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WORD LINE CONNECTION FOR MEMORY DEVICE AND METHOD OF
MAKING THEREOF

FIELD

[0001] The present invention relates generally to the field of semiconductor devices and
specifically to three-dimensional monolithic memory devices, such as vertical restive random
access memory (ReRAM) devices and vertical NAND strings, and other three dimensional
devices and methods of making thereof.

BACKGROUND

[0002] One example of non-volatile memory uses variable resistance memory elements
that may be set to either low or high resistance states, and can remain in that state until
subsequently re-set to the initial condition. The variable resistance memory elements are
individually connected between two orthogonally extending conductors (typically bit and
word lines) where they cross each other in a two-dimensional array. The state of such a
memory element is typically changed by proper voltages being placed on the intersecting
conductors. An example of an array of variable resistive elements and associated diodes is
given in U.S. Patent Application Publication No. US 2009/0001344.

SUMMARY
[0003] One embodiment relates to a three-dimensional monolithic memory device
including at least one device region and a plurality of contact regions each comprising a stack
of an alternating plurality of electrically conductive word line contact layers and electrically
insulating layers located over a substrate, wherein the stacks in the plurality of contact
regions are separated from one another by an insulating material, and a bridge connector

comprising an electrically conductive material extending between a first electrically
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conductive word line contact layer of a first stack in a first contact region and a second
electrically conductive word line contact layer of a second stack in a second contact region,
wherein the first electrically conductive word line contact layer extends in a first contact level
substantially parallel to a major surface of the substrate and the second electrically
conductive word line contact layer extends in a second contact level substantially parallel to
the major surface of the substrate that is different than the first level.

[0004] Another embodiment relates to a method of making a three-dimensional
monolithic memory device that includes providing an in-process multilevel device
comprising at least one device region and a plurality of contact regions each comprising a
stack of an alternating plurality of electrically conductive word line contact layers and
electrically insulating layers located over a substrate, wherein the stacks in the plurality of
contact regions are separated from one another by an insulating material, and forming a
bridge connector comprising an electrically conductive material extending between a first
electrically conductive word line contact layer of a first stack in a first contact region and a
second electrically conductive word line contact layer of a second stack in a second contact
region, wherein the first electrically conductive word line contact layer extends in a first
contact level substantially parallel to a major surface of the substrate and the second
electrically conductive word line layer extends in a second contact level substantially parallel
to the major surface of the substrate that is different than the first contact level.

[0005] Another embodiment relates to a three-dimensional monolithic memory device
including a plurality of word line select transistors, a word line connection area located above
the plurality of word line select transistors, a second plurality of select transistors located in a

same level of the device as the word line select transistors, and a three-dimensional memory
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array comprising a plurality of memory cells located above the second plurality of select
transistors.

[0006] Another embodiment relates to a method of making a three-dimensional
monolithic memory device that includes forming a plurality of word line select transistors in
a first region of the device, forming a second plurality of select transistors in a second region
of the device adjacent to the first region, and the second plurality of select transistors are
formed in a same level of the device as the word line select transistors, forming a word line
connection area in the first region above the plurality of word line select transistors, and
forming a three-dimensional memory array comprising a plurality of memory cells in the

second region above the second plurality of select transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a perspective view of a three dimensional ReRAM memory device.
[0008] FIG. 2 shows a perspective view of word line select transistors and bit line select
transistors formed in the same level of a three-dimensional monolithic memory device
according to an embodiment.

[0009] FIG. 3 shows a perspective view of a memory cell array and word line contact
regions formed above the word line select transistors and the bit line select transistors in the
device of FIG. 2.

[0010] FIG. 4A is a top view of a three-dimensional monolithic memory device
according to an embodiment.

[0011] FIG. 4B is a partial cross-section perspective view of a portion of the device of
FIG. 4A illustrating a word line connection region.

[0012] FIG. 4C is a side cross-section view of the device taken along lines A-A’ in FIGS.

3.
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4A and 4B.

[0013] FIG. 4D is a side composite cross-section view of the device taken along lines B-
B’, C-C’ and D-D’ in FIG. 4B.

[0014] FIGS. 5A-5T are top views (FIGS. 5A, 5C, 5E, 5G, 51, 5K, 5M, 50, 5Q, 5S) and
side cross sectional views (FIGS. 5B, 5D, SF, 5H, 5], 5L, 5N, 5P, 5R, 5T) of a method of
fabricating a three-dimensional monolithic memory device having a word line connection
region according to an embodiment.

[0015] FIGS. 6A-6B are respectively side cross sectional and top cross sectional views of
a NAND string of one embodiment. FIG. 6A is a side cross sectional view of the device
along line Y-Y’ in FIG. 6B, while FIG. 6B is a side cross sectional view of the device along
line X-X’ in FIG. 6A.

[0016] FIG. 7A-7B are respectively side cross sectional and top cross sectional views of a
NAND string of another embodiment. FIG. 7A is a side cross sectional view of the device
along line Y-Y’ in FIG. 7B, while FIG. 7B is a side cross sectional view of the device along

line X-X’ in FIG. 7A.

DETAILED DESCRIPTION

[0017] Embodiments of the present invention will be described below with reference to
the accompanying drawings. It should be understood that the following description is
intended to describe exemplary embodiments of the invention, and not to limit the invention.
[0018] A monolithic three dimensional memory array is one in which multiple memory
levels are formed above a single substrate, such as a semiconductor wafer, with no
intervening substrates. The term “monolithic” means that layers of each level of the array are

directly deposited on the layers of each underlying level of the array. In contrast, two
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dimensional arrays may be formed separately and then packaged together to form a non-
monolithic memory device. For example, non-monolithic stacked memories have been
constructed by forming memory levels on separate substrates and adhering the memory levels
atop each other, as in Leedy, U.S. Pat. No. 5,915,167, titled “Three Dimensional Structure
Memory.” The substrates may be thinned or removed from the memory levels before
bonding, but as the memory levels are initially formed over separate substrates, such
memories are not true monolithic three dimensional memory arrays.

[0019] Embodiments of the invention provide a monolithic, three dimensional arrays of
memory devices, such as an array of ReRAM devices or vertical NAND strings. The
memory cells of such devices may be vertically oriented, such that at least one memory cell is
located over another memory cell. The array allows vertical scaling of the devices to provide
a higher density of memory cells per unit area of silicon or other semiconductor material.
[0020] FIG. 1 shows one example semiconductor structure for implementing a vertically
oriented 3D ReRAM memory element, of the type described in U.S. Pat. Pub. No.
2012/0147648, published June 14, 2012 and incorporated by reference herein in its entirety.
The ReRAM device is configured for use of non-volatile memory element (“NVM™) material
that is non-conductive when first deposited. Since the material is initially non-conductive,
there is no necessity to isolate the memory elements at the cross-points of the word and bit
lines from each other. Several memory elements may be implemented by a single continuous
layer of material, which in the case of FIG. 1 are strips of NVM material oriented vertically
along opposite sides of the vertical bit lines in the y-direction and extending upwards through
all the planes in the z-direction. A significant advantage of the structure of FIG. 1 is that all
word lines and strips of insulation under them in a group of planes may be defined

simultaneously by use of a single mask, thus greatly simplifying the manufacturing process.
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[0021] Referring to FIG. 1, a small part of four planes (e.g., device levels separated in the
z-direction) 101, 103, 105 and 107 of the three-dimensional array are shown. All of the
planes have the same horizontal pattern of conductive, insulating and NVM materials. In each
plane, electrically conductive (e.g., metal) word lines (WL,y) are elongated in the x-direction
and spaced apart in the y-direction. Fach plane includes a layer of insulating material (e.g., a
dielectric) that isolates its word lines from the word lines of the plane below it or, in the case
of plane 101, of the substrate circuit components below it. In some embodiments, the word
lines WL, for a fixed value of y form a stack of alternating layers that may extend beyond
the memory device into a contact area (not shown).

[0022] Extending through each plane is a collection of electrically conductive (e.g.,
metal) local bit line (LLBL) “pillars” elongated in the vertical z-direction and forming a
regular array in the x-y planes.

[0023] Each bit line pillar is connected to one of a set of underlying global bit lines
(GBL) (e.g., located in or over the silicon substrate) running in the y-direction at the same
pitch as the pillar spacing through the select devices (Qy) which may also be formed in or
over the substrate whose gates are driven by the row select lines (SG) elongated in the x-
direction, which may also be formed in or over the substrate. The select devices Qyy may be
vertically oriented field effect transistors. Examples of suitable transistors for the select
devices Qyy are described, for example, in U.S. Patent Application No. 14/206,196, filed
March 12, 2014, which is incorporated by reference herein in its entirety. Also fabricated in
the substrate but not shown in FIG. 1 are sense amplifiers, input-output (I/O) circuitry,
control circuitry, and any other necessary peripheral circuitry. There is one row select line
(SG) for each row of local bit line pillars in the x-direction and one select device (Q) for each

individual local bit line (LBL).
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[0024] Each vertical strip of NVM material is sandwiched between the vertical local bit
lines (LBL) and a plurality of word lines (WL) vertically stacked in all the planes. Preferably
the NVM material is present between the local bit lines (LBL) in the x-direction. A memory
storage element/memory cell (M) is located at each intersection of a word line (WL) and a
local bit line (LBL). In the case of a metal oxide (e.g., nickel oxide or copper oxide) for the
memory storage element material, a small region of the NVM material between an
intersecting local bit line (LBL) and word line (WL) is controllably alternated between more
conductive (set) and less conductive (reset) states by appropriate voltages applied to the
intersecting lines.

[0025] The material used for the non-volatile memory elements M,y in the array of FIG.
1 can be a metal oxide, a carbon material, a chalcogenide, or any one of a number of
materials that exhibit a stable, reversible shift in resistance in response to an external voltage
applied to or current passed through the material.

[0026] One challenge for a three-dimensional memory device, such as the ReRAM
device shown in FIG. 1, is providing the appropriate electrical connections to each of the
word lines (WL) of the memory array. Typically, each word line in a column of memory
elements (M) is connected to a different word line driver (e.g., word line select transistor)
which enables the word lines of a column of memory elements to be individually selected
(i.e., energized). The word line drivers may include complementary metal-oxide-
semiconductor (CMOS) transistors located on the silicon substrate. A potential drawback to
this approach is that it requires a relatively large area on the silicon substrate for the CMOS
word line driver transistors which takes up space on the device and can increase chip size.
However, alternative word line connection approaches may also be problematic by being

very complicated and costly to fabricate, may present thermal budget issues and may also
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negatively influence ReRAM material performance.

[0027] Various embodiments relate to a three-dimensional monolithic memory device
that includes at least one device region and a plurality of contact regions. Each of the contact
regions may include a stack of an alternating plurality of word line contact layers and
electrically insulating layers over a substrate, and the stacks in the plurality of contact regions
may be separated from one another by an insulating material. The device further includes
one or more bridge connectors, wherein each bridge connector comprises an electrically
conductive material extending between a first electrically conductive word line contact layer
of a first stack in a first contact region and a second electrically conductive word line contact
layer of a second stack in a second contact region. The first word line contact layer extends
in a first contact level substantially parallel to the major surface of the substrate, and the
second word line contact layer extends in a second contact level substantially parallel to the
major surface of the substrate that is different from the first level.

[0028] In embodiments, a plurality of bridge connectors may connect the respective word
line contact layers of the first stack in the first contact region to the respective word line
contact layers of the second stack in the second contact region. Each bridge connector may
connect word line contact layers that extend in different contact levels. In embodiments, the
word line contact layers of the stacks in each contact region may form a stepped pattern, such
that each word line contact layer includes at least one contact portion that extends beyond at
least one overlying layer of the stack (e.g., the overlying layer(s) of the stack may be etched
to expose the at least one contact portion). Fach of the bridge connectors may connect to a
contact portion of a word line contact layer of the first stack in the first contact region to a
contact portion of a word line contact layer of the second stack in the second contact region,

where the word line contact layers of the first and second stacks extend in different contact
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levels. Each bridge connector may extend in a plane substantially perpendicular to the major
surface of the substrate, and adjacent bridge connectors may be separated by sidewall spacers
comprising an electrically insulating material.

[0029] In embodiments, a plurality of contact regions may be connected by bridge
connectors in a “staircase” configuration. For example, a first set of bridge connecters may
connect word line contact layers in relatively lower contact levels in a first contact region to
word line contact layers in relatively higher contact levels in a second contact region. A
second set of bridge connectors may connect the word line contact layers in the second
contact region to word line contact layers in relatively higher contact levels in a third contact
region, and so on. Thus, the bridge connectors may electrically connect each word line
contact layer of a contact region with a plurality of contact layers in different contact regions,
where each of the word line contact layers in the different contact regions is in a different
(i.e., relatively higher or lower) contact level. The plurality of word line contact layers may
be connected by the bridge connectors in a “staircase” configuration, from a lowest contact
level (e.g., closest to the substrate) to a highest contact level (e.g., distal to the substrate).
[0030] Each of the word line contact layers may be electrically continuous with one or
more electrically conductive word lines that extend into the device region at the same level as
the respective word line contact layer. Each contact region may be located over one or more
word line select transistors that are electrically connected to a first word line contact layer of
the stack in the respective contact region. Thus, the word line select transistor may select
(i.e., energize) a first set of one or more word lines that are electrically continuous with a first
word line contact layer of the contact region that is located over the word line select transistor
as well as additional sets of one or more word lines that are each continuous with word line

contact layers of additional contact regions that are electrically connected to the first word

9.
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line contact layer by one or more bridge connectors, wherein the first set of word lines and
the additional sets of word lines each extend in different contact levels over the major surface
of the substrate.

[0031] In embodiments, the three-dimensional monolithic memory device may include a
plurality of word line select transistors, and the plurality of contact areas may be located in a
word line connection area located above the plurality of word line select transistors. A
second plurality of select transistors (e.g., bit line select transistors) may be located in a same
level of the device as the word line select transistors. The device region, which may include
a three-dimensional memory array comprising a plurality of memory cells, may be located
above the second plurality of select transistors (e.g., such that each bit line select transistor
may be electrically coupled to a vertical bit line of the memory array).

[0032] In embodiments, the plurality of word line select transistors and the second
plurality of select transistors (e.g., bit line select transistors) may comprise the same type of
transistor, such as field-effect thin-film transistors. Further, because the transistors are
formed in the same level of the device, all of the select transistors (e.g., bit line and word line
select transistors) of the device may be formed using the same process steps at substantially
the same time. Thus, the additional process steps and thermal budget required to form the
word line driver TFTs above the active memory cell region may be avoided.

[0033] In addition, as discussed above various embodiments may include a word line
connection area located above the word line select transistors that may include discrete word
line contact regions having a stepped or terraced pattern with bridge connectors connecting
the word line contact layers at different contact levels in a “staircase” configuration, which
may be less complex and less costly than alternative schemes for word line connections. In

addition, the word line connection area of the embodiments of the invention may be relatively
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small and compact. In addition, because the word line select transistors may be formed at the
same device level and using the same processes as the bit line select transistors, CMOS word
line drivers on the device substrate may be avoided, which may conserve valuable chip space.
[0034] FIG. 2 shows a perspective view of word line select transistors and bit line select
transistors formed in the same level of a three-dimensional monolithic memory device 400
according to an embodiment. The bit line select transistors 401 are located in device regions
403 over a major surface 412 of a substrate 410 (schematically illustrated by dotted lines in
FIG. 2). The word line select transistors 405 are located in word line connection regions 407
that extend along a first direction (i.e., the y-axis direction in FIG. 2) substantially parallel to
the major surface 412 of the substrate 410 and located between adjacent device regions 403
along a second direction (i.e., the x-axis direction in FIG. 2) substantially parallel to the
major surface 412 of the substrate 410.

[0035] Each of the word line select transistors 405 may comprise a vertically-oriented
field effect transistor having a drain 409 comprising a first conductivity type (i.e., n-type or p-
type) semiconductor region, a source 411 comprising the first conductivity type
semiconductor region located above the drain 409, and a channel 413 comprising a second
semiconductor type semiconductor region different from the first conductivity type (i.e., p-
type or n-type). The channel 413 may extend substantially perpendicular to the major surface
412 of the substrate 410 between the drain 409 and the source 411. At least one gate 415
comprising an electrically conductive material (e.g., a heavily doped semiconductor material)
is located adjacent to the channel 413 and is separated from the channel by a gate insulating
material (e.g., an oxide material, not shown in FIG. 2). In the embodiment of FIG. 2,
electrically conductive gates 415 are located adjacent to two sides of the channel 413.

[0036] Each of the bit line select transistors 401 may also comprise a vertically-oriented

11-
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field effect transistor having a drain 417 and source 419 comprising first conductivity type
semiconductor regions and a semiconductor channel 421 of a second conductivity type
different from the first conductivity type extending substantially perpendicular to the major
surface 412 of the substrate 410 between the drain 417 and source 419. At least one gate 423
comprising an electrically conductive material (e.g., a heavily doped semiconductor material)
is located adjacent to the channel 421 and is separated from the channel by a gate insulating
material (e.g., an oxide material, not shown in FIG. 2). In the embodiment of FIG. 2,
electrically conductive gates 423 are located adjacent to two sides of each channel 421 Each
of the gates 423 is elongated in the x-direction and extends in the device region 403 adjacent
to a plurality of channels 421 of a row of bit line select transistors 401.

[0037] A set of underlying drain contact lines 425 (also referred to as global bit lines
(GBLs)) extend in the device region 403 in the y-direction and at the same pitch as the
spacing of the bit line select transistors 401 in the x-direction. The drain contact lines 425
may comprise an electrically conductive material and are electrically connected to the drain
regions 417 of the bit line select transistors 401.

[0038] As also shown in FIG. 2, at least one elongated drain contact line 427 (i.e., a
global word line (GWL)) comprising an electrically conductive material extends in the word
line connection region 407 in the y-direction (i.e., parallel to the global bit lines (GBL) 425
and perpendicular to the direction of the gates 415 of the word line select transistors 405).
The drain contact lines 427 may be electrically connected to the drain regions 409 of the
word line select transistors 405. Each of the word line select transistors 405 within a word
line connection region 407 may share a common drain contact line/global word line 427, as
shown in FIG. 2.

[0039] In embodiments, the bit line select transistors 401 and the word line select

-12-
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transistors 403, including the respective gates 423, 415 and drain contact lines 425, 427, may
comprise the same materials as each other and may be formed at the same time using
substantially identical process steps (e.g., using thin film transistor processing techniques,
such as the same photolithographic masks and the same layers that are etched after
photolithography). In other embodiments, the respective transistors 401, 403 may comprise
different materials and/or may be formed at separate times using different process steps.
Suitable methods for thin film transistor (TFT) select devices for a three-dimensional
memory array are described in U.S. Patent Application No. 14/206,196, filed March 12,
2014, which was previously incorporated by reference herein in its entirety. The thin film
transistors 405 in adjacent regions 407 may be offset from each other in the y-direction, as
shown in FIG. 2.

[0040] Also shown in FIG. 2 is a first plurality of electrically conductive gate connection
lines 429 that extend in the x-direction in at least the device region 403 and below the
plurality of bit line select transistors 401. The first plurality of gate connection lines 429 may
have the same pitch as the spacing (including the offset) of the word line select transistors
405 in the y-direction. A second plurality of electrically conductive gate connection lines
431 may extend in the word line connection region 407 in the x-direction and below the
plurality of word line select transistors 405. The second plurality of gate connection lines
431 may have the same pitch as the spacing of the bit line select transistors 401 in the y-
direction.

[0041] The first plurality of gate connection lines 429 and the second plurality of gate
connection lines 431 may be located at different levels of the device. For example, as shown
in FIG. 2, the first plurality of gate connection lines 429 may be formed on or over the major

surface 412 of the substrate 410, and the second plurality of gate connection lines 431 may be
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formed over the major surface 412 of the substrate 410 at a level that is above the level of the
first plurality of gate connection lines 429. An insulating fill material (not shown in FIG. 2
for clarity) may be located between the first plurality of gate connection lines 429 and the
second plurality of gate connection lines 431, and between the second plurality of gate
connection lines 431 and the respective bit line and word line select transistors 401, 405. A
first plurality of conductive vias 433 (i.e., openings formed in the insulating fill material and
filled with a metal or other electrically conductive material) may extend substantially
perpendicular to the major surface 412 of the substrate 410 (i.e., in the z-direction in FIG. 2)
to connect the ends of each of the gates 415 of the word line select transistors 405 to one of
the first plurality of gate connection lines 429. Similarly, a second plurality of conductive
vias 435 may extend substantially perpendicular to the major surface of the substrate (i.e., in
the z-direction of FIG. 2) to connect the ends of the gates 423 of the bit line select transistors
401 to one of the second plurality of gate connection lines 431. Thus, in embodiments, a
driver circuit located outside of the field of view of FIG. 2 may selectively energize the
respective gates 415, 423 of the word line and bit line select transistors 405, 401 using the
respective the gate connection lines 429, 431 and conductive vias 433, 435.

[0042] An insulating material (not shown for clarity in FIG. 2) may be located over the
word line select transistors 405 in the word line connection region 407. A plurality of
conductive vias 437 may extend through the insulating material in a direction substantially
perpendicular to the major surface 412 of the substrate (i.e., the z-direction) as shown in FIG.
4. Each of the conductive vias 437 may connect the source region 411 of a word line select
transistor 405 to a word line contact region located above the word line select transistors 405,
as described further below.

[0043] FIG. 3 is perspective view of a memory device 500 schematically illustrating
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memory cell arrays formed in the device regions 403 above the bit line select transistors 401
and contact regions formed in word line connection regions 407 above the word line select
transistors 405. In this embodiment, the monolithic three-dimensional memory device 500
comprises a ReRAM device that includes a plurality of vertically-extending conductive bit
lines 501. Each of the bit lines 501 (also referred to as local bit lines (LBLs)) may be
electrically connected to a source region 419 (see FIG. 2) of an underlying bit line select
transistor 401. A plurality of word lines 503 elongated in the x-direction and spaced apart in
the y-direction extend adjacent to two opposing side surfaces of the bit lines 501. The word
lines 503 may form a word line stack 506 comprising alternating layers of the electrically
conductive word lines 503 and an insulating material 505 that separates the word lines 503 in
the vertical (i.e., z-axis) direction. A non-volatile memory element material such as
described above with reference to FIG. 1 may extend over the side surfaces of the bit lines
501 facing the word lines 503, and a memory cell (memory storage element) may be located
at each intersection of a word line 503 and a bit line 501. Thus, each of the memory cell
arrays in a device region 403 includes a plurality of columns of vertically oriented memory
cells (i.e., spaced along the z-axis direction in FIG. 3).

[0044] In other embodiments, the three-dimensional monolithic memory device may
comprise a vertical NAND device and the three-dimensional memory array may comprise a
plurality of vertical NAND stings in the device regions 403, wherein each NAND string may
comprise a column of vertically oriented memory cells. The electrically conductive word
lines 503 may comprise or may be electrically connected to control gate electrodes of the
vertical NAND memory strings. Exemplary embodiments of a vertical NAND memory
string are described below with reference to FIGS. 6A-6B and 7A-7B.

[0045] The word line connection regions 407 may also include a stack of an alternating
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plurality of electrically conductive layers (i.e., word line connection layers) and electrically
insulating layers which may be continuous with the word lines 503 and insulating layers 505
of the word line stack 506 extending in the adjacent device regions 403. This is shown more
clearly in FIGS. 4A-4D. The stack may be connected to the source regions 411 (see FIG. 2)
of the word line select transistors 405 by the conductive vias 437. In addition, as described in
further detail below in connection with FIGS. 4A-4D, the word line connection regions 407
may comprise a staircase configuration such that the source region 411 (see FIG. 2) of each
word line select transistor 405 is connected to a plurality of sets of one or more word lines
503, wherein each set of one or more word lines extends in a different level of the device
(i.e., in the z-axis direction). Thus, each source region 411 of a word line select transistor
405 connects to a word line 503 extending adjacent to only one memory cell in a respective
column of the plurality of columns of vertically oriented memory cells in the device region
403. Conversely, for a given column of vertically oriented memory cells, each word line 503
extending adjacent to a respective memory cell may be connected to a different word line
select transistor 405 in the word line connection region(s) 407.

[0046] FIG. 4A is a top view of a three-dimensional monolithic memory device 600
according to one embodiment. The device 600 is substantially identical to the devices of
FIGS. 2 and 3, and includes a plurality of device regions 403 and word line connection
regions 407 between the device regions 403. As shown in FIG. 4A, each of the word line
connection regions 407 comprises a plurality of contact regions 601 that may be separated
from one another by an insulating material 603. Fach contact region 601 may comprise a
stack of an alternating plurality of electrically conductive layers (i.e., word line connection
layers) and electrically insulating layers. The stacks in the contact regions 601 may be

continuous with the word line stack 506 (see PIG. 3) extending in the adjacent device regions
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403. As shown in FIG. 6A, each contact region 601 is continuous with a plurality of
elongated projections 605 of the word line stack 506 that extend from the respective contact
regions 601 into the adjacent device region 403. In the embodiment of FIG. 4A, three
projections 605 extend from each contact region 601 in the x-axis direction into the device
region 403 located adjacent to a first side (i.e., the left side in FIG. 4A) of the contact region
601 and three projections 605 extend from the same contact region 601 in the x-axis direction
into the device region 403 located adjacent to a second side of the contact region 601
opposite the first side (i.e., the right side in FIG. 4A).

[0047] As shown in FIG. 4A, the projections 605 may have a staggered configuration
within the device regions 403 such that each projection 605 extending in a first direction
along the x-axis from a first contact region 601 on a first side of the device region 403 may
be located between a pair of projections 605 extending in the opposite direction along the x-
axis from one or more contact regions 601 located on a second side of the device region 403
opposite the first side of the device region 403 to form two interdigitated word line comb
structures. A plurality of vertically-extending conductive bit lines having a non-volatile
memory element material formed over surfaces of the bit lines (not shown in FIG. 4A for
clarity) may be located in the device regions 403 between adjacent projections 605.

[0048] FIG. 4A also shows a plurality of bridge connectors 607 extending between the
adjacent contact regions 601 in the word line connection regions 407. The bridge connectors
607 may comprise an electrically conductive material. Adjacent bridge connectors 607 may
be separated by sidewall spacers 609 comprising an electrically insulating material. The
bridge connectors 607 are more clearly illustrated in FIG. 4B, which is a partial cross-section
perspective view of a portion of the device 600 substantially corresponding to the dashed

region 610 in FIG. 4A. FIG. 4B shows one side of three adjacent contact regions 601-1, 601-
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2, 601-3 in the word line connection region 407 and a portion of the projections 605 of the
word line stack 506 extending into a first device region 403. The opposing side of each of
the contact regions 601-1, 601-2, 601-3 extend into a second device region opposite the first
device region and may have the same configuration as shown in FIG. 4B.

[0049] FIG. 4B shows each of the contact regions 601-1, 601-2, 601-3 comprises a stack
611 of an alternating plurality of electrically conductive word line contact layers 613 and
electrically insulating layers between the word line contact layers 613. (The insulating layers
may be located in the spaces 615 between the respective contact layers 613 and are not
illustrated in FIG. 4B for clarity). FEach of the contact regions 601-1, 601-2, 601-3 may be
separated from one another by a gap 617, which may also be filled with an insulating
material. Each of the word line contact layers 613 of the stack 611 may extend in a different
level above the substrate (i.e., a contact level), and may be continuous with one or more word
lines 503 also extending in the same level above the substrate. FIG. 4B shows three levels of
word line contact layers 613 and word lines 503—a first level (I.1), a second level (1.2)
below the first level, and a third level (I.3) below the second level. The stacks 611 may
include any number of contact levels, such as between 2-100 levels (e.g., 8-64 levels,
including 16 or 32 levels). FIG. 4C shows a cross section of the device 600 in the y-z plane
taken along line A-A’ in FIGS. 4A and 4B that illustrates eight contact regions 601, each
comprising a stack 611 of eight word line contact layers 613 located in different contact
levels (i.e., L1-1.8). Also shown in FIG. 4C is a common drain contact line/global word line
(GWL) 427 and eight word line select transistors 405 located below each of the contact
regions 601 and connected to the bottom word line contact layer 613 of each stack 611 by a
conductive via 437, as described above with reference to FIG. 3.

[0050] As shown in FIG. 4B, the side of the stack 611 facing away from the adjacent
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device region 403 may have a shape similar to the English letter “U,” with a connector
portion 619 extending in the y-axis direction adjacent to the word line projections 605 and
two side portions 621, 623 extending in the x-axis direction substantially perpendicular to the
connector portion 619. Interior of the connector portion 619 and side portions 621, 623 may
be a trench 625 extending through at least a portion of the contact layers 613 and containing
an insulating material 627. In embodiments, the insulating material 627 may completely fill
the trench 625. The opposite side of the stack 611 contains the word line fingers/projections
503/605 extending from connector portions 616 in the word line connection region 407 into
the adjacent device region 403.

[0051] The word line contact layers 613 of each stack 611 may form a stepped pattern in
each of the contact regions 601-1, 601-2, 601-3 such that each conductive word line contact
layer 613 includes at least one contact portion 629 that extends beyond at least one overlying
layer of the stack. As shown in contact region 601-2 in FIG. 4B, for example, a first contact
layer 613 in contact level L1 includes a contact portion 629 in the first side portion 621 of the
stack 611 that extends beyond (i.e., further in the y-axis direction than) an overlying layer,
which may be an insulating cover layer (not shown in FIG. 4B) located over the stack 611. A
second contact layer 613 in contact level 1.2 includes a first contact portion 629 in the first
side portion 621 of the stack 611 that extends beyond the contact portion 629 in the overlying
first contact layer 613 in contact level L1. The second contact layer 613 in contact level 1.2
also includes a second contact portion 629 in the second side portion 623 of the stack 611 that
extends beyond the overlying first contact layer 613 in contact level I.1. A third contact layer
613 in contact level 1.3 includes a first contact portion 629 in the first side portion 621 of the
stack 611 that extends beyond the first contact portion 629 in the overlying second contact

layer 613 in contact level 1.2, and also includes a second contact portion 629 in the second
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side portion 623 of the stack 611 that extends beyond the second contact portion 629 in the
overlying second contact layer 613 in contact level L2. It is noted that for the contact layers
613 having two contact portions 629 on the respective side portions 221, 223 of the stack
611, the contact portions 629 may be staggered, such that the first contact portion 629 on the
first side portion 221 of the stack may extend further in the y-axis direction (i.e., out of the
page in FIG. 4B) than the second contact portion 629 on the second side portion 223 of the
stack 611 and located at the same contact level, I.. The stepped configuration as shown in
FIG. 4B may continue through all of the layers of the stack 611.

[0052] FIG. 4B also illustrates bridge connectors 607 extending between the contact
regions 601-1, 601-2, 601-3. Each bridge connector 607 extends between a first electrically
conductive word line contact layer 613 in a first contact region and a second electrically
conductive word line contact layer 613 in a second contact region, where the first and second
electrically conductive word line contact layers 613 are located in different contact levels. A
plurality of bridge connectors 607 may extend between each of the adjacent contact regions
601-1, 601-2, 601-3 as shown in FIG. 4B, wherein each bridge connector 607 may connect
electrically conductive word line contact layers 613 extending in different contact levels, L.
[0053] As shown in FIG. 4B, a first set of bridge connectors 607-1 may connect word
line contact layers 613 extending in contact level 1.1 in each contact region 601 to word line
contact layers 613 extending in contact level L2 in an adjacent contact region 601. A second
set of bridge connectors 607-2 may connect word line contact layers 613 extending in contact
level L2 in each contact region 601 to word line contact layers 613 extending in contact level
L3 in an adjacent contact region 601. A third set of bridge connectors (not shown in FIG.
4B) may connect word line contact layers 613 extending in contact level 1.3 in each contact

region 601 to word line contact layers 613 extending in a lower contact level (e.g., L.4) in the
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adjacent contact region 601. This may continue such that all of the word line contact layers
613 of the stack 611 are connected by a bridge connector 607 to at least one other word line
contact layer 613 extending in a different contact level in an adjacent contact region 601.
[0054] As shown in FIG. 4B, each bridge connector 607 may comprise an electrically
conductive material (e.g., a metal) and may extend in the vertical x-z plane. The adjacent
bridge connectors 607 may be spaced apart in the y-direction, and sidewall spacers 609 (see
FIG. 4A) comprising an insulating material may be located between the bridge connectors
607. The bridge connectors 607 may contact each of the word line contact layers 613 at the
respective contact portions 629 of the word line contact layers 613.

[0055] The bridge connectors 607 extending between the plurality of contact regions 601-
1, 601-2, 601-3 may provide a “staircase” configuration such that a first plurality of bridge
connectors 607 extending between a first contact region and a second contact region (e.g.,
contact regions 601-1 and 601-2 in FIG. 4B) connect word line contact layers 613 at
relatively lower contact levels in the first contact region 601-1 to word line contact layers 613
at relatively higher contact levels in the second contact region 601-2. A second plurality of
bridge connectors 607 extending between the second contact region and a third contact region
(e.g., contact regions 601-2 and 601-3 in FIG. 4B) connect word line contact layers 613 at
relatively lower contact levels in the second contact region 601-2 to world line contact layers
613 at relatively higher contact levels in the third contact region 601-3. Additional bridge
connectors 607 may connect each of the additional contact regions 601 in the word line
connection region 407 in a similar manner.

[0056] FIG. 4D is a composite cross-section illustration of the device 600 illustrating a
plurality of word line contact layers 613 in different contact regions 601 connected in a

“staircase” configuration by bridge connectors 607. The composite view of FIG. 4D is taken

21-



WO 2016/028484 PCT/US2015/043544

through different planes of the device 600 in the x- and z-directions and spaced apart in the y-
direction and extending through a plurality of bridge connectors 607 connecting the different
contact levels of the various contact regions 601. In particular, from right to left the
composite cross-section of FIG. 4D is taken along line B-B’ in FIG. 4B (i.e., through contact
region 601-3 and a cover layer 631 of insulating material), along line C-C’ in FIG. 4B (i.e.,
through a first bridge connector 607-1 connecting contact level L1 of contact region 601-3
and contact level 1.2 of contact region 601-2), along line D-D’ in FIG. 4B (i.e., through a
second bridge connector 607-2 connecting contact level 1.2 of contact region 601-2 and
contact level L3 of contact region 601-1), and then along a series of lines (i.e., lines E-E’, F-
F’, G-G’, H-H’ and I-I") outside the field of view of FIG. 4B, each extending through a
bridge connector 607 located in a different x-z plane and connecting the contact levels of the
respective contact regions 601 to a relatively lower contact level in the adjacent contact
region 601. The word line contact layer 613 in the lowest contact level (i.e., contact level 1L8)
is electrically coupled to a word line select transistor 405, as shown on the bottom left of FIG.
4D. The word line select transistor 405 is coupled to each of the highlighted word line
contact layers 613 in FIGS. 4C and 4D by the plurality of bridge connectors 607 arranged in
the “staircase” configuration shown in FIGS. 4B and 4D. Thus, the word line select transistor
405 of FIG. 4D may select (i.e., energize) a plurality of word line contact layers 613
extending in different contact levels in the respective contact regions 601. Additional word
line select transistors may select different word line contact layers 613 in each of the contact
regions 601.

[0057] Various embodiments relate to a method of making a three-dimensional
monolithic memory device. Referring to FIGS. 5A-5B, an in-process multilevel device 700

may include at least one device region 403 and a word line connection region 407 including a
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plurality of contact regions 601 adjacent to the at least one device region 403. The device
700 may be similar to the devices described above with reference to FIGS. 2-4D. Each of the
contact regions 601 may comprise a stack 611 of an alternating plurality of electrically
conductive word line contact layers 613 and electrically insulating layers 614. The stacks
611 may be separated from one another by an insulating material 617. An insulating cover
layer 618 may be located over the stacks 611. The electrically conductive word line contact
layers 613 may comprise a suitable conductive material, such as a metal or metal nitride (e.g.,
TiN). The insulating material 614, 617, 618 may comprise a suitable electrically insulating
material, such as an oxide material (e.g., silicon oxide). The stacks 611 may be continuous
with word line stacks 506 that extend as projections 605 from the contact regions 601 in the
word line connection region 407 into the device regions 403, as described above. The stacks
611, 506 may be formed as a continuous stack of the alternating plurality of electrically
conductive layers 613 and insulating layers 614 over the substrate 410 (shown in FIG. 2), and
portions of the continuous stack may be removed (e.g., etched through a patterned mask) to
define the plurality of contact regions 601 in the word line connection region(s) 407 and the
interdigitated projections 605 within the device region(s) 403. The insulating material 617
may extend between the projections 605 of the word line stacks 506. FIG. 5A is a top view
of the device 700, and FIG. 5B is a side cross-section view of the device 700 taken along line
J-J of FIG. 5A

[0058] As shown in FIG. 5B, a pair of conductive vias 437 may connect to the bottom of
each stack 611 in the contact regions 601. Each via 437 may electrically connect the stack
611 to a word line select transistor located beneath the stack 611, as described above. In this
embodiment, multiple vias 437 beneath each stack 611 enables multiple word line drivers

(e.g., TFT word line select transistors) to be used for each contact region 601. As a result, a
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more uniform driving current may be provided. Alternatively or in addition, the multiple via
configuration 437 may provide redundancy (i.e., backup) in case one of the vias 437 or
underlying word line select transistors fails. Alternatively, there may be a single via 437 and
TFT per stack 611.

[0059] A first mask layer 701 (e.g., photoresist and/or a hard mask layer) may be
provided over the device 700 as shown in FIGS. 5C and 5D. The mask layer 701 may be
patterned using suitable techniques (e.g., photolithography and etching) to expose a first
portion 702 of the word line connection region 407 while second portions 704 of the word
line connection region 407 and the device region 403 remain covered by the mask 701 as
shown in FIGS. 5E and 5F. The device 700 may then be etched through the patterned mask
701 to remove the insulating cover layer 618 and expose a first word line contact layer 613 in
a first contact level (i.e., WL 16) of the stacks 611, as shown in FIGS. 5E and 5F. FIG. 5E is
a top view of the device 700 showing the word line contact layer 613 in contact level WL 16
exposed. FIG. 5F is a side cross section view of the device 700 taken along line K-K' in FIG.
SE. (The mask layer 701 and insulating cover layer 618 are located behind the cut line K-K’
in FIG. 5F and are shown in phantom).

[0060] Referring to FIGS. 5G and 5H, first side portions 703 (e.g., the left side portions)
of each of the exposed word line contact layers 613 in contact level WL 16 of the stacks 611
may be covered by a mask layer 705 (e.g., photoresist and/or a hard mask layer which may be
deposited and patterned using any suitable techniques) while the second side portions 707
(e.g., right side portions) of the stacks 611 may be exposed. The device 700 may then be
etched through masks 701 and 705 to expose a second word line contact layer 613 in a
second contact level (i.e., WL 15) in each of the second side portions 707 of the stacks 611,

as shown in FIGS. 5G and SH. The mask layer 705 may then be removed. FIG. 5G is a top
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view of the device 700 showing the word line contact layer 613 in contact level WL 15
exposed on the second side portions 707 of the stacks 611. FIG. 5H is a cross section view of
the device taken along L-L' in FIG. 5G. (The mask layer 701, the insulating cover layer 618
and the uppermost word line contact layer 613 (i.e., contact level L16) and insulating layer
614 on the second side portions 707 of the stacks 611 are located behind the cut line L.-1.” in
FIG. 5G and are shown in phantom).

[0061] Referring to FIGS. 51 and 5], first sidewall spacers 609 (e.g., 609-1) comprising
an insulating material may be formed along opposite sides 706A, 706B in the x-direction of
the exposed first portion 702 of the word line connection region 407. The first sidewall
spacers 609 may be formed by depositing an insulating material (e.g., silicon oxide or silicon
nitride) over the exposed word line contact layers 613 in contact levels WL 16 and WL 15
and performing a sidewall spacer anisotropic etch to form sidewall spacers 609 of insulating
material extending from the exposed word line contact layers 613 in a generally vertical
direction (i.e., along the z-axis, substantially perpendicular to the major surface of the support
substrate). FIG. 51is a top view of the device 700 showing the sidewall spacers 609, and
FIG. 5] is a cross-section view of the device taken along line M-M' in FIG. 5L

[0062] Referring to FIGS. 5K and 5L, first bridge connectors 607 (e.g., 607-15A, 607-
15B) comprising an electrically conductive material (e.g., a metal or metal nitride) are formed
along opposite sides 706A, 706B of the exposed first portions 702 of the word line
connection region 407, and adjacent to the sidewall spacers 609. The bridge connectors 607
may extend over multiple contact regions 601 within a word line connection region 407, and
may contact the exposed word line contact layers 613 in contact levels WL 16 and WL15 on
in the respective first and second side portions 703, 707 of each word line contact region.

The bridge connectors 607 may extend in a generally vertical direction (i.e., along the z-axis,
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substantially perpendicular to the major surface of the support substrate) from the word line
contact layers 613. FIG. 5K is a top view of the device 700 showing the bridge connectors
607 adjacent to the sidewall spacers 609, and FIG. 5L is a cross-section view of the device
taken along line N-N' in FIG. 5K.

[0063] Referring to FIGS. 5M and 5N, exposed first portions 702 of the word line
connection region 407 may be etched to expose the second word line contact layer 613 in the
second contact level (i.e., WL 15) in each of the first (e.g., left) side portions 703 of the
stacks 611 and to expose a third word line contact layer 613 in a third contact level (i.e., WL
14) in each of the second (e.g., right) side portions 707 of the stacks 611. The etching
preferably does not remove the bridge connectors 607 and sidewall spacers 609, which may
optionally be protected by a mask during the etching. FIG. SM is a top view of the device
700 showing the exposed word line contact layers 613 in the second and third contact levels
(i.e., WL 15 and WL 14), and FIG. 5N is a side cross section view of the device taken along
line O-0O' in FIG. 5M.

[0064] Referring again to FIGS. 5M and 5N, second sidewall spacers 609 (e.g., 609-2)
comprising an insulating material may be formed along opposite sides 706A, 706B of the
exposed first portions 702 of the word line connection region 407 and adjacent to the first
bridge connectors 607-15. The second sidewall spacers 609 may be formed by depositing an
insulating material (e.g., silicon oxide or silicon nitride) over the exposed word line contact
layers 613 in contact levels WL 15 and WL 14 and performing a sidewall spacer anisotropic
etch to form second sidewall spacers 609-2 of insulating material extending from the exposed
word line contact layers 613 in a generally vertical direction (i.e., along the z-axis,
substantially perpendicular to the major surface of the support substrate). FIG. SM is a top

view of the device 700 showing the second sidewall spacers 609 adjacent to the first bridge
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connectors 607, and FIG. 5N is a cross-section view of the device taken along line O-O’ in
FIG. 5M.

[0065] Referring to FIGS. 50 and 5P, second bridge connectors 607 (e.g., 607-14A, 607-
14B) comprising an electrically conductive material (e.g., a metal or metal nitride) are formed
along the opposite sides 706A, 706B of the exposed first portions 702 of the word line
connection region 407, and adjacent to the second sidewall spacers 609-2. The second bridge
connectors 607-14A, 607-14B may extend over multiple contact regions 601 within a word
line connection region 407, and may contact the exposed word line contact layers 613 in
contact levels WL 15 and WL14 on in the respective first and second side portions 703, 707
of each contact region. The second bridge connectors 607-14A, 607-14B may extend in a
generally vertical direction (i.e., along the z-axis, substantially perpendicular to the major
surface of the support substrate). FIG. 50 is a top view of the device 700 showing the second
bridge connectors 607-14A, 607-14B adjacent to the second sidewall spacers 609-2, and FIG.
5P is a cross-section view of the device taken along line P-P' in FIG. 50.

[0066] The steps shown in FIGS. SM-5P may be repeated to sequentially etch the
exposed first portions 702 of the stacks 611 in the word line connection region 407 and
expose each of the underlying word line contact layers 613 in the first (e.g., left) and second
(e.g., right) side portions 703, 707 of the stacks 611, form additional sidewall spacers 609
over the exposed word line contact layers 613 and form additional bridge connectors 607
over the exposed word line contact layers 613 adjacent to the sidewall spacers 609, until the
word line contact layers 613 in the bottom two contact levels (i.e., WL2 and WL1) are
exposed as shown in FIG. 5Q. Each of the bridge connectors 607 in FIG. 5Q contacts the
exposed word line contact layers 613 in different contact levels in the respective first and

second side portions 703, 707 of the contact regions 601. FIG. 5R is a side cross section
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view of the device taken along line R-R’ in FIG. 5Q that shows a bridge connector 607-1A
contacting the word line contact layers 613 in contact levels WL2 and WL 1.

[0067] Referring to FIGS. 58 and 5T, trenches 709 may be formed extending through the
plurality of bridge connectors 607 and word line contact layers 613 of each stack 611 (e.g.,
via etching through a patterned mask, not shown in FIGS. 5S and 5T), and the trenches 625
may filled with an electrically insulating material 627 to separate first sets of bridge
connectors 607 extending from the first side portions 703 of each contact region 601 to the
second side portions 707 of the adjacent contact region 601 from second sets of bridge
connectors 607 extending from the second side portions 707 of each contact region 601 to the
first side portions 703 of the adjacent contact region 601. The trenches 625 filled with
insulating material 627 may also define substantially “U”-shaped portions (see 619, 621 and
623 in FIG. 4B) of the stacks 611 extending around the insulating material 627 at the
respective ends of the stacks 611 facing the device regions 403, as described above with
reference to FIG. 4B. The sets of bridge connectors 607 (e.g., 607-1 to 607-15) may provide
a staircase configuration such that the bridge connectors connect relatively lower contact
level word line contact layers 613 in a first contact region 601-1 to relatively higher contact
level word line contact layers 613 in a second contact region 601-2, and connect the word
line contact layers 613 in the second contact region 601-2 to relatively higher contact level
word line contact layers 613 in a third contact region 601-3, etc. FIG. 5S is a top view of the
device 700 showing the trenches 625 filled with insulating material 627 extending through
the stacks 611 and bridge connectors 607, and FIG. 5T is a cross-section view of the device
taken along line R-R' in FIG. 5S.

[0068] Referring to FIGS. 6A-7B, in some embodiments, the three-dimensional

monolithic memory device may comprise a vertical NAND device and the three-dimensional
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memory array may comprise a plurality of vertical NAND stings in the device regions 403,
wherein each NAND string may comprise a column of vertically oriented memory cells. The
electrically conductive word lines 503 may comprise or may be electrically connected to
control gate electrodes of the vertical NAND memory strings. A monolithic three-
dimensional NAND string 1180 may comprise a semiconductor channel 1 having at least one
end portion extending substantially perpendicular to a major surface 1100a of a base layer
1100, as shown in FIGS. 6A and 7A. For example, the semiconductor channel 1 may have a
pillar shape and the entire pillar-shaped semiconductor channel in the NAND memory cell
area extends substantially perpendicularly to the major surface 1100a of the base layer 1100,
as shown in FIGS. 6A and 7A. In these embodiments, the source/drain electrodes of the
device can include an upper electrode 1202 (e.g., drain electrode or contact line) formed over
the semiconductor channel 1, as shown in FIGS. 6A and 7A. A drain-side select transistor at
the top of the channel is not shown for clarity. An optional body contact electrode 1102 may
be disposed in the base layer 1100 to provide body contact to the connecting portion of the
semiconductor channel 1 from below.

[0069] The NAND string’s 1180 source-side select gate or access transistors may be
located below the vertical column of memory cells. In some embodiments, the lower (i.e.,
source-side) select gate or access transistors may be configured as shown in U.S. Patent
Application Serial No. 14/133,979, filed on December 19, 2013, which is incorporated by
reference herein. A word line connection area 407 such as described and illustrated above
with reference to FIGS. 2-5S, may be located in a peripheral area of an array of NAND
strings 1180 and may include word line drivers (e.g., TFTs) coupled to the word lines of the
NAND string array via a staircase configuration as described above.

[0070] Alternatively, the NAND string’s 1180 source side-select gate or access transistor
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may be a vertically-oriented field effect transistor 200, e.g., of the type described with
reference to FIGS. 2 and 3 above. The top portion of the channel 208 of the transistor may be
in electrical contact with the semiconductor channel 1 of the NAND sting’s memory cell
portion. At least one gate 202 may be formed below the NAND string 1180, e.g., in the base
layer 1100. A gate insulator layer 210 may be located between the gate(s) 208 and the
channels 1, 202. The gate(s) 208 may comprise or be in electrical contact with a select
electrode of the NAND string 1180, e.g., a conductive rail (not shown) extending in the
direction into and out of the page in FIGS. 6A and 7A.

[0071] In some embodiments, the base layer 1100 may include a source or drain contact
line 316 made of a conductive material (e.g., a metal, metal silicide, or metal nitride) formed
below the doped source or drain region 204. The contact 316 may be formed on a substrate
300.

[0072] As will be apparent to one skilled in the art in view of the present disclosure, in
some embodiments an array of NAND strings 1180 may be formed monolithically above the
array of transistors 401 in the device region 403 as shown in FIGS. 2 and 3, with each
transistor 401 functioning as a select gate or access transistor for a respective NAND string
1180. A word line connection region 407 may be formed monolithically above a separate
array of word line select transistors 405, which may be adjacent to the array of transistors 401
in the device region 403 as shown in FIGS. 2 and 3.

[0073] In some embodiments, the semiconductor channel 1 may be a filled feature, as
shown in FIGS. 7A-7B. In some other embodiments, the semiconductor channel 1 may be
hollow, for example a hollow cylinder filled with an insulating fill material 2, as shown in
FIGS. 6A-6B. In these embodiments, and an insulating fill material 2 may be formed to fill

the hollow part surrounded by the semiconductor channel 1.
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[0074] The base layer 1100 can include, e.g., any semiconducting substrate 300 known in
the art, such as monocrystalline silicon, [V-IV compounds such as silicon-germanium or
silicon-germanium-carbon, III-V compounds, II-VI compounds, epitaxial layers over such
substrates, or any other semiconducting or non-semiconducting material, such as silicon
oxide, glass, plastic, metal or ceramic substrate. The base layer 1100 may include integrated
circuits fabricated thereon, such as the select transistors 200 (e.g., as shown in FIGS. 6A and
7A) and/or driver circuits for a memory device.

[0075] Any suitable semiconductor materials can be used for semiconductor channel 1,
for example silicon, germanium, silicon germanium, or other compound semiconductor
materials, such as III-V, II- VI, or conductive or semiconductive oxides, etc. materials. The
semiconductor material may be amorphous, polycrystalline or single crystal. The
semiconductor channel material may be formed by any suitable deposition methods. For
example, in one embodiment, the semiconductor channel material is deposited by low
pressure chemical vapor deposition (LPCVD). In some other embodiments, the
semiconductor channel material may be a recrystallized polycrystalline semiconductor
material formed by recrystallizing an initially deposited amorphous semiconductor material.
[0076] The insulating fill material 2 may comprise any electrically insulating material,
such as silicon oxide, silicon nitride, silicon oxynitride, or other high-k insulating materials.
[0077] The monolithic three dimensional NAND string further comprise a plurality of
control gate electrodes 3, as shown in FIGS. 6A-7B. The control gate electrodes 3 may
comprise a portion having a strip shape extending substantially parallel to the major surface
1100a of the base layer 1100. The plurality of control gate electrodes 3 comprise at least a
first control gate electrode 3a located in a first device level (e.g., device level A) and a second

control gate electrode 3b located in a second device level (e.g., device level B) located over
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the major surface of the base layer below the device level A. The control gate material may
comprise any one or more suitable conductive or semiconductor control gate material known
in the art, such as doped polysilicon, tungsten, copper, aluminum, tantalum, titanium, cobalt,
titanium nitride or alloys thereof. For example, in some embodiments, polysilicon is
preferred to allow easy processing.

[0078] A blocking dielectric 7 is located adjacent to and may be surrounded by the
control gate(s) 3. The blocking dielectric 7 may comprise a plurality of blocking dielectric
segments located in contact with a respective one of the plurality of control gate electrodes 3,
for example a first dielectric segment 7a located in device level A and a second dielectric
segment 7b located in device level B are in contact with control electrodes 3a and 3b,
respectively, as shown in FIGS. 6A-7B. Alternatively, the blocking dielectric 7 may be
continuous (not shown).

[0079] The monolithic three dimensional NAND string may also comprise a plurality of
discrete charge storage segments 9, each of which is located between the blocking dielectric
segments 7 and the channel 1. Similarly, the plurality of discrete charge storage segments 9
comprise at least a first discrete charge storage segment 9a located in the device level A and a
second discrete charge storage segment 9b located in the device level B. Alternatively, the
charge storage segment(s) 9 may be continuous (not shown). That is, the charge storage
segments may comprise localized regions in a continuous charge storage layer.

[0080] The tunnel dielectric 11 of the monolithic three dimensional NAND string is
located between each one of the plurality of the discrete charge storage segments 9 and the
semiconductor channel 1. The tunnel dielectric 11 may comprise a plurality of blocking
dielectric segments 11 or a continuous layer of dielectric material.

[0081] The blocking dielectric 7 and the tunnel dielectric 11 may be independently
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selected from any one or more same or different electrically insulating materials, such as
silicon oxide, silicon nitride, silicon oxynitride, or other high-k insulating materials.

[0082] The charge storage segment(s) 9 may comprise a discrete or continuous
conductive (e.g., metal or metal alloy such as titanium, platinum, ruthenium, titanium nitride,
hafnium nitride, tantalum nitride, zirconium nitride, or a metal silicide such as titanium
silicide, nickel silicide, cobalt silicide, or a combination thereof) or semiconductor (e.g.,
polysilicon) floating gate, conductive nanoparticles, or a discrete or continuous charge
storage dielectric (e.g., silicon nitride or another dielectric) feature. For example, in some
embodiments, the discrete charge storage segments 9 are discrete charge storage dielectric
features, each of which comprises a nitride feature located in the respective clam-shaped
blocking dielectric segment 7, where the silicon oxide blocking dielectric segment 7, the
nitride feature 9 and the silicon oxide tunnel dielectric 11 form oxide-nitride-oxide discrete
charge storage structures of the NAND string. Alternatively, a polysilicon floating gate may
be used.

[0083] In various embodiments, the NAND device may include any of the features
described in U.S. Patent Number 8,187,936 issued on May 29, 2013, U.S. Patent Application
Serial Number 14/133,979 filed December 19, 2013, and U.S. Patent Application Serial
Number 14/136,103 filed December 20, 2013, all of which are incorporated herein by
reference in their entirety.

[0084] Although the foregoing refers to particular preferred embodiments, it will be
understood that the invention is not so limited. It will occur to those of ordinary skill in the
art that various modifications may be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the invention. All of the publications,

patent applications and patents cited herein are incorporated herein by reference in their
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entirety.
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WHAT IS CLAIMED IS:

1. A three-dimensional monolithic memory device, comprising:

at least one device region and a plurality of contact regions each comprising a stack of
an alternating plurality of electrically conductive word line contact layers and electrically
insulating layers located over a substrate, wherein the stacks in the plurality of contact
regions are separated from one another by an insulating material; and

a bridge connector comprising an electrically conductive material extending between
a first electrically conductive word line contact layer of a first stack in a first contact region
and a second electrically conductive word line contact layer of a second stack in a second
contact region, wherein the first electrically conductive word line contact layer extends in a
first contact level substantially parallel to a major surface of the substrate and the second
electrically conductive word line contact layer extends in a second contact level substantially

parallel to the major surface of the substrate that is different than the first level.

2. The device of claim 1, wherein the device comprises a plurality of bridge connectors each
extending between a respective one of the electrically conductive word line contact layers of
the first stack in the first contact region and a respective one of the electrically conductive
word line contact layers of the second stack in the second contact region, wherein each bridge
connector connects electrically conductive layers extending in different contact levels over

the major surface of the substrate.

3. The device of claim 2, wherein the plurality of electrically conductive word line contact

layers form a stepped pattern in each of the contact regions such that each conductive word
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line contact layer includes at least one contact portion that extends beyond at least one
overlying layer of the stack and one of the plurality of bridge connectors connects to the

contact portion.

4. The device of claim 3, wherein each bridge connector extends in a plane substantially
perpendicular to the major surface of the substrate and adjacent bridge connectors are

separated by sidewall spacers comprising an electrically insulating material.

5. The device of claim 2, wherein the plurality of bridge connectors comprise a first plurality
of bridge connectors extending between a first contact region and a second contact region,
and the device further comprises:

a third contact region located on an opposite side of the second contact region than the
first contact region; and

a second plurality of bridge connectors extending between a respective one of the
electrically conductive word line contact layers of the second stack in the second contact
region and a respective one of a plurality of electrically conductive word line contact layers
in a third stack of the third contact region, wherein each bridge connector of the second
plurality of bridge connectors connects electrically conductive word line contact layers

extending in different contact levels over the major surface of the substrate.

6. The device of claim 5, wherein the first plurality of bridge connectors is separated from
the second plurality of bridge connectors by an insulating material that extends through
portions of the plurality of electrically conductive word line contact layers of the second stack

in the second contact region.
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7. The device of claim 5, wherein the first plurality of bridge connectors and the second
plurality of bridge connectors provide a staircase configuration such that the first plurality of
bridge connectors connect relatively lower contact level electrically conductive word line
contact layers in the first contact region to relatively higher contact level electrically
conductive word line contact layers in the second contact region, and the second plurality of
bridge connectors connect relatively lower contact level electrically conductive word line
contact layers in the second contact region to relatively higher contact level electrically

conductive word line contact layers in the third contact region.

8. The device of claim 7, wherein each of the electrically conductive word line contact layers
of the contact regions is continuous with at least one electrically conductive word line
extending within the device region at the same level as the respective electrically conductive
word line contact layer, wherein each word line extends adjacent to a plurality of memory

cells in a three-dimensional memory array located in the device region.

9. The device of claim 8, wherein each contact region is continuous with a plurality of
elongated projections that extend from a contact region into the device region in a direction
substantially parallel to the major surface of the substrate, wherein each elongated projection
comprises at least a portion of a multi-level stack of the electrically conductive word lines

and the projections are separated from each other by an insulating material.
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10. The device of claim 9, wherein each contact region is located over at least one word line
select transistor having a first end in electrical contact with a first electrically conductive

word line contact layer of the respective contact region.

11. The device of claim 10, wherein a word line select transistor is configured to select a first
set of one or more word lines that are continuous with the first electrically conductive word
line contact layer of a first contact region located over the word line select transistor and to
select additional sets of one or more word lines that are each continuous with one or more
word line contact layers of one or more additional contact regions that are electrically
connected to the first electrically conductive word line contact layer of the first contact region
via one or more bridge connectors, wherein the first set of word lines and the additional sets

of word lines each extend in different contact levels over the major surface of the substrate.

12. The device of claim 10, wherein the word line select transistor comprises a field effect
transistor comprising:

an elongated drain contact line comprising an electrically conductive material
extending substantially parallel to the major surface of the substrate;

a drain comprising a first conductivity type semiconductor region overlying the drain
contact line;

a source comprising the first conductivity type semiconductor region located above
the drain;

a channel comprising a second conductivity type semiconductor region different from
the first conductivity type and extending substantially perpendicular to the major surface of

the substrate between the drain and the source; and
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a gate comprising an electrically conductive material located adjacent to the channel

and separated from the channel by a gate insulating material.

13. The device of claim 12, wherein the elongated drain contact line extends below a
plurality of contact regions and is electrically connected to a second end comprising the drain
of each of the word line select transistors, wherein the source of each of the word line select
transistors is electrically connected to the first electrically conductive word line contact layer

of each of the respective contact regions.

14. The device of claim 13, further comprising a via filled with an electrically conductive
material that extends in a direction substantially perpendicular to the major surface of the
substrate between the first electrically conductive word line contact layer of the first contact

region and the source of the word line select transistor.

15. The device of claim 14, wherein the device region comprises a second plurality of bit
line select transistors that are located below the plurality of memory cells in the three-
dimensional memory array, and the second plurality of bit line select transistors are located in

a same level of the device as the word line select transistors.

16. The device of claim 14, wherein the plurality of contact regions extend along a first

direction substantially parallel to the major surface of the substrate between first and second

adjacent device regions.
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17. The device of claim 14, wherein the three-dimensional monolithic memory device
comprises a ReRAM device and the device region comprises a plurality of electrically
conductive bit lines extending perpendicular to the major surface of the substrate and a non-
volatile memory element material extends over a side surface the bit line and adjacent to each

of the plurality of word lines.

18. The device of claim 14, wherein the three-dimensional monolithic memory device
comprises a vertical NAND device and the device region comprises a plurality of NAND
memory strings extending perpendicular to the major surface of the substrate and each of the
plurality of word lines in the device region comprises or is electrically connected to a control

gate electrode of a NAND memory string.

19. A method of making a three-dimensional monolithic memory device, comprising:

providing an in-process multilevel device comprising at least one device region and a
plurality of contact regions each comprising a stack of an alternating plurality of electrically
conductive word line contact layers and electrically insulating layers located over a substrate,
wherein the stacks in the plurality of contact regions are separated from one another by an
insulating material;

forming a bridge connector comprising an electrically conductive material extending
between a first electrically conductive word line contact layer of a first stack in a first contact
region and a second electrically conductive word line contact layer of a second stack in a
second contact region, wherein the first electrically conductive word line contact layer

extends in a first contact level substantially parallel to a major surface of the substrate and the
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second electrically conductive word line layer extends in a second contact level substantially

parallel to the major surface of the substrate that is different than the first contact level.

20. The method of claim 19, further comprising forming a plurality of bridge connectors
each extending between a respective one of the electrically conductive word line contact
layers of the first stack in the first contact region and a respective one of the electrically
conductive word line contact layers of the second stack in the second contact region, wherein
each bridge connector connects electrically conductive word line contact layers extending in

different contact levels over the major surface of the substrate.

21. The method of claim 20, further comprising:

forming a stepped pattern in each of the contact regions such that each conductive
word line contact layer includes at least one contact portion that extends beyond at least one
overlying layer of the stack, wherein forming a bridge connector comprises forming the

bridge connector in contact with a contact portion.

22. The method of claim 21, wherein forming the stepped pattern comprises:

forming a first patterned mask over an upper surface of the stack, wherein the first
patterned mask includes an open region that exposes a portion of the upper surface of the
stack; and

etching through the first patterned mask to expose the contact portion of a first
underlying electrically conductive word line contact layer of the stack while the first

patterned mask protects at least one overlying electrically conductive word line contact layer
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from being etched, wherein a first bridge connector is formed in contact with the contact

portion of the first underlying electrically conductive word line contact layer of the stack.

23. The method of claim 22, wherein forming the stepped pattern further comprises:

forming a second patterned mask over the upper surface of the stack, wherein the
second patterned mask includes an open region that exposes a portion of the first underlying
electrically conductive word line contact layer of the stack; and

etching through the second patterned mask to expose a contact portion of a second
underlying electrically conductive word line contact layer of the stack while the second
patterned mask protects the first bridge connector and the contact portion of the first
underlying electrically conductive word line contact layer of the stack from being etched,
wherein a second bridge connector is formed in contact with the contact portion of the second

underlying electrically conductive word line contact layer of the stack.

24. The method of claim 23, wherein additional patterned masks are formed and additional
etching steps are performed through the respective masks to expose contact portions of each
additional underlying electrically conductive word line contact layer of the stack, wherein
additional bridge connectors are formed in contact with each contact portion of the respective

additional underlying electrically conductive word line contact layers of the stack.

25. The method of claim 24, further comprising:

forming sidewall spacers comprising an insulating material between each of the

respective bridge connectors.
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26. The method of claim 21, wherein forming the stepped pattern in each of the contact
regions comprises forming a first stepped pattern on a first side of each of the contact regions
and the method further comprises:

forming a second stepped pattern on a second side of each of the contact regions such
that each electrically conductive word line contact layer includes a second contact portion
that extends laterally beyond at least one overlying layer of the stack, wherein each bridge
connector is formed in contact with a first contact portion of a first electrically conductive
word line contact layer in a first contact region and a second contact portion of a second
electrically conductive word line contact layer in a second contact region and the first contact
portion and the second contact portion extend in different levels over the major surface of the

substrate.

27. The method of claim 26, wherein each bridge connector is formed extending over
multiple contact regions, and each bridge connector contacts first contact portion on a first
side of a first contact region and a second contact portion on a second side of a second
contact region, wherein the first side of the first contact region is adjacent to the second side
of the second contact region and the first contact portion and the second contact portion

extend in different levels over the major surface of the substrate.

28. The method of claim 27, further comprising:
forming trenches extending through the plurality of bridge connectors and partially
through the plurality of electrically conductive word line contact layers in each contact

region; and
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filling the trenches with an electrically insulating material to separate first sets of
bridge connectors extending from a first side of each contact region to a second side of an
adjacent contact region from second sets of bridge connectors extending from a second side
of each contact region to a first side of an adjacent contact region, and each of the plurality of
electrically conductive word line contact layers in each contact region comprises a

substantially U-shaped portion extending around the insulating material.

29. The method of claim 28, wherein the bridge connectors provide a staircase configuration
such that the bridge connectors electrically connect relatively lower contact level electrically
conductive word line contact layers in a first contact region to relatively higher contact level
electrically conductive word line contact layers in a second contact region and electrically
connect the electrically conductive word line contact layers in the second contact region to
relatively higher contact level electrically conductive word line contact layers in a third

contact region.

30. The method of claim 19, wherein providing an in-process multilevel device comprising
at least one device region and a plurality of contact regions comprises forming the at least one
device region and the plurality of contact regions such that each electrically conductive word
line contact layer in a contact region is continuous with at least one electrically conductive
word line extending within the device region at the same level as the respective electrically

conductive word line contact layer.

31. The method of claim 30, wherein forming the at least one device region and the plurality

of contact regions comprises:
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forming a continuous stack of the alternating plurality of electrically conductive
layers and electrically insulating layers over the substrate;

removing portions of the continuous stack to define the plurality of contact regions
and a plurality of elongated projections that extend from respective contact regions into the
device region in a direction substantially parallel to the major surface of the substrate,
wherein each elongated projection comprises a multi-level stack of the electrically conductive

word lines.

32. The method of claim 31, further comprising:
forming an insulating material between each of the respective plurality of contact

regions and between each of the plurality of elongated projections.

33. The method of claim 31, wherein each contact region is formed over at least one word
line select transistor and at least one of a source terminal and a drain terminal of the word line
select transistor is electrically connected to a first electrically conductive word line contact

layer of the stack in the respective contact region.

34. The method of claim 33, wherein the word line select transistor is configured to select a
first set of one or more word lines that are continuous with the first electrically conductive
word line contact layer of a first contact region located over the word line select transistor
and to select additional sets of one or more word lines that are each continuous with
respective other contact regions that are electrically connected to the first electrically

conductive layer of the first contact region via one or more bridge connectors, wherein the
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first set of word lines and the additional sets of word lines each extend in different levels over

the major surface of the substrate.

35. The method of claim 33, further comprising:
forming a plurality of word line select transistors, wherein the plurality of contact

regions are formed over the plurality of word line select transistors.

36. The method of claim 35, wherein forming the plurality of word line select transistors
comprises:

forming an elongated drain contact line comprising an electrically conductive material
extending substantially parallel to the major surface of the substrate;

forming a plurality of drains comprising a first conductivity type semiconductor
region overlying the drain contact line, a plurality of sources comprising the first conductivity
type semiconductor region located above each drain, and a plurality of channels comprising a
second conductivity type semiconductor region different from the first conductivity type and
extending substantially perpendicular to the major surface of the substrate between each
respective drain and source; and

forming a plurality of gates comprising an electrically conductive material located
adjacent to each channel and separated from the channel and from the drain contact line by an

insulating material.

37. The method of claim 35, further comprising:

forming a second plurality of select transistors in the device region; and

-46-



WO 2016/028484 PCT/US2015/043544

forming a three-dimensional memory array comprising a plurality of memory cells in
the device region above the second plurality of select transistors, wherein the second plurality
of select transistors are located in a same level of the device as the word line select

transistors.

38. The method of claim 31, wherein forming the plurality of contact regions comprises

forming the plurality of contact regions between first and second adjacent device regions.

39. The method of claim 30, wherein the three-dimensional monolithic memory device
comprises a ReRAM device and the device region comprises a plurality of electrically
conductive bit lines extending perpendicular to the major surface of the substrate and a non-
volatile memory element material extends over a side surface the bit line and adjacent to each

of the plurality of word lines.

40. The method of claim 30, wherein the three-dimensional monolithic memory device
comprises a vertical NAND device and the device region comprises a plurality of NAND
memory strings extending perpendicular to the major surface of the substrate and each of the
plurality of word lines in the device region comprises or is electrically connected to a control

gate electrode of a NAND memory string.

41. A three-dimensional monolithic memory device, comprising:
a plurality of word line select transistors;

a word line connection area located above the plurality of word line select transistors;
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a second plurality of select transistors located in a same level of the device as the
word line select transistors; and
a three-dimensional memory array comprising a plurality of memory cells located

above the second plurality of select transistors.

42. The device of claim 41, wherein each of the word line select transistors comprises a field
effect transistor comprising:

an elongated drain contact line comprising an electrically conductive material
extending in a first direction substantially parallel to the major surface of the substrate;

a drain comprising a first conductivity type semiconductor region overlying the drain
contact line;

a source comprising the first conductivity type semiconductor region located above
the drain;

a channel comprising a second conductivity type semiconductor region different from
the first conductivity type and extending substantially perpendicular to the major surface of
the substrate between the drain and the source; and

a gate comprising an electrically conductive material located adjacent to the channel

and separated from the channel by a gate insulating material.

43. The device of claim 42, wherein the plurality of word line select transistors share a
common drain contact line, and a plurality of gates extend adjacent to the respective channels
in a second direction substantially parallel to the major surface of the substrate and

substantially perpendicular to the first direction of the drain contact line.
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44. The device of claim 43, wherein each gate is connected to at least one first conductive
gate connection line by a conductive via, wherein the at least one first conductive gate
connection line is located at a lower level of the device than the level of the plurality of word
line select transistors, and the at least one first conductive gate connection line extends below

the second plurality of select transistors.

45. The device of claim 44, wherein the second plurality of select transistors comprises a
second plurality of drain contact lines extending in the first direction and a plurality of
elongated gates extending in the second direction substantially perpendicular to the first
direction, and each elongated gate is connected to at least one second conductive gate
connection line by a conductive via, wherein the at least one second conductive gate

connection line extends below the plurality of word line select transistors.

46. The device of claim 45, wherein the at least one first conductive gate connection line and
the at least one second conductive gate connection line are located at different levels of the

device.

47. The device of claim 42, further comprising:

an insulating layer over the plurality of word line select gate transistors; and

a plurality of conductive vias extending through the insulating layer and connecting
the source of each of the plurality of word line select gate transistors to the word line

connection area.
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48. The device of claim 47, wherein the word line connection area comprises a stack of an
alternating plurality of electrically conductive word line connection layers and electrically
insulating layers, wherein the electrically conductive word line connection layers are
continuous with a plurality of word lines that extend adjacent to the plurality of memory cells

in the three-dimensional memory array.

49. The device of claim 48, wherein the word line connection area comprises a staircase
configuration such that the source of each word line select transistor is connected to a
plurality of sets of one or more word lines, wherein each set of one or more word lines

extends in a different level of the device.

50. The device of claim 49, wherein the plurality of memory cells in the three-dimensional
memory array includes a plurality of columns of vertically oriented memory cells, and each
source of a word line select transistor connects to a word line extending adjacent to only one

memory cell in a respective column of the plurality of columns.

51. The device of claim 41, wherein the three-dimensional monolithic memory device
comprises a ReRAM device and the three-dimensional memory array comprises a plurality of
vertically-extending electrically conductive bit lines connected to the second plurality of
select transistors and a non-volatile memory element material extends over a side surface the
bit line and a plurality of word lines extend from the word line connection area adjacent to

the non-volatile memory element material.
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52. The device of claim 41, wherein the three-dimensional monolithic memory device
comprises a vertical NAND device and the three-dimensional memory array comprises a
plurality of vertical NAND memory strings, and a plurality of word lines extending from the
word line connection area comprise or are connected to control gate electrodes of the vertical

NAND memory strings.

53. A method of making a three-dimensional monolithic memory device, comprising:
forming a plurality of word line select transistors in a first region of the device;
forming a second plurality of select transistors in a second region of the device

adjacent to the first region, and the second plurality of select transistors are formed in a same

level of the device as the word line select transistors;

forming a word line connection area in the first region above the plurality of word line
select transistors; and

forming a three-dimensional memory array comprising a plurality of memory cells in

the second region above the second plurality of select transistors.

54. The method of claim 53, wherein forming the plurality of word line select transistors
comprises:

forming an elongated drain contact line comprising an electrically conductive material
extending in a first direction;

forming a plurality of drains comprising a first conductivity type semiconductor
region overlying the drain contact line, a plurality of sources comprising the first conductivity

type semiconductor region located above each drain, and a plurality of channels comprising a
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second conductivity type semiconductor region different from the first conductivity type and
extending between each respective drain and source; and

forming a plurality of gates comprising an electrically conductive material located
adjacent to each channel and separated from the channel and from the drain contact line by an

insulating material.

55. The method of claim 54, further comprising:
forming an insulating layer over the plurality of word line select gate transistors;
forming a plurality of vias through the insulating layer; and
forming an electrically conductive material within each via and in electrical contact

with a source of one of the plurality of word line select gate transistors.

56. The method of claim 54, wherein forming the word line connection area comprises:

forming a stack of an alternating plurality of electrically conductive word line contact
layers and electrically insulating layers over the plurality of word line select gate transistors,
wherein the electrically conductive word line contact layers are continuous with a plurality of
word lines that extend in the second region adjacent to the plurality of memory cells in the
three-dimensional memory array and at least one electrically conductive word line layer of
the stack is connected to a source of one or more word line select transistors by the

electrically conductive material in a via.

57. The method of claim 56, wherein forming the word line connection area comprises

forming a staircase configuration such that a source of each of the plurality of word line
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select transistors is connected to a plurality of sets of one or more word lines, wherein each

set of one or more word lines extends in a different level of the device.

58. The method of claim 53, wherein forming the plurality of memory cells in the three-
dimensional memory array comprises forming a plurality of columns of vertically oriented
memory cells, and each word line select transistor is connected via the word line connection
area to a word line in the second region extending adjacent to only one memory cell in a

column.

59. The method of claim 58, wherein the three-dimensional monolithic memory device
comprises a ReRAM device and the three-dimensional memory array comprises a plurality of
vertically-extending electrically conductive bit lines connected to the second plurality of
select transistors and a non-volatile memory element material extends over a side surface the
bit line and a plurality of word lines extend from the word line connection area adjacent to

the non-volatile memory element material.

60. The method of claim 58, wherein the three-dimensional monolithic memory device
comprises a vertical NAND device and the three-dimensional memory array comprises a
plurality of vertical NAND memory strings, and a plurality of word lines extending from the
word line connection area comprise or are connected to control gate electrodes of the vertical

NAND memory strings.
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