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(57) Abstract: Embodiments of interconnect structures of a three-dimensional (3D) memory device and method for forming the inter-
connect structures are disclosed. In an example, a 3D NAND memory device includes a semiconductor substrate, an alternating layer
stack disposed on the semiconductor substrate, and a dielectric structure, which extends vertically through the alternating layer stack,
on an isolation region of the substrate. Further, the alternating layer stack abuts a sidewall surface of the dielectric structure and the
dielectric structure is formed of a dielectric material. The 3D memory device additionally includes one or more through array contacts
that extend vertically through the dielectric structure and the isolation region, and one or more channel structures that extend vertically

through the alternating layer stack.
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THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL
MEMORY DEVICES

TECHNICAL FIELD

{08011  The present disclosure generally relates to the field of semiconductor technology,
and more particularly, 1o a channel hole plug structure of three-dimensional (3D) memory

devices and a method for forming the same.
BACKGROUND

{33021  Planar memory cells have been countinuously scaled down from one techunology
generation to the next by improvements in circuit design, fabrication integration, and
fabrication process. However, as the feature sizes of the memory cells continuously shrink,
the density for planar memory cells increases. Consequently, the fabrication techniques can
become challenging and costly.

{08031 A three-dimensional (3D} memory architecture {e.g., planar memory cells stacked
on top of each other) can address the density humitation of planar wemory cells, The 3D
memory architecture includes a memory array and peripheral devices for controlling signalgs

to and from the memory array.
BRIFF SUMMARY
{0004] Embodiments of 3D memory and fabrication methods thereof are disclosed herein.

{00081 According to some embodiments of the present disclosure, a 3D NAND memory
device includes an aliernating layer stack with a staircase structure and one or more dielectric
structures surrounded by the alternating layer stack. The alternating layer stack can include a
stack of alternating conductor and dielectric layers, and the dielectric structures can include a
single dielectric layer. The memory device further includes multiple vertical structures that
extend vertically through the alternating conductor/dielectric stack, and multiple vertical
structures that extend vertically through the dieleciric structures. By way of example and not
Limitation, vertical structures extending vertically through the alternating conductor/diclectric
stack can include “channel” structures and “slit” structures. Vertical structures extending
vertically through the dielectric structures can include through array contact structures,

referred to herein as “through array contacts” ("TAC” structures or “TACs”).
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{0006] Additional elements of the 3D NAND memory device can include an etch stop layer
disposed on each channel structure and a first contact layer with a plurality of first contacts,
For example, each of the first contacts can be formed to physically connect to a respective
conductor layer from each alternating conductor/dielectric stack in the staircase structure, a

respective etch stop layer of the channel structures, and a respective slit structure.

{08071  In some embodiments, the etch stop layer includes polysilicon {e.g., polyerystalline
silicon or “poly”), titanium (T1), titanium nitnide (TN}, tungsten (W), ot combinations thereof
Further each of the plurality of conductor/dielectric layer pairs can include a metal and a
silicon oxide (Si0n) layer. The atorementioned materials are exemplary and are not limiting.

As such, other appropriate materials can be used.

{0008] In some embodiments, the memory device includes dummy (e.g., electrically non-
functional) channel stroctures extending vertically through the alternating conductor/dieleciric

stack.

{00091 In some embodiments, the memory device inchudes a second contact layer over the
first contact layer and a third contact layer over the second contact layer. The second and third
contact lavers include respective second and third contacts. Some contacts of the third contact
layer, via the respective second and first contacts, are electrically connected to the conductor
layers from the alternating conductor/dielectric stack in the staircase structure, and to the
channel and slit structures. In some embodiments, the first, second and third contact layers
form an wnterconnect network for the 31 NAND memory device. The intercounect network
can be used to transfer electrical signals between the various components of the 3D NAND

memory device.

{00181 According to some embodiments of the present disclosure, a method for forming a
3D NAND memory device is disclosed herein. For exarple, an alternating dielectric stack
can be formed over a substrate. The alternating dielectric stack can include a plurality of
dielectric layer pairs, where each pair includes a first dielectric laver and a second dielectric
layer different from the first dielectric layer. A first statrcase siracture can be subsequently
formed in the alternating dielectric stack. Subsequently, channel structures and a dielectric

structure—each extending vertically through the alternating dielectric stack—are formed.

{0311]  In some embodiments, the dieleciric material of the dielectnic structure can be the
same as the material of the second dielectric layer in the alternating dielectric stack. A
sacrificial etch stop laver can be disposed on each channel structure. Shit openings extending
2
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through the alternating dielectric stack are subsequently formed and the first dielectric layers
of the alternating dielectric stack are replaced with conductor layers through the shit openings
to form a plurality of conductor/dielectric fayer pairs. The slit openings are then filled with a
conductor material. Further, a first contact tayer with a plurality of first contacts can be
formed so that each first conductor layer from the alternating conductor/dielectric stack n the
first staircase structure 18 connected to a first contact. Additionally, each channel and shit
structure can also be connected to a respective first contact of the first contact layer. In some

embodiments, and prior to the formation of the first contact layer, the sacrificial etch stop

layer over each channel structure can be replaced with a “permanent” etch stop layer.

{03121  In some embodiments, TAC openings are eiched through the dieleciric structure and
subsequently filled with a metal to form respective TAC structures that extend through the
dielectrie structure and a portion of the substrate. In some embodiments, TAC structures are
part of the first contact layer. In other words, the TAC structures can be formed concurrently

with the first contact layer.

{03131  In some embodiments, a second contact laver with a plurality of second contacts can
be formed over the first contact layer. Second contacts can be connected to respective first

contacts of the first contact layer.

{06014]  In some embodiments, a third contact layver with a plurality of third contacts can be
formed over the second contact layer. The third contact layer, via the respective second and
first contact lavers, can electrically connect to the various components of the memory device
including the first conductor layers of the alternating conductor/dielectric stack in the first

staircase struciure, the channel structures, and the slit structures.

{06151 In some embodiments, prior to forming the shit structure, a doped region can be

tormed in the substrate. The slit structure can be in contact with the doped region.

{0016]  In some embodiments, the permanent etch stop layer includes one or more of
polysilicon, titanium, titanium nitride, and tungsten. The dielectric structure can include
silicon oxide. Hach of the plurality of dielectric layer pairs can include a silicon oxide layer
and a silicon nitride layer. Each of the plurality of conductor/dielectric layer pairs can include

a metal layer and a silicon oxide layer.

{00171 Further features and advantages of the invention, as well as the structure and
operation of various embodiments of the invention, are described in detail below with

reference to the accompanying drawings. It is noted that the invention is not limited to the

-3 .
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specific embodiments described herein. Such embodiments are presented heretn for
itlustrative purposes only. Additional embodiments will be apparent to persouns skilled 1n the

relevant art{s} based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{0018] The accompanying drawings, which are incorporated herein and form a part of the
specification, iHlustrate embodiments of the present disclosure and, together with the
description, further serve to explain the principles of the present disclosure and to enable a

person skilled in the pertinent art to make and use the present disclosure.

{00181 FiGs 1A-1C iHlustrate various regions of a 3D memory device in the plan-view,

according to some embodiments of the present disclosure.

{00281 FIG 2 lustrates a cross-section of a 30 memory device, according to some

embodiments of the present disclosure.

{00211 FIG. 3 is a flowchart of an exemplary method for forming a 313 memory device,

according to some embodiments of the present disclosure.

100221 FIGs 4-13 dlustrate an exemplary fabrication process for forming a 3D memory

device, according to some embodiments of the present disclosure.

{00231 The features and advantages of the present disclosure will become more apparent
from the detailed description set forth below when taken 1o conjunction with the drawings, in
which like reference characters identify corresponding elements throughout. In the drawings,
like reference numbers generally indicate identical, functionally siroilar, and/or structurally
similar elements. Additionally, generally, the left-most digit(s) of a reference number
identifies the drawing in which the reference number first appears. Unless otherwise indicated,
the drawings provided throughout the disclosure should not be interpreted as to-scale

drawings.
DETAILED DESCRIPTION
{00241 Although specific configurations and arrangements are discussed, it should be

understood that this 1s done for iflustrative purposes only. A person skilled in the art will

recognize that other configurations and arrangements can be used without departing from the
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spirit and scope of the present disclosure. ft will be apparent to a person skilled in the art that

the present disclosure can also be emploved in a variety of other applications,

{00251 Itis noted that references in the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” “some embodiments,” etc., indicate that the
embodiment described may include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particuiar feature, structure, or characteristic.
Moreover, such phrases do not necessarily refer to the same erabodiment. Further, when a
particular feature, structure or characteristic is described in connection with an embodiment, it
would be within the knowledge of a person skilled in the art to affect such feature, structure or

characteristic in connection with other embodiments whether or not explicitly described.

{0026] In general, terminology may be understood at least in part from usage in context. For
example, the term “one or more” as used hervein, depending at least in part upon contexi, may
be used to describe any feature, structure, or characteristic 1n a singular sense or may be used
to describe combinations of features, structures or characteristics in a plural sense. Simtlarly,

(49

terms, such as “a,” “an,” or “the,” again, may be understood 10 convey a singuiar usage or to

convey a plural usage, depending at least in part upon context.

{00271 It should be readily understood that the meaning of “on,” “above,” and “over” in the
present disclosure should be interpreted in the broadest manner such that “on” not only means
“directly on” something but also includes the meaning of “on” something with an
intermediate feature or a layer therebetween, and that “above™ or “over” not only means the
meaning of “above” or “over” something but can also include the meaning it 15 “above” or
“over” something with no intermediate teature or layer therebetween (i.e, directly on
something}.

{00281  Further, spatially relative terms, such as “beneath,” “below.” “lower,” “above,”
“upper,” and the hike, may be used herein for ease of description to describe one element or
feature’s relationship to another element{(s) or feature(s) as illustrated in the figures. The
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. The apparatus may be
otherwise ortented (rotated 90 degrees or at other orientations) and the spatially relative

descriptors used herein may likewise be interpreted accordingly.

100291 Asused herein, the term “substrate” refers to a material onto which subsequent

material tavers are added, or otherwise “disposed.” The subsirate itself can be patierned.

(41
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Materials disposed on (e.g., on top) the substrate can be patterned or can remain unpatterned.
Furthermore, the substrate can include a wide array of semiconductor materials, such as

silicon, germanium, gallium arsenide, indium phosphide, etc. Alternatively, the substrate can
be made from an electrically non-conductive roaterial, such as a glass, a plastic, or a sapphire

wafer.

{00381  As used herein, the term “layer” refers to a material portion including a region with a
thickness. A layer can extend over the euntirety of an underlving or overlying structure, or may
have an extent less than the extent of an underlying or overlying structure. Further, a laver can
be a region of a homogeneous or inhomogenecus continucus structure that has a thickness
{ess than the thickness of the continuous structure. For example, a layer can be located
between any pair of horizontal planes between, or at, a top surface and a bottom surface of the
continuous structure. As used herein, the term “top surface” or “front side” of a structure, a
layer, or an element refers to a surface where subsequent elements or structures can be formed
thereon. Conversely, as used herein, the term “bottom surface” or “backside” refers to the side
of the structure, laver, or element that is opposite to the top surface. It is noted that the terms
“top surface” or “frout side” and “bottom surface” or “backside” are used merely for
deseription purposes and not to {imit the orientation of the elemeuts, layers, or structures. A
faver can extend horizontally, vertically, and/or along a tapered surface A substrate canbea
layer, can inchude one or more layers therein, and/or can have one or more fayer thereupon,
thereabove, and/or therebelow. A layer can include multiple layers. For example, an
interconpect layer can include one or more conductor and contact layers (in which contacts,

interconnect lines, and/or vias are formed) and one or more dielectric layers.

{00311 As used herein, the term “nonunal/nominaliy” refers to a desired, or target, value of
a characteristic or parameter for a component or a process operation, set during the design
phase of a product or a process, together with a range of values above and/or below the
desired value. The range of values can be due to slight variations in manufacturing processes
or tolerances. As used herein, the term “about” indicates the value of a given quantity that can
vary based on a particular technology node associated with the subject semiconductor device.
Based on the particular technology node, the term “about” can indicate a value of a given
quantity that varies within, for example, 10-30% of the value {e.g., +10%, £20%, ot £30% of

the value).
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{08321  As used herein, the term “3D memory device” refers to a semiconductor device with
vertically-oriented strings of memory cell transistors {referred to herein as “memory strings,”
such as NAND strings) on a lateraliv-oriented substrate so that the memory sirings extend in
the vertical direction with respect to the substrate. As used herein, the term “vertical/vertically”

means nominally perpendicular to the lateral surface of a substrate.

{00331 Various embodiments in accordance with the present disclosure provide a 3D
memory device with interconnect structures for a memory array {also referred to herein as an
“array device”). The interconnect structures allow contacts to various memory array structures
{e.g., NAND strings, gate line slits, word lines, ete ) to be fabricated in a limited number of
steps {e.g., 10 8 single step or in two steps), thereby reducing the process complexity and
manufacturing cost. In some embodiments, the interconnect structures disclosed herein
include bit lines in the top interconnect layer, which are suitable for those 3D memory
architectures where the array device and a peripheral device are formed on different substrates

and are subsequently joined by hybrid bounding in a “face-to-face” configuration.

{30341 Moreover, the interconnect structures disciosed herein can include TAC structures
for providing vertical interconnects between the stacked array device and a peripheral device
{(e.g., for power bus and metal routing), thereby reducing metal levels and shrinking die size.
In some embodiments, the TAC structures, as part of the interconnect structures, are formed
within “single-material” dielectric structures {e.g., dielectric structures that are made of a
single dielectric as opposed o a stack of alternating dielectric layers). According to some
embodiment, forming TAC structures in a single-matenal dielectric structure 13 advantageous
compared to the formation of TAC structures in a stack of alternating dielectric layers in

terms of etching capability and cost,

{00381 According to some ernbodiments, FIGs. TA-1C are plan-views of various exemplary
regions of a 3D memory device along a bit line (BL} and a word line (WL} direction as
denoted by respective axes labeled BL and WL, For example, FIG. 1A 13 a plan-view of ap
exemplary WL TAC region 102 of the 3D memory device. TAC region 102 includes NAND
string regions 110, a TAC region 120, and top selective gate (TSG) staircase regions 130,
NAND string regions 110 can include an array of NAND strings 112, each including a
plurality of stacked memory cells. TSG staircase regions 130 can be disposed on the sides of
NANID string regions 110 and adjacent to TAC region 120 in the plan-view. TS staircase

regions 130 can include an array of TSG contacts 132 formed on a staircase structure having

~J
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two levels or more. TSG contacts 132 can be electrically connected to the top selective gates
of NAND strings 112 in NAND strning region 110 through a network of interconnect contacts

not shown in FIG. 1A,

{00361 In some embodiments, TAC region 120 18 between two TSG staircase regions 130 1n
the WL divection of the 3D rwemory device. TAC region 120 can be defined by a single-
material dieleciric structure 124, Multiple TAC structures 126 can be formed within TAC
region 120 in dielectric structure 124 In some enabodiments, dummy (e g, non-electrically
functional) channel structures 122 are formed outside TAC region 120 to provide mechanical
support to the memory array structures. By way of example and not limitation, dummy
channel structures 122 can be formed in any regions outside TAL region 120, for example,
along the edges of NAND string regions 110 adjacent to TSG staircase regions 130, As shown
in FIG. 1A, WL TAC region 102 can also include a plurality of shit structures 114 with each
extending in the WL direction. At least some slit structures 114 can function as the common
source contact for an array of NAND strings 112 in NAND string regions 110, According to
some embodiments, slit structures 114 can divide the 3D memory device into multiple

memory blocks.

{00371 FIG 1B is g plan-view of an exemplary bit line (BL) TAC region 104 of the 3D
memory device, imncluding NAND string regions 110 and a TAC region 120 NAND string
regions 0 can include an array of NAND strings 112, each including a plurality of stacked
memory cells. In some embodiments, TAC region 120 is disposed between two NANID string
regions 110 1n the bit line direction of the 31 memory device (labeled as “BL” in FIGs. 1A-
1), TAC region 120 can be defined by a single~-material dielectric structure 124. More than
one TAC structures 126 can be formed in TAC region 120 within dielectric structure 124, as
shown in FIG. 1B Further, BL TAC region 104 can also include slit structures 114 with each
extending in the WL direction. At least some st structures 114 can function as the common
source contact for an array of NAND strings 112 tn NAND string regions 110, Slit structures
114 can also divide the 3D memory device into multiple memory blocks. In some
embodiments, dummy {(e.g, non-electrically functional) chanuel structures 122 are formed in
part of NAND string regions 110, for example, in the memory areas that are adjacent to TAC

region 120 in the bit hine direction.

[0038]  FIG. 10 15 a plan-view of an exemplary staircase TAC region 106 of the 3D memory

device, including a NAND string region 110, a statrcase region 140, and 2 TAC region 120

-8 -
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NAND string region 110 can include an array of NAND strings 112, each including a
plurality of stacked wemory cells. Staircase region 140 can wnclude a staircase structure and
an array of WL contacts 142 formed on the staircase structure. In some embodiments, TAC
region 120 can be forrmed in statrcase region 140, TAC region 120 18 defined by the single-
material dielectric structure 124, Multiple TAC structures 126 can be formed within TAC
region 120 in single-material dielectric structure 124, As shown in FIG. 1€ staircase TAC
region 106 can also include slit structures 114 with each extending in the WL direction. At
least some slit structures 114 can function as the common source contact for an array of
NAND strings 112 in NAND string region 110, Shit structures 114 can also divide the
memory device tnte multiple memory blocks. In some embodiments, dummy {e.g., non-
electrically functional) channel structures are formed in staircase region 140 outside TAC

region 120 (not shown in FIG. 1C)

e

{00391 FIG. 2 1s a cross-sectional view of an exemplary 3D memory device 200, according
to some embodiments of the present disclosure. 3D memory device 200 caninclude a
substrate 202. Substrate 202 can include single crystalline silicon (Si) or another elementary
semiconductor such as, for example, (1) germantur (Ge), (31) a compound semiconducior
including sitlicon germanium (SiGe}, sticon carbide (5i1C), gallium arsenide (GaAs), gaillium
phosphide (GaP), wndium phosphide(InP), wndium arsenide (InAs), and/or indium antimonide
{InSb); (i) an alloy semiconductor including gallium arsenide phosphide (GaAsP), aluminum
indiumm arsenide {AllnAs), aluminum gallium arsenude (AlGaAs), gallium indium arsernude
{GalnAs), galliur indium phosphide (GalnP), and/or galliuny indium arsenide phosphide
{GalnAsP); or (iv) combinations thereof. Fusther, substrate 202 can be a “semiconductor-on-
wsulator” wafer, such as silicon on insulator (SOD) or germanium on wsulator (GO For
example purposes, substrate 202 will be described in the context of single crystalline Si (e g,
a St waler). Based on the disclosure herein, other matenials, as discussed above, can be used.
These materials are within the spirit and scope of this disclosure. In some embodiments,
substrate 202 can be a thinned substrate, which was thinned by means of grinding, wet and/or

dry etching, chemical mechanical planarization ({CMP), or a combination thereof

{08481 3D memory device 200 can include an array device above substrate 202 {on a top
surface of substrate 202). It 13 noted that x, vy, and z axes are added in FIG . 2 to further
itfustrate the spatial relationship between the various components in 31 memory device 200.
Substrate 202 includes two lateral surfaces (e g, a top surface and a bottom surface)

extending laterally 1o the x-direction {the lateral direction} and y-direction. As used herein,
-G
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whether one component {e.g., a layer or a device) is “on,” “above,” or “below” another
comaponent (e.¢., a fayer or a device} of a semiconductor device {e.g., 3D memory device 200)
is determined relative to subsirate 202 in the z-direction {the vertical direction} when the
substrate is posttioned n the lowest plane of the semiconductor device in the z-direction. The
same notion for describing spatial relationship 18 applied throughout the present disclosure,

Further, the y-direction is pointing into the page of FIG. 2.

{00411 By way of example and not limitation, 313 memory device 200 can be part of a non-
meonolithic 3D memory device, in which components {e.g., the peripheral device and array
device) can be fabricated independently on different substrates and then bonded in a “face-to-
face” configuration. In some embodiments, the array device substrate {e.g., substrate 202
remains as the substrate of the bonded non-monolithic 3D memory device, and the peripheral
device (e.g., any suitable digital, analog, and/or mixed-signal peripheral circuits used for
factlitating the operation of 3D memory device 200, such as page buffers, decoders, and
latches; not shown o FIG. 2) 18 positioned so that it faces the 3D memory device 200 prior to
hybrid bonding. Alternatively, in some embodiments, 3D memory device 200 is positioned so
that it faces the peripheral device (not shown 1o FIG 2 merely for clarity) prior to hybrid
bonding. The array device subsirate {e.g, substrate 202} can be a thinned subsirate and the
back-end-of-line (BEOL) interconnects of the non~-monolithic 3D memory device can be

formed on the backside (¢ g. bottom surface) of the thinned array device substrate 202,

{08421 In some embodiments, 3D memory device 200 can be part of a non-monglithic 3D
memory device regardless of its relative position {e g. above or below) with respect 1o the
peripheral device. For ease of reference, FIG. 2 depicts a state of 31 memory device 200 in
which substrate 202 {the array device substrate) is positioned below the array device in the x-
y plane, regardiess of whether substrate 202 13 the substrate of the non-monolithic 3D memory
device or a thinned substrate on which the BEOL interconnect layers of the non-monoelithic

3D memory device are formed.

{00431  In some embodiments, 3D memory device 200 is a NAND Flash memory device in
which memory cells are provided in the form of an array of NAND strings 204 extending
vertically above substrate 202, The array device can inchide a plurality of NAND strings 204
that extend through a plurality of conductor layer 206 and dielectric layer 208 pairs. The
plurality of conductor/dielectric layer pairs are also referred to herein as “alternating

conductor/dielectric stack” 210, In some embodiments, the number of the conductor/dielectric
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layer pairs in alternating conductor/dielectric stack 210 {e.g., 32, 64, or 96} defines the
number of memory cells 1u 3D memory device 200, Conductor layers 206 and dielectric
layers 208 1n alternating conductor/dielectric stack 210 alternate in the vertical direction {e.g.,
along the z-axis). In other words, except the fayers at the top or bottor of alternating
conductor/dielectric stack 210, each conductor layer 206 can be adjoined by two diglectric
layers 208 on both sides, or each dielectric layer 208 can be adjoined by two conductor layers
206 on both sides. Conductor layers 206 can each have the same thickness or different
thicknesses. Similarly, dielectric layers 208 can each have the same thickness or different
thicknesses. By way of example and not bmitation, the thickuess of each conductor layer 206
can range from about 25 nm to about 40 nm, and the thickness of each dielectric layer 208 can

range from about 20 nm to about 35 um.

{0044] By way of example and not himitation, conductor layers 206 can include conductive
materials such as tungsten (W), cobalt {Co}, copper {Cu), aluminum (Al), doped
polyerystalline St {polysilicon), doped single orystalline §i, stlicides, or any combination
thereof. Dnelectric lavers 208 can inchude dielectric materials including, but not limited to,
silicon oxide (51,0, thereafter “S1(3,7), silicon nitnide (SuNy, thereafter “SiN”), silicon
oxynitride {SiON}, or any combination thereof. In some embodiments, conductor layers 206

wnclude metal layers, such a3 W, and dielectric layers 208 nclude 510,

{08457 Asshown in FIG. 2, at least on one side in the lateral divection {e.g, along the x-

axis}, alternating conductor/dielectric stack 210 can inchude a staircase structure 212, Each

@

Fevel

5 .

Tor “step” 214 of staircase structure 212 can include one or more conductor/dielectric
layer pairs on stacked top of each other. Each conductor/dielectric layer pair includes a
conductor layer 206 and dielectric layer 208 respectively. The top layer in each level 214 of
staircase structure 212 is a conductor layer 206 available for interconnection in the vertical
direction {e g, along the z-axis). In some embodiments, levels 214 in staircase structure 212
have the same height. Further, adjacent levels 214 of staircase structure 212 are being offset
with one ancther by a nominally same distance in the x~direction. More specitically, for each
two adjacent levels 214 of staircase structure 212, the first level that 1s closer to substrate 202
can extend laterally fusther than the second level, thereby forming a “landing area” or a
“connection point” on the first level for interconnection in the vertical direction (e.g., along

the z-axis).
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{00461 As shown in FIG. 2, each NAND string 204 includes a channel structure 216 that
extends through aliernating conductor/dielectric stack 210, Chanuel structure 216 15 filled
with semiconductor materials {e.g., as a semiconductor channel 218) and dielectric materials
{e.g. as a memory film 220}, In some embodiments, semiconductor channel 218 includes 54,
such as amorphous 581, polysilicon, single erystaliive Si, etc. In some embodiments, memory
film 220 is a composite stack of lavers that includes a tunneling layer, a storage layer (also
known as “charge trap/storage layer”), and a blocking layer. Each NAND string 204 can have
a eylindrical shape {e.g, a pillar shape). Semiconductor channel 218, the tunneling layer, the
storage layer, and the blocking layer are arranged along a direction from the center toward the
outer surface of the pillar in this order, according to some embodiments. The tunneling layer
can include S$i0,, SiN, or any combination thereof. The storage layer can include SiN, SiON,
silicon, or any combination thereof. The blocking layer can include 810, SiN, high dielectric
constant (high-k} dielectrics (e.g., with a dielectric constant greater than 3.9), or any

combination thereof

{08471 In some embodiments, NAND strings 204 include a plurality of control gates (each
being part of a WL). Conductor laver 206 1w alternating conductor/dielectric stack 210 can act
as the control gate for memory cells s NANID strings 204, Additionally, each conductor layer
206 can act as the control gate for multiple NAND strings 204 that can extend laterally {e.g.,

along the x-y plane) as a WL ending in stairease structure 212

{00481 In some embodiments, each NAND siring 204 includes an epitaxial layer 222 and an
etch stop plug 224 at the respective bottom and top of NAND string 204, as shown in FIG. 2.
For each NAND string 204, epitaxial layer 222 is referred to herein as an “epitaxial plug”
Each of epitaxial plug 222 and etch stop plug 224 can be in contact with a respective end of
channel structure 216, Epitaxial plug 222 can include, for example, a semiconductor material
{e.g., single crystalline St) that 1s epitaxially grown from substrate 202, Eich stop plug 22-

can include semiconductor materials {e.g., polysilicon} or conductor materials (e g, metals),
In some embodiments, etch stop plug 224 includes an opening filled with a titaniur/titanium
nitride stack (barrier and adhesion layer) and W (conductor). As the name suggests, etch stop
plug 224 is an etch stop layer that prevents etching of dielectrics in channel structure 216,
such as 8i0; and SiN, during subsequent etch operations. In some embodiments, etch stop

plug 224 acts as the drain of NAND string 204
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{00497  In some embodiments, the array device further inchudes slit structures 226. Each shit
structure 226 can extend vertically {e.g, along the z-axis} through alternating
conductor/dielectric stack 210. Slit structures 226 also extend along the y-axis to separate
alternating conductor/dielectric stack 210 wnto roultiple blocks as discussed earlier for FI1Gs
1A-1C. Shit structures 226 are filled with conductor materials including, but not Himitied to, W,
Co, Cu, Al, a silicide, or any combination thereot, Shit structures 226 further include a
dielectric layer interposed between the conductor tn slit structure 226 and alternating
conductor/dielectric stack 210 to electrically insulate the conductor materials in the slit
structure from the surrounding conductor layers o alternating conductor/dielectric stack 210,
In some embodiments, slit structure 226 acts as the source contact for NAND strings 204
located 10 the same memory block. Consequently, a shit structure 226 can function as the

~

“common source contact” of multiple NAND strings 204 within a memory block.

{00501 In some embodiments, substrate 202 inclades doped regions 228 with p-type or o~
type dopants at a desired doping level. Each doped region 228 1s in contact with a respective
siit structure 226, as shown in FIG. 2. In some embodiments, siit structures 226 are

electrically coupled to NAND strings 204 through doped regions 228,

{0051] 1 has to be noted that NAND strings 204 and shit structures 226 are partially formed
in a dielectric layer 230 that 1s disposed over alternating conductor/dielectric stack 210 In
some embodiments, dielectnic layer 230 can be a layer stack made of a single dielectric
material-—as opposed to being a stack of alternating dielectric layers. By way of example and
not limitation, dielectric layer 230 s an oxide layer, such as 510, In other words, dielectric
layer 230 can be the same as dielectric layer 208. Further, and as shown in FIG. 2, dielectric

laver 230 can extend over staircase structure 212

{00521 Ag shown in FIG. 2, dielectric conductor/dielectric stack 210 15 “disrupted” by
single-material dielectric structure 232 (thereafter “dielectric structure 2327) along the x-
direction {and along the y-direction—mnot shown from FIG.2). In some embodiments,
dielectric structure 232 defines the boundaries, the shape, and the size of TAC region 120
{e.g., shown in FIGS. 1A-1C). Consequently, as shown in the plan-views of FIGS. 1A-1C,

~rey

dielectric structure 232 can be surrounded by conductor/dielectric stack 210, Further,

dielectric structure 232 can extend in the x-y plane and be coplanar with dielectric layer 230
{e.g., the top surfaces of diglectric structure 232 and dielectric layer 230 are flushed). In some

Rl

embodiments, dielectric structure 2372 is formed so that it is aligned to or covers at least a
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portion of an underlying isolation structure or region 233 (thereafter “shallow trench isclation
(ST structure 233 ). Please note that, STT structure 233 1s exemplary and 13 not hmiting. As
such, other isolation structures can be used. Further, dielectric structure 232 is in contact with
ST structure 233, By way of example and not hnutation, STI structure 233 1s formed on a top
portion of substrate 202 and is filled with a dielectric matenal, including but not imited to
810, for example. In some embodiments, the footprint of diclectric structure 232 18 smaller or

equal to the footprint of ST structure 233, For example, in some embodiments, dielectric

structure 232 can cover ondy portion of STI structure 233

{00531 In some embodiments, dielectric structure 232 includes the same material with
dielectric layer 230, and/or dieleciric layer 208, For example, dieleciric structure 232 can
include 510, However, this is not limiting and therefore dielectric structure 232 can include a
different material than dielectric layer 208 or dielectric layer 230, In some embodiments,
dielectric structure 232 can have different shapes. For example, as shown in the plan-views of
FIGS. 1A-1C, TAC region 120 can have a rectangle or square shape. However, these shapes
are not limiting and dielectric structures 232 can have any shape according to a design layout.
Further, multiple dielectric structures, hike dielectnic structure 232, are possible across

substrate 202,

{00541  Asshown in FIG. 2, 3D memory device 200 further includes TACs 234, which
extend vertically through dielectric structure 232, According to some embodiments, etching
through dielectric structure 232 can be advantageous {(e.g., involve fewer etch operations)
corapared to etching through a stack of alternating lavers having the same overall thickoess.
For example, the formation of TACs 234 in an alternating layer stack with a thickness of
about & pm or more {e.g, for a 64 tier 3D memory device) requires multiple etch and fill
operations—therefore, increases the fabrication cost. Bach TAC 234 can extend through the
entire thickness of dielectric structure 232 and extend through at least a portion of STI

structure 233 in substrate 202,

{00551 TACs 234 can carry electrical signals from and/or to 3D memory device 200, such
as part of the power bus, with shorten interconnect routing. In some embodiments, TACs 234
can provide electrical connections between 3D memory device 200 and the peripheral device
{e.g., on a CMOS chip; not shown in FIG. 2) and/or between BEOL interconnects {not shown
in FIG. 2) and the peripheral device. Each TAC 234 s filled with conductor materials,

including, but not himited to, W, Co, Cu, Al doped $i, silicides, or any combination thereof.
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Since TACs 234 are embedded in dielectric structure 232, additional layers of dielectric are

not required to isulate the conductor material,

{06561 In some embodiments, 3D memory device 200 includes a plurality of “local contacts”
in physical and electrical contact with the various memory array structures disclosed herein,
such as NAND strings 204, sht structures 226, and conductor layers or WL 200 10 staircase
structure 212 The contacts are referred to herein as “local contacts” because they are in direct
contact with the memory array structures, and further because they are formed within

dielectric layer 230. As shown in FIG. 2, local contacts can include NAND string contacts

236, shit structure contacts 238, and WL contacts 240, In some embodiments, TACs 234 are
also considered focal contacts. As used herein, the term “contact” can broadly nclude any
suitable types of interconnects including vertical interconnect access {(via) lines and lateral

lines {interconnect lines).

{6571 In some embodiments, each local contact is coplanar with one another, e.g., on the
top surface of a dielectric layver 230 {(and dielectric structure 232 for TACs 234} in which the
{ocal contacts are formed. The lower end of each local contact can be in direct contact with
the respective memory array structure. For exaraple, the lower end of NAND string contact
236 can be wn contact with eich stop plug 224 of NAND string 204, and the lower end of sht
structure condact 238 can be in contact with the upper end of slit structure 226, The lower end
of each WL contact 240 can be in contact with top conductor layer or WL 206 10 a respective
{fevel of staircase structure 212, Each local contact is filled with conductor materials including,
but not limited to, W, Co, Cu, Al silicides, or any combination thereof. Some or all of the
local contacts can be formed simultanscusly 1n a single contact forming process as described

below in detail.

{00581 As shown in FIG. 2, i addition to the local contacts, 3D memory device 200 can
further include a contact layer 242 and an interconnect layer 244 as part of its interconnect
structures. Contact layer 242 can inclade a dielectric layer and a plurality of contacts 246 {e.g.,
vias) in the dielectric layer. Interconnect layer 244 can be formed on contact layer 242 and

can include another dielectric layer and a plurality of interconnect contacts 248 {e g,
interconnect lines) tn the dielectric layer. The local contacts, contacts 246 in contact layer 242,
and interconnect contacts 248 in interconnect fayer 244 can be collectively referred to herein

as the interconnect structures of 31 memory device 200

t
[
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{00591 In some embodiments, each contact 246 can be filled with conductor materials
cluding, but not limited to, W, Co, Cu, Al stlicides, or any combination thereof, All
contacts 246 can be formed simultaneocusly in a single contact forming process as described

below in detail,

{00681  In some embodiments, each interconnect contact 248 can be filled with conductor
materials including, but not imited to, W, Co, Cu, Al silicides, or any combination thereof,
All interconnect contacts 248 can be formed simultaneously w a single contact formation

pracess as described below in detail.

{00611 In some embodiments, interconnect contacts 248 in interconnect layer 244 can
include bt ines 250, which are electrically connected to NAND sirings 204, respectively, by
corresponding contacts 246 and NAND siring contacts 236, Bit lines 250 can be used to
individually address a corresponding NAND string 204 Tuterconnect contacts 248 can further
include source hines that are elecirically connected to slit structures 226 (source contacis).
Further, interconnect lines can be electrically connected to TACs 234 and to WL 206 in
stairease structure 212 through respective contacts 240 and WL contacts 240, ftisto be
understood that the number of interconnect layers in 3D memory device 200 18 not limited by
the exarople 1o FIG 2. Addiional interconnect laver(s) with contacts can be formed to

provide an interconnect network of structures for 3D memory device 200,

{00621  FIG. 3 1s a flowchart of an exemplary method 300 for forming a 3D memory device
similar to 3D memory device 200, according to some embodiments of the present disclosure.
FIGs. 4-13 will be used to describe the exemplary fabrication process for forming a 3D
memory device using method 300, By way of example and not limitation, the 313 memory
device fabricated with method 300 can be the 31 memory device 200 depicted in FIG. 2. It
should be understood that the operations shown in method 300 are not exhaustive and that
other operations can be performed before, after, or between any of the operations. For
exarnple, other operations may wnchude wet clean operations, dry etch operations,
photolithography operations, etc. Further, the sequence of the operations in method 300 ts not
limiting, and some operations may be performed concurrently or in a different order.

{00631 Refernng to FIG. 3 and FIG 4, wethod 300 begins with operation 302, where an
alternating dielectric stack 400 is disposed, or otherwise deposited, on a substrate 202, For
exaraple purposes, subsirate 202 1o method 300 will be described o the context of single
crystalline 5i. Based on the disclosure heretn, other materials, as discussed above, can be used.
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These materials are within the spirit and scope of this disclosure. A plurality of first dielectric
layer 208 and second dielectric layer 402 pairs can be formed on subsirate 202 to form
alternating dielectric stack 400. In some embodiments, each dielectric laver pair includes a
S10; layer and a SiN layver. For example, first dielectnic laver 208 can be made of $10; (same
as dielectric layer 230 of alternating conductor/dielectric stack 210 of FIG. 2) and second
dielectric layer 402 can be made of SiN. Alternating dielectric stack 400 can be formed by
one or more thin-film deposition processes tncluding, but not imited to, chemical vapor
deposition {CVD), plasma-enhanced CVD (PECVD), physical vapor deposition (PVD),
atomic layer deposition {ALDY), plasma-enhanced ALD (PEALD), or any combination thereof.
By way of example and not limitation, the height of dielectric stack 400 can range from about
4 pm to about 30 um. In some embodiments, second dielectric layer 402 can be a sacrificial
layer that will be replaced with a conductor in a subsequent operation so that alternating
dielectric stack 400 can be converted to an alternating conductor/dielectric stack, similar to

alternating conductor/dielectric stack 210 of FIG. 2.

{3064] According to some embodiments, substrate 202 includes isolation regions or
structures, like STT structure 233 shown in FIG. 4 ST structure 233 10 FIG. 4 can be formed
on a top portion of substrate 202, By way of example, ST structure 233 can be formed prior
to the formation of alternating dielectric stack 400, ST structures can be filled with a

dielectric material, such as for example 133,

{08651 Method 300 continues with operation 304, as illustrated 1n FIG 3, in which a
statrcase structure (like staircase structure 212 of FIG. 2) s formed from a portion of
alternating dielectric stack 400, In some embodiments, a “trim-etch” process can be used on at
least one side {in the lateral divection, x~direction) of alternating dielectric stack 400 to torm a
staircase structure with multiple levels {e. g, steps}. By way of example and not limitation, a
trim-etch process can be a multi-cycle process, where each cycle includes one or more
photolithography operations followed by an etch operation. Buring the photolithography
operations, a patterned photoresist (PR) layer masks a portion of dielectric stack 400. A
subsequent first eteh process removes a predetermined number of dielectric pairs from the
exposed portion of dielectric stack 400 to form a first step (e.g., first level} in dielectric stack
400, The PR 15 then laterally tnmmed (e g, recessed 1o the x-direction} to expose an
additional portion of dielectric stack 400, A subseguent second etch removes a predetermined
nurnber of dielectric pairs from the newly exposed dielectric stack 400 and the first step.

Hence, a second step {e.g., second level) in dielectric stack 400 15 formed. This step formation
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process continues in this fashion {e.g., a PR trim followed by an etch operation} until the
desired nurober of steps in dielectric stack 400 s formed and the staircase structure is
compiete. As a result of this process, each level can include any desired number of dielectric
layer pairs with alternating first dielectric layer 208 and second dielectric layer 402, After the
staircase structure formation, the PR layer is removed {(stripped) with a wet etch process. FIG.
5 shows the resulting staircase structure 500 made from alternating dielectric stack 400

according to the description of operation 304 of method 300,

{00661 In some embodiments, the etch process used in operation 304 can be a dry etch
process that uses a single etch gas chemistry for both dielectric layers 208 and 402,
Alternatively, the etch process used in operation 304 can use different etch chemistries for
each dielectric layer. Further, depending on the selectivity of the etch chemistry, the etch

2

process can be timed, end-pointed, or a combination thereof.

{0671 After the staircase structure formation, dielectric layer 230 is deposited over
staircase structure 500 and dielectric stack 400, In some embodiments, a CMP or a dry etch
process can be used to planarize the top surface of dielectric layer 230, as shown tn FIG. 5. By
way of example and not Lnutation, dielectric layer 230 can be 810, deposited by PECVD,
CVD, or another suitable deposition process. The thickuess of dielectric layer 230 over
alternating dielectric stack 400 can range from about 10 to about 1000 nm. In some
embodiments, dielectric layer 230 is the same as dielectric layer 208 of diclectric stack 400,

€8, Si0s,

{00681 Method 300 continues with operation 306, as tllustrated in FIG. 3, where a channel
structure can be formed over substrate 202, However, this is not limiting and additional
channel structures can be formed. Each channel structure can extend vertically through the
alternating dielectiic stack 400, as discussed earlier. Fabrication of each chanuvel structure
begins by etching a channel hole through dielectric layer 230 and alternating dielectric stack
400 until substrate 202 18 exposed through the channel hole. Prior to filling the chaunel hole,
an epitaxial plug 222 can be grown through the channel hole from substrate 202, as shown in
FIG. 6. By way of example and not Hmitation, epitaxial plug 222 can be single crystalline St.
The height of epitaxial plug 222 can be controlled through the epitaxial growth process
conditions. Channel structure 216 can be subsequently formed on epitaxial plug 222 by filling

the channel hole.
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{006%] By way of example and not limitation, a dry etch process can be used to form the
chaunnel hole. In some embodiments, the fabrication process of channel structure 216 further
includes depositing memory film 220 and semiconductor channel 218 so that memory film
220 can be interposed between semiconductor channel 218 and the dielectric layer pairs 402
and 402 of alternating dielectric stack 400. Semiconductor channel 218 can include
semiconductor materials, such as polysilicon. Memory film 220 can be a composite stack of
dielectric layers including a combination of 3 tunneling fayer, a storage layer, and a blocking

laver (not individually shown in FIG. 6).

{00761 By way of example and not limitation, the tunneling layer can include dielectric
materials such as 510, SiN, SiON, or a combination thereof. Electrons or holes from the
semiconductor channel can tunnel into a storage layer through the tunneling laver. The
storage layer can include materials for storing charge. The storage laver materials inciude, but
are not limited to, SiN, SiON, a combination of Si(), and SiN, or a combination thereof. The
blocking layer can include a single dielecttic waterial, such as $10, or a stack of dielectric
materials, such as Si0,/S1N/810; (ONO). The blocking layer can further inchude a high-k
diefectric, such as aluminum oxide (A5G} Semiconductor channel 218 and memory film
220 can be formed by one or more thin-film deposition processes, such as ALD, CVD,

PEALD, PECVD, any other suitable deposition processes, or a combination thereof,

{00711 In some embodiments, dummy channel structures {not shown in FIGs. 4-13, e.g,
dummy channel structures 122 in FIGs. 1A-1B) are formed simultaneously with channel
structures 216, The durmmy channel structures can extend vertically through the alternating
layer stack and can be filled with the same materials as those in channel structures 216.
However, local contacts are not formed on the dummy channel structures to provide electrical
connections with other coraponents of the 3D memory device. Thus, the dummy channel
structures cannot be used for forming memory cells in the 3D memory device, 1.¢, they are
not electrically functional or otherwise operational. In some embodiments, the dummy

channel structures are used as structural elements.

{00721  Referring to FIG. 3, method 300 continues with operation 308 and the formation of
an opening in the alternating dielectric layer stack. Formation of the opening tnvolves etching
portions of dielectric layer 230 and dielectric stack 400 until STT structure 233 of substrate
202 18 exposed {e.g., through the etched portions of dielectric layer 230 and dielectric stack

4003, as shown in FIG. 6. In other words, the opening can be formed so that it is aligned to

.i9.
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ST structure 233, In some embodiments, the opening cannot expose an area bevond the 8T1
structure 233, For example, the opentog cannot expose STI structure 233 and a portion of
substrate 202, However, the opening can expose a portion of STH structure 233, This can be
accornplished via photolithography and etch methods {patierning). For example,
photolithography can be used to forn a patterned PR structure or 3 patierned hard mask (HM)
{not showr in FIG. 6} over diclectric laver 230, The patterned PR structure or patterned HM
can have an opening that exposes an area of dielectric layer 230, The opening in the patterned
PR structure or patterned HM can be positioned so that it 1s over an area of the underlying ST1
structure 233 Areas of dielectric layer 230, where the formation of a dielectric siructure is not

desired, are covered by the patterned PR structure or patterned HM. A subsequent dry etch

process removes the exposed portions of dielectric fayer 230 and dielectric stack 400—e.g.,
through the openings in the patterned PR structure or patterned HM-—until 8T1 structure 233
of substrate 202 is exposed. In some embodiments, the dry etch process can be a multi-step,
anisotropic etch that can be terminated (e.g, stopped) when ST structure 233 1s exposed. By
way of example and not imitation, the dry etch process can include the same or different etch
chemistry for each layer {e.g., dielectric layer 230 and alternating dielectric stack 400}, Asa
result of operation 308, an opening 600 with width 600w is formed in dielectric stack 400
over STI structure 233, as shown 1n FIG. 6. As discussed above, width 600w of opening 600
can be equal or shorter than width 233w of STI structure 233 (e.g., 600w < 233w). In some
ernbodiments, opening 600 may extend partially into 8TI structure 233 In other words, the
etch process used to form opening 600 may also remove {recess) portion of the top surface of
STT structure 233, It is noted that opening 600 shown in FIG. 6 can also extend in the y-
direction {not shown iu the view of FIG. 6) and its size can be defined by the patterned PR
structure or patterned HM and the process conditions during the etch process. In any direction,
the area of opening 600 can be equal or smalier than the area of ST1 structure 233, according
to some embodiments. Additionally, multiple openings, like opening 600, can be formed
concurrently during operation 306 of method 300 in other areas of dielectric stack 400

Further, each opening 600 can be formed over an ST1 structure 233, In some embodiments,

the aspect ratio of opening 600 can range from about 0.1 to about 10,

{00731 In some embodiments, opening 600 can be formed concurrently with channel
structure 216, In an alternative embodiment, opening 600 can be formed after the formation of
channel structure 216, or before the formation of channel structure 216, Each of the
aforementioned sequence of operations may require additional number of photolithography,
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etch, or deposition operations. After the formation of opening 600, the patterned PR structure

or patterned HM can be removed {(stuipped) with a wet etch process,

{0074] o referring to FIGs. 3 and 7, method 300 continues with operation 310, where
opening 600 can be filled with a dielectric laver 702, In some embodiments, dielectric layer
702 includes a Si(h layer that can be depostted by a CVD, fowable CVD (FCVD), a PECVD
process, or any other suitable process that can fill a high aspect ratio structure. By way of
exaroplie and not limitation, dielectric layer 702 can be the same as dielectric layer 230, and/or
first dielectric layer 208, A UMP process or a dry etch process can be used to planarize

dielectric layer 702 so that the top surfaces of dielectric layer 230 and dielectric layer 702 are

coplanar as shown in FIG. 7. As a result, dielectric structure 232 is formed tn dielectric stack
400. In some embodiments, dielectric structure 232 defines the borders of TAC region 120

shown 1n FIGS. TA-1C.

(00751 In some embodiments an etch stop layer s formed on the channel structures 216, For
example a dielectric layer 704 can be deposited over dielectric layers 230 and 232 and be
subsequently patierned to form phug openings 706 as shown in FIG. 7. Etch stop plug 224 can
be subsequently formed on channel structures 216 by filling plug openings 708 using one or
more thin-film deposition processes, such as ALD, CVID, PVD, any other suitable processes,
or any combination thereof, as shown in FIG. 8. In some embodiments, polysilicon can be
used to fill plug opening 706 followed by a CMP process o remove the excess polysilicon so
that etch stop plug 224 can be coplanar with dielectric layer 704. In some embodiments, a
metallic stack, such as T/ TIN/W, can be deposited to fill plug opening 706, followed by a
CMP process to make the top surface of etch stop plug 224 and dielectric laver 704 coplanar.
In some embodiments, etch stop plug 224 can be sacrificial so that it can be replaced in a
subsequent operation. For example, a sacrifictal etch stop plug 224 can include an oxide
instead of polysilicon or a metallic stack. A sacrificial etch stop plug 224 can be removed at a
later operation and replaced with a “permanent” etch stop phlug made of polysilicon or a

metatlic stack

{00761 In operation 312 of method 300, as illustrated in FIG. 3, one or more slit openings
can be formed 1n alternating dielectric stack 400, For example, slit opening 900 can be formed
by dry etching dielectric layers 208 and 402 (e g., $10; and 5iN} in dielectric stack 400, as
shown in FIG. 9. In some embodiments, doped regions 228 can be subsequently formed in

substrate 202 under each slit by, for example, ion implantation and thermal diffusion through
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the slits. Alternatively doped regions 228 can be formed during an earlier fabrication stage,

for example, prior to the formation of dielectric stack 400, according to some embodiments.

{00771 In operation 314 of method 300, slit openings 900, shown in FIG. 9, can be used for
a “gate replacement” process {also known as the “WL replacement” process) in which second
dielectric layers 402 (shown 1o FIG. 9; e g, SiN) in stack 400 are replaced with conductor
layers 200 (shown in FIG. 10; e g, W) As a result, alternating dielectric stack 400 is

converted to alternating conductor/dielectric stack 210 shown 1o FIG. 2.

{0078]  The replacement of second dielectric layers 402 with conductor layers 206 can be
achieved with the use of a wet etch process that is highly selective {e g., with selectivity equal
to, or greater than, 500:1) towards second dielectric laver 402 {e.g., SiN}, in comparison {0
first dielectric layer 208 {e.g., Sih,}. By way of example and not limitation, the wet etch
chemistry can include hot phosphoric acid (HsPOy). Since the wet etch chemisiry s highly
selective towards SiN, any layers or structures (inchuding first diefectric fayer 208 and
dielectric structure 702) made of oxide {e.g., SiOy) will not be etched or removed (i.e, will

uot be affected by the wet etch process).

{0079 Once second dielectric layers 402 are fully removed (e g, etched), a conductive
layer can be deposited by CVD, PECVD, ALD, PEALD, or combinations thereof 1o fill the
space between first dielectric layers 208 through slit openings 900, As a result, conductor
lavers 206 can be formed between first dielectric layers 208 as shown i FIG. 10, By way of
example and not limitation, the conductor materials can include W, Co, Cu, Al, polysilicon,
silicides, or a combination thereof. In some embodiments, adhesion layers or barrier layers
{not shown 1y FIG. 10} may also be deposited prior to the deposition of the conductor material.
In some embodiments, conductive fayers 206 can be deposited with a deposition—-etch-

deposition process {0 avoid partially filling shi openings 900 with the conductor material,

{0881 In operation 316 of method 300 shown wn FIG. 3, the slit openings can be filled with
a conductor material 1004 to torm slit structures 226 as shown in FIG. 10, In some
embodiments, conductor material 1004 can be the same as the conductor material in
conductor layers 200. For example, slit structures 226 can be filed with W, Co, Cu, Al
polysilicon, silicides, or a combination thereof. In some embodiments, to electrically wsolate
conductor material 1004 of slit structure 226 from conductor fayers 206, a dielectric layer
1008 {e.g., Si(3) can be deposited therebetween. A CMP process can subsequent rerove

excess conductor material over dielectric layer 704 as shown o FIG. 10, The fower end of slit
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structure 226 can be in contact with doped region 228, In some embodiments, slit structure
226 can function as a source contact that 1s electrically connected to NAND string 204

through doped region 228 of substrate 202.

{00811 Referning to Fig. 11, a dielectric layer 1100 can be bianket deposited over dielectric
layer 704 across substrate 202 so that local contacts can be formed n dielectnic layer 1100 In
some embodiments, the contact formation process can be divided into two separate
photolithography/etch operations to accommeodate the formation of contacts with different
depths or heights. For example, the shortest local contacts {e.g., the NAND string contacts,
the slit structure contacts, and the upper WL contacts of the staircase structure) can be formed
first, and the tallest local contacts (e.g., the TACs and the lower WL contacts of the staircase
structure) can be formed second. Merely for simplicity, the aforementioned shorter local
contacis can be collectively referred to as first local contacts, and the aforementioned tallest

local contacts can be collectively referred to as second local contacts.

{00821  Dielectric layer 1100 can be formed by one or more thin-film deposition processes,
nchuding ALD, CVD, PVD, any other suitable processes, or any combination thereof
Dhelectric layer 1100 can include dielectric materials, including, but not limited to, 510, SiN|
S1ON, or any combination thereof. First local contacts—such as NAND string contacts 236,
slit structure contacts 238, and upper WL contacts 240-1—can be formed through dielectric
layer 1100 by first etching vertical openings {e.g., with a dry eich), followed by filling the
openings with conductor materials using ALD, CVD, PVD, any other suitable processes, or
any combination thereof. By way of example and not limitation, the conductor roaterials used
to fill the local contacts can include W, Co, Cu, Al polysilicon, silicides, or a combination
thereof. In some embodiments, prior to the conductor material fill) the openings can be filled
with a barrier laver, an adhesion layer, and/or a seed layer. In some embodiments, prior to
filing the openings, the oxide sacrificial etch stop plugs 224 can be replaced with permanent

etch stop phags made of polysilicon or a metallic stack, as discussed above.

{00831 Hiching of dielectric layers to form the openings of first local contacts can be
controlled via the “inherent” etch selectivity between the etched layer {e.g., a diclectric laver)
and the underdving fayer (a conductor, a nitride or oxide, etc.}. For example, in the case of
MNAND string contacts 230, etch stop plug 224 filled with an oxide different from diclectric

layer 1100 or a nitride can prevent further etching into NAND strings 204 during the

formation of the first local contact openings. In the case of shit structure contacts 238 and
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upper WL contacts 240-1, further etching can be prevented due to the presence of conductor
material 1004 and conductor layer 206, which can act as an etch stop layer for the dry etch

process. As a result, formation of first local contacts with different heights can be possible.

{0084] A discussed earlier, first local contacts—such as NAND string contacts 236, slit
structure contacts 238, and upper WL contacts 240~ 1—can be concurrently formed in the
same contact forming process. The first local contact forming process can include multiple
processes, for example, photolithography, etch, thio-film deposition, and CMP. In some
embodiments, sach process in the contact forming process can be performed only once for all
the first local contacts. For example, a single lithography and etch process can be used to form
all the openings of NAND siring contacts 236, st structure contacts 238, and upper WL
contacts 240-1 and a single deposition process can be performed to fill all the openings of
NANID string contacts 236, slit structure contacts 238, and upper WL contacts 240-1 with the
same conductor materials. In some embaodiments, a CMP process can remove eXcess

deposited material from the top surface of dielectric layer 1100

{O88]  In Referring to FIG. 3 and method 300, the formation of the TAC structures {and the
rest of the second local contacts) can be formed in operation 318, Referring to FIG. 12, and
according to some embodiments, after forming the first set of local contacts (e.g, NAND
string contacts 236, shit structure contacts 238, and upper WL contacts 240-1) a second set of
local contacts can be formed, including TACs 234 and lower WL contacts 240-2 that are close
to substrate 202, TACs 234 can be formed in dielectric layers 1100, 704, and 232—and lower
WL contacts 240-2 can be formed o dielectric layers 1100, 704, and 230—by first etching
vertical openings {e.g., by dry etching}, followed by filling the openings with conductor
materials using ALD, CVD, PVD, any other suitable processes, or any combination thereof.
The conductor materials used for filling the local contacts can tnclude, but are not limited to,
W, Co, Cu, Al, polysilicon, silicides, or any combination thereof, In some embodiments, prior
1o the conductor material deposttion, 3 barrier fayer, an adhesion layer, and/or a seed layer can

be formed.

{60861 TAUCs 234 can be formed by eiching through the entire thickness of dielectric
structure 702, Since both TACs 234 and lower WL contacts 240-2 are formed tn oxide layers
{e.g, dielectric layers 1100, 704, 232, and 230) the overall etching process can be simplified
in terms of eiching chemisiry, etching process tooling, overall process integration, and cost,

By way of example and not limitation, the openings for TACs 234 and lower WL contacts
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240-2 can be formed by a deep reactive-ion etching (DRIE) process or with any other suitable
anisotropic etch process. Forming TACs 234 10 dielectnic structure 232 can sirophify the
fabrication process and reduce the fabrication cost. This is because TACs 234 can be eastly
tormed even afier the gate replacement process together with the other local contacts in a

common contact forming process.

{00871  In some embodiments, the lower end of TACs 234 can be formed 1in ST1 structure
233 and 10 contact with substrate 202, as shown in FIG. 12, For example, TACs 234 can
extend through ST structure 233 and stop on substrate 202, The lower end of each lower WL
contacts 240-2 can be in contact with the corresponding top conductor layer 206 (WL) of a
corresponding level in the staircase structure, as shown in FIG. 12, The upper ends of all the
tocal contacts (including both the first and second sets of local contacts) can be coplanar with
one another at the top surface of dielectric fayer 1100, The second set of local contacts
{including TACs 234 and lower WL contacts 240-2} can be simultanecusly formed in the
samne contact forming process after the formation of the first set of local contacts. That 13, all
the local contacts (including both the first and second sets of local contacts) can be formed in

two contact forming processes as dlusirated in FIGs. 11 and 12

{00881 1t 1s understood that 1o some embodiments, all the local contacts (including both the
tfirst and second sets of local contacts) can be simultaneously formed in a single contact
forming process. That is, the two contact forming processes illustrated 1o FIGs. 11 and 12 can
be combined into a single contact forming process. In some embodiments, each process in the
contact forming process can be performed once for all of NAND string contacis 236, slit
structure contacts 238, TACs 234, upper WL contacts 240-1, and lower WL contacts 240-2.
For example, a single lithography process can be performed followed by a single etch process

and a single deposition process.

{008%]  In some embodiments, an additional contact tayer with a plurality of contacts can be
formed over the local contacts. Ag illustrated 1n FIG 13, contact layer 242 (ncluding a
dielectric layer 1302 and contacts 246} can be formed over dielectric layer 1100, Dielectric
laver 1302 can be formed by one or more thin-filin deposition processes, including ALD,
CVD, PVD, any other suitable processes, or any combination thereof. Dhelectric layer 1302
can include dielectric materials, including, but not imited to, Si0,, SiN, SiON, or any
combination thereof Contacts 246 can be formed through dieleciric tayer 1302 by first

etching vertical openings {e.g., using dry eich), followed by filling the openings with

¢

N

(]
¢



WO 2019/210477 PCT/CN2018/085421

conductor materials using ALD, CVD, PVYD, any other suitable processes, or any combination
thereof. The conductor materials used to fill contacts 246 can include, but are not limited to,

W, Co, Cu, Al polysilicon, silicides, or any combination thereof. In some embodiments, prior
to the conductor material deposition, a barrier layer, an adhesion layer, and/or a seed layer can

be deposited in the contact opening.

{00981  Asshown in FIG. 13, the lower end of each contact 246 can be in contact with the
upper end of a corresponding local contact, for example, NAND string contact 236, sl
structure contact 238 TAC 1200, or WL contacts 240-1 and 240-2. In some embodiments, all
contacts 246 in contact laver 242 can be simultaneously formed in the same contact forming
process. In some embodiments, gach contact 246 of contact laver 242 is a via. Further, contact
layer 242 can be referred to as the “Via0 (V0)” level/ bottom level of the interconnect

structures of 3D memory device 200,

{00911 Subsequently, a plurality of third contacts in an intercounnect fayer can be formed. As
tHustrated in FIG. 13, interconnect laver 244 (including a dielectric layer 1308 and
interconnect contacts 248} can be formed above contact layer 242, Dielectric layer 1308 can
be formed by one or more thin-tilm deposition processes, such as ALD, CVD, PVD), any other
suttable processes, or any combination thereof. Dielectric Tayver 1308 can include dielectric
materials, including, but not lirmited to, S10,, SIN, SiON, or any combination thereof. By way
of example and vot hmitation, interconnect contacts 248 can be formed through dielectric
layer 1308 by first etching vertical openings {e.g., with a dry etch process), followed by filling
the openings with conductor matenals using ALD, CVD, PVD, any other suttable processes,
or any combination thereof. The conductor materials used to fill interconnect contacts 248 can
include, but are not himited to, W, Co, Cu, Al polysilicon, silicides, or any combination
thereof. In some embodiments, prior to the conductor material deposition, a barrier layer, an

adhesion layer, and/or a seed layer is formed.

(00921 As shown in FIG. 13, the lower end of each interconnect contact 248 can be in
contact with the upper end of corresponding contact 246 in contact layer 242, so that each
interconnect contact 248 can be electrically connected 1o a corresponding memory array
structure, such as NAND strings 204, slit stractures 226, and Wie 240-1 and 240-2. In some
embodiments, all interconnect contacts 248 in interconnect layer 244 can be concurrently

formed in the same countact forming process. In some embodiments, each intercounect contact
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248 can be an interconnect ling, and interconnect layer 244 can be referred to as the “Metal0

(M0 level/ bottom tevel of the interconnect structures of 3D wemory device 200,

{00931 According to some embodiments, contacts 246 and interconnect contacts 248 can be
tormed in a single contact forming process, such as in a dual damascene process tor forming
Cu contacts. Nevertheless, as illustrated 1 FIG. 13, the interconnect structures including local
contacts and contacts 246 and 248 can be formed in a limited number of fabrication steps to

reduce the fabrication complexity and cost.

{00941 Vanous embodiments in accordance with the present disclosure provide a 3D
memory device with interconnect structures for a memory array. The interconnect structures
allow contacts for various memory array structures {e.g., NAND strings, gate hine shits, WLs,
etc.} to be fabricated in a Hmited number of operations (e.g., in a single operation or in two
operations}), thereby reducing the process complexity and manufacturing cost. In some
embodiments, the interconnect structures disclosed heretn can tnclude bit lines in the top
interconnect layer. These bit Hines are suttable for 3D memory architectures in which the array
device and the peripheral device are formed on different substrates and are subsequently

joined by hybrid bonding in a face-to-face configuration.

{00931 Moreover, the interconnect structures disclosed herein include TACs for providing
vertical interconnects between the stacked array device and peripheral device (e.g., for power
bus and metal routing), thereby reducing the metal levels, improving the packing density and
decrease the die size. In some embodiments, the TACs 10 the interconnect structures disclosed
herein are formed in a dielectric structure that can be easily etched to form through holes
therein compared to a stack of alternating dielectric layers or a stack of alternating
conductor/dielectric layers. Therefore, fabrication complexity and cost can be reduced. The
dielectric structure can be formed prior to the conversion of alternating laver stack of

dielectrics to a conductor/dielectric layer stack.

{0096] In some embodiments, a 3D memory device includes a seniconductor substrate, an
alternating layer stack disposed on the semiconductor substrate, and a dielectric structure,
extending vertically through the alternating layer stack, on an isclation region of the substrate.
Further, the alternating laver stack can abut a sidewall surface of the dielectric structure and
the dielectric structure is formed of a dielectric material. The 3D memory device additionally

can include one or more TACs that extend vertically through the dielectric and 1solation
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region, and one or more channel structures that extend vertically through the alternating layer
stack.

{00971 The 3D memory device further includes an epitaxial fayer formed between each of
the one or more channel structures and the semiconductor substrate, an etch stop plug
disposed on each of the one ot more channel structures, a staircase structure disposed in the
alternating fayer, and one or more contact layers disposed on the one or more TACs, channel

siructures, and shit structures,
80981 In some embodiments, the dielectric structure ghuts a sidewall surface of the TACs.
{0991 In some embodiments, the 3D memory device is a NAND 3D memory device.

{01601 In some embodiments, the alternating layer stack includes alternating pairs of a

dielectric and conductor layers.

{0101]  In some embodiments, the dieleciric layer comprises silicon oxide and the conductor

layer includes a metal.

{0102]  In some embodiments, the conductor lavers include a word line.
(01831 In some embodiments, the dielectric material is silicon oxide.
{0104]  In some embodiment, the dieleciric struciure includes an oxide.

[0165]  In some embodiment, the dielectric structure defines a through array contact region

within the 3D memory device,

{01061 In some embodiments, an area of the dielectric structure 18 equal to or smaller than

an area of the isolation region.

{0107]  In some embodiments a method for forming 3D memory device includes forming an
isolation structure on a substrate, disposing an alternating dielectric layer stack on the
substrate, where the alternating dielectric layer stack includes pairs of a first dielectric layer
and a second dielectric layer different from the first dielectric layer. The method turther
includes forming a channel structure extending vertically in the alternating dielectric layer,
forming an opening tu the alternating dielectric layer stack, where the opening exposes the
isolation structure. The method also includes filling the opening with a dielectric layer to form
a dielectric structure as a TAC region of the 3D memory device, removing portions of the
dielectric structure and the 1solation structure uniil the subsirate is exposed to form a TAC
opening that vertically extends through the dielectric structure and the 1solation structure, and

Z28 .
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filling the TAC opening with a conductor to form a TAC structure in the TAC region, wherein

the TAC structure 1s in contact with the substrate,

[0108]  In some embodiments, before forming the TAC opening the method further includes
forming slit openings that expose a doped region of the substrate by extending vertically in
the alternating dielectric layer, replacing the second dieleciric layer through the one or more
slit openings with a conductor layer to convert the alternating dielectric layer stack to an
alternating dielectric/conductor fayer stack, and filling the ove or more slit openings with a
conductor to form one or more st structures extending vertically in the alternating

dielectric/conductor layer stack.

{01091 In some embodiments, before forming a channel structure, performing a trim-etch

process to form a staircase structure in the alternating dielectric layer stack.

{0118] In some embodiment, removing portions of the alternating dielectric layer stack

includes performing a dry etch process.

{0111}  In some embodiments, filling the opening with the dielectric layer includes
depositing the dielectric layer with a chemical vapor deposition, a plasma-enhanced chemical

vapor deposition, ot a physical vapor deposition process.

{01121 In some embodiments, filling the opening with the dielectric layer includes forming

an oxide.

{0113] In some embodiments, filling the opening with the dielectric laver includes forming

a silicon oxide.

{01141  In some embodiments, the first dielectric layer includes an oxide and the second

dielectric Jayer comprises a nitride.

{01151  In some embodiments, the first dielectric fayer includes a silicon oxide and the

second dielectric tayer comprises a silicon nitride.

{0116] In some embodiments a method for forming a 3D memory device includes disposing
an alternating dielectric layer stack on a substrate, where the alternating dielectric layer stack
includes pairs of a first dielectric laver and a second dielectnic layer different from the first
dielectric layer, forming chaunnel structures extending vertically through the alternating
dielectric layer; etching the alternating dielectric layer stack to form an opening, where the
opening exposes an isolation region in the substrate; {illing the opening with a dielectric layer
to form a dielectric structure as a TAC region that is equal or smaller than the 1solation region;

- 29
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etching through the dielectric structure and the isolation region to form TAC openings that
expose the subsirate; and filling the TAC openings with a conductor to form TAC structures

in the TAC region.

{01171 In some embodiments a method for forming a 3D memory device further includes
forming slit openings extending vertically through the alternating dielectric layer, where the
slit openings expose a doped region of the subsirate. The method further includes replacing
the second dielectric layer through the shit openings with a conductor layer to convert the
alternating dielectric layer stack to an alternating dielectric/conductor layer stack, filling the
slit openings with a conductor to form slit structures, forming a staircase structure in the
alternating dielectric layer stack, where the staircase structure comprises fevels. Further the
method includes, forming a world line contact on each of the levels of the staircase structure,
forming local contacts over the channel and slit structures, and forming one or more contact

layers over the local contacts, each word line, and each TAC structure.

{0118]  In some embodiments, forming the opening in the alternating dielectric laver stack

wnechades performing a dry etch process.

{311%]  In some embodiments, the alternating dielectric/conductor layer stack abuts a

sidewall of the dielecinic structure.

{81281 In some embodiments, the dielectric structure gbuts a sidewall surface of each TAC

structure.

{01211 In some embodiments, a 3D memory device includes a substrate with an isolation
structure; an alternating conductor/dielectric layer stack disposed on the substrate; a dielectric
structure extending vertically through the alternating conductor/dielectric layer stack over the
isolation structure, where the alternating conductor/dielectric layer stack abuts a sidewall
surface of the dielectric structure and the dielectric structure is formed of a dielectric matenial;
channel structures extending vertically through the alternating conductor/dielectric laver stack;
and through array contacts extending vertically through the dielectric and the isolation

structures.

{0122] In some embodiments, a 3D memory device further includes a staircase structure
disposed in the alternating conductor/dielectric fayer stack, where the staircase structures
wcludes fevels with each level having a conductor fayer thereon; a word line contact disposed
on each conductor layer of the staircase structure; and a local contact disposed on each

channel structure and slit structure.
-30 -
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{31231  In some embodiments, the dielectric structure abuts a sidewall of the each TAC.

{0124] In some embodiments, the dielectric structure includes a through array contact

region of the 30 memory device.

{01251 The foregoing description of the specific embodiments will so fully reveal the
general nature of the present disclosure that others can, by applying knowledge within the
skill of the art, readily modify and/or adapt for various applications such specific
embodiments, without undue experimentation, without departing from the general concept of
the present disclosure. Therefore, such adaptations and modifications are intended to be
within the meaning and range of equivalents of the disclosed embodiments, based on the
teaching and guidance presented herein. I is to be understood that the phraseology or
terminology herein is for the purpose of description and not of limitation, such that the
terminology or phraseology of the present specification 13 to be interpreted by the slalled

artisan in light of the teachings and guidance.

{01261 Embodiments of the present disclosure have been described above with the aid of
functional butlding blocks ilustrating the implementation of specified functions and
relationships thereof. The boundaries of these functional building blocks have been arbitrarily
defined herein for the conventence of the description. Alternate boundaries can be defined so

long as the specified functions and relationships thereof are appropriately performed.

{61271 The Summary and Abstract sections may set forth one or more but not all exemplary
embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not

intended to limit the present disclosure and the appended claims in any way.

{0128] The breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary emboduments, but should be defined only in accordance with the

following claims and their equivalents.
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WHAT IS CLABMED IS

1 A three-dimensional (3D} memory device, comprising:

a semmiconductor substrate;

an alternating layer stack disposed on the seniconductor substrate;

a dielectric structure on an isolation region of the substrate and extending vertically
through the alternating layer stack, wherein the alternating layer stack abuts a sidewall surface
of the dielectric structure and the dielecine structure is formed of a dielectric matenal;

one or more through array contacts {TACs) extending vertically through the dielectric
structure and the solation region; and

one or more channel structures extending vertically through the alternating layer stack.

2. The 3D memory device of claim 1, further comprising:
an epitaxial layer formed between each of the one or more channel structures and the
semiconducior substrate;
an etch stop plug disposed on each of the one or more channel structures;
a staircase structure disposed in the alternating layer; and
one ot more contact layers disposed on the one or more TACUs, channel siruchures, and

sitf structures.

3. The 3D memory device of claim 1, wherein the dielectric structure abuts a sidewall

surface of the TACs.

4, The 3D memory device of claims 1 or 2, wherein the 3D memory device 1s a NAND

3D memory device.

5. The 3D memory device of claim 1, wherein the alternating layer stack comprises

alternating pawrs of a diclectric and a conductor fayer.

&, The 3D memory device of claim S, wherein the dielectric layer comprises silicon

oxide and the conductor layer comprises a metal.

7. The 3D memory device of claim 5, wherewn the conductor layers comprise a word line.
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8. The 3D memory device of claims 1 or 3, wherein the dielectric material is silicon
oxide.

9, The 3D memory device of claims 1 or 3, wherein the dielectric structure comprises an
oxide.

10, The 3D memory device of claim 1, wherein the dielectric structure defines a through

array contact region within the 3D memory device.

11, The 3D memory device of claim 1, wherein the dielectric structure has a footprint

eqgual to or smaller than the 1solation region.

12, A method for forming a 3D memory device, the method comprising:

forming an 1solation structure on a substrate;

disposing an alternating dielectric layer stack on the substrate, the alternating
dielectric layer stack comprising pairs of a first dielectric layer and a second dielectric fayer
different from the first dielectric layer;

forming a channel structure extending vertically in the alternating dielectric layer stack;

forming an opening in the alternating dielectric layer stack, wherein the opening
exposes the isolation structure;

filling the opening with a dielectric layer to form a dielectric structure as a through
array contact {TAC) region of the 3D memory device;

removing portions of the dielectric structure and the isolation structure until the
substrate 1s exposed to form a TAC opening that vertically extends through the dielectric
siructure and the isolation structure; and

filling the TAC opening with a conductor to form a TAC structure in the TAC region,

N

wherein the TAC structure is in contact with the substrate.

13 The method of claim 12, wherein before forming the TAC opening the method further
comprises:
forming shit openings extending vertically in the alternating dielectric layer stack,

wheretn the siit openings expose a doped region of the subsirate;
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replacing the second dielectric layer through the one or more slit openings with a
conductor layer to convert the alternating dielectric laver stack to an alternating
dielectric/conductor layer stack; and

filling the one or more slit openings with a conductor to form one or more shit

structures extending vertically in the alternating dielectric/conductor layer stack.

14, The method of claim 12, wherein before forming the channel structure performing a
> fad o

trim-etch process to form a staircase structure in the alternating dielectric layer stack.

15, The method of claim 12, wherein removing portions of the alternating dielectric laver
2 < o o

stack comprises performing a dry eich process.

16, The method of claim 12, wherein filling the opening with the dielectric layer
comprises depositing the dielectric layer with a chemical vapor deposition, a plasma-

enhanced chermical vapor deposition, or a physical vapor deposition process.

17, The method of claim 12, wherein filling the opening with the dielectric laver

comprises forming an oxide.

18 The method of claim 12, wherein filling the opening with the dielectric layer
2 = E & J

comprises forming a silicon oxide.

19, The method of claim 12, wheretn the first dielectric laver comprises an oxide and the

second dielectric layer comprises a nitride.

20, The method of claim 12, wherein the first dielectric layer comprises a silicon oxide

and the second dielectric layer comprises a silicon nttride,

21 A method for forming a 3D memory device, the method comprising:

disposing an alternating dielectric layer stack on a substrate, wherein the alternating
dielectric layer stack comprises pairs of a first dielectric layer and a second dielectric layer
different from the first dielectric fayer;

forming channel structures extending vertically through the alternating dielectric layer;
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etching the alternating dielectric fayer stack to form an opening, the opening exposes
an solation reglon in the substrate;

filling the opening with a dielectric layer to form a dielectric structure as a through
array contact {TAC) region, wherein the TAC region is equal or smaller thao the isolation
TEgI0N,

etching through the dielectric structure and the isolation region to form TAC openings
that expose the substrate; and

filling the TAC openings with a conductor to form TAC structures in the TAC region.

22. The method of claim 21 further comprising:

forming st opemungs extending vertically through the alternating dicleciric layer,
wherein the shit openings expose a doped region of the substrate;

replacing the second dielectric layer through the slit openings with a conductor layer
to convert the alternating dielectric layer stack to an alternating dielectric/conductor layer
stack;

filling the slit openings with a conductor to form shit structures;

forming a staircase structure in the alternating dielectric layer stack, wherein the
staircase structure comprises levels;

forming a world line contact on each of the levels of the staircase structure;

forming local contacts over the channel and shit structures; and

forming one or more contact layers over the local contacts, each word line, and each

TAC structure.

23 The method of claim 21, wherein the first dielectric layer comprises a silicon oxide

and the second dielectric layer comprises a silicon nitride.

24, The method of claim 21, wherein forming the opening in the alternating dielectric

layer stack comprises performing a dry etch process.

25 The method of claim 21, wherein the dielectric structure comprises a silicon oxide.
26. The method of claim 22, wheretn the alternating dielectric/conductor layer stack abuts

a sidewall of the diclectric siructure.
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27. The method of claim 21, wherein the diglectric structure abuts a sidewall surface of

ecach TAC structure.

23. A three-dimensional (313} memory device, comprising:

a substrate with an isolation structure;

an alternating conductor/dielectric layer stack disposed on the substrate;

a dielectric structure on the isolation structure and extending vertically through the
alternating conductor/dielectric layer stack, wherein the alternating conductor/dielectric layer
stack abuts a sidewall surface of the dielectric structure and the dielectric structure is formed
of a dielectric material;

channel structures extending vertically through the alternating conductor/dielectric
laver stack; and

through array contacts {(TAC) extending vertically through the dielectric and the

isolation structures.

29. The 3D memory device of claim 28, further comprising:

a staircase structure disposed in the alternating conductor/dielectric fayer stack,
wherein the staircase structures comprises levels with each level having a conductor layer
thereon;

a word line contact disposed on each conductor layer of the staircase structure; and

a local contact disposed on each channel structure and slit structure.

30, The 3D memory device of claim 28, wherein the dielectric structure abuts a sidewall

of the each TAC.

31, The 3D memory device of claim 28, wherein the dieleciric struciure comprises a

through array contact region of the 3D memory device.

32. The 3D memory device of claim 28, further comprising:
an etch stop plug interposed between each local contact and each channel structure;
and

an epitaxial layer disposed between each channel structure and the substrate.
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