. 19
may be performed to form the backside insulating layer 34 and a source contact structure (36,
38).

{60204] Referring to FIGS. 20 — 40 and according to various embodiments of the present
disclosure, 2 semiconductor structure is provided, which comprises: an aliernating stack (32,

46y of insulating layers 32 and electrically conductive layers 46 located on a single crystalline
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seraiconductor layer 14; a memory opening 49 vertically extending through the aliernating
stack (32, 46) and through the single crystalline semiconductor layer 14; a memory opening
fill structure 58 located in the memory opening 49 and comprising a memory film S0 and a
vertical semiconductor channel 60; and a backside semtconductor source structure 28
comprising a doped semiconductor material, wherein the backside semiconductor source
structure 28 comprises an epitaxial doped semiconductor portion 28E in contact with and in
epitaxial alignment with a single crystalline structure of the single crystalline semicondoctor
faver 14, and a polycrystalline doped semiconductor portion 28P in contact with the vertical
semiconductor channel 60.

{60265]  In one embodiment, the epitaxial doped semiconductor portion 28E and the
polycrystalline doped semiconductor portion 28 have 2 same material composition
throughout. In one embodiment, the vertical semiconductor channel 60 has a doping of a first
conductivity type; and an cntirety of the backside semiconductor source stroctare 28 has a
doping of a second conductivity type that is an opposite of the first conductivity type.
{00206]  In onc cmbodiment, a boundary between the epitaxial doped semiconductor
portion 28 and the polycrystalline doped semiconductor portion 28P comprises a
continuously extending grain boundary GB that extends from the memory film 50 to a
backside surface of the backside semiconductor source structure 28.

002071  In onc embodiment, the epitaxial doped semiconductor portion 28E contacts a
cylindrical sidewall of the single crystalline semiconductor laver 14 at a sidewall of the
memory opening 49. In one embodiment, the polycrystalline doped semiconductor portion
28P contacts an end segment of an outer sidewall of the vertical semiconductor channel 60.
{60208]  In onc cmbodiment, the epitaxial doped semiconductor portion 28E comprises a
portion focated on a distal hovizontal surface of the single crystailine semiconductor tayer 14
In one embodiment, an interface between the epitaxial doped semiconductor portion 28E and
the polycrystalline doped semiconductor portion 28P is located in a horizontal plane
including the distal horizonal surface of the single crystalline semiconductor layer 14,
{00209]  In onc embodiment, a horizontal interface between the single crystalline
semiconductor layer 14 and the epitaxial doped semiconductor portion Z8E is located in a
first horizontal plane HP1; the memory opening fili structure 38 comprises a dielectric core
62 that is laterally surrounded by the vertical semiconductor channel 60; and an end surface

of the dielectric core 62 is more distal from a second horizontal plane HP2 including an
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interface between the single crystalline semiconductor layer 14 and the alternating stack (32,
46) than the first horizontal plane HP1 is from the second horizontal plane HP2. Inone
embodiment, the backside semiconductor source stucture 28 is not contact with the dieleciric
core 62, and is spaced from the diclectric core 62 by the vertical semiconductor channel 60.
{02161  In onc embodiment, an entirety of the backside semiconductor source structure 28
is focated within a bottom portion of the memory opening 49. In one embodiment, the
polycrystalline doped semiconductor portion 28P has a first tubular shape; and the epitaxial
doped semiconductor portion 288 comprises a portion having a sccond tubular shape that
taterally surrounds the first wibular shape. In one embodiment, distal annular end surfaces of
the polycrystalline doped semiconductor portion 28P and the epitaxial doped semuiconductor
portion 28E are located within a horizontal plane including a distal horizeontal surface of the
single crystalline semiconductor laver 14.

{00211]  The various embodiments of the present disclosure may be erployed to form a
backside semiconductor source structure (26, 28) or a plurality of backside semiconductor
source structures 28 that can provide reliable electrical contact to end portions of vertical
seraiconductor channels 60. The semiconductor lavers (14, 24) provide a template for
epitaxial growth of one or more backside semiconductor source stuctures (28, 26) with high
mobility and which provide a low resistance Ghmic contact to the vertical semiconductor
channel 60,

{00212]  Although the foregoing refers to particular preferved embodiments, it will be
understood that the disclosure is not so limited. It will occur to those of ordinary skill in the
art that various modifications may be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the disclosure. Compatibility is
presuned among all enbodiments that are not alternatives of one another. The word
“comprise” or “include” contempiates all embodiments in which the word “consist essentially
of” or the word “consists of” replaces the word “comprise” or “include,” unless explicitly
stafed otherwise. Whenever two or more elements are listed as alterpatives in 2 sarge
paragraph of in different paragraphs, a Markush group including a listing of the two or more
elements is also impliedly disclosed. Whenever the auxiliary verh “can” is employed in this
disclosure to describe formation of an element or performance of a processing step, an
embodiment in which such an element or such a processing step is not performed is also

expressly contenplated, provided that the resulting apparatos or device can provide an
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equivalent resuit. As such, the auxiliary verb “can” as applied to formation of an element or
performance of a processing step should also be interpreted as “may” or as “may, or may
not” whenever omission of formation of such an element or such a processing step is capable
of providing the same result or equivalent results, the equivalent results including somewhat
superior resufts and somewhat inferior results. Where an embodiment emploving a particular
structure and/or configuration is iHustrated in the present disclosure, it is understood that the
present disclosure may be practiced with any other compatible structures and/or
configurations that are functionally equivalent provided that such substitutions are not
explicitly forbidden or otherwise known to be irapossible to one of ordinary skill in the are. If
publications, patent applications. and/or patents are cited herein, each of such documents is

incorporated herein by reference in their entirety.
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WHAT IS CLAIMED 15:

1. A semiconductor structure, comprising:

an alternating stack of insolating layvers and electrically conductive layers located
on a planar semiconductor layer comprising a first semiconductor material and laterally
extending along a horizontal direction;

a memory opening vertically extending through the alternating stack;

a memory opening fill structure located in the memory opening and comprising a
memaory film and a vertical semiconductor channel that includes a second semiconductor
material; and

a backside semiconductor source structure comprising a third semiconductor
material and contacting the vertical semiconductor channel and the planar semiconductor

fayer.

2. The semiconductor structure of Claim 1, wherein:

a horizontal interface is present between the backside semiconductor source
structure and the planar semiconductor layer;

the vertical serniconductor channel has a doping of a first conductivity type; and

the first semiiconductor material of the planar semiconductor layer comprises a
doped polycrystalline semiconductor material having a doping of a second conductivity type

that is an opposite of the first conductivity type.

3. The semiconductor structure of Claim 1, wherein the backside semiconductor source
structure comprises:

a planar portion in contact with the planar semiconductor layer and having a
backside surface that is spaced from the first horizontal plane by a uniform vertical spacing;
and

a cap portion in contact with the vertical semiconductor channel and having an
arcal overlap with the memory opening fill structure and vertically protruding farther from

the alternating stack than a distal surface of the planar portion.
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4. The semiconductor structure of Claim 3, wherein the cap portion protrudes farther outwardd
from a borizonial plane including an interface between the planar semiconductor layer and
the alternating stack than the planar portion.

5. The semiconductor structure of Claim 3, wherein the backside semiconductor source

structure contacts an entirety of a non-vertical end surface of the memory film.

6. The semiconductor structure of Claim 3, wherein the backside semiconductor source

structure is in contact with a non-vertical end surface of the vertical semiconductor channel.

7. The semiconductor structure of Claim 3, wherein the backside sendconductor source
structure is in contact with an end portion of an outer sidewall of the vertical semiconductor

channel.

8. The senuconductor structure of Claim 3, wheretn:

the memory opening fill structure further comprises a diclectric core that is
faterally surrounded by the vertical semiconductor channel;

the dielectric core comprises an end portion that protrudes farther away from the
alternating stack than a first horizontal plane including the horizontal interface between the
planar semiconductor layer and the backside semiconductor source structure; and

3

the backside semiconductor souree structure is in contact with the dielectric core.

9. The semiconductor structure of Claim 8, wherein the backside semiconductor source

structure 15 in contact with an end portion of an inner sidewall of the memory film.

10. The semiconductor siructure of Clamm 8, wherein the backside sepuconductor source

structire is in contact with an end portion of an outer sidewall of the memory film.

11. The senuconductor structure of Claim §, wherein the backside semiconductor source
structure comprises:

a first vertical sidewall in contact with the vertical semiconductor channel; and
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a second vertical sidewall in contact with the planar semiconductor layer and

faterally offset outward from the first vertical sidewall.

12, A method of forming a semiconductor stucture, comprising:

forming an etch stop material laver over a carrier substraic;

forming a planar semiconductor fayer over the etch stop material layey;

forming an alternating stack of insulating lavers and spacer material layers over
the planar semiconductor iayer, wherein the spacer material layers are formed as, or are
subsequently replaced with, electrically conductive layers;

forming a memory opening through the alternating stack;

forming a memory opening fill structure in the memory opening., wherein the
memaory opening fill structure comprises a memory film and a vertical semiconductor
chanunel;

removing the carrier substrate;

removing the etch stop moaterial fayer and an end portion of the memory film to
expose an end portion of the vertical semiconductor channel and a backside surface of the
planar semiconductor layer; and

growing a backside senyeonducior source structurve from physically exposed

surfaces of the vertical semiconductor channel and the planar semiconductor fayer.

13. The method of Claim 12, wherein the step of growing the backside semiconductor source
structure comprises selective lateral growth of the backside semiconductor source structure
using physically exposed swrfaces of the vertical semiconductor channel and the planar

semiconductor layer as a seed.

14. The method of Claim 12, wherein the selective lateral growth comprises a chemical vapor
deposition process employing 4 semiconductor precursor gas containing a plurality of atoms

of a semicanducior element per molecule af a temperature of 500 degrees Celsius or less.

15, The method of Claim 43, wherein the semiconductor precarsor gas comprises a

selected from SioHs, SisHs, Sk, SIH(S1H3)3, or Si(SiHa).

gas
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16. The method of Claim 12, wherein the step of removing the etch stop material layer and
the end portion of the memory film comprises:

removing the etch stop material layer without physically exposing any portion of
the vertical semiconductor channel; and

physically exposing an end surface of the vertical semiconductor channel by

removing the end portion of the memory film selective to the vertical semicondoctor channel.

17. The maethod of Claim 16, wherein the backside semiconductor source structure is

deposited direetly on an end surface of the vertical sermiconductor channel that is not vertical.

18. The method of Claim 16, further comprising removing a planar horizontal end portion of
the vertical scmiconductor channel after the step of physically exposing to form an annular
surface of the vertical seniconductor channel, wherein the backside semiconductor sonrce

stroctore is formed on the annular surface of the vertical semuconductor channel.

19. The method of Claim 18, wherein an annular portion of the planar semiconductor layer is
collaterally removed during removal of the planar horizontal end portion of the vertical
semiconductor channel to form a recessed contoured sidewall of the planar semiconductor
layer, and the backside semiconductor source structure is formed on the recessed contoured

sidewall of the planar semiconductor laver.

26 The method of Claim 12, wherein the step of removing the etch stop material layer and
the end portion of the memory film compriscs:

physically exposing an end surface of the vertical semiconductor chanuel by
removing the end portion of the memory film selective to the vertical semiconductor channel;
and

removing the etch stop material layer by performing an etch process that ciches
the etch stop material faver selective to the vertical semiconductor channel and the planar

semiconductor layer.
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21. A semiconductor structure, comprising:

an alternating stack of insulating layers and clectrically conductive lavers located
on a single crystalline semiconductor layer;

a memory opening vertically extending through the alternating stack and through
the single crystalline semiconductor layer;

a memory opening fill structure located in the memory opening and comaprising a
memory film and a vertical serniconductor channel; and

a backside semiconductor source structure comprising a doped semiconductor
material, wherein the backside semiconductor source structure comprises an cpitaxial doped
seraiconductor portion in contact with and in epitaxial alignment with a single crystalline
structure of the single crystalline semiconductor layer, and a polycrystalline doped

semiconductor portion in contact with the vertical semiconductor channel.

22. The semiconductor structure of Claim 21, wherein the epitaxial doped semiconductor
portion and the polycrystalline doped seniconductor portion have a same material

composition throughout.

23. The semiconductor structure of Claim 21, wherein:
the vertical semiconductor channel has a doping of a first conductivity type; and
an entirety of the backside semiconductor source structure has a doping of a

sccond conductivity type that is an opposite of the first conductivity type.

24. The semiconductor structure of Claim 21, wherein a boundary between the epitaxial
doped semiconductor portion and the polycrystalline doped semiconductor portion comprises
a continuously extending grain boundary that extends from the memory film to a backside

surface of the backside semiconductor source stroctore.

25. The semiconductor structure of Claim 21, wherein the epitaxial doped semiconductor
portion contacts a cylindrical sidewall of the single crystalline semiconductor layer at a

sidewall of the memory opening.
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26. The semiconductor structire of Claim 21, wherein the polyerystalline doped
seraiconductor portion contacts an end segment of an outer sidewall of the vertical

serniconductor channel.

27. The semiconductor structure of Claim 21, wherein the epitaxial doped semiconductor
portion coraprises a portion located on a distal horizontal surface of the single crystalline

semiconductor layer.

28. The semiconductor structure of Claim 27, wherein an interface between the epitaxial
doped semiconductor portion and the polycrystalline doped semiconductor portion ¢is located
in a horizonial plane including the distal horizonal surface of the single crystalline

scmiconductor layer.

29. The semconductor structure of Claim 21, wherein:

a horizontal interface between the single crystalline semiconductor tayer and the
epitaxial doped semiconductor portion is located in a first horizontal plane;

the memory operning fll structure comprises a diclectric core that is laterally
surrounded by the vertical semiiconductor channel; and

an end surface of the dielectric core 1s more distal from a second hovizontal plane
including an interface between the single crystaliine semiconductor layer and the alternating

stack than the first horizontal plane is from the second horizontal planc.

30, The semconductor structure of Claim 29, wherein the backside semiconductor source
structure is not contact with the dielectric core, and s spaced from the diclectric core by the

vertical senuiconductor channel.

31. The semiconductor structure of Claim 21, wherein an entirety of the backside

semiconductor source structire is focated within a bottem portion of the mermory opening.

32. The semuconductor structure of Claim 21, wherein:

the polycrystalline doped semiconductor pordon has a first tubular shape; and
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the epitaxial doped semiconductor portion comprises a portion having a second

tubuiar shape that laterally surrounds the first tubular shape.

33. The semiconductor structure of Claim 32, wheretn distal annular end surfaces of the
polycrystalline doped semiconductor portion and the cpitaxial doped semiconductor portion
are located within a horizontal plane including a distal horizontal surface of the single

crystalline semiconductor layer.

34. A method of forming a semiconductor structure, comprising:

forming an alternating stack of insulating layers and spacer material layers over a
composite sahstate that includes a carrier substrate, a single crystalline semiconductor layer,
and a buried insulating layer located between the carrier substrate and the single crystalline
semiconductor layer, wherein the spacer material layers are formead as, or arg subsequently
replaced with, electrically conductive layers:

forming a memory opening through the alternating stack, the single crystailine
semiconductor layer, and the buried insulating layer;

forming a memory opening fill structure in the memory opening, wherein the
memory opening fill strocture comprises a memory film and a vertical semiconductor
channel:

removing the carrier substrate;

removing the buried insulating layer and an end portion of the memory opening
fill structure, whercin an end portion of the vertical semiconductor channel and a backside
strface of the single crystalline semiconductor layer are exposed: and

forming a backside semiconductor sowree structure on the vertical semiconductor
channel and the backside surface of the single erystalline semiconductor layer, whercin the
backside semiconductor source structiyre comprises an epitaxial doped senuconductor portion
that is formed in contact with and in epitaxial alignment with a single crystalline structure of
the single crystalline semiconductor layer, and a polycrystalline doped semiconductor portion

that is formed on the vertical semiconductor channel.
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35. The method of Claim 34, wherein the buried insulating layer and the end portion of the
memory opening fill structure are reraoved by performing an etch process that etches
materials of the buried insulating layer and the memory film selective to semiconductor
materials of the vertical semiconductor channel and the single crystalline semiconductor

layer.

36. The method of Claire 34, wherein the epitaxial doped semaiconductor portion and the
polycrystalline doped semiconductor portion are formed by performing an epitaxial

semiconductor deposition process.

37. The method of Claim 34, wherein the epitaxial doped senuconductor portion and the
polycrystalline doped semiconductor portion are formed by performing a semiconductor
deposition process that deposits an amorphous semiconductor material layer, and by

v
performing a crystallization process that induces epitaxial alignment between crystallized
portions of the amorphous serpicondoctor material layer and the single crystalline

semiconductor layer.

38. The method of Claim 34, wherein a boundary between the epitaxial doped semiconductor
portion and the polycrystalline doped semiconductor portion comprises a continuously
cxtending grain boundary that extends from the memaory filnt to a backside surface of the

backside semiconductor source structure.

39. The method of Claim 34, wherein:

a herizontal interface between the single crystalling semiconductor layer and the
cpitaxial doped semiconductor portion is formed in a first horizontal plane;

the memory opening fill structure comprises a dielectric core that is {aterally
surrounded by the vertical semiconductor channel; and

an end surface of the diclectric core is more distal from a second horizontal plane
including an inderface between the single crystalline serniconductor layer and the alternating
stack than the first horizontal plane is from the sccond horizontal plave upon formation of the

backside semiconducior source structure.
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40, The moethod of Claim 34, wheremn:

the polyerystalline doped semiconductor portion has a first tubular shape:

the epitaxial doped semiconductor portion has a sccond tbular shape that laterally
surrounds the fivst tubular shape; and

distal annular end surfaces of the polycrystalline doped semiconductor portion and
the epitaxial doped semiconductor portion are formed within a horizontal plane including a

distal horizontal surface of the single crystalline semiconductor layer.
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