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An alternating stack of insulating layers and sacrificial 
material layers is formed over a horizontal layer , which can 
be formed over a lower - interconnect - level dielectric mate 
rial layer overlying a substrate . Structural integrity of insu 
lating layers vertically spaced from one another by backside 
recesses during replacement of sacrificial material layers 
with electrically conductive layers can be enhanced by 
forming electrically inactive laterally - insulated support 
structures concurrently with formation of laterally - insulated 
conductive via structures that vertically extend through each 
layer in the alternating stack and through the horizontal layer 
and to lower - interconnect - level metal interconnect struc 
tures . Alternatively or additionally , the structural integrity of 
insulating layers during the replacement process can be 
enhanced by MxN array of semiconductor - containing sup 
port structures that extend through staircase region and 
having same materials as memory stack structures . 

11 Claims , 32 Drawing Sheets 
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THREE - DIMENSIONAL MEMORY DEVICE rounds the respective second conductive core , and wherein 
HAVING CONDUCTIVE SUPPORT an entirety of a top planar surface of each second conductive 

STRUCTURES AND METHOD OF MAKING core contacts a respective bottom surface of an overlying 
THEREOF upper - interconnect - level dielectric material layer . 

5 According to another aspect of the present disclosure , a 
FIELD three - dimensional memory device is provided , which com 

prises : a lower - interconnect - level dielectric material layer 
The present disclosure relates generally to the field of located over a substrate and embedding lower - interconnect 

semiconductor devices and specifically to three - dimensional level metal interconnect structures ; a horizontal layer over 
non - volatile memory devices employing support structures 10 lying the lower - interconnect - level dielectric material layer ; 
for replacement of sacrificial material layers and methods of an alternating stack of insulating layers and electrically 
making the same . conductive layers located over the horizontal layer , wherein 

the alternating stack includes a staircase region in which BACKGROUND each electrically conductive layer except a topmost electri 
Recently , ultra high density storage devices have been cally conductive layer laterally extends farther than any 

proposed using a three - dimensional ( 3D ) stacked memory overlying electrically conductive layer to provide multiple 
stack structure sometimes referred to as Bit Cost Scalable sets of stepped surfaces , wherein each set of stepped sur 
( BiCS ) architecture . For example , a 3D NAND stacked faces continuously extend from a bottommost layer of the 
memory device can be formed from an array of an alternat - 20 alternating stack to a topmost layer of the alternating stack ; 
ing stack of insulating materials and spacer material layers and a retro - stepped dielectric material portion overlies the 
that are formed as electrically conductive layer or replaced multiple sets of stepped surfaces ; an array of memory stack 
with electrically conductive layers . Memory openings are structures extending through the alternating stack ; semicon 
formed through the alternating stack , and are filled with ductor - containing support structures extending through the 
memory stack structures , each of which includes a vertical 25 multiple sets of stepped surfaces . Each semiconductor 
stack of memory elements and a vertical semiconductor containing support structure and each memory stack struc 
channel . A memory - level assembly including the alternating ture comprises a respective instance of a memory film and 
stack and the memory stack structures is formed over a a respective instance of a vertical semiconductor channel 
substrate . The electrically conductive layers can function as that is laterally surrounded by the respective instance of the 
word lines of a 3D NAND stacked memory device , and bit 30 memory film and contacts a bottom surface of a respective lines overlying an array of memory stack structures can be instance of a drain region . Each horizontal surface within the connected to drain - side ends of the vertical semiconductor multiple sets of stepped surfaces includes an MxN array of channels . openings , wherein M is an integer greater than 2 and N is an As three - dimensional memory devices scale to smaller 
device dimensions , the dimensions of various layers shrink , 35 integer greater than 1 . The three - dimensional memory 
thereby decreasing structural stability of layers between device further comprises an instance of an MxN array of 
backside recesses formed by removal of sacrificial material semiconductor - containing support structures that is a subset 
layers that are provided between insulating layers . Thus , a of the semiconductor - containing support structures extends 
method of enhancing structural support during replacement vertically through each opening in the MxN array of open 
of the sacrificial material layers with electrically conductive 40 ings . 
layers is desired . According to yet another aspect of the present disclosure , 

a method of forming a three - dimensional memory device is 
SUMMARY provided . A lower - interconnect - level dielectric material 

layer embedding lower - interconnect - level metal intercon 
According to an aspect of the present disclosure , a three - 45 nect structures is formed over a substrate . A horizontal layer 

dimensional memory device is provided , which comprises : is formed over the lower - interconnect - level dielectric mate 
a lower - interconnect - level dielectric material layer located rial layer . An alternating stack of insulating layers and 
over a substrate and embedding lower - interconnect - level sacrificial material layers is formed over the horizontal layer . metal interconnect structures ; a horizontal layer overlying A staircase region is formed , in which each sacrificial the lower - interconnect - level dielectric material layer , an 50 mai material layer except a topmost sacrificial material layer alternating stack of insulating layers and electrically con laterally extends farther than any overlying sacrificial mate ductive layers located over the horizontal layer ; an array of rial layer to provide multiple sets of stepped surfaces , memory stack structures extending through the alternating wherein each set of stepped surfaces continuously extend stack ; laterally - insulated conductive via structures that ver 
tically extend through each layer in the alternating stack and 55 from a bottommost layer of the alternating stack to a topmost 
through the horizontal layer , wherein each of the laterally layer of the alternating stack . An array of memory stack 
insulated conductive via structures comprises a respective structures extending through the alternating stack is formed . 
first conductive core that is electrically shorted to a respec Laterally - insulated conductive via structures are formed , 
tive one of the lower - interconnect - level metal interconnect which vertically extend through each layer in the alternating 
structures , and a respective first cylindrical dielectric spacer 60 stack and through the horizontal layer . Laterally - insulated 
that laterally surrounds the respective first conductive core ; support structures are formed , which vertically extend 
and laterally - insulated support structures that vertically through a subset of layers in the staircase region of the 
extend through a subset of layers in the alternating stack , alternating stack , wherein the laterally - insulated support 
wherein each of the laterally - insulated support structures structures vertically extend through a respective portion of 
comprises a respective second conductive core having a 65 the multiple sets of stepped surfaces . The sacrificial material 
same composition as the first conductive core , and a respec - layers within the alternating stack are replaced with electri 
tive second cylindrical dielectric spacer that laterally sur cally conductive layers while the laterally - insulated support 
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structures provide structural support to the insulating layers FIG . 9A is a vertical cross - sectional view of the first 
during removal of the spacer material layers . exemplary structure after formation of backside contact 

trenches according to the first embodiment of the present 
BRIEF DESCRIPTION OF THE DRAWINGS disclosure . 

5 FIG . 9B is a horizontal cross - sectional view of the first 
FIG . 1 is a vertical cross - sectional view of a first exem exemplary structure along the horizontal plane B - B ' in FIG . 

plary structure after formation of semiconductor devices , at 9A . The zig - zag vertical plane A - A ' corresponds to the plane 
least one lower - interconnect - level dielectric material layer , of the vertical cross - sectional view of FIG . 9A . 
and lower - interconnect - level metal interconnect structures FIG . 10 is a vertical cross - sectional view of the first 
on a semiconductor substrate according to a first embodi - 10 exemplary structure after formation of backside recesses by 
ment of the present disclosure . The first exemplary structure removal of the spacer material layers according to the first 
can include additional regions not expressly illustrated in embodiment of the present disclosure . 
FIG . 1 . FIG . 11 is a vertical cross - sectional view of the first 

FIG . 2 is a vertical cross - sectional view of the first is exemplary structure after formation of electrically conduc 
exemplary structure after formation of a semiconductor tive layers in the backside recesses according to the first 
material layer and a first - tier alternating stack of first insult embodiment of the present disclosure . 
ing layers and first spacer material layers according to the FIG . 12A is a vertical cross - sectional view of the first 
first embodiment of the present disclosure . exemplary structure after formation of insulating wall struc 

FIG . 3A is a vertical cross - sectional view of the first 20 tures according to the first embodiment of the present 
exemplary structure after patterning first - tier staircase disclosure . 
regions on the first - tier alternating stack and forming a FIG . 12B is a horizontal cross - sectional view of the first 
first - tier retro - stepped dielectric material portion according exemplary structure along the horizontal plane B - B ' in FIG . 
to the first embodiment of the present disclosure . 12A . The zig - zag vertical plane A - A ' corresponds to the 

FIG . 3B is an overall plan view of the first exemplary 25 plane of the vertical cross - sectional view of FIG . 12A . 
structure of FIG . 3 that illustrates additional regions not FIG . 13A is a vertical cross - sectional view of the first 
expressly illustrated in FIG . 3A . exemplary structure after formation of various contact via 

FIG . 4A is a vertical cross - sectional view of the first structures according to the first embodiment of the present 
exemplary structure after formation of first - tier openings and disclosure . 
sacrificial opening fill structures therein according to the first 30 FIG . 13B is a horizontal cross - sectional view of the first 
embodiment of the present disclosure . exemplary structure along the horizontal plane B - B ' in FIG . 

FIG . 4B is a horizontal cross - sectional view of the first 13A . The zig - zag vertical plane A - A ' corresponds to the 
exemplary structure along the horizontal plane B - B ' in FIG . plane of the vertical cross - sectional view of FIG . 13A . 
4A . The zig - zag vertical plane A - A ' corresponds to the plane of FIG . 13C is an overall plan view of the first exemplary 
of the vertical cross - sectional view of FIG . 4A . structure of FIGS . 13A and 13B that illustrates additional 

FIG . 5 is a vertical cross - sectional view of the first regions not expressly illustrated in FIGS . 13A and 13B . 
exemplary structure after formation of a second - tier alter - Regions B and D correspond to the views of FIGS . 13B and 
nating stack of second insulating layers and second spacer 13D , respectively . 
material layers , a second - tier retro - stepped dielectric mate - 40 FIG . 13D is a plan view of region D of the first exemplary 
rial portion , and an insulating cap layer according to the first structure of FIG . 13C . 
embodiment of the present disclosure . FIG . 14 is a vertical cross - sectional view of the first 

FIG . 6A is a vertical cross - sectional view of the first exemplary structure after formation of an upper - intercon 
exemplary structure after formation of memory openings nect - level dielectric material layer and upper - interconnect 
and support openings according to the first embodiment of 45 level metal interconnect structures according to the first 
the present disclosure . embodiment of the present disclosure . 

FIG . 6B is a horizontal cross - sectional view of the first FIG . 15 is a vertical cross - sectional view of a first 
exemplary structure along the horizontal plane B - B ' in FIG . alternate embodiment of the first exemplary structure 
6A . The zig - zag vertical plane A - A ' corresponds to the plane according to the first embodiment of the present disclosure . 
of the vertical cross - sectional view of FIG . 6A . 50 FIG . 16 is a horizontal cross - sectional view of a second FIG . 7A is a vertical cross - sectional view of the first alternate embodiment of the first exemplary structure exemplary structure after formation of memory stack struc according to the first embodiment of the present disclosure . tures and semiconductor - containing support structures FIG . 17A is a horizontal cross - sectional view of a first according to the first embodiment of the present disclosure . 

FIG . 7B is a horizontal cross - sectional view of the first 55 region of a third alternate embodiment of the first exemplary 
exemplary structure along the horizontal plane B - B ' in FIG . structure according to the first embodiment of the present 
7A . The zig - zag vertical plane A - A ' corresponds to the plane disclosure . 
of the vertical cross - sectional view of FIG . 7A . FIG . 17B is a horizontal cross - sectional view of a second 

FIG SA is a vertical cross - sectional view of the first region of a third alternate embodiment of the first exemplary 
exemplary structure after formation of laterally - insulated 60 structure according to the first embodiment of the present 
conductive via structures and laterally - insulated support disclosure . 
structures according to the first embodiment of the present FIG . 18 is a horizontal cross - sectional view of a second 
disclosure . exemplary structure according to a second embodiment of 

FIG . 8B is a horizontal cross - sectional view of the first the present disclosure . 
exemplary structure along the horizontal plane B - B ' in FIG . 65 FIG . 19 is a horizontal cross - sectional view of a first 
8A . The zig - zag vertical plane A - A ' corresponds to the plane alternate embodiment of the second exemplary structure 
of the vertical cross - sectional view of FIG . 8A . according to a second embodiment of the present disclosure . 
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FIG . 20A is a horizontal cross - sectional view of a first electron to a conduction band within a band structure . As 
region of a second alternate embodiment of the second used herein , a " conductive material ” refers to a material 
exemplary structure according to the second embodiment of having electrical conductivity greater than 1 . 0x10 S / cm . As 
the present disclosure . used herein , an “ insulating material ” or a “ dielectric mate 

FIG . 20B is a horizontal cross - sectional view of a second 5 rial ” refers to a material having electrical conductivity less 
region of a second alternate embodiment of the second than 1 . 0x10 - S / cm . All measurements for electrical con 
exemplary structure according to the second embodiment of ductivities are made at the standard condition . 
the present disclosure . A monolithic three dimensional memory array is one in 

which multiple memory levels are formed above a single 
DETAILED DESCRIPTION 10 substrate , such as a semiconductor wafer , with no interven 

ing substrates . The term “ monolithic ” means that layers of 
As discussed above , the present disclosure is directed to each level of the array are directly deposited on the layers of 

three - dimensional non - volatile memory devices employing each underlying level of the array . In contrast , two dimen 
support structures for replacement of sacrificial material sional arrays may be formed separately and then packaged 
layers and methods of making the same , the various aspects 15 together to form a non - monolithic memory device . For 
of which are described below . The embodiments of the example , non - monolithic stacked memories have been con 
disclosure can be employed to form various semiconductor structed by forming memory levels on separate substrates 
devices such as three - dimensional monolithic memory array and vertically stacking the memory levels , as described in 
devices comprising a plurality of NAND memory strings . U . S . Pat . No . 5 , 915 , 167 titled “ Three Dimensional Structure 
The drawings are not drawn to scale . Multiple instances of 20 Memory . " The semiconductor substrates may be thinned or 
an element may be duplicated where a single instance of the removed from the memory levels before bonding , but as the 
element is illustrated , unless absence of duplication of memory levels are initially formed over separate substrates , 
elements is expressly described or clearly indicated other such memories are not true monolithic three dimensional 
wise . memory arrays . The semiconductor substrate may include 

Ordinals such as “ first , " " second , ” and “ third ” are 25 integrated circuits fabricated thereon , such as driver circuits 
employed merely to identify similar elements , and different for a memory device 
ordinals may be employed across the specification and the The various three dimensional memory devices of the 
claims of the instant disclosure . As used herein , a first present disclosure include a monolithic three - dimensional 
element located " on " a second element can be located on the NAND string memory device , and can be fabricated 
exterior side of a surface of the second element or on the 30 employing the various embodiments described herein . The 
interior side of the second element . As used herein , a first monolithic three dimensional NAND string memory device 
element is located " directly on " a second element if there can be located in a monolithic , three dimensional array of 
exist a physical contact between a surface of the first element NAND strings located over the semiconductor substrate . At 
and a surface of the second element . As used herein , an least one memory cell in the first device level of the three 
“ in - process ” structure or a " transient ” structure refers to a 35 dimensional array of NAND strings is located over another 
structure that is subsequently modified . memory cell in the second device level of the three dimen 

As used herein , a " layer ” refers to a material portion sional array of NAND strings . 
including a region having a thickness . A layer may extend Referring to FIG . 1 , a first exemplary structure according 
over the entirety of an underlying or overlying structure , or to a first embodiment of the present disclosure is illustrated . 
may have an extent less than the extent of an underlying or 40 The first exemplary structure includes a semiconductor 
overlying structure . Further , a layer may be a region of a substrate 9 , and semiconductor devices formed thereupon . 
homogeneous or inhomogeneous continuous structure that The semiconductor devices can include , for example , field 
has a thickness less than the thickness of the continuous effect transistors including respective source regions , drain 
structure . For example , a layer may be located between any regions , channel regions , and gate structures 750 . Shallow 
pair of horizontal planes between , or at , a top surface and a 45 trench isolation structures 720 can be formed in an upper 
bottom surface of the continuous structure . A layer may portion of the semiconductor substrate 9 to provide electrical 
extend horizontally , vertically , and / or along a tapered sur - isolation among the semiconductor devices . Each gate struc 
face . A substrate may be a layer , may include one or more ture 750 can include , for example , a gate dielectric 752 , a 
layers therein , and / or may have one or more layer thereupon , gate electrode 754 , a gate cap dielectric 758 , and a dielectric 
thereabove , and / or therebelow . 50 gate spacer 756 . The semiconductor devices can include any 
As used herein , a “ memory level ” or a “ memory array semiconductor circuitry to support operation of a memory 

level ” refers to the level corresponding to a general region structure to be subsequently formed , which is typically 
between a first horizontal plane ( i . e . , plane parallel to the top referred to as a peripheral circuitry ( also called driver 
surface of the substrate ) including topmost surfaces of an circuitry ) . As used herein , a peripheral circuitry refers to any , 
array of memory elements and a second horizontal plane 55 each , or all , of word line decoder circuitry , word line 
including bottommost surfaces of the array of memory switching circuitry , bit line decoder circuitry , bit line sensing 
elements . As used herein , a “ through - memory - level ” ele - and / or switching circuitry , power supply / distribution cir 
ment refers to an element that vertically extends through a cuitry , data buffer and / or latch , or any other semiconductor 
memory level . circuitry that can be implemented outside a memory array 
As used herein , a " semiconductor material ” refers to a 60 structure for a memory device . For example , the semicon 

material having electrical conductivity in the range from ductor devices can include word line switching devices for 
1 . 0x10 - 6 S / cm to 1 . 0x10 % S / cm , and is capable of producing electrically biasing word lines of three - dimensional memory 
a doped material having electrical conductivity in a range structures to be subsequently formed . 
from 1 . 0 S / cm to 1 . 0x10 S / cm upon suitable doping with an At least one dielectric layer is formed over the semicon 
electrical dopant . As used herein , an “ electrical dopant ” 65 ductor devices , which is herein referred to as at least one 
refers to a p - type dopant that adds a hole to a valence band lower - interconnect - level dielectric material layer 760 . The 
within a band structure , or an n - type dopant that adds an at least one lower - interconnect - level dielectric material layer 
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760 can include , for example , an optional dielectric liner 762 one semiconducting material . As used herein , a first element 
such as a silicon nitride liner that blocks diffusion of mobile is " electrically isolated ” from a second element if no con 
ions and / or apply appropriate stress to underlying structures , tinuous path consisting of at least one conductive material , 
a planarization dielectric layer 764 that is employed to at least one semiconducting materials , or a combination of 
provide a planar surface that is coplanar with the topmost 5 at least one conductive material and at least one semicon 
surface of the dielectric liner 762 or the topmost surfaces of ducting material is present between the first element and the 
the gate structures 750 , an optional planar liner 766 , and at second element . 
least one lower level interconnect dielectric layer 768 that The through - memory - level via region 400 can be located 
collectively functions as a matrix for lower - interconnect - adjacent to a memory array region 100 in which an array of 
level metal interconnect structures 780 that provide electri - 10 memory devices are subsequently formed . A word line 
cal wiring among the various nodes of the semiconductor contact via region 200 can be located adjacent to the 
devices and landing pads for through - memory - level via through - memory - level via region 400 and the memory array 
structures to be subsequently formed . The lower - intercon - region 100 . In one embodiment , the through - memory - level 
nect - level metal interconnect structures 780 can include via region 400 and the word line contact via region 200 can 
various device contact via structures 782 , lower level metal 15 be located at a peripheral edge of the memory array region 
lines 784 , lower level via structures 786 , and lower level 100 . 
topmost metal structures 788 that are configured to function While a particular pattern for the lower level topmost 
as landing pads for through - memory - level via structures to metal structures 788 is illustrated herein , it is understood that 
be subsequently formed . The region of the semiconductor the pattern for the lower level topmost metal structures 788 
devices and the combination of the at least one lower - 20 may be altered to optimize wiring in the underlying periph 
interconnect - level dielectric material layer 760 and the eral device region 700 as long as the lower level topmost 
lower - interconnect - level metal interconnect structures 780 metal structures 788 provide suitable landing pad areas for 
is herein referred to an underlying peripheral device region the through - memory - level via structures to be subsequently 
700 , which is located underneath a memory - level assembly formed . 
to be subsequently formed and includes peripheral devices 25 Referring to FIG . 2 , an optional planar conductive mate 
for the memory - level assembly . The lower - interconnect - rial layer 6 and a horizontal layer 10 ( such as a semicon 
level metal interconnect structures 780 are embedded in the ductor material layer which can be a sacrificial material 
at least one lower - interconnect - level dielectric material layer layer or a permanent layer which is part of a horizontal 
760 . In one embodiment , the topmost surfaces of the lower channel ) can be formed over the underlying peripheral 
level topmost metal structures 788 may be located below a 30 device region 700 . The optional planar conductive material 
horizontal plane including the topmost surface of the at least layer 6 includes a conductive material such as a metal or a 
one lower - interconnect - level dielectric material layer 760 . heavily doped semiconductor material having electrical con 

The lower - interconnect - level metal interconnect struc - ductivity greater than 1 . 0x10 S / cm ) . The optional planar 
tures 780 can be electrically shorted to nodes of the semi - conductive material layer 6 , for example , may include a 
conductor devices , and is located at the level of the at least 35 tungsten layer having a thickness in a range from 3 nm to 
one lower - interconnect - level dielectric material layer 760 . 100 nm , although lesser and greater thicknesses can also be 
The through - memory - level via structures ( not shown in FIG . employed . A metal nitride layer ( not shown ) may be pro 
1 ) can be subsequently formed directly on the lower - inter - vided as a diffusion barrier layer on top of the planar 
connect - level metal interconnect structures 780 . In one conductive material layer 6 . 
embodiment , the pattern of the lower - interconnect - level 40 The semiconductor material layer 10 can be formed over 
metal interconnect structures 780 can be selected such that the at least one lower - interconnect - level dielectric material 
the lower level topmost metal structures 788 , which are a layer 760 . The semiconductor material layer 10 includes a 
subset of the lower - interconnect - level metal interconnect semiconductor material , which can include at least one 
structures 780 located at the topmost portion of the lower elemental semiconductor material , at least one III - V com 
interconnect - level metal interconnect structures 780 , can 45 pound semiconductor material , at least one II - VI compound 
provide landing pad structures within a through - memory - semiconductor material , at least one organic semiconductor 
level via region 400 . The through - memory - level via region material , and / or other semiconductor materials known in the 
400 is a region in which through - memory - level via struc art . In one embodiment , the semiconductor material layer 10 
tures that extend vertically through a memory - level assem - can include a polycrystalline semiconductor material ( such 
bly is subsequently formed . 50 as polysilicon ) , or an amorphous semiconductor material 

The semiconductor devices formed on the top surface of ( such as amorphous silicon ) that is converted into a poly 
the semiconductor substrate 9 can include a driver circuit for crystalline semiconductor material in a subsequent process 
the array of memory stack structures to be subsequently i ng step ( such as an anneal step ) . The semiconductor mate 
formed . A first subset of the lower - interconnect - level metal rial layer 10 can be formed directly above a subset of the 
interconnect structure 788 can be electrically connected to 55 semiconductor devices on the semiconductor substrate 9 , 
devices of the driver circuit , and a second subset of the such as a silicon wafer . As used herein , a first element is 
lower - interconnect - level metal interconnect structures ( such located “ directly above ” a second element if the first element 
as dummy lower - interconnect - level metal interconnect is located above a horizontal plane including a topmost 
structures 788D ) can be electrically isolated from any device surface of the second element and an area of the first element 
located underneath a horizontal plane including a bottom - 60 and an area of the second element has an areal overlap in a 
most surface of the second subset of the lower - interconnect - plan view . In one embodiment , the semiconductor material 
level metal interconnect structures 788D . As used herein , a layer 10 or portions thereof can be doped with electrical 
first element is " electrically connected ” to a second element dopants , which may be p - type dopants or n - type dopants . 
if there exists a continuous path between the first element The conductivity type of the dopants in the semiconductor 
and the second element that consists of at least one conduc - 65 material layer 10 is herein referred to as a first conductivity 
tive material , at least one semiconducting materials , or a type . A dielectric pad layer 152 can be formed on the top 
combination of at least one conductive material and at least surface of the semiconductor material layer 10 . 
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An alternating stack of first material layers and second cate glass ( OSG ) , spin - on dielectric materials , dielectric 
material layers is subsequently formed . Each first material metal oxides that are commonly known as high dielectric 
layer can include a first material , and each second material constant ( high - k ) dielectric oxides ( e . g . , aluminum oxide , 
layer can include a second material that is different from the hafnium oxide , etc . ) and silicates thereof , dielectric metal 
first material . In case at least another alternating stack of 5 oxynitrides and silicates thereof , and organic insulating 
material layers is subsequently formed over the alternating materials . In one embodiment , the first material of the first 
stack of the first material layers and the second material insulating layers 132 can be silicon oxide . 
layers , the alternating stack is herein referred to as a first - tier The second material of the first sacrificial material layers 
alternating stack . The level of the first - tier alternating stack 142 is a sacrificial material that can be removed selective to 
is herein referred to as a first - tier level , and the level of the 10 the first material of the first insulating layers 132 . As used 
alternating stack to be subsequently formed immediately herein , a removal of a first material is " selective to ” a second 
above the first - tier level is herein referred to as a second - tier material if the removal process removes the first material at 
level , etc . a rate that is at least twice the rate of removal of the second 

The first - tier alternating stack can include first insulting material . The ratio of the rate of removal of the first material 
layers 132 as the first material layers , and first spacer 15 to the rate of removal of the second material is herein 
material layers as the second material layers . In one embodi - referred to as a “ selectivity ” of the removal process for the 
ment , the first spacer material layers can be sacrificial first material with respect to the second material . 
material layers that are subsequently replaced with electri - The first sacrificial material layers 142 may comprise an 
cally conductive layers . In another embodiment , the first insulating material , a semiconductor material , or a conduc 
spacer material layers can be electrically conductive layers 20 tive material . The second material of the first sacrificial 
that are not subsequently replaced with other layers . While material layers 142 can be subsequently replaced with 
the present disclosure is described employing embodiments electrically conductive electrodes which can function , for 
in which sacrificial material layers are replaced with elec example , as control gate electrodes of a vertical NAND 
trically conductive layers , embodiments in which the spacer device . In one embodiment , the first sacrificial material 
material layers are formed as electrically conductive layers 25 layers 142 can be material layers that comprise silicon 
( thereby obviating the need to perform replacement pro - nitride . 
cesses ) are expressly contemplated herein . In one embodiment , the first insulating layers 132 can 

In one embodiment , the first material layers and the include silicon oxide , and sacrificial material layers can 
second material layers can be first insulating layers 132 and include silicon nitride sacrificial material layers . The first 
first sacrificial material layers 142 , respectively . In one 30 material of the first insulating layers 132 can be deposited , 
embodiment , each first insulating layer 132 can include a for example , by chemical vapor deposition ( CVD ) . For 
first insulating material , and each first sacrificial material example , if silicon oxide is employed for the first insulating 
layer 142 can include a first sacrificial material . An alter - layers 132 , tetraethylorthosilicate ( TEOS ) can be employed 
nating plurality of first insulating layers 132 and first sac - as the precursor material for the CVD process . The second 
rificial material layers 142 is formed over the semiconductor 35 material of the first sacrificial material layers 142 can be 
material layer 10 . As used herein , a “ sacrificial material ” formed , for example , CVD or atomic layer deposition 
refers to a material that is removed during a subsequent ( ALD ) . 
processing step . The thicknesses of the first insulating layers 132 and the 

As used herein , an alternating stack of first elements and first sacrificial material layers 142 can be in a range from 20 
second elements refers to a structure in which instances of 40 nm to 50 nm , although lesser and greater thicknesses can be 
the first elements and instances of the second elements employed for each first insulating layer 132 and for each first 
alternate . Each instance of the first elements that is not an sacrificial material layer 142 . The number of repetitions of 
end element of the alternating plurality is adjoined by two the pairs of a first insulating layer 132 and a first sacrificial 
instances of the second elements on both sides , and each material layer 142 can be in a range from 2 to 1 , 024 , and 
instance of the second elements that is not an end element of 45 typically from 8 to 256 , although a greater number of 
the alternating plurality is adjoined by two instances of the repetitions can also be employed . In one embodiment , each 
first elements on both ends . The first elements may have the first sacrificial material layer 142 in the first - tier alternating 
same thickness thereamongst , or may have different thick - stack ( 132 , 142 ) can have a uniform thickness that is 
nesses . The second elements may have the same thickness substantially invariant within each respective first sacrificial 
thereamongst , or may have different thicknesses . The alter - 50 material layer 142 . 
nating plurality of first material layers and second material A first insulating cap layer 170 is subsequently formed . 
layers may begin with an instance of the first material layers The first insulating cap layer 170 includes a dielectric 
or with an instance of the second material layers , and may material , which can be any dielectric material that can be 
end with an instance of the first material layers or with an employed for the first insulating layers 132 . In one embodi 
instance of the second material layers . In one embodiment , 55 ment , the first insulating cap layer 170 includes the same 
an instance of the first elements and an instance of the dielectric material as the first insulating layers 132 . The 
second elements may form a unit that is repeated with thickness of the first insulating cap layer 170 can be in a 
periodicity within the alternating plurality . range from 20 nm to 300 nm , although lesser and greater 

The first - tier alternating stack ( 132 , 142 ) can include first thicknesses can also be employed . 
insulating layers 132 composed of the first material , and first 60 Referring to FIGS . 3A and 3B , the first insulating cap 
sacrificial material layers 142 composed of the second layer 170 and the first - tier alternating stack ( 132 , 142 ) can 
material , which is different from the first material . The first be patterned to form first stepped surfaces in each through 
material of the first insulating layers 132 can be at least one memory - level via region 400 and each word line contact via 
insulating material . Insulating materials that can be region 200 . The word line contact via regions 200 can 
employed for the first insulating layers 132 include , but are 65 include first - type word line contact via regions 200A having 
not limited to silicon oxide ( including doped or undoped a first layout and second - type word line contact via regions 
silicate glass ) , silicon nitride , silicon oxynitride , organosili - 200B having a second layout . The first - type and second - type 
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word line contact via regions ( 200A , 200B ) can be alter - tapered . Subsequently , the patterned lithographic material 
nately arranged along a pair of parallel edges of the memory stack can be subsequently removed , for example , by ashing . 
array regions 100 as illustrated in FIG . 3B . Sacrificial opening fill structures 131 can be formed in the 

Each of the word line contact via regions 200 can include first - tier openings . For example , a sacrificial fill material 
a respective first stepped area SA1 in which the first stepped 5 layer is deposited in the first - tier memory openings . In one 
surfaces are formed , and a second stepped area SA2 in embodiment , the sacrificial fill material layer can include a 
which additional stepped surfaces are to be subsequently sacrificial material which can be subsequently removed 
formed in a second tier structure ( to be subsequently formed selective to the materials of the first insulating layers 132 
over a first tier structure ) and / or additional tier structures . and the first sacrificial material layers 142 . In one embodi 
Each neighboring pair of a first stepped area SA1 and a " ment , the sacrificial fill material layer can include a semi 
second stepped area is herein referred to as a staircase conductor material such as silicon ( e . g . , poly silicon or 
region . amorphous silicon ) , a silicon - germanium alloy , germanium , 

The first stepped surfaces can be formed , for example , by a III - V compound semiconductor material , or a combination 
forming a mask layer with an opening therein , etching a 16 thereof . The sacrificial fill material layer may be formed by 
cavity within the levels of the first insulating cap layer 170 , a non - conformal deposition or a conformal deposition 
and iteratively expanding the etched area and vertically method . In one embodiment , the sacrificial fill material layer 
recessing the cavity by etching each pair of a first insulating can include a carbon - containing material ( such as amor 
layer 132 and a first sacrificial material layer 142 located phous carbon or diamond - like carbon ) that can be subse 
directly underneath the bottom surface of the etched cavity 20 quently removed by ashing . Optionally , a thin etch stop layer 
within the etched area . A dielectric material can be deposited 121 ( such as a silicon oxide layer having a thickness in a 
to fill the first stepped cavity to form a first - tier retro - stepped range from 1 nm to 3 nm ) may be employed prior to 
dielectric material portion 165 . As used herein , a " retro - depositing the sacrificial fill material layer . In this case , the 
stepped ” element refers to an element that has stepped material of the sacrificial fill material layer can be selected 
surfaces and a horizontal cross - sectional area that increases 25 from materials that can be removed selective to the material 
monotonically as a function of a vertical distance from a top of the etch stop layer 121 . 
surface of a substrate on which the element is present . The Portions of the deposited sacrificial material can be 
first - tier alternating stack ( 132 , 142 ) and the first - tier retro removed from above the first insulating cap layer 170 . For 
stepped dielectric material portion 165 collectively consti - example , the sacrificial fill material layer can be recessed to 
tute a first tier structure , which is an in - process structure that 30 a top surface of the first insulating cap layer 170 employing 
is subsequently modified . a planarization process . The planarization process can 

Referring to FIGS . 4A and 4B , first - tier openings extend - include a recess etch , chemical mechanical planarization 
ing to a top surface of the semiconductor material layer 10 ( CMP ) , or a combination thereof . The top surface of the first 
are formed through the first - tier alternating stack ( 132 , 142 ) . insulating layer 170 can be employed as an etch stop layer 
A first subset of the first - tier openings can be formed in the 35 or a planarization stop layer . Each remaining portion of the 
memory array region 100 at locations at which memory sacrificial material in a first - tier memory opening constitutes 
stack structures including vertical stacks of memory ele - a sacrificial opening fill structure 131 . The sacrificial open 
ments are to be subsequently formed . The first subset of the ing fill structure 131 may , or may not , include cavities 
first - tier openings is herein referred to as first - tier memory therein . A first subset of the sacrificial opening fill structures 
openings . A second subset of the first - tier openings can be 40 131 located in the memory array region 100 constitutes 
formed in the word line contact via regions 200 at locations sacrificial memory opening fill structures , and a second 
at which semiconductor - containing support structures are to subset of the sacrificial opening fill structures 131 located in 
be subsequently formed . The second subset of the first - tier the word line contact via regions 200 constitute sacrificial 
openings is herein referred to as first - tier support openings . support opening fill structures . 

For example , a lithographic material stack ( not shown ) 45 Referring to FIG . 5 , an inter - tier dielectric layer 180 may 
including at least a photoresist layer can be formed over the be optionally deposited over the first tier structure ( 132 , 142 , 
first insulating cap layer 170 , and can be lithographically 165 , 131 ) . The inter - tier dielectric layer 180 includes a 
patterned to form openings within the lithographic material dielectric material such as silicon oxide . The thickness of the 
stack . The pattern in the lithographic material stack can be inter - tier dielectric layer 180 can be in a range from 30 nm 
transferred through the first insulating cap layer 170 and 50 to 300 nm , although lesser and greater thicknesses can also 
through the entirety of the first - tier alternating stack ( 132 , be employed . 
142 ) by at least one anisotropic etch that employs the second tier structure can be formed over the first tier 
patterned lithographic material stack as an etch mask . Por - structure ( 132 , 142 , 170 , 131 ) . The second tier structure can 
tions of the first insulating cap layer 170 and the first - tier include an additional alternating stack of insulating layers 
alternating stack ( 132 , 142 ) underlying the openings in the 55 and spacer material layers , which can be sacrificial material 
patterned lithographic material stack are etched to form the layers . For example , a second alternating stack ( 232 , 242 ) of 
first - tier openings . In other words , the transfer of the pattern material layers can be subsequently formed on the top 
in the patterned lithographic material stack through the first surface of the first alternating stack ( 132 , 142 ) . The second 
insulating cap layer 170 and the first - tier alternating stack stack ( 232 , 242 ) includes an alternating plurality of third 
( 132 , 142 ) forms the first - tier openings . 60 material layers and fourth material layers . Each third mate 

In one embodiment , the chemistry of the anisotropic etch rial layer can include a third material , and each fourth 
process employed to etch through the materials of the material layer can include a fourth material that is different 
first - tier alternating stack ( 132 , 142 ) can alternate to opti from the third material . In one embodiment , the third 
mize etching of the first and second materials in the first - tier material can be the same as the first material of the first 
alternating stack ( 132 , 142 ) . The anisotropic etch can be , for 65 insulating layer 132 , and the fourth material can be the same 
example , a series of reactive ion etches . The sidewalls of the as the second material of the first sacrificial material layers 
first - tier openings can be substantially vertical , or can be 142 . 
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In one embodiment , the third material layers can be A second insulating cap layer 270 can be subsequently 
second insulating layers 232 and the fourth material layers formed over the second alternating stack ( 232 , 242 ) . The 
can be second spacer material layers that provide vertical second insulating cap layer 270 includes a dielectric material 
spacing between each vertically neighboring pair of the that is different from the material of the second sacrificial 
second insulating layers 232 . In one embodiment , the third 5 material layers 242 . In one embodiment , the second insu 
material layers and the fourth material layers can be second lating cap layer 270 can include silicon Oxide . In one 
insulating layers 232 and second sacrificial material layers embodiment , the first and second sacrificial material layers 
242 , respectively . The third material of the second insulating ( 142 , 242 ) can comprise silicon nitride . 
layers 232 may be at least one insulating material . The fourth Generally speaking , at least one alternating stack of 
material of the second sacrificial material layers 242 may be 10 insulating layers ( 132 , 232 ) and spacer material layers ( such 
a sacrificial material that can be removed selective to the as sacrificial material layers ( 142 , 242 ) ) can be formed over 
third material of the second insulating layers 232 . The the semiconductor material layer 10 , and at least one retro 
second sacrificial material layers 242 may comprise an stepped dielectric material portion ( 165 , 265 ) can be formed 
insulating material , a semiconductor material , or a conduc - over the staircase regions on the at least one alternating stack 
tive material . The fourth material of the second sacrificial 15 ( 132 , 142 , 232 , 242 ) . 
material layers 242 can be subsequently replaced with Each of the word line contact via region ( 200A , 200B ) 
electrically conductive electrodes which can function , for includes a staircase region in which each sacrificial material 
example , as control gate electrodes of a vertical NAND layer ( 142 , 242 ) except a topmost sacrificial material layer 
device . 242 laterally extends farther than any overlying sacrificial 

In one embodiment , each second insulating layer 232 can 20 material layer ( 142 , 242 ) to provide a set of stepped surfaces . 
include a second insulating material , and each second sac - The set of stepped surfaces continuously extend from a 
rificial material layer 242 can include a second sacrificial bottommost layer of the first alternating stack ( 132 , 142 ) to 
material . In this case , the second stack ( 232 , 242 ) can a topmost layer of the second alternating stack ( 232 , 242 ) . 
include an alternating plurality of second insulating layers Referring to FIGS . 6A and 6B , drain - select - level shallow 
232 and second sacrificial material layers 242 . The third 25 trench isolation structures 72 can be optionally formed 
material of the second insulating layers 232 can be depos through one or more topmost second sacrificial material 
ited , for example , by chemical vapor deposition ( CVD ) . The layers 242 by forming line trenches and filling the line 
fourth material of the second sacrificial material layers 242 trenches with a dielectric material . Second - tier openings 
can be formed , for example , CVD or atomic layer deposition extending through the second tier structure ( 232 , 242 , 265 ) 
( ALD ) . 30 are formed in areas overlying the sacrificial opening fill 

The third material of the second insulating layers 232 can structures 131 . A photoresist layer can be applied over the 
be at least one insulating material . Insulating materials that second tier structure ( 232 , 242 , 265 ) , and can be lithographi 
can be employed for the second insulating layers 232 can be cally patterned to form a same pattern as the pattern of the 
any material that can be employed for the first insulating sacrificial opening fill structure 131 , i . e . , the pattern of the 
layers 132 . The fourth material of the second sacrificial 35 first - tier openings . The lithographic mask employed to pat 
material layers 242 is a sacrificial material that can be tern the first - tier openings can be employed to pattern the 
removed selective to the third material of the second insu - second - tier openings . An anisotropic etch can be performed 
lating layers 232 . Sacrificial materials that can be employed to transfer the pattern of the lithographically patterned 
for the second sacrificial material layers 242 can be any photoresist layer through the second tier structure ( 232 , 242 , 
material that can be employed for the first sacrificial material 40 265 ) . In one embodiment , the chemistry of the anisotropic 
layers 142 . In one embodiment , the second insulating mate - etch process employed to etch through the materials of the 
rial can be the same as the first insulating material , and the second - tier alternating stack ( 232 , 242 ) can alternate to 
second sacrificial material can be the same as the first optimize etching of the alternating material layers in the 
sacrificial material . second - tier alternating stack ( 232 , 242 ) . The anisotropic etch 

The thicknesses of the second insulating layers 232 and 45 can be , for example , a series of reactive ion etches . The 
the second sacrificial material layers 242 can be in a range patterned lithographic material stack can be removed , for 
from 20 nm to 50 nm , although lesser and greater thick example , by ashing after the anisotropic etch process . 
nesses can be employed for each second insulating layer 232 A top surface of an underlying sacrificial opening fill 
and for each second sacrificial material layer 242 . The structure 131 can be physically exposed at the bottom of 
number of repetitions of the pairs of a second insulating 50 each second - tier opening . After the top surfaces of the 
layer 232 and a second sacrificial material layer 242 can be sacrificial opening fill structures 131 are physically exposed , 
in a range from 2 to 1 , 024 , and typically from 8 to 256 , a subsequent etch process can be performed , which removes 
although a greater number of repetitions can also be the sacrificial material of the sacrificial opening fill struc 
employed . In one embodiment , each second sacrificial mate - tures 131 selective to the materials of the second - tier alter 
rial layer 242 in the second stack ( 232 , 242 ) can have a 55 nating stack ( 232 , 242 ) and the first - tier alternating stack 
uniform thickness that is substantially invariant within each ( 132 , 142 ) . If any etch stop layer 121 is present , the etch stop 
respective second sacrificial material layer 242 . layer 121 can be subsequently removed . 

Second stepped surfaces in the second stepped area SA2 Upon removal of the sacrificial opening fill structures 131 
can be formed in the through - memory - level via regions 400 and the optional etch stop layer 121 , each vertically adjoin 
and the word line contact via regions 200 employing a same 60 ing pair of a second - tier opening and a first - tier opening 
set of processing steps as the processing steps employed to forms a continuous cavity that extends through the first - tier 
form the first stepped surfaces in the first stepped area SA1 alternating stack ( 132 , 142 ) and the second - tier alternating 
with suitable adjustment to the pattern of at least one stack ( 232 , 242 ) . A first subset of the continuous cavities 
masking layer . A second - tier retro - stepped dielectric mate - located in the memory array regions 100 is herein referred 
rial portion 265 can be formed over the second stepped 65 to as memory openings 49 . A top surface of the semicon 
surfaces in the through - memory - level via regions 400 and ductor material layer 10 can be physically exposed at the 
the word line contact via regions 200 . bottom of each memory opening 49 . A second subset of the 
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continuous cavities located in the word line contact via oxides ( such as aluminum oxide and hafnium oxide ) , dielec 
regions 200 is herein referred to as support openings 19 . tric metal oxynitride , dielectric metal silicates , alloys 

Referring to FIGS . 7A and 7B , memory opening fill thereof , and / or combinations thereof . In one embodiment , 
structures 55 can be formed in the memory openings 49 , and the tunneling dielectric layer 56 can include a stack of a first 
semiconductor - containing support structures 20 can be 5 silicon oxide layer , a silicon oxynitride layer , and a second 
formed in the support openings 19 . The memory opening fill silicon oxide layer , which is commonly known as an ONO 
structures 55 and the semiconductor - containing support stack . The thickness of the tunneling dielectric layer 56 can 
structures 20 can be formed simultaneously employing a be in a range from 2 nm to 20 nm , although lesser and greater 
same set of processing steps . In an illustrative example , each thicknesses can also be employed . 
memory opening fill structure 55 and each semiconductor - 10 In one embodiment , the horizontal portions of the 
containing support structure 20 can include a memory film memory films 50 can be removed by an anisotropic etch 
50 , a vertical semiconductor channel 60 , an optional dielec - process to physically expose semiconductor surfaces of the 
tric core 62 , and a drain region 63 . The drain region 63 in semiconductor material layer 10 from underneath each 
each semiconductor - containing support structure 20 is a memory opening 49 and from underneath each support 
dummy drain region because it is not electrically connected 15 opening 19 . In this case , a cover material layer ( not shown ) 
to a bit line . In one embodiment , each memory film 50 can may be employed prior to the anisotropic etch process by a 
include a blocking dielectric layer 52 , a memory material conformal deposition process . The cover material layer may 
layer 54 , and a tunneling dielectric layer 56 as illustrated in be a permanent material layer such as an outer vertical 
the inset . In one embodiment , each vertical semiconductor semiconductor channel layer , or may be a sacrificial material 
channel 60 can include a single vertical semiconductor 20 layer that is removed after the anisotropic etch process . 
channel layer or a plurality of vertical semiconductor chan - Alternatively , the anisotropic etch process may be omitted 
nel layers . and the memory films may remain intact at this processing 

The blocking dielectric layer 52 includes a blocking step . 
dielectric layer material such as silicon oxide , a dielectric vertical semiconductor channel 60 can be deposited 
metal oxide ( such as aluminum oxide ) , or a combination 25 over the memory films 50 by a conformal deposition method 
thereof . Alternatively , the blocking dielectric layer 52 may such as low pressure chemical vapor deposition ( LPCVD ) . 
be omitted during this processing step and instead be formed The thickness of the vertical semiconductor channel 60 can 
through backside recesses as will be described in more detail be in a range from 2 nm to 30 nm , although lesser and greater 
below . In one embodiment , the memory material layer 54 thicknesses can also be employed . If semiconductor surfaces 
can be a charge trapping material including a dielectric 30 of the semiconductor material layer 10 are physically 
charge trapping material , which can be , for example , silicon exposed from underneath each memory opening 49 and 
nitride . from underneath each support opening 19 by the anisotropic 

The memory material layer 54 can be formed as a single etch , the vertical semiconductor channel 60 can contact 
memory material layer of homogeneous composition , or can portions of the semiconductor material layer 10 , of which 
include a stack of multiple memory material layers . The 35 upper surface portions function as horizontal semiconductor 
multiple memory material layers , if employed , can comprise channels . If the anisotropic etch is not performed , electrical 
a plurality of spaced - apart floating gate material layers that contact to a bottom portion of each vertical semiconductor 
contain conductive materials ( e . g . , metal such as tungsten , channel 60 can be provided in a subsequent processing step 
molybdenum , tantalum , titanium , platinum , ruthenium , and to form a buried source line . 
alloys thereof , or a metal silicide such as tungsten silicide , 40 A dielectric material can be deposited in cavities sur 
molybdenum silicide , tantalum silicide , titanium silicide , rounded by the vertical semiconductor channels 60 , and can 
nickel silicide , cobalt silicide , or a combination thereof ) be subsequently recessed below the top surface of the 
and / or semiconductor materials ( e . g . , polycrystalline or second insulating cap layer 270 . Each remaining portion of 
amorphous semiconductor material including at least one the dielectric material in the memory openings constitutes a 
elemental semiconductor element or at least one compound 45 dielectric core 62 . A doped semiconductor material having a 
semiconductor material ) . Alternatively or additionally , the second conductivity type ( which is the opposite of the first 
memory material layer 54 may comprise an insulating conductivity type ) can be deposited over the dielectric cores 
charge trapping material , such as one or more silicon nitride 62 and within the cavities in the memory openings 49 and 
segments . Alternatively , the memory material layer 54 may the support openings 19 to form drain regions 63 . The doped 
comprise conductive nanoparticles such as metal nanopar - 50 semiconductor material can be , for example , doped poly 
ticles , which can be , for example , ruthenium nanoparticles . silicon . Excess portions of the deposited semiconductor 
The memory material layer 54 can be formed , for example , material can be removed from above the top surface of the 
by chemical vapor deposition ( CVD ) , atomic layer deposi - second insulating tier cap layer 270 , for example , by chemi 
tion ( ALD ) , physical vapor deposition ( PVD ) , or any suit cal mechanical planarization ( CMP ) or a recess etch to form 
able deposition technique for storing electrical charges 55 the drain region 63 . 
therein . The thickness of the memory material layer 54 can If the anisotropic etch is not performed between formation 
be in a range from 2 nm to 20 nm , although lesser and greater of the memory film 50 and formation of the vertical semi 
thicknesses can also be employed . conductor channels 60 , electrical contact to a bottom portion 

The tunneling dielectric layer 56 includes a dielectric of each vertical semiconductor channel 60 can be provided 
material through which charge tunneling can be performed 60 by forming a buried source line ( not expressly shown ) in 
under suitable electrical bias conditions . The charge tunnel - place of the semiconductor material layer 10 . In this embodi 
ing may be performed through hot - carrier injection or by ment , the semiconductor material layer 10 can be removed 
Fowler - Nordheim tunneling induced charge transfer by an etch process to form line cavities to physically expose 
depending on the mode of operation of the monolithic portions of the memory films 50 . The exposed portions of 
three - dimensional NAND string memory device to be 65 the memory films 50 can be removed from around the line 
formed . The tunneling dielectric layer 56 can include silicon cavities to expose a bottom portion of the vertical semicon 
oxide , silicon nitride , silicon oxynitride , dielectric metal ductor channels 60 ( e . g . , the sidewalls of the bottom portions 
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of the semiconductor channels ) . The line cavities can be memory array regions 100 and in the word line contact via 
filled with a conductive material ( e . g . , heavily doped poly - regions 200 , and by performing an anisotropic etch process 
silicon , metal , metal nitride and / or metal silicide ) contacting to form via cavities that vertically extend through the 
the exposed bottom portions of the vertical semiconductor alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } , the semiconduc 
channels 60 to provide buried source lines ( not expressly 5 tor material layer 10 , and an upper portion of the at least one 
shown ) . lower - interconnect - level dielectric material layer 760 to a 

Each of the memory stack structures ( 50 , 60 ) comprises a respective top surface of the lower - interconnect - level metal memory film 50 and a vertical semiconductor channel 60 interconnect structures 780 . Each via cavity in the memory that is adjoined to a respective horizontal channel within the array regions 100 is herein referred to as a memory via semiconductor material layer 10 . Each memory film 50 can 10 cavity , and each via cavity in the word line contact via include a blocking dielectric layer 52 contacting a sidewall regions 200 is herein referred to as a support via cavity . of the memory opening , a plurality of charge storage regions 
( embodied as portions of a memory material layer 54 at each In one embodiment , a top surface of a first subset of the 
level of the sacrificial material layers ( 142 , 242 ) ) located on lower - interconnect - level metal interconnect structures 780 
an inner sidewall of the blocking dielectric laver 52 . and a 15 that are electrically connected to the semiconductor devices 
tunneling dielectric layer 56 located inside the plurality of in the underlying peripheral device region 700 can be 
charge storage regions . physically exposed at the bottom of one or more of the 

Each combination of a memory stack structure ( 50 , 60 ) , memory via cavities . A top surface of a second subset of the 
an optional dielectric core , and a drain region 63 within a lower - interconnect - level metal interconnect structures 780 
memory opening 49 constitutes a memory opening fill 20 that are electrically isolated from the semiconductor devices 
structure 55 . Each combination of a memory stack structure in the underlying peripheral device region 700 can be 
( 50 , 60 ) , an optional dielectric core , and a dummy drain physically exposed at the bottom of each of the support via 
region 63 within a support opening 19 constitutes a semi cavities . A predominant portion , or all , of the support via 
conductor - containing support structure 20 that includes a cavities can vertically extend through a subset , but not all , of 
vertical semiconductor channel 60 as a semiconductor - 25 the layers of the alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } 
containing portion . Generally speaking , any methods known and the overlying first and / or second retro - stepped dielectric 
in the art for forming memory opening fill structures that material portion ( s ) ( 165 , 265 ) in each staircase region of the 
include memory stack structures can be employed in lieu of alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } . The support via the specific method for forming the memory opening fill cavities can vertically extend through a respective portion of 
structures 55 of the present disclosure . 30 each set of stepped surfaces in each staircase region . The The first tier structure ( 132 , 142 , 170 , 165 ) , the second tier chemistry of the anisotropic etch process can be changed structure ( 232 , 242 , 270 , 265 ) , the memory opening fill 
structures 55 , and the semiconductor - containing support during various stages of the anisotropic etch process to etch 
structures 20 collectively constitute a memory - level assem the various materials of the alternating stacks { ( 132 , 142 ) , 
bly . The memory - level assembly is formed over the semi - 35 ( 232 , 242 ) } , the semiconductor material layer 10 , and an 
conductor material layer 10 such that the semiconductor upper portion of the at least one lower - interconnect - level 
material layer 10 includes horizontal semiconductor chan dielectric material layer 760 . The lower - interconnect - level 
nels electrically connected to vertical semiconductor chan metal interconnect structures 780 can be employed as etch 
nels 60 within the memory stack structures ( 50 , 60 ) . stop structures . The photoresist layer can be subsequently 

Referring to FIGS . 8A and 8B , laterally - insulated con - 40 removed , for example , by ashing . 
ductive via structures ( 26 , 28 ) and laterally - insulated sup - A conformal dielectric material layer can be deposited in 
port structures ( 126 , 128 ) can be formed through each layer the memory via cavities and the support via cavities , for 
in the alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } . The example , by low pressure chemical vapor deposition ( LP 
laterally - insulated conductive via structures ( 26 , 28 ) are CVD ) or atomic layer deposition ( ALD ) . The conformal 
formed through the semiconductor material layer 10 , the 45 dielectric material layer includes a dielectric material such 
optional planar conductive material layer 6 , and an upper as silicon oxide and / or silicon nitride . The thickness of the 
portion of the at least one lower - interconnect - level dielectric conformal dielectric material layer can be in a range from 5 
material layer 760 , and to a top surface of a respective one nm to 50 nm , although lesser and greater thicknesses can 
of a first subset of lower - interconnect - level metal intercon also be employed . Each remaining portion of the conformal 
nect structures 780 ( such as top surfaces of lower level 50 dielectric material layer within a memory via cavity consti 
topmost metal structures 788 ) . In one embodiment , the tutes a first cylindrical dielectric spacer 26 . Each remaining 
laterally - insulated support structures ( 126 , 128 ) can be portion of the conformal dielectric material layer within a 
formed concurrently with the laterally - insulated conductive support via cavity constitutes a second cylindrical dielectric 
via structures ( 26 , 28 ) and can have the same structure . In spacer 126 . Thus , the first and second cylindrical dielectric 
this case , the laterally - insulated support structures ( 126 , 55 spacers ( 26 , 126 ) can be formed by conformal deposition 
128 ) are formed through the semiconductor material layer and an isotropic etch of a same dielectric material . Each of 
10 , the optional planar conductive material layer 6 , and an the first and second cylindrical dielectric spacers ( 26 , 126 ) 
upper portion of the at least one lower - interconnect - level may contact a top surface of a respective lower - intercon 
dielectric material layer 760 , and to a top surface of a nect - level metal interconnect structure 780 . 
respective one of a second subset of the lower - interconnect - 60 As used herein , a " cylindrical ” element refers to any 
level metal interconnect structures 780 ( such as top surfaces element having an inner sidewall , an outer sidewall , an 
of dummy lower - interconnect - level metal interconnect annular top surface , and an annular bottom surface such that 
structures 788D ) . a lateral distance between the inner sidewall and the outer 

In one embodiment , the laterally - insulated conductive via sidewall is substantially the same . As used herein , an “ annu 
structures ( 26 , 28 ) and laterally - insulated support structures 65 lar ” element refers to an element having an inner periphery 
( 126 , 128 ) can be formed by applying and lithographically and an outer periphery that does not meet the inner periphery 
patterning a photoresist layer to form openings in the and encircles the inner periphery . As used herein , a dimen 
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sion is " substantially the same ” if the variation of the stacks { ( 132 , 142 ) , ( 232 , 242 ) } and the semiconductor 
dimension does not exceed 10 % of the average of the material layer 10 to physically expose a respective top 
dimension . surface of the second subset of the lower - interconnect - level 

A conductive material can be deposited in each remaining metal interconnect structures 780 . The laterally - insulated 
volume of the memory via cavities and the support via 5 support structures ( 126 , 128 ) can be formed in the second 
cavities by a conformal deposition process . The conductive openings . 
material can include a metallic material ( such as a metal , a Referring to FIGS . 9A and 9B , backside trenches 79 are 
layer stack of at least two metals , an alloy of at least two subsequently formed through the memory - level assembly . 
metals , a conductive metal nitride , and / or a conductive metal For example , a photoresist layer can be applied an litho 
carbide ) or a conductive semiconductor material ( such as 10 graphically patterned over the second insulating cap layer 
heavily doped polysilicon ) . Excess portion of the conductive 270 to form elongated openings that extend along the first 
material can be removed from above the top surface of the horizontal direction hdl that is perpendicular to vertical 
second insulating cap layer 270 by a planarization process , surfaces of each staircase region . An anisotropic etch is 
which can include a recess etch and / or chemical mechanical performed to transfer the pattern in the patterned photoresist 
planarization . Each remaining portion of the conductive 15 layer through the memory - level assembly to a top surface of 
material within a memory via cavity constitutes a first the semiconductor material layer 10 . The photoresist layer 
conductive core 28 . Each remaining portion of the conduc can be subsequently removed , for example , by ashing . 
tive material within a support via cavity constitutes a second The backside trenches 79 extend along the first horizontal 
conductive core 128 . Thus , the first and second conductive direction hd1 ( e . g . , word line direction ) , and thus , are 
cores ( 28 , 128 ) can be formed by deposition of a same 20 elongated along the first horizontal direction hdl . The back 
conductive material within the first and second cylindrical side trenches 79 can laterally extend through a respective 
dielectric spacers ( 26 , 126 ) , respectively . Each of the first memory array region 100 and adjoining word line contact 
and second conductive cores ( 28 , 128 ) may contact a top via regions 200 . The backside trenches 79 can laterally 
surface of a respective lower - interconnect - level metal inter - divide the memory - level assembly into multiple “ fingers , " 
connect structure 780 . 25 each containing a plurality of memory stack structures ( 50 , 

Each first conductive core 28 is laterally surrounded by a 60 ) and at least one laterally - insulated conductive via struc 
first cylindrical dielectric spacer 26 . Each adjoined pair of a tures ( 26 , 28 ) . Further , the backside trenches 79 can laterally 
first conductive core 28 and a first cylindrical dielectric divide each staircase region into a set of multiple staircase 
spacer 26 constitutes a laterally - insulated conductive via regions . Each staircase region can be laterally bounded by a 
structure ( 26 , 28 ) , which is located in a memory array region 30 neighboring pair of backside trenches 79 . 
100 . Each second conductive core 128 is laterally sur - Each of the word line contact via region ( 200A , 200B ) 
rounded by a second cylindrical dielectric spacer 126 . Each includes a plurality of staircase regions . In each staircase 
adjoined pair of a second conductive core 128 and a second region , each sacrificial material layer ( 142 , 242 ) except a 
cylindrical dielectric spacer 126 constitutes a laterally - insu - topmost sacrificial material layer 242 laterally extends far 
lated support structure ( 126 , 128 ) . 35 ther than any overlying sacrificial material layer ( 142 , 242 ) 

In one embodiment , each of the laterally - insulated con - to provide multiple sets of stepped surfaces . Each set of 
ductive via structures ( 26 , 28 ) can comprise a respective first stepped surfaces continuously extend from a bottommost 
conductive core 28 that is electrically shorted to a respective layer of the alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } to a 
one of the lower - interconnect - level metal interconnect struc - topmost layer of the alternating stacks { ( 132 , 142 ) , ( 232 , 
tures 780 , and a respective first cylindrical dielectric spacer 40 242 ) } . 
26 that laterally surrounds the respective first conductive In one embodiment , one or more of the staircase regions 
core 28 . Likewise , each of the laterally - insulated support can be configured such that each horizontal surface of the 
structures ( 126 , 128 ) can comprise a respective second stepped surfaces in each staircase region includes at least 
conductive core 128 having a same composition as the first one opening through which a respective laterally - insulated 
conductive core 28 , and a respective second cylindrical 45 support structure ( 126 , 128 ) vertically extends . In one 
dielectric spacer 126 that laterally surrounds the respective embodiment , one or more of the staircase regions can be 
second conductive core 28 . configured such that one or more horizontal surfaces of the 

If a driver circuit for the array of memory stack structures stepped surfaces in each staircase region include a pair of 
( 50 , 60 ) is formed on a top surface of the semiconductor openings through which a respective pair of laterally - insu 
substrate 9 , a first subset of the lower - interconnect - level 50 lated support structures ( 126 , 128 ) vertically extends . In one 
metal interconnect structure 780 can be electrically con embodiment , one or more of the staircase regions can be 
nected to devices of the driver circuit , and a second subset configured such that one or more horizontal surfaces of the 
of the lower - interconnect - level metal interconnect structures stepped surfaces in each staircase region include only a 
780 can be electrically isolated from any device located single opening through which a respective laterally - insu 
underneath a horizontal plane including a bottommost sur - 55 lated support structure ( 126 , 128 ) vertically extends . Each 
face of the second subset of the lower - interconnect - level horizontal surface of each staircase region may include 
metal interconnect structures 780 . additional openings through which a respective semicon 

In the processing steps of FIGS . 8A and 8B , first openings d uctor - containing support structure 20 vertically extends . 
( i . e . , the memory via cavities ) can be formed through the Referring to FIG . 10 , an etchant that selectively etches the 
alternating stacks { ( 132 , 142 ) , ( 232 , 242 ) } and the semi - 60 materials of the first and second sacrificial material layers 
conductor material layer 10 to physically expose a respec ( 142 , 242 ) with respect to the materials of the first and 
tive top surface of the first subset of the lower - interconnect - second insulating layers ( 132 , 232 ) , the first and second 
level metal interconnect structures 780 at a bottom of each insulating cap layers ( 170 , 270 ) , and the material of the 
of the first openings . The laterally - insulated conductive via outermost layer of the memory films 50 can be introduced 
structures ( 26 , 28 ) are formed in the first openings , and thus , 65 into the backside trenches 79 , for example , employing an 
in the memory array regions 100 . Second openings ( i . e . , the isotropic etch process . Backside recesses 43 are formed in 
support via cavities ) can be formed through the alternating volumes from which the first sacrificial material layers 142 
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and the second sacrificial material layers 242 are removed . backside recesses 43 located in the second tier , i . e . , located 
In one embodiment , the first and second sacrificial material between the second insulating layers 232 . A continuous 
layers ( 142 , 242 ) can include silicon nitride , and the mate metallic material layer ( not shown ) can be formed on the 
rials of the first and second insulating layers ( 132 , 232 ) , can sidewalls of each backside trench 79 and over the second 
be silicon oxide . In another embodiment , the first and second 5 insulating cap layer 270 . Thus , the first and second sacrificial 
sacrificial material layers ( 142 , 242 ) can include a semicon - material layers ( 142 , 242 ) can be replaced with the first and 
ductor material such as germanium or a silicon - germanium second conductive material layers ( 146 , 246 ) , respectively . 
alloy , and the materials of the first and second insulating Specifically , each first sacrificial material layer 142 can be 
layers ( 132 , 232 ) can be selected from silicon oxide and replaced with a portion of the backside blocking dielectric 
silicon nitride . 10 layer and a first electrically conductive layer 146 , and each 

The isotropic etch process can be a wet etch process second sacrificial material layer 242 can be replaced with a 
employing a wet etch solution , or can be a gas phase ( dry ) portion of the backside blocking dielectric layer and a 
etch process in which the etchant is introduced in a vapor second electrically conductive layer 246 . A backside cavity 
phase into the backside trench 79 . For example , if the first is present in the portion of each backside trench 79 that is not 
and second sacrificial material layers ( 142 , 242 ) include 15 filled with the continuous metallic material layer . 
silicon nitride , the etch process can be a wet etch process in The metallic material can be deposited by a conformal 
which the exemplary structure is immersed within a wet etch deposition method , which can be , for example , chemical 
tank including phosphoric acid , which etches silicon nitride vapor deposition ( CVD ) , atomic layer deposition ( ALD ) , 
selective to silicon oxide , silicon , and various other mate - electroless plating , electroplating , or a combination thereof . 
rials employed in the art . In case the sacrificial material 20 The metallic material can be an elemental metal , an inter 
layers ( 142 , 242 ) comprise a semiconductor material , a wet metallic alloy of at least two elemental metals , a conductive 
etch process ( which may employ a wet etchant such as a nitride of at least one elemental metal , a conductive metal 
KOH solution ) or a dry etch process ( which may include gas oxide , a conductive doped semiconductor material , a con 
phase HCl ) may be employed . ductive metal - semiconductor alloy such as a metal silicide , 

Each of the backside recesses 43 can be a laterally 25 alloys thereof , and combinations or stacks thereof . Non 
extending cavity having a lateral dimension that is greater limiting exemplary metallic materials that can be deposited 
than the vertical extent of the cavity . In other words , the in the backside recesses 43 include tungsten , tungsten 
lateral dimension of each of the backside recesses 43 can be nitride , titanium , titanium nitride , tantalum , tantalum nitride , 
greater than the height of the respective backside recess 43 . cobalt , and ruthenium . In one embodiment , the metallic 
Each of the backside recesses 43 can extend substantially 30 material can comprise a metal such as tungsten and / or metal 
parallel to the top surface of the semiconductor material nitride . In one embodiment , the metallic material for filling 
layer 10 . A backside recess 43 can be vertically bounded by the backside recesses 43 can be a combination of titanium 
a top surface of an underlying insulating layer ( 132 or 232 ) nitride layer and a tungsten fill material . In one embodiment , 
and a bottom surface of an overlying insulating layer ( 132 or the metallic material can be deposited by chemical vapor 
232 ) . In one embodiment , each of the backside recesses 43 35 deposition or atomic layer deposition . 
can have a uniform height throughout . Residual conductive material can be removed from inside 

The laterally - insulated support structures ( 126 , 128 ) , in the backside trenches 79 . Specifically , the deposited metallic 
addition to the memory opening fill structures 55 and the material of the continuous metallic material layer can be 
semiconductor - containing support structures 20 , provide etched back from the sidewalls of each backside trench 79 
structural support to the insulating layers ( 132 , 232 ) during 40 and from above the second insulating cap layer 270 , for 
removal of the sacrificial material layers ( 142 , 242 ) which example , by an isotropic etch . Each remaining portion of the 
are spacer material layers . deposited metallic material in the first backside recesses 143 

Referring to FIG . 11 , a backside blocking dielectric layer constitutes a first electrically conductive layer 146 . Each 
( not shown ) can be optionally deposited in the backside remaining portion of the deposited metallic material in the 
recesses 43 and the backside trenches 79 and over the second 45 second backside recesses 243 constitutes a second electri 
insulating cap layer 270 . The backside blocking dielectric cally conductive layer 246 . Each electrically conductive 
layer can be deposited on the physically exposed portions of layer ( 146 , 246 ) can be a conductive line structure . 
the outer surfaces of the memory stack structures ( 50 , 60 ) . A subset of the second electrically conductive layers 246 
The backside blocking dielectric layer includes a dielectric located at the levels of the drain - select - level shallow trench 
material such as a dielectric metal oxide , silicon oxide , or a 50 isolation structures 72 constitutes drain select gate elec 
combination thereof . If employed , the backside blocking trodes . A bottom subset of the second electrically conductive 
dielectric layer can be formed by a conformal deposition layers 146 constitutes source select gate electrodes . A 
process such as atomic layer deposition or chemical vapor middle subset of the electrically conductive layer ( 146 , 246 ) 
deposition . The thickness of the backside blocking dielectric located between the drain select gate electrodes and the 
layer can be in a range from 1 nm to 60 nm , although lesser 55 source select gate electrodes can function as combinations of 
and greater thicknesses can also be employed . a control gate and a word line located at the same level . The 

At least one conductive material can be deposited in the control gate electrodes within each electrically conductive 
plurality of backside recesses 43 , on the sidewalls of the layer ( 146 , 246 ) are the control gate electrodes for a vertical 
backside trench 79 , and over the second insulating cap layer memory device including the memory stack structures ( 50 , 
270 . The at least one conductive material can include at least 60 60 ) . 
one metallic material , i . e . , an electrically conductive mate - Each of the memory stack structures ( 50 , 60 ) comprises a 
rial that includes at least one metallic element . vertical stack of memory elements located at each level of 

A plurality of first electrically conductive layers 146 can the electrically conductive layers ( 146 , 246 ) . A subset of the 
be formed in a first subset of the backside recesses 43 electrically conductive layers ( 146 , 246 ) can comprise word 
located in the first tier , i . e . , located between the first insu - 65 lines for the memory elements . The semiconductor devices 
lating layers 132 . A plurality of second electrically conduc - in the underlying peripheral device region 700 can comprise 
tive layers 246 can be formed in a second subset of the word line switch devices configured to control a bias voltage 
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to respective word lines . The memory - level assembly is dielectric material portions ( 165 , 265 ) . Specifically , word 
located over the semiconductor substrate 9 . line contact via structures 86 can be formed through the 

While the present disclosure is described employing a second insulating cap layer 270 and the second and / or first 
stack of two tier structures , embodiments are expressly retro - stepped dielectric material portions ( 265 , 165 ) onto a 
contemplated herein in which only a single tier structure or 5 respective one of the electrically conductive layers ( 146 , 
more than two tier structures are employed to form memory 246 ) , which function as word lines for the memory stack 
stack structures ( 50 , 60 ) . The memory - level assembly structures ( 50 , 60 ) within the memory opening fill structures 
includes at least one alternating stack ( 132 , 146 , 232 , 246 ) 55 . Each word line contact via structure 86 can be formed 
and memory stack structures ( 50 , 60 ) vertically extending through an opening in a respective horizontal surface within 
through the at least one alternating stack ( 132 , 146 , 232 , 10 the staircase regions . A semiconductor material layer contact 
246 ) . Each of the at least one an alternating stack ( 132 , 146 , via structure 84 ( e . g . , buried source line contact via struc 
232 , 246 ) includes alternating layers of respective insulating ture ) can be formed directly on the semiconductor material 
layers ( 132 or 232 ) and respective electrically conductive layer 10 . At least one through - memory - level via structure 82 
layers ( 146 or 246 ) . The at least one alternating stack ( 132 , can be formed in region 400 through the second insulating 
146 , 232 , 246 ) comprises staircase regions that include 15 cap layer 270 , the first and second retro - stepped dielectric 
terraces in which each underlying electrically conductive material portions ( 165 , 265 ) , and an upper portion of the at 
layer ( 146 , 246 ) extends farther along the first horizontal least one lower - contact - level dielectric material layer 760 
direction hdl than any overlying electrically conductive and directly onto a subset of the lower - interconnect - level 
layer ( 146 , 246 ) in the memory - level assembly . metal interconnect structures 780 , which can be electrically 

The laterally - insulated support structures ( 126 , 128 ) , in 20 shorted to the semiconductor devices in the underlying 
addition to the memory opening fill structures 55 and the peripheral device region 700 . 
semiconductor - containing support structures 20 , provide Each contact via structure ( 82 , 84 , 86 ) may be formed 
structural support to the insulating layers ( 132 , 232 ) during employing a respective set of patterning processes and fill 
replacement of the sacrificial material layers ( 142 , 242 ) with processes . Alternatively , two or more types of contact via 
the electrically conductive layers ( 146 , 246 ) . 25 structures ( 82 , 84 , 86 ) may be formed employing a common 

Referring to FIGS . 12A and 12B , in case the semicon set of patterning processes and fill processes provided that 
ductor material layer 10 includes buried source lines that are the anisotropic etch process therein can control vertical 
electrically connected to bottom portions of the vertical extent of cavities at target height levels for each type of 
semiconductor channels 60 , an insulating material can be cavities that are simultaneously formed . 
deposited in the backside trenches 79 by a conformal 30 Referring to FIG . 14 , at least one upper - interconnect - level 
deposition process ( such as low pressure chemical vapor dielectric material layer 90 and upper - interconnect - level 
deposition ) or by a non - conformal deposition process ( such metal interconnect structures ( 92 , 94 , 96 , 98 , 95 ) can be 
as spin coating ) . The horizontal portion of the deposited formed over the second insulating cap layer 270 . The 
insulating material overlying the second insulating cap layer upper - interconnect - level metal interconnect structures ( 92 , 
270 may , or may not be removed by a planarization process 35 94 , 96 , 98 , 95 ) can include conductive line structures and / or 
( such as a recess etch and / or chemical mechanical planariza conductive via structures . For example , the upper intercon 
tion ) . Each remaining portion of the deposited insulating nect - level metal interconnect structures ( 92 , 94 , 96 , 98 , 95 ) 
material in the backside trenches 79 constitutes an insulating can include drain - side connection structures 95 , which can 
wall structure 76 . Each insulating wall structure 76 laterally include drain contact via structures that contacts drain 
extends along the first horizontal direction hd1 and vertically 40 regions 63 of the memory opening fill structures 55 and bit 
extends through all layers within the at least one alternating lines that contact the drain side contact via structures . 
sack ( 132 , 146 , 232 , 246 ) . Further , the upper interconnect - level metal interconnect 

Alternatively , if buried source lines are not provided structures ( 92 , 94 , 96 , 98 , 95 ) can include word line con 
within the semiconductor material layer 10 , a source region nection structures 96 , which can be electrically shorted to a 
( not shown ) can be formed by implantation of dopants of the 45 respective word line contact via structure 86 and can include 
second conductivity type ( that is the opposite of the first metal lines and optionally metal via structures . In addition , 
conductivity type ) by ion implantation . Surface portions of the upper interconnect - level metal interconnect structure 
the semiconductor material layer 10 located between the ( 92 , 94 , 96 , 98 , 95 ) can include source - side connection 
source regions and the vertical semiconductor channels 60 structures 94 that can be electrically shorted to the semi 
constitute horizontal semiconductor channels . Subsequently , 50 conductor material layer contact via structure 84 , and upper 
an insulating spacer ( not shown ) can be formed around the level interconnection structures that are electrically shorted 
periphery of each backside trench 79 by deposition and to the through - memory - level via structure 82 . 
anisotropic etch of a conformal dielectric material layer . A The upper interconnect - level metal interconnect struc 
conductive material can be deposited in each remaining tures ( 92 , 94 , 96 , 98 , 95 ) can include over - array - region metal 
volume of the backside trenches to form a source contact via 55 interconnect structures 98 that can be electrically shorted to , 
structure that contacts a respective underlying source region . and may physically contact , a respective one of the first 

FIG . 12A is a vertical cross - sectional view of the first conductive cores 28 of the laterally - insulated conductive via 
exemplary structure after formation of insulating wall struc - structures ( 26 , 28 ) . Thus , each of the first conductive cores 
tures according to the first embodiment of the present 28 can physically contact a bottom surface of a respective 
disclosure . 60 one 98 of the upper - interconnect - level metal interconnect 

FIG . 12B is a horizontal cross - sectional view of the first structures ( 92 , 94 , 96 , 98 , 95 ) . The first conductive cores 28 
exemplary structure along the horizontal plane B - B ' in FIG . can be employed as a vertical path for providing electrical 
12A . The zig - zag vertical plane A - A ' corresponds to the power and / or signals . For example , the first conductive cores 
plane of the vertical cross - sectional view of FIG . 12A . 28 may be employed as components of a power distribution 

Referring to FIGS . 13A - 13D , various contact via struc - 65 network , or can be employed to provide control signals to 
tures ( 82 , 84 , 86 ) can be formed through the second insu - and from the driver circuitry ( e . g . , signals to the various 
lating cap layer 270 and the first and second retro - stepped components within the memory array region 100 ) . 
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Each laterally - insulated support structure ( 126 , 128 ) is an surfaces of the semiconductor material layer 10 , which are 
electrically inactive component . The second conductive the bottom surfaces of the support via openings . 
cores 128 of the laterally - insulated support structures ( 126 , In each of the first exemplary structure and the first 
128 ) are not connected to any electrically active conductive alternate embodiment thereof , various layouts can be 
component within the at least one upper - interconnect - level 5 employed for the laterally - insulated support structures ( 126 , 
dielectric material layer 90 . In one embodiment , the entirety 128 ) , the word line contact via structures 86 , and the 
of the top planar surface of each second conductive core 128 semiconductor - containing support structures 20 in the stair 
can contact a respective bottom surface of an overlying case regions in the word line contact via regions 200 , which 
upper - interconnect - level dielectric material layer 90 after include first - type word line contact via regions 200A and 
formation of the upper - interconnect - level metal interconnect 10 second - type word line contact via regions 200B . Alterna 
structures ( 92 , 94 , 96 , 98 , 95 ) . Likewise , each semiconduc - tively , some laterally - insulated support structures ( 126 , 128 ) 
tor - containing support structure 20 is an electrically inactive can contact the semiconductor material layer ( e . g . , buried 
component . Thus , the drain regions 63 of the semiconductor - source line ) while others can contact metal interconnect 
containing support structures 20 are not connected to any structures 780 . In other words , each row extending in the 
electrically active conductive component within the at least 15 first horizontal direction ( e . g . , word line direction hdl ) can 
one upper - interconnect - level dielectric material layer 90 . In have alternating laterally - insulated conductive via structures 
one embodiment , the entirety of the top planar surface of ( 26 , 28 ) and laterally - insulated support structures ( 126 , 128 ) 
each drain region 63 of the semiconductor - containing sup - instead of each row containing only one type of these 
port structures 20 can contact a respective bottom surface of structures . 
an overlying upper - interconnect - level dielectric material 20 Referring to FIG . 16 , a horizontal cross - sectional view of 
layer 90 after formation of the upper - interconnect - level a first alternate embodiment of the first exemplary structure 
metal interconnect structures ( 92 , 94 , 96 , 98 , 95 ) . As used according to the first embodiment of the present disclosure 
herein , an element is “ electrically inactive ” if the element is is illustrated , which shows an alternative layout of the 
not capable of altering the state of any other device . laterally - insulated support structures ( 126 , 128 ) , the word 

Referring to FIG . 15 , a first alternate embodiment of the 25 line contact via structures 86 , and the semiconductor - con 
first exemplary structure according to the first embodiment taining support structures 20 in the staircase regions in a 
of the present disclosure is illustrated . The first alternate word line contact via regions 200 . Specifically , horizontal 
embodiment of the first exemplary structure can be derived surfaces of a staircase region can include a pair of openings 
from the first exemplary structure by modifying the struc - for a laterally - insulated support structure ( 126 , 128 ) and an 
tures of the laterally - insulated support structures ( 126 , 128 ) . 30 opening for a word line contact via structure 86 that contacts 
Specifically , the memory via cavities and the support via an underlying electrically conductive layer ( 146 , 246 ) per 
cavities can be formed only into the semiconductor material horizontal surface . Within a staircase region ( such as the 
layer 10 without etching through the semiconductor material second - from - the - top staircase region of FIG . 16 ) , lateral 
layer 10 at the processing steps of FIGS . 8A and 8B . The displacement of openings along a second horizontal direc 
anisotropic etch is terminated while surfaces of the semi - 35 tion hd2 ( e . g . , bit line direction which is perpendicular to the 
conductor material layer 10 are physically exposed at the first ( i . e . , word line ) direction hd1 ) for the laterally - insulated 
bottom of the each of the memory via cavities and the support structures ( 126 , 128 ) can alternate along the first 
support via cavities . horizontal direction hdl . In addition , lateral displacement of 

Aphotoresist layer can be applied over the first exemplary openings along the second horizontal direction hd2 for the 
structure , and can be lithographically patterned to cover the 40 word line contact via structures 86 can alternate in an 
word line contact via regions 200 and do not cover the opposite pattern along the first horizontal direction hdl . 
memory array regions 100 . Another anisotropic etch process Thus , two different patterns for pairs of opening for a 
is performed to extend the depth of each memory via cavity laterally - insulated support structure ( 126 , 128 ) and an open 
into an upper portion of the at least one lower - interconnect i ng for a word line contact via structure 86 can alternate 
level dielectric material layer 760 and to physically expose 45 along the first horizontal direction hdl . Such patterns can 
top surfaces of the first subset of the lower - interconnect more uniformly distribute the laterally - insulated support 
level metal interconnect structures 780 at the bottom of the structures ( 126 , 128 ) to improve structural integrity of the 
memory via cavities . Subsequently , the photoresist layer can first exemplary structure while backside recesses 43 are 
be removed , for example , by ashing . Subsequently , the present within the first exemplary structure . Specifically , 
remaining processing steps of FIGS . 8A and 8B can be 50 each finger can be provided with balanced structural support 
performed to form laterally - insulated conductive via struc - by staggering the pattern of the laterally - insulated support 
tures ( 26 , 28 ) in the memory via cavities and to form the structures ( 126 , 128 ) that are arranged generally along the 
laterally - insulated support structures ( 126 , 128 ) in the sup - first horizontal direction hdl . 
port via cavities . Referring to FIGS . 17A and 17B , a first region and a 

In this case , first openings ( i . e . , the memory via cavities ) 55 second region of a second alternate embodiment of the first 
can be formed through each alternating stack { ( 132 , 142 ) , exemplary structure according to the first embodiment of the 
( 232 , 242 ) } and the semiconductor material layer 10 to present disclosure are illustrated , respectively . In this case , 
physically expose a respective top surface of the lower the laterally - insulated support structures ( 126 , 128 ) can be 
interconnect - level metal interconnect structures 780 at a distributed in substantially equal numbers for each finger 
bottom of each of the first openings . Second openings ( i . e . , 60 ( i . e . , each portion of the alternating stacks that are laterally 
the support via openings ) can be formed through each bounded by a pair of neighboring backside trenches 79 and 
alternating stack { ( 132 , 142 ) , ( 232 , 242 ) } to physically all structures embedded within the portion of the alternating 
expose a recessed surface of the semiconductor material stacks ) of the first exemplary structure to provide more 
layer 10 . The laterally - insulated conductive via structures uniform structural support . In addition , each finger within 
( 26 , 28 ) are formed in the first openings . The laterally - 65 the first - type contact via region 200A and the second - type 
insulated support structures ( 126 , 128 ) are formed in the contact via region 200B can be employed to provide word 
second openings and directly on the vertically recessed line contact via structures 86 , thereby distributing the later 
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ally - insulated support structures ( 126 , 128 ) more uniformly . electrically conductive layer 246 laterally extends farther 
In one embodiment , the first - type contact via region 2004 than any overlying electrically conductive layer ( 146 , 246 ) 
and the second - type contact via region 200B can have a to provide multiple sets of stepped surfaces , wherein each 
two - fold rotational symmetry around a vertical axis , i . e . , of set of stepped surfaces continuously extend from a bottom 
a same design except for a rotation by 180 degrees around 5 most layer of the alternating stack { ( 132 , 146 ) and / or ( 232 , 
a vertical direction . 246 ) } to a topmost layer of the alternating stack ( 132 , 146 ) 

The first exemplary structure and the various alternate and / or ( 232 , 246 ) } . A retro - stepped dielectric material por 
embodiments thereof can include a three - dimensional tion 265 overlies the multiple sets of stepped surfaces . The 
memory device . The three - dimensional memory device can laterally - insulated support structures ( 126 , 128 ) vertically 
comprise : a lower - interconnect - level dielectric material 10 extend through a respective portion of the multiple sets of 
layer 760 located over a semiconductor substrate 9 and stepped surfaces and the retro - stepped dielectric material 
embedding lower - interconnect - level metal interconnect portion 265 . 
structures 780 ; a semiconductor material layer 10 overlying The three - dimensional memory device can further com 
the lower - interconnect - level dielectric material layer 760 ; an prise contact via structures 86 vertically extending from a 
alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } of insulat - 15 top surface of the retro - stepped dielectric material portion 
ing layers ( 132 and / or 232 ) and electrically conductive 265 to a respective region of the multiple sets of stepped 
layers ( 146 and / or 246 ) located over the semiconductor surfaces and contacting a respective one of the electrically 
material layer 10 ; an array of memory stack structures ( 50 , conductive layers ( 146 , 246 ) . A subset of horizontal surfaces 
60 ) extending through the alternating stack { ( 132 , 146 ) within one set among the multiple sets of stepped surfaces 
and / or ( 232 , 246 ) } ; laterally - insulated conductive via struc - 20 includes a respective horizontal surface including a first 
tures ( 26 , 28 ) that vertically extend through each layer in the opening through which a respective one of the contact via 
alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } and through structures 86 extends vertically and a second opening 
the semiconductor material layer 10 , wherein each of the through which a respective one of the laterally - insulated 
laterally - insulated conductive via structures ( 26 , 28 ) com support structures ( 126 , 128 ) extends vertically ( as illus 
prises a respective first conductive core 28 that is electrically 25 trated in insets A in FIGS . 13B and 16 ) . 
shorted to a respective one of the lower - interconnect - level The three - dimensional memory device can further com 
metal interconnect structures 780 , and a respective first prise backside trenches 79 laterally extending along a hori 
cylindrical dielectric spacer 26 that laterally surrounds the zontal direction hdl and vertically extending through an 
respective first conductive core 28 ; and laterally - insulated entirety of the alternating stack { ( 132 , 146 ) and / or ( 232 , 
support structures ( 126 , 128 ) that vertically extend through 30 246 ) } . Each set of stepped surfaces is laterally bounded by 
a subset of layers in the alternating stack ( 132 , 146 ) and / or a neighboring pair of the backside trenches 79 . In one 
( 232 , 246 ) } , wherein each of the laterally - insulated support embodiment , a complementary subset of horizontal surfaces 
structures ( 126 , 128 ) comprises a respective second conduc - within the one set among the multiple sets of stepped 
tive core 128 having a same composition as the first con surfaces includes openings through which a respective one 
ductive core 28 , and a respective second cylindrical dielec - 35 of the laterally - insulated support structures ( 126 , 128 ) 
tric spacer 126 that laterally surrounds the respective second extend vertically , and does not contact any of the contact via 
conductive core 128 , and wherein an entirety of a top planar structures 86 ( as illustrated in insets B in FIGS . 13B and 16 ) . 
surface of each second conductive core 128 contacts a In one embodiment , the complementary subset of horizontal 
respective bottom surface of an overlying upper - intercon - surfaces and the set of horizontal surfaces collectively 
nect - level dielectric material layer 90 . 40 comprise all horizontal surfaces of the one set among the 

In one embodiment , each first conductive core 28 contacts multiple sets of stepped surfaces ( as illustrated in the top 
a bottom surface of a respective one 98 of upper - intercon most and the third - from - the - top finger in FIG . 13B and in 
nect - level metal interconnect structures ( 92 , 94 , 95 , 96 , 98 ) the second - from - the - top finger in FIG . 16 ) . 
that are embedded within the overlying upper - interconnect - In one embodiment , the three - dimensional memory 
level dielectric material layer 90 . In some embodiments , 45 device can further comprise semiconductor - containing sup 
such as the first alternate embodiment or the second and port structures 20 extending through the multiple sets of 
third alternate embodiments based on the first alternate stepped surfaces . Each semiconductor - containing support 
embodiment , a bottommost surface of each second conduc - structure 20 and each memory stack structure ( 50 , 60 ) 
tive core 128 can be located between a first horizontal plane comprises a respective instance of a memory film 50 and a 
including a bottommost surface of the semiconductor mate - 50 respective instance of a vertical semiconductor channel 60 
rial layer 10 and a second horizontal plane including a that is laterally surrounded by the respective instance of the 
topmost surface of the semiconductor material layer 10 . memory film 50 and contacts a bottom surface of a respec 

In one embodiment , a bottommost surface of each second tive instance of a drain region 63 . Each horizontal surface 
conductive core 128 contacts a respective metallic material within the multiple sets of stepped surfaces includes at least 
portion ( such as dummy lower - interconnect - level metal 55 one opening through which a respective one of the semi 
interconnect structures 788D ) embedded within the lower - conductor - containing support structures 20 extends verti 
interconnect - level dielectric material layer , and each second cally . 
conductive core 128 is electrically isolated from any con - In one embodiment , each memory stack structure ( 50 , 60 ) 
ductive or semiconducting material within the semiconduc - within the array includes a vertical semiconductor channel 
tor substrate 9 , the semiconductor material layer 10 , the 60 60 electrically connected to the semiconductor material 
alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } , or upper layer 10 , and a driver circuit for the array of memory stack 
interconnect - level metal interconnect structures ( 92 , 94 , 95 , structures ( 50 , 60 ) is located on a top surface of the 
96 , 98 ) located over the alternating stack { ( 132 , 146 ) and / or semiconductor substrate 9 , and is electrically connected to at 
( 232 , 246 ) } . least one of the electrically conductive layers ( 146 , 246 ) in 

In one embodiment , the alternating stack { ( 132 , 146 ) 65 the alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } and 
and / or ( 232 , 246 ) } includes a staircase region in which each drain regions 63 overlying vertical semiconductor channels 
electrically conductive layer ( 146 , 246 ) except a topmost 60 within the memory stack structures ( 50 , 60 ) through a 
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subset of the lower - interconnect - level metal interconnect of the first exemplary structure of FIGS . 17A and 17B by 
structures 780 . In other words , the driver circuit can be replacing each instance of a laterally - insulated support struc 
electrically connected to the word lines and / or the bit lines ture ( 126 , 128 ) with an instance of an MxN array of 
of the array of memory stack structures ( 50 , 60 ) . semiconductor - containing support structures 20 . 

In one embodiment , the three - dimensional memory 5 In each of the second exemplary structure and the alter 
device can comprise a monolithic three - dimensional NAND nate embodiments thereof , the MxN arrays of semiconduc 
memory device ; the electrically conductive layers ( 146 , 246 ) tor - containing support structures 20 can provide structural 
can comprise , or can be electrically connected to , a respec support to the second exemplary structure during replace 
tive word line of the monolithic three - dimensional NAND ment of the first and second sacrificial material layers ( 142 , 
memory device ; the semiconductor substrate 9 can comprise 10 242 ) with first and second electrically conductive layers 
a silicon substrate ; the monolithic three - dimensional NAND ( 146 , 246 ) , i . e . , while the backside recesses 43 are present 
memory device comprises an array of monolithic three - between vertically neighboring pairs of insulating layers 
dimensional NAND strings over the silicon substrate ; and at ( 132 , 232 ) . 
least one memory cell in a first device level of the array of In addition , interstitial semiconductor - containing support 
monolithic three - dimensional NAND strings is located over 15 structures ( not expressly shown ) can be formed within each 
another memory cell in a second device level of the array of MxN array of semiconductor - containing support structures 
monolithic three - dimensional NAND strings . The silicon 20 . For example , if M is 3 and N is 2 , a pair of semicon 
substrate can contain an integrated circuit comprising a ductor - containing support structures 20 can be inserted 
driver circuit for the memory device located thereon ; the between the two rows of three semiconductor - containing 
electrically conductive layers ( 146 , 246 ) can comprise a 20 support structures 20 at interstitial positions . Generally 
plurality of control gate electrodes having a strip shape speaking , additional semiconductor - containing support 
extending substantially parallel to the top surface of the structures 20 may be formed within each instance of an 
semiconductor substrate 10 ; and the plurality of control gate MxN array of semiconductor - containing support structures 
electrodes comprise at least a first control gate electrode 20 to provide additional structural support during replace 
located in the first device level and a second control gate 25 ment of the first and second sacrificial material layers ( 142 , 
electrode located in the second device level . The array of 242 ) with first and second electrically conductive layers 
monolithic three - dimensional NAND strings can comprise : ( 146 , 246 ) . 
a plurality of semiconductor channels ( the vertical semicon Each of the second exemplary structure and the alternate 
ductor channels 60 and optionally horizontal semiconductor embodiments thereof can include a three - dimensional 
channels that are surface portions of the semiconductor 30 memory device , which can be a derivative structure of the 
material layer 10 ) , wherein at least one end portion of each second exemplary structure or alternate embodiments 
of the plurality of semiconductor channels extends substan thereof , and thus , includes all features of the corresponding 
tially perpendicular to a top surface of the semiconductor first exemplary structure except features relating to the 
substrate 9 , and a plurality of charge storage elements ( as additional semiconductor - containing support structures 20 
embodied as portions of the memory material layer 54 35 and the laterally - insulated support structures ( 126 , 128 ) . 
located at levels of the electrically conductive layers ( 146 , In addition , hybrid structures can be derived from the first 
246 ) , each charge storage element located adjacent to a and second exemplary structures by not replacing a first 
respective one of the plurality of semiconductor channels . subset of the laterally - insulated support structures ( 126 , 128 ) 

According to another aspect of the present disclosure , in the first exemplary structure and by replacing a second 
additional semiconductor - containing support structures 20 40 subset of the laterally - insulated support structures ( 126 , 128 ) 
can be formed in lieu of laterally - insulated support struc - with respective MxN arrays of semiconductor - containing 
tures ( 126 , 128 ) of the first exemplary structure . In this case , support structures 20 . 
an instance of an MxN array of semiconductor - containing The three - dimensional memory device is in the second 
support structures 20 can replace each instance of a laterally - exemplary structure or the alternate embodiments thereof 
insulated support structure ( 126 , 128 ) illustrated in FIGS . 45 can comprise : a lower - interconnect - level dielectric material 
13A - 13D , FIG . 14 , or FIG . 15 . M is an integer greater than layer 760 located over a semiconductor substrate 9 and 
2 ( such as 3 , 4 , 5 , 6 , etc . ) , and N is an integer greater than embedding lower - interconnect - level metal interconnect 
1 ( such as 2 , 3 , 4 , 5 , 6 , etc . ) structures 780 ; a semiconductor material layer 10 overlying 

FIG . 18 illustrates a layout of a second exemplary struc the lower - interconnect - level dielectric material layer 760 ; 
ture according to a second embodiment of the present 50 { ( 132 , 146 ) and / or ( 232 , 246 ) } of insulating layers ( 132 
disclosure , which is derived from the first exemplary struc - and / or 232 ) and electrically conductive layers ( 146 and / or 
ture of FIG . 14 or FIG . 15 by replacing each instance of a 246 ) located over the semiconductor material layer 10 , 
laterally - insulated support structure ( 126 , 128 ) with an wherein the alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } 
instance of an MxN array of semiconductor - containing includes a staircase region in which each electrically con 
support structures 20 . 55 ductive layer ( 146 , 246 ) except a topmost electrically con 

FIG . 19 illustrates a layout of a first alternate embodiment ductive layer 246 laterally extends farther than any overly 
of the second exemplary structure according to a second ing electrically conductive layer ( 146 , 246 ) to provide 
embodiment of the present disclosure , which is derived from multiple sets of stepped surfaces , wherein each set of 
the second alternate embodiment of the first exemplary stepped surfaces continuously extend from a bottommost 
structure of FIG . 16 by replacing each instance of a laterally - 60 layer of the alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } 
insulated support structure ( 126 , 128 ) with an instance of an to a topmost layer of the alternating stack { ( 132 , 146 ) and / or 
MxN array of semiconductor - containing support structures ( 232 , 246 ) } ; a retro - stepped dielectric material portion 265 
20 . overlying the multiple sets of stepped surfaces ; an array of 
FIGS . 20A and 20B illustrate a layout of a second memory stack structures ( 55 , 60 ) extending through the 

alternate embodiment of the second exemplary structure 65 alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } ; and semi 
according to the second embodiment of the present disclo - conductor - containing support structures 20 extending 
sure , which is derived from the third alternate embodiment through the multiple sets of stepped surfaces . Each semi 
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conductor - containing support structure 20 and each memory through an entirety of the alternating stack { ( 132 , 146 ) 
stack structure ( 50 , 60 ) comprises a respective instance of a and / or ( 232 , 246 ) } . Each set of stepped surfaces is laterally 
memory film 50 and a respective instance of a vertical bounded by a neighboring pair of the backside trenches 79 . 
semiconductor channel 60 that is laterally surrounded by the In one embodiment , each memory stack structure ( 50 , 60 ) 
respective instance of the memory film 50 and contacts a 5 within the array includes a vertical semiconductor channel 
bottom surface of a respective instance of a drain region 63 . 60 electrically connected to the semiconductor material Each horizontal surface within the multiple sets of stepped layer 10 , and a driver circuit for the array of memory stack surfaces includes an MxN array of openings , wherein M is structures ( 50 , 60 ) is located on a top surface of the an integer greater than 2 and N is an integer greater than 1 . semiconductor substrate 9 , and is electrically connected to at An instance of an MxN array of semiconductor - containing 10 i least one of the electrically conductive layers ( 146 , 246 ) in support structures 20 that is a subset of the semiconductor the alternating stack { ( 132 , 146 ) and / or ( 232 , 246 ) } and containing support structures 20 extends vertically through drain regions 63 overlying vertical semiconductor channels each opening in the MxN array of openings . 

In one embodiment , each instance of the vertical semi 60 within the memory stack structures ( 50 , 60 ) through a 
conductor channel 60 in the memory stack structures ( 50 . 15 subset of the lower - interconnect - level metal interconnect 
60 ) is electrically shorted to a respective one 95 of the structures 780 . In other words , the driver circuit can be 
upper - interconnect - level metal interconnect structures ( 92 , electrically connected to the word lines and / or the bit lines 
94 , 95 , 96 , 98 ) in an upper - interconnect - level metal inter - of the array of memory stack structures ( 50 , 60 ) . 
connect layer 90 , and an entirety of a top planar surface of In one embodiment , the three - dimensional memory 
each semiconductor - containing support structure 20 con - 20 device can comprise a monolithic three - dimensional NAND 
tacts a respective bottom surface of the upper - interconnect memory device ; the electrically conductive layers ( 146 , 246 ) 
level dielectric material layer 90 . can comprise , or can be electrically connected to , a respec 

In one embodiment , the three - dimensional memory tive word line of the monolithic three - dimensional NAND 
device can further comprise contact via structures 86 verti - memory device ; the semiconductor substrate 9 can comprise 
cally extending from a top surface of the retro - stepped 25 a silicon substrate ; the monolithic three - dimensional NAND 
dielectric material portion 265 to a respective region of the memory device comprises an array of monolithic three 
multiple sets of stepped surfaces and contacting a respective dimensional NAND strings over the silicon substrate ; and at 
one of the electrically conductive layers ( 146 , 246 ) . A subset least one memory cell in a first device level of the array of 
of horizontal surfaces within one set among the multiple sets monolithic three - dimensional NAND strings is located over 
of stepped surfaces includes a respective horizontal surface 30 another memory cell in a second device level of the array of 
including a first opening through which a respective one of monolithic three - dimensional NAND strings . The silicon 
the contact via structures 86 extends vertically and a respec - substrate can contain an integrated circuit comprising a 
tive MxN array of openings ( which are second openings ) as driver circuit for the memory device located thereon ; the 
illustrated in insets A in FIGS . 18 and 19 . In one embodi electrically conductive layers ( 146 , 246 ) can comprise a 
ment , each instance of the MxN array of semiconductor - 35 plurality of control gate electrodes having a strip shape 
containing support structures 20 can be located in a con - extending substantially parallel to the top surface of the 
tinuous volume V ( shown in insets A and B of FIGS . 18 and semiconductor substrate 10 ; and the plurality of control gate 
19 ) , which may be a cylindrical volume , that does not electrodes comprise at least a first control gate electrode 
include any of the contact via structures 86 and is homeo - located in the first device level and a second control gate 
morphic to a sphere . As used herein , an element is “ homeo - 40 electrode located in the second device level . The array of 
morphic ” to a shape if the element can be continuously monolithic three - dimensional NAND strings can comprise : 
deformed without creating an additional opening or destroy a plurality of semiconductor channels ( the vertical semicon 
ing any pre - existing opening to the shape . Thus , a cylindrical ductor channels 60 and optionally horizontal semiconductor 
volume is homeomorphic to a sphere . channels that are surface portions of the semiconductor 

As in the first exemplary structures , laterally - insulated 45 material layer 10 ) , wherein at least one end portion of each 
conductive via structures ( 26 , 28 ) can be provided , which of the plurality of semiconductor channels extends substan 
vertically extend through each layer in the alternating stack tially perpendicular to a top surface of the semiconductor 
{ ( 132 , 146 ) and / or ( 232 , 246 ) } and through the semicon - substrate 9 , and a plurality of charge storage elements ( as 
ductor material layer 10 , wherein each of the laterally - embodied as portions of the memory material layer 54 
insulated conductive via structures ( 26 , 28 ) comprises a 50 located at levels of the electrically conductive layers ( 146 , 
respective first conductive core 28 that is electrically shorted 246 ) , each charge storage element located adjacent to a 
to a respective one of the lower - interconnect - level metal respective one of the plurality of semiconductor channels . 
interconnect structures 780 , and a respective first cylindrical Although the foregoing refers to particular embodiments , 
dielectric spacer 26 that laterally surrounds the respective it will be understood that the disclosure is not so limited . It 
first conductive core 28 . In one embodiment , each first 55 will occur to those of ordinary skill in the art that various 
conductive core 28 contacts a bottom surface of a respective modifications may be made to the disclosed embodiments 
one 98 of upper - interconnect - level metal interconnect struc and that such modifications are intended to be within the 
tures ( 92 , 94 , 95 , 96 , 98 ) that are embedded within the scope of the disclosure . Where an embodiment employing a 
overlying upper - interconnect - level dielectric material layer particular structure and / or configuration is illustrated in the 
90 . In some embodiments , a bottommost surface of each 60 present disclosure , it is understood that the present disclo 
second conductive core 128 can be located between a first sure may be practiced with any other compatible structures 
horizontal plane including a bottommost surface of the and / or configurations that are functionally equivalent pro 
semiconductor material layer 10 and a second horizontal vided that such substitutions are not explicitly forbidden or 
plane including a topmost surface of the semiconductor otherwise known to be impossible to one of ordinary skill in 
material layer 10 . The three - dimensional memory device 65 the art . All of the publications , patent applications and 
can further comprise backside trenches 79 laterally extend - patents cited herein are incorporated herein by reference in 
ing along a horizontal direction hd1 and vertically extending their entirety . 
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What is claimed is : upper - interconnect - level metal interconnect structures 
1 . A three - dimensional memory device comprising : located over the alternating stack . 
a lower - interconnect - level dielectric material layer 5 . The three - dimensional memory device of claim 1 , 

located over a substrate and embedding lower - inter - further comprising : 
connect - level metal interconnect structures ; 5 contact via structures vertically extending from a top 

a horizontal layer overlying the lower - interconnect - level surface of the retro - stepped dielectric material portion 
dielectric material layer ; to a respective region of the multiple sets of stepped 

an alternating stack of insulating layers and electrically surfaces and contacting a respective one of the electri 
conductive layers located over the horizontal layer ; cally conductive layers , wherein a subset of horizontal 

an array of memory stack structures extending through the surfaces within one set among the multiple sets of 
alternating stack ; stepped surfaces includes a respective horizontal sur 

laterally - insulated conductive via structures that vertically face including a first opening through which a respec 
extend through each layer in the alternating stack and tive one of the contact via structures extends vertically 
through the horizontal layer , wherein each of the lat and a second opening through which a respective one 
erally - insulated conductive via structures comprises a of the laterally - insulated support structures extends 
respective first conductive core that is electrically vertically ; and 
shorted to a respective one of the lower - interconnect backside trenches laterally extending along a horizontal 
level metal interconnect structures , and a respective direction and vertically extending through an entirety 
first cylindrical dielectric spacer that laterally sur - 20 of the alternating stack , wherein each set of stepped 
rounds the respective first conductive core ; surfaces is laterally bounded by a neighboring pair of 

laterally - insulated support structures that vertically the backside trenches . 
extend through a subset of layers in the alternating 6 . The three - dimensional memory device of claim 5 , 
stack , wherein each of the laterally - insulated support wherein a complementary subset of horizontal surfaces 
structures comprises a respective second conductive 25 within the one set among the multiple sets of stepped 
core having a same composition as the first conductive surfaces includes openings through which a respective one 
core , and a respective second cylindrical dielectric of the laterally - insulated support structures extend vertically , 
spacer that laterally surrounds the respective second and does not contact any of the contact via structures , 
conductive core , and wherein an entirety of a top planar wherein the complementary subset of horizontal surfaces 
surface of each second conductive core contacts a 30 and the set of horizontal surfaces collectively comprise all 
respective bottom surface of an overlying upper - inter - horizontal surfaces of the one set among the multiple sets of 
connect - level dielectric material layer ; stepped surfaces . 

wherein : 7 . The three - dimensional memory device of claim 5 , 
the alternating stack includes a staircase region in which further comprising semiconductor - containing support struc 

each electrically conductive layer except a topmost 35 tures extending through the multiple sets of stepped sur 
electrically conductive layer laterally extends farther faces , wherein : 
than any overlying electrically conductive layer to each semiconductor - containing support structure and 
provide multiple sets of stepped surfaces , wherein each each memory stack structure comprises a respective 
set of stepped surfaces continuously extend from a instance of a memory film and a respective instance of 
bottommost layer of the alternating stack to a topmost 40 a vertical semiconductor channel that is laterally sur 
layer of the alternating stack ; rounded by the respective instance of the memory film 

a retro - stepped dielectric material portion overlies the and contacts a bottom surface of a respective instance 
multiple sets of stepped surfaces ; and of a drain region ; and 

the laterally - insulated support structures vertically extend each horizontal surface within the multiple sets of stepped 
through a respective portion of the multiple sets of 45 surfaces includes at least one opening through which a 
stepped surfaces and the retro - stepped dielectric mate respective one of the semiconductor - containing support 
rial portion . structures extends vertically . 

2 . The three - dimensional memory device of claim 1 , 8 . The three - dimensional memory device of claim 5 , 
wherein each first conductive core contacts a bottom surface wherein : 
of a respective one of upper - interconnect - level metal inter - 50 electrically conductive layers comprise word lines 
connect structures that are embedded within the overlying extending in a word line direction ; and 
upper - interconnect - level dielectric material layer . each row extending in the word line direction contains 

3 . The three - dimensional memory device of claim 1 , alternating laterally - insulated conductive via structures 
wherein a bottommost surface of each second conductive and laterally - insulated support structures . 
core is located between a first horizontal plane including a 55 9 . The three - dimensional memory device of claim 5 , 
bottommost surface of the horizontal layer and a second wherein the contact via structures vertically extend in a 
horizontal plane including a topmost surface of the horizon - first - type contact via region and a second - type contact via 
tal layer . region having a two - fold rotational symmetry around a 

4 . The three - dimensional memory device of claim 1 , vertical axis . 
wherein : 60 10 . The three - dimensional memory device of claim 1 , 

a bottommost surface of each second conductive core wherein : 
contacts a respective metallic material portion embed the substrate comprises a semiconductor substrate ; 
ded within the lower - interconnect - level dielectric the horizontal layer comprises an electrically conductive 
material layer ; and buried source line ; 

each second conductive core is electrically isolated from 65 each memory stack structure within the array includes a 
any conductive or semiconducting material within the vertical semiconductor channel electrically connected 
substrate , the horizontal layer , the alternating stack , or to the horizontal layer ; and 
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a driver circuit for the array of memory stack structures is 
located on a top surface of the semiconductor substrate 
and is electrically connected to at least one of the 
electrically conductive layers in the alternating stack 
and drain regions overlying vertical semiconductor 5 
channels within the memory stack structures through a 
subset of the lower - interconnect - level metal intercon 
nect structures . 

11 . The three - dimensional memory device of claim 1 , 
wherein : 

the three - dimensional memory device comprises a mono 
lithic three - dimensional NAND memory device ; 

the electrically conductive layers comprise , or are elec 
trically connected to , a respective word line of the 16 
monolithic three - dimensional NAND memory device ; 

the substrate comprises a silicon substrate ; 
the monolithic three - dimensional NAND memory device 

comprises an array of monolithic three - dimensional 
NAND strings over the silicon substrate ; 

at least one memory cell in a first device level of the array 
of monolithic three - dimensional NAND strings is 

located over another memory cell in a second device 
level of the array of monolithic three - dimensional 
NAND strings ; 

the silicon substrate contains an integrated circuit com 
prising a driver circuit for the memory device located 
thereon ; 

the electrically conductive layers comprise a plurality of 
control gate electrodes having a strip shape extending 
substantially parallel to the top surface of the semicon 
ductor substrate , the plurality of control gate electrodes 
comprise at least a first control gate electrode located in 
the first device level and a second control gate electrode 
located in the second device level ; and 

the array of monolithic three - dimensional NAND strings 
comprises : 
a plurality of semiconductor channels , wherein at least 
one end portion of each of the plurality of semicon 
ductor channels extends substantially perpendicular 
to a top surface of the semiconductor substrate , and 

a plurality of charge storage elements , each charge storage 
element located adjacent to a respective one of the 
plurality of semiconductor channels . 

20 
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