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VOID FORMATION FOR CHARGE TRAP STRUCTURES

PRIORITY APPLICATION

[0001] This application claims the benefit of priority to U.S. Application
Serial Number 15/675,197, filed 11 August 2017, which is incorporated herein

by reference in its entirety.

BACKGROUND

[0002] The electronics industry is under constant pressure to both reduce
component size as well as power requirements and has a market driven need to
improve operation of memory devices. One approach to reduce component size
is to fabricate devices in a three-dimensional (3D) configuration. For example,
a memory device can be arranged as a stack of memory cells vertically on a
substrate. Such memory cells can be implemented as charge trap cells.
Improvements to charge trap based memory devices and their operation can be

addressed by advances in design and processing of the memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 is a cross-sectional representation of an example charge
trapstructure, according to various embodiments.

[0004] Figure 2 is a schematic diagram of an example of a block architecture
and page address mapping of a memory array of a three-dimensional memory
device, according to various embodiments.

[0005] Figure 3 is a cross-sectional representation of an example of a number
of charge trap structures in a vertical string of a memory device, according to
various embodiments.

[0006] Figure 4 is a flow diagram of features of an example method of
forming a charge trap structure above a conduction region, according to various
embodiments.

[0007] Figure S is a flow diagram of features of an example method of

forming multiple charge trap structures in a stack separated by voids, according
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to various embodiments.

[0008] Figures 6A-6N are cross-sectional views illustrating stages of an
example method of forming charge trap structures, according to various
embodiments.

[0009] Figure 7 illustrates an example wafer having multiple die, according to
various embodiments.

[0010] Figure 8 shows a block diagram of an example system that includes a
memory structured with an array of charge trap structures as memory cells,

according to various embodiments.

DETAILED DESCRIPTION

[0011] The following detailed description refers to the accompanying
drawings that show, by way of illustration, various embodiments of the
invention. These embodiments are described in sufficient detail to enable those
of ordinary skill in the art to practice these and other embodiments. Other
embodiments may be utilized, and structural, logical, and electrical changes may
be made to these embodiments. The various embodiments are not necessarily
mutually exclusive, as some embodiments can be combined with one or more
other embodiments to form new embodiments. The following detailed
description is, therefore, not to be taken in a limiting sense.

[0012] The term “horizontal” as used in this document is defined as a plane
parallel to the conventional plane or surface of a substrate, such as that
underlying a wafer or die, regardless of the actual orientation of the substrate at
any point in time. The term “vertical” refers to a direction perpendicular to the
horizontal as defined above. The terms “wafer” and “substrate” are used herein
to refer generally to any structure on which integrated circuits are formed, and
also to such structures during various stages of integrated circuit fabrication. A
wafer may include a number of die in which an integrated circuit is disposed
with respect to a respective substrate of the die.

[0013] Figure 1 is a cross-sectional representation of an embodiment of an
example charge trap (CT) structure 101, which can be included in a variety of
electronic apparatus. Such apparatus can include a memory array, a memory

device, an integrated circuit, or other apparatus that includes one or more cells to
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store charge. The CT structure 101 can include a semiconductor pillar103, a
charge trap region 105, a tunnel region 107, a dielectric blocking region 109, a
dielectric barrier 110, and a gate 115. Gate 115 is adjacent to dielectric blocking
region 109 to control storage of charge in the charge trap region 105. Atleast a
portion of gate 115 is separated from at least a portion of an adjacent gate by at
least a void 120. A void in a structure is a region of the structure without solid
material and without liquid material. A void may be in the form of an evacuated
region, an air gap, a gas-filled region, or similar construction. An air gap in a
structure or between structures is a gap or region that is filled with air. Herein,
the term air gap may include ambient gases enclosed in the gap, such as during
formation of the gap. A void may be structured between at least a portion of
gate 115 and at least a portion of a region above which charge trap structure 101
is directly disposed.

[0014] In various embodiments, the arrangement of CT structure 101 with
conductive region 113 can have a different structural arrangement. CT structure
101 can be separated from conductive region 113 by an access transistor that can
be a transistor structure different from a CT that can operatively act as a
transmission gate to provide operational coupling of conductive region 113 to
CT structure 101. In such an alternative structure, semiconductor pillar103 of
CT 101 may be coupled to and integrated in the access transistor such that
coupling of semiconductor pillar103 with conductive region 113 is made by a
channel of the access transistor. In addition, a void 120 could also be utilized to
at least partially separate a gate 115 from the access transistor structure. In other
embodiments, the region on which charge trap structure 101 is directly disposed
can be another charge trap structure, in which a void 120 could be used to at
least partially separate a gate 115 of charge trap structure 101 from a gate of the
charge trap structure on which charge trap structure 101 is directly disposed.
[0015] Charge trap structure 101 can be disposed above conductive region 113
that is located a substrate 102. An isolation region or other integrated circuit
structures can separate components of the charge trap structure 101 from
conductive region 113. Alternatively, the CT structure 101 can be disposed on
conductive region 113, without a separation or coupling region, with gate 115

separated from conductive region 113 by a void 120 and a sealing dielectric 122.
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As noted above, CT structure 101 can be disposed above conductive region 113
with gate 115 separated from an access transistor, which couples CT structure
101 to conductive region 113, by a void 120 and a sealing dielectric 122.

[0016] Sealing dielectric 122 is a region for CT structure 101 used to seal off a
void 120 during processing of different areas of the electronic apparatus in
which CT structure 101 is integrated, where portions of sealing dielectric 122
remain in the completed structure, continuing to seal the void 120. Void 120 can
be contained within a region bounded by at least a portion of dielectric barrier
110, at least a portion of conductive region 113 and/or at least a portion of a
region on which CT structure 101 is directly disposed, at least a portion of gate
115, and at least a portion of sealing dielectric 122, where sealing dielectric 122
is disposed on portions of gate 115. Alternatively, sealing dielectric 122 can be
disposed along the entire surface of gate 115, which may reduce the size of void
120. The figures herein are not drawn to scale. Further, electrical connections
of gate 115, semiconductor pillar103, and conductive region 113 to other
components of an apparatus, in which CT structure 101 is integrated, are not
shown to focus on the CT structure 101.

[0017] Semiconductor pillar103 is operable to conduct a current and gate 115
is operable to control storage of charge in the charge storage region. Gate 115
can be a metal gate. Gate 115 can include combinations of metal and metallic
compound. Gate 115 is conductive and can include, but is not limited to,
conductive titanium nitride and/or tungsten. For example, gate 115 include a
conductive titanium nitride region 115-1 on which a tungsten region 115-2 is
disposed. Gate 115 can be referred to as a control gate and dielectric blocking
region 109 can be referred to as a control dielectric.

[0018] Semiconductor pillar103 can include, but is not limited to,
polycrystalline silicon (poly silicon). The semiconductor material of
semiconductor pillar103 may have a majority carrier concentration that is less
than the majority carrier concentration of conductive region 113, with
conductive region 113 structured as a semiconductor region. The difference in
majority carrier concentration can be orders of magnitude in powers of base 10.
The regions of structure 101 shown in Figure 1 can be arranged as rings of

material around center region 104. Center region 104 can be a dielectric. Center
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region 104 can be a region of dielectric material, such as, but not limited to, a
dielectric oxide. An example of a dielectric oxide in center region 104 can
include silicon oxide.

[0019] Charge trap region 105 is separated from the semiconductor pillar103
by a tunnel region 107. Charge trap region 105 can be a dielectric material that
can store charge from semiconductor pillar103. Charge trap region 105 can be a
dielectric nitride region such as a region including dielectric silicon nitride.
Other dielectric materials for charge trap region 105 can be used to trap charge.
Tunnel region 107 can be constructed as an engineered region to meet a selected
criterion, such as, for example but not limited to, an equivalent oxide thickness
(EOT). The EOT quantifies the electrical properties of tunnel region 107, such
as capacitance, of a dielectric in terms of a representative physical thickness.
For example, EOT can be defined as the thickness of a theoretical SiO» layer
that would be required to have the same capacitance density as a given dielectric
(tunneling region 107), ignoring leakage current and reliability considerations.
Tunnel region can include an oxide and a nitride. Tunnel region 107 may
include a set of dielectric barriers. The example in Figure 1 shows tunnel region
107 being a three region tunnel barrier. The three region tunnel barrier can be
arranged as a region of dielectric oxide followed by a region of dielectric nitride
followed by another region of dielectric oxide. Alternatively, tunnel region 107
can be a two region tunnel barrier or a one region tunnel barrier. Further, tunnel
region 107 may have four or more regions, where the selection of material and
thicknesses depends on the capability of the material with the given thicknesses
to perform as a tunneling region to charge trap region 105.

[0020] Dielectric blocking region 109 is disposed on and contacting the charge
trap region 105. Dielectric blocking region 109 provides a mechanism to block
charge from flowing from charge trap region 105 to gate 115. Dielectric
blocking region 109 can be an oxide or other dielectric such as used in tunnel
region 107. Gate 115 is disposed adjacent to dielectric blocking region 109, but
separate from dielectric blocking region 109 by dielectric barrier 110 that is
between dielectric blocking region 109 and gate 115, where the material of
dielectric barrier 110 is different from the material of dielectric blocking region

109.
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[0021] Dielectric barrier 110, structured as a thin region, between dielectric
blocking region 109 and gate 115 enables an enhanced tunneling barrier that
prevents back-tunneling of electrons from gate 115 through dielectric blocking
region 109 into charge trap region 105, which can thereby limit operational erase
saturation to small positive or small negative threshold voltage (V) levels.
Dielectric barrier 110 can have a thickness in the range from about 15 angstroms
to about 50 angstroms between dielectric blocking region 109 and gate 115.
Selection of material for dielectric barrier 110 can be based on the fabrication of
CT structure 101. For example, in a process in which CT structure 101
including void 120 is formed by removing of material from areas to the sides of
CT structure 101, the material for dielectric barrier 110 can be selected such that
the material for dielectric barrier 110 resists removal at the processing
chemistries and temperatures used in removal of these materials from the sides
of CT structure 101. The material for dielectric barrier 110 can act as a mask to
prevent removal of dielectric blocking region 109 in such removal processes.
[0022] Dielectric barrier 110 can be realized as an AlOx region or a dielectric
region having a higher dielectric constant, k, than AlOx. (Use of nomenclature
ABy indicates an AB material that is not limited to a particular stoichiometry for
the AB compound.) The dielectric barrier 110 can have an electron affinity
lower than that aluminum oxide. Dielectric barrier 110 can include one or more
of aluminum oxide, hafnium oxide, zirconium oxide, or mixtures of hafnium
oxide and/or zirconium oxide with one or more of aluminum oxide, silicon
oxide, titanium oxide, gadolinium oxide, niobium oxide, or tantalum oxide.
Examples of films that can be used include HfO» and/or ZrO: based materials,
as well as mixtures with other materials such as AlOy, SiO2, TiO2, GaOx, NbOy,
and Ta»Os. Such materials may not be limited to a particular stoichiometry.
[0023] In various embodiments, a memory device can be structured as a
memory structure in which memory cells to store charge are arranged in
different levels in a 3D structure. For example, the memory device can include a
3D NAND stack in which memory cells similar to CT structure 101 can be
arranged. A NAND array architecture can be arranged as an array of memories
(e.g., memory cells) arranged such that the memories of the array are coupled in

logical rows to access lines. The access lines may be word lines. Memories of
6



WO 2019/032373 PCT/US2018/044990

the array can be coupled together in series between common regions, such as
source lines, and data lines. The data lines may be bit lines.

[0024] The 3D NAND stack can be implemented with a dielectric barrier, such
as dielectric barrier 110, using materials for the dielectric barrier selected to
enable processing of voids between CT structures arranged in the 3D NAND
stack. Within CT cells in the 3D NAND stack, the gate of each such CT cell,
which may be coupled to an access line, for example a word line, or formed as
part of the access line, can be formed in a process in which an initially formed
region, having material such as silicon nitride, is removed and replaced by a
conductive gate in a number of CT cells in a vertical string in the stack. Such
gates may be referred to as replacement gates.

[0025] Figure 2 is a schematic diagram of an embodiment of an example of a
block architecture and page address mapping of a memory array 212 of a 3D
memory device 200. Memory device 200 can be realized in the form of a 3D
NAND memory device 200. Memory device 200 can comprise multiple vertical
strings 211 of charge storage devices 201. In the Z direction shown in Figure 2,
each string 211 of charge storage devices can comprise multiple storage devices
201 stacked over one another with each charge storage device 201 corresponding
to one of multiple tiers. For example, as shown in Figure 2, thirty-two charge
storage devices are stacked over one another in a string with each charge storage
device 201 corresponding to one of thirty-two tiers shown as TierO-Tier31. The
number of storage devices and tiers in the Z direction are not limited to thirty-
two. The charge storage devices 201 of a respective string 211 may share a
common channel region, such as one formed in a respective pillar of
semiconductor material (e.g., polysilicon) about which the string of charge
storage devices are formed. The pillars may be polysilicon, monocrystalline
silicon, or other semiconductor structure in which transistors can be fabricated.
[0026] In the X direction shown in Figure 2, sixteen groups of strings may
comprise eight strings that share thirty two access lines, CGs. Each of the access
lines CGs may couple (e.g., electrically or otherwise operatively connect) the
charge storage devices 201 corresponding to a respective tier of each string 211
of a corresponding one of the eight strings. The charge storage devices 201

coupled by the same access line, CG, (and thus corresponding to the same tier)
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may be logically grouped into, for example, two pages, such as PO/P32, P1/P33,
P2/P34 and so on, when each charge storage device comprise a multi-level cell
capable of storing multiple bits of information. Memory device 200 can be
arranged to operate each charge storage device as a quad level cell. The page
address mapping counts up horizontally in the same tier.

[0027] Inthe Y direction shown in Figure 2, eight groups of strings can
comprise sixteen strings coupled to a corresponding one of eight data lines
(BLs). The structure with respect to the SGSs in this example is one plate 294,
which connects 16 pillar strings together, and the structure with respect to the
CGs is one plate 293, which connects 16 pillar strings together. The SGD is
separated by one pillar string. The number of the strings, tiers, access lines, data
lines, groups of strings in each direction, and/or pages may be greater or smaller
than those shown in Figure 2.

[0028] The vertical strings 211 can include a vertical pillar of semiconductor
material with a number of charge storage devices 201 arranged along each
vertical string. Each charge storage device 201 can include a charge trap region
separated from the vertical pillar of a respective vertical string by a tunnel
region; a dielectric blocking region on the charge trap region; a gate adjacent to
the dielectric blocking region to control storage of charge in the charge storage
region, the gate coupled to an access line; and a dielectric barrier between the
dielectric blocking region and the gate, where there is a void between at least
portions of the gate and at least portions of a gate of an adjacent charge storage
device 201. The gate of each charge storage device 201 can be coupled to (e.g.,
integrated with) an access line CG corresponding to the location in memory
array 212 of the respective charge storage device 201. Charge storage device
201 may be realized in a manner similar to the CT structure of Figure 1.

[0029] The components of charge storage device 201 can be implemented by
selecting properties from a number of different parameters. The dielectric
barrier of charge storage device 201 can include one or more of aluminum oxide,
hafnium oxide, zirconium oxide, and mixtures of hafnium oxide and/or
zirconium oxide with one or more of aluminum oxide, silicon oxide, titanium
oxide, gadolinium oxide, niobium oxide, or tantalum oxide. The dielectric

barrier can have a thickness in a range from about 15 angstroms to about 50
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angstroms from the dielectric blocking region to the gate of charge storage
device 201.

[0030] The tunnel region of charge storage device 201 can be implemented as
a three region tunnel barrier. Such a three region tunnel barrier can be
implemented as a region of dielectric oxide followed by a region of dielectric
nitride followed by another region of dielectric oxide. The tunnel region of
charge storage device 201 can be implemented as a multiple region barrier other
than three regions. Such a multiple region barrier can be implemented such that
the selection of material and thicknesses of the regions depends on the capability
of the material with the given thicknesses to perform a tunneling region to the
charge trap region of charge storage device 201. The gate of charge storage
device 201 can be implemented as a metal gate or a gate including a combination
of metal and metallic compounds. The channel of charge storage device 201 in a
string 211 can be implemented as a poly silicon channel.

[0031] Figure 3 is a cross-sectional representation of an embodiment of a
number of CT structures, for example CT structures 301-1, 301-2, and 301-3, in
a vertical string 311 of a memory device 300. Vertical string 311 can be one of
multiple strings of a memory array of a 3D memory. An example of a 3D
memory device with multiple vertical strings is shown in Figure 2. Other 3D
memory devices with multiple vertical strings can be structured with CT
memory cells, similar to the CT structures of 301. Other vertical strings in a 3D
memory device can be structured similar to vertical string 311, arranged with
different sets of electrical connections.

[0032] Vertical string 311 includes a vertical pillar 303 of semiconductor
material coupled to and part of CT structures 301-1, 301-2, and 301-3. Memory
device 300 is not limited to three CT structures in a vertical string. Figure 3
shows three CT structures to focus on the architecture of CT structures arranged
in a vertical stack 306 along or as part of vertical string 311. Vertical string 311
can be include more than three CT structures, for example, 8, 16, 32, 64, or other
number of CT structures coupled to vertical pillar 303 of vertical string 311
depending on the memory size of memory device 300 or other factors for an
architecture for memory device 300. Each CT structure can be arranged as a

memory cell of a string, where each CT structure is at a different vertical level
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than the other CT structures of the string, which each vertical level is a tier of the
memory array of the memory device.

[0033] Stack 306 can be supported by a base 316. In Figure 3, a space is
shown between the bottom of stack 306 and base 316 to indicate that there may
be additional materials and/or integrated circuit structures between base 316 and
stack 306. In various applications, such additional integrated materials may
include, for example, source-side select transistor material. Base 316 may
include a conductive region 313 on a substrate 302. Depending on the
architecture of memory 300, conductive region 313 may be a source region.
Conductive region 313 may include semiconductor material. The semiconductor
material may include, but is not limited to, monocrystalline silicon or
polycrystalline silicon. Substrate 302 may be a semiconductor substrate or a
substrate having a combination of semiconductor material and insulating
material.

[0034] CT structure 301-1 is arranged as a first charge trap structure along
vertical string 311, above which charge trap structures 301-2 and 301-3 are
arranged in vertical stack 306 with each of charge trap structures 301-2 and 301-
3 disposed above another CT structure of vertical stack 306. The semiconductor
material of vertical pillar 103 is arranged as a channel 303-1, 303-2, and 303-3
for CT structures 301-1, 301-2, and 301-3, respectively. Each of CT structures
301-1, 301-2, and 301-3 includes a tunnel region 307-1, 307-2, and 307-3,
respectively, adjacent and contacting their respective channels 303-1, 303-2, and
303-3. Each of tunnel regions 307-1, 307-2, and 307-3 can be implemented as a
set of barriers. For example, each of tunnel regions 307-1, 307-2, and 307-3 can
be implemented as a three region tunnel barrier. Such a three region tunnel
barrier can be implemented as a region of dielectric oxide followed by a region
of dielectric nitride followed by another region of dielectric oxide. Each of
tunnel regions 307-1, 307-2, and 307-3 may be implemented as a two region
tunnel barrier. Each of tunnel regions 307-1, 307-2, and 307-3 may be
implemented as a one region tunnel barrier. Further, each of tunnel regions 307-
1, 307-2, and 307-3 may have four or more regions, where the selection of
material and thicknesses of these tunnel regions depends on the capability of the

material with the given thicknesses to perform as a tunneling region.
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[0035] Each of CT structures 301-1, 301-2, and 301-3 includes a charge trap
region 305-1, 305-2, and 305-3, respectively, adjacent and contacting their
respective tunnel regions 307-1, 307-2, and 307-3. Each of charge trap regions
315-1, 315-2, and 315-3 can be a dielectric material that can store charge from
channels 303-1, 303-2, and 303-3, respectively. Charge trap regions 315-1, 315-
2, and 315-3 can be a dielectric nitride region such as a region including
dielectric silicon nitride. Other dielectric materials for charge trap regions 315-
1, 315-2, and 315-3 can be used to trap charge. Each of CT structures 301-1,
301-2, and 301-3 includes a dielectric blocking region 309-1, 309-2, and 309-3,
respectively, adjacent and contacting their respective charge trap region 305-1,
305-2, and 305-3.

[0036] Each of CT structures 301-1, 301-2, and 301-3 can include a dielectric
barrier 310-1, 310-2, and 310-3 and a gate 315-1, 315-2, and 315-3, respectively,
where each dielectric barrier 310-1, 310-2, and 310-3 is disposed between
dielectric blocking region 309-1, 309-2, and 309-3 and gates 315-1, 315-2, and
315-3 of their respective CT structures 301-1, 301-2, and 301-3. Each of
dielectric barriers 310-1, 310-2, and 310-3 can be implemented using materials
for the dielectric barriers selected to enable processing of voids between CT
structures 301-1, 301-2, and 301-3 arranged in the 3D stack 306 associated with
string 311. 3D stack 306 can be realized as a 3D NAND stack 306. Each of
dielectric barriers 310-1, 310-2, and 310-3 can include an aluminum oxide or a
dielectric having a dielectric constant greater than that of aluminum oxide.
[0037] Each dielectric barrier 310-1, 310-2, and 310-3 can extend to the
dielectric barrier of an adjacent CT structure and can be arranged with gate 315-
1, 315-2, and 315-3 of its respective CT structure 301-1, 301-2, and 301-3 and
the gate of the adjacent charge trap structure, providing a void between the
charge trap structure and the adjacent charge trap structure. Dielectric barrier
310-3 of CT structure 301-3 can extend to dielectric barrier 310-2 of CT
structure 301-2 and is arranged with gate 315-3 of CT structure 301-3 and gate
315-2 of adjacent CT structure 301-2 such that void 320-3 is provided.
Dielectric barrier 310-2 of CT structure 301-2 can extend to dielectric barrier
310-1 of CT structure 301-1 and is arranged with gate 315-2 of CT structure

301-2 and gate 315-1 of adjacent CT structure 301-1 such that void 320-2 is
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provided. Each CT structure 301-1, 301-2, and 301-3 is arranged with an
adjacent CT structure, vertically up or vertically down in stack 306 associated
with vertical string 311. In addition, dielectric barrier 310-1 of CT structure
301-1 can extend to a region on which stack 306 is directly disposed. The region
on which stack 306 is directly disposed may be an isolation region or another
active device area such as an access transistor that couples stack 306 to
conductive region 313 on substrate 302. Dielectric barrier 310-1 of CT structure
301-1 can be arranged with gate 315-1 of CT structure 301-1 and the region on
which stack 306 is directly disposed such that void 320-1 is provided.
Alternatively, string 311 can be structured with electrical isolation between gate
315-1 and conductive region 313 being provided at least in part by void 320-1.
[0038] Each of voids 320-1, 320-2, and 320-3 can be sealed by a dielectric
region 322-1, 322-2, and 322-3, respectively. Dielectric region 322-1 can be
located on the region on which stack 306 is disposed (alternatively conductive
region 313) and can extend to and be located on at least a portion of gate 315-1
of CT 301-1. Void 320-1 can be contained within at least a portion of dielectric
barrier 310-1 extended to at least a portion of the region on which stack 306 is
directly disposed (alternatively conductive region 313), at least a portion of gate
315-1, at least a portion of dielectric region 322-1 on at least a portion of gate
315-1, at least a portion of the region on which stack 306 is directly disposed
(alternatively conductive region 313), and at least a portion of dielectric region
322-1 on at least a portion of the region on which stack 306 is directly disposed
(alternatively conductive region 313).

[0039] Dielectric region 322-2 can be located on gate 315-2 of CT structure
301-2 and can extend to and be located on gate 315-1 of CT 301-1. Void 320-2
can be contained within at least a portion of dielectric barrier 310-2 extended to
dielectric barrier 310-1, at least a portion of gate 315-2, at least a portion of
dielectric region 322-2 on gate 315-2 of CT structure 301-2, at least a portion of
gate 315-1 of adjacent CT structure 301-1, and at least a portion of dielectric
region 322-2 on at least a portion of gate 315-1 of CT structure 301-1.

[0040] Dielectric region 322-3 can be located on gate 315-3 of CT 301-3 and
can extend to and be located on gate 315-2 of CT structure 301-2. Void 320-3

can be contained within at least a portion of dielectric barrier 310-3 extended to
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dielectric barrier 310-2, at least a portion of gate 315-3, at least a portion of
dielectric region 322-3 on at least a portion of gate 315-3 of CT structure 301-3,
at least a portion of gate 315-2 of adjacent CT structure 301-2, and at least a
portion of dielectric region 322-3 on at least a portion of gate 315-2 of CT
structure 301-2.

[0041] In some variations, dielectric regions 322-1, 322-2, and 322-3 may
extend along the surfaces of the gates between which they are respectively
located to the dielectric barrier extending between adjacent CT structures that are
separated by the respective dielectric regions 322-1, 322-2, and 322-3. In such
variations, each associated void is contained within a dielectric barrier, a
dielectric region on the gate of a charge trap structure, and a dielectric region on
the gate of an adjacent charge trap structure. Such voids may be smaller than
those in which the sealing dielectrics do not extend to their associated dielectric
barriers. The voids between gates of adjacent CT structures can be largest in
vertical extent at the dielectric barriers between the adjacent CT structures.
[0042] Tunnel region 307-1 of first CT structure 301-1 can extend along
vertical pillar 303 of semiconductor material associated with string 311 and can
extend through the other CT structures 301-2 and 301-3 as tunnel regions 307-2
and 307-3 of each respective CT structure 301-2 and 301-3. Charge trap region
305-1 of first CT structure 301-1 can extend along vertical pillar 303 of
semiconductor material associated with string 311 and can extend through the
other CT structures 301-2 and 301-3 as charge trap regions 305-2 and 305-3 of
each respective CT structure 301-2 and 301-3. Dielectric blocking region 309-1
of first CT structure 301-1 can extend along vertical pillar 303 of semiconductor
material associated with string 311 and can extend through the other CT
structures 301-2 and 301-3 as dielectric blocking region 309-2 and 309-3 of each
respective CT structure 301-2 and 301-3.

[0043] Vertical pillar 103 of string 311 of memory device 300 can be
structured as a doped semiconductor hollow channel. By hollow channel is
meant that the region in the center of the 3-D channel can be filled by a material
different than the material of the channel. Vertical pillar 103 can include poly
silicon as a hollow channel surrounding a dielectric 304. Vertical pillar 103 can

operatively conduct a current between conductive region 313 and a conductive
13



WO 2019/032373 PCT/US2018/044990

data line coupled to vertical pillar 103. Such conductive data line may be
coupled to vertical pillar 103 by an access transistor. In various 3D memory
architectures, such arrangement of conductive region 313 and a conductive data
line coupled to vertical pillar 103 can be provided with conductive region 313
being a source region and conductive data line being a data line. The current can
be affected by the charge stored in CT structures 301-1, 301-2, and 301-3 along
string 311, where control of storing the charge is by the gates 315-1, 315-2, and
315-3 of CT structures 301-1, 301-2, and 301-3. Gates 315-1, 315-2, and 315-3
can be incorporated in access lines of a memory array of memory device 300.
The access lines may be word lines.

[0044] Voids 320-1, 320-2, and 320-3 between CT structure 301-1 and the
region on which stack 306 is disposed (alternatively conductive region 313),
between CT structures 301-2 and 301-1, and between CT structures 301-3 and
301-2 provide voids between access lines of a memory array of memory device
300. These voids between access lines can decrease access line (gate) to access
line (gate) capacitance relative to using conventional dielectric materials
between access lines of a 3D memory device. Using voids, such as voids 320-1,
320-2, and 320-3, for an acceptable capacitance, can allow the distance between
access lines (gates) to CT cells to be smaller, allowing more room for the access
lines (gates) to CT cells, that is, access lines (gates) can be vertically wider,
which can lower the access line resistance.

[0045] Figure 4 is a flow diagram of features of an embodiment of an example
method 400 of forming a charge trap structure above a conduction region. At
410, a dielectric barrier is formed on a wall of an opening in a material stack.
Forming the dielectric barrier can include forming aluminum oxide or a
dielectric having a dielectric constant greater than that of aluminum oxide.
Other dielectrics may be used. Forming the dielectric barrier can include
forming the dielectric barrier with material that can withstand temperatures and
etching chemistries in processing the charge trap structure to mask the dielectric
blocking region from being etched during these processes.

[0046] At 420, a dielectric blocking region is formed on and contacting the
dielectric barrier. The material of the dielectric blocking region is different from

the material of the dielectric barrier. At 430, a charge trap region is formed on
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and contacting the dielectric blocking region. Forming the charge trap region
can include forming a dielectric nitride as the charge trap region. Other charge
trapping material may be used. At 440, a tunnel region is formed on and
contacting the charge trap region. The tunnel region may be formed as a set of
regions that can provide for transfer of transfer to the charge trap region. At 450,
a semiconductor pillar is formed on and contacting the tunnel region, the channel
operable to conduct a current. The semiconductor pillar is separated from the
charge trap region by the tunnel region.

[0047] At 460, a gate is formed on and contacting the dielectric barrier, the
gate separated from the dielectric blocking region by the dielectric barrier. The
gate is operable to control storage of charge in the charge trap region. Forming
the gate can include forming tungsten as the gate. Forming the gate can include
forming a titanium nitride region on and contacting the dielectric barrier and
forming the tungsten on the titanium nitride region. At 470, forming the gate
can include the gate formed separated by a void from at least a portion of a
region on which the charge trap structure is being directly disposed. Forming
the gate can include forming a portion of the gate separated from at least a
portion of an adjacent gate by at least a void. The dielectric barrier may be
arranged with the gate such that the void is between the at least a portion of the
gate and the at least a portion of the region on which the charge trap structure is
being directly disposed.

[0048] Methods similar or identical to method 400 can include forming the
opening in the material stack with the material stack having alternating
sacrificial regions and isolation dielectrics. The sacrificial regions adjacent to
the dielectric barrier can be removed using a chemistry and process to remove
the sacrificial region substantially without removing material for the dielectric
barrier. The gate can be formed in a region in which a sacrificial region has been
removed and the adjacent gate can be formed in a region in which another one of
the sacrificial regions has been removed. Material from between the gate and
the adjacent gate can be removed to form an open area by a chemistry and
process to remove the isolation dielectrics previously formed between adjacent
sacrificial regions without substantially removing the material for the dielectric

barriers, without substantially removing material of the gate, and without
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substantially removing material of the adjacent gate. A dielectric can be formed
in at least a portion of the open area to form the void.

[0049] For a single charge trap structure above a location along a substrate, the
region on which the charge trap structure is being directly disposed may be the
conductive region. For multiple charge trap structures being formed in a stack
above a location along a substrate, the region on which a charge trap structure is
being directly disposed may include a gate of an adjacent charge trap structure,
the gate being conductive material. The dielectric barrier can be extended to at
least a portion of the region on which the charge trap structure is being directly
disposed to form the void between at least a portion of the gate and the at least a
portion of the region on which the charge trap structure is being directly
disposed, with the dielectric barrier separating the void from the dielectric
blocking region. A dielectric can be formed to seal the void.

[0050] Figure S is a flow diagram of features of an embodiment of an example
method 500 of forming multiple charge trap structures with each charge trap
structure separated from an adjacent charge trap structure by a void. At 510, a
stack of material is formed with an opening surrounded by material to form
tunnel regions, charge trap regions, dielectric blocking regions, and dielectric
barriers of multiple charge trap structures. The multiple charge trap structures,
including a first charge trap structure, is formed with each trap structure, after
the first charge trap structure, disposed above another one of the multiple charge
trap structures. The material for the dielectric barriers can include aluminum
oxide or a dielectric having a dielectric constant greater than that of aluminum
oxide.

[0051] At 520, multiple gates are formed contacting material for the dielectric
barriers and material from the stack is removed such that each gate is separated
from a vertically adjacent gate of the multiple gates by an open area, exposing
portions of the material for the dielectric barriers. Forming multiple gates
contacting material for the dielectric barriers and removing material such that
each gate is separated from a vertically adjacent gate of the multiple gates can
include, with the stack of material including alternating sacrificial regions and
isolation dielectrics adjacent to the material to form tunnel regions, charge trap

regions, dielectric blocking regions, and dielectric barriers: removing sacrificial
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regions adjacent to the material for the dielectric barriers using a chemistry and
process to remove the sacrificial region substantially without removing material
for the dielectric barrier; forming gate material in each region in which a
sacrificial region is removed; and removing material from between each gate by
a chemistry and process to remove the isolation dielectrics previously formed
between adjacent sacrificial regions without substantially removing the material
for the dielectric barriers and without substantially removing the gate material in
each region. Forming the gate material in each region in which the sacrificial
region is removed can include forming the gate material coupled to access lines
in a memory array for a memory device.

[0052] At 530, the stack of material is processed further such that a portion of
each open area is a void between gates of adjacent charge trap structures.
Method 500 or methods similar to method 500 can include sealing, with a
dielectric, the open area between gates of adjacent charge trap structures in
forming the void.

[0053] In various embodiments, methods including forming CT structure with
associated voids can be performed using variations of methods similar to method
400 and/or method 500. Note that these features may be performed in a number
of different sequencing steps and are not limited to the order or features as
presented in Figures 4 and 5.

[0054] Figures 6A-6N are cross-sectional views illustrating features of stages
of an embodiment of forming multiple CT structures in an electronic device.
Figure 6A shows a material stack 621 above a conductive region 613 on
substrate 602. Material stack 612 includes alternating isolation dielectrics 618
and sacrificial regions 619 above conductive region 613. The number of
alternating isolation dielectrics 618 and sacrificial regions 619 may depend on
the number of CT structures being formed in a vertical stack. In a 3D memory
device, this number can depend on the number of tiers in a memory array of the
memory device, for example, a pair of isolation dielectric 618 and sacrificial
region 619 for each tier. Three isolation dielectrics 618 and three sacrificial
regions 619, which can correspond to three tiers in a memory array of a memory
device, are shown in Figure 6A for ease of discussion. Isolation dielectrics 618

can include, but are not limited to, an oxide such as silicon oxide, and sacrificial
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regions 619 can include but are not limited to, a nitride such as silicon nitride.
The choice of material for isolation dielectrics 618 and sacrificial regions 619
can depend on the temperatures and chemistries used in fabricating multiple CT
structures.

[0055] Conductive region 613 can be a semiconductor region 613.
Semiconductor region 613 may be formed including poly silicon. In Figures
6A-6N, a space is shown between conductive region 613 on substrate 602 and
the lowest isolation dielectric 618 vertically from conductive region 613 to
indicate that there may be additional materials and/or integrated circuit structures
between this isolation dielectric 618 and conductive region 613.

[0056] Figure 6B shows material stack 621 after a removal process has been
conducted to form trenches 614 in which pillars for CT structures are being
formed. The removal process can include masking areas and etching material
stack 621 in the locations for the trenches 614. Trenches 614 may be referred to
as open pillars 614 in material stack 621. Each open pillar 614 may become a
separate individual string of CT structures in a memory array of a memory
device. Each open pillar 614 may be cylindrical-like in shape or have some
other similar shape that extends vertically though material stack 621 (z-
direction), but extends a relatively short distance in material stack 621 in the y-
direction. In Figure 6B, open pillars 614 are arranged along conductive region
613 in the x-direction, where multiple CT structures will be stacked on each
other in the z-direction in each open pillar 614. Though not shown for ease of
discussion, open pillars 614 can be formed in the y-direction with multiple CT
structures stacked on each other in the z-direction in each open pillar 614 in the
y-direction. See, for example, Figure 2.

[0057] Figure 6C shows one of the open pillars 614 associated with Figure 6B.
The figures following 6C show processing of this open pillar 614, where such
processing is being performed on the other similar open pillars associated with
material stack 621 of Figure 6B. Figure 6D shows a material for a dielectric
barrier 610 formed on a wall of open pillar 614 of Figure 6C. Forming the
material for dielectric barrier 610 can include depositing one or more of
aluminum oxide, hafnium oxide, zirconium oxide, and mixtures of hafnium

oxide and/or zirconium oxide with one or more of aluminum oxide, silicon
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oxide, titanium oxide, gadolinium oxide, niobium oxide, or tantalum oxide. The
deposition can be performed using one or more of a number of deposition
processes. For example, the deposition can be implemented using chemical
vapor deposition (CVD), atomic layer deposition (ALD), or other process
suitable for forming a 3D memory device. These deposition techniques can be
used in depositing material at various stages of forming the multiple CTs
associated with Figures 6 A-6N.

[0058] ALD allows formation of a region as a nanolaminate of a number of
different compounds in each of sub-region of the region with the formed region
having a total thickness in the nanometer region. The term “nanolaminate”
means a composite film of ultra thin layers of two or more materials in a layered
stack. Typically, each layer in a nanolaminate has a thickness of an order of
magnitude in the nanometer range. Further, each individual material layer of the
nanolaminate may have a thickness as low as a monolayer of the material or as
high as 5 nanometers. The material for dielectric barrier 610 can be formed with
a thickness from the wall of the open pillar 614 in the range of 20 to 50
angstroms.

[0059] Figure 6E shows a material for dielectric blocking region 609 formed
on a surface of the material for dielectric barrier 610 opposite the wall of the
open pillar 614. The material for dielectric blocking region 609 can include
silicon oxide or other dielectric material. Figure 6F shows material for a charge
trap region 605 formed on a surface of the material for dielectric blocking region
609 opposite the surface of the material for dielectric barrier 610. The material
for charge trap region 605 can include a dielectric nitride. For example, a
dielectric nitride of charge trap region 605 can include silicon nitride.

[0060] Figure 6G shows material for a tunnel region 607 formed on the
material for charge trap region 605. The material for tunnel region 607 can be
implemented as a three region tunnel barrier as shown in Figure 6E. Such a
three region tunnel barrier can be implemented as a region of dielectric oxide
followed by a region of dielectric nitride followed by another region of dielectric
oxide. Alternatively, the material for tunnel region 607 may be implemented as
a two region tunnel barrier. Also, the material for tunnel region 607 may be

implemented as a one region tunnel barrier. Further, the material for tunnel
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region 607 may have four or more than regions, where the selection of material
and thicknesses depends on the capability of the material with the given
thicknesses to perform as a tunneling region to charge trap region 605. The
material for tunnel region 607 can include one or more dielectrics such as silicon
oxide or dielectrics having a dielectric constant greater than that of silicon
dioxide.

[0061] Figure 6H shows material for a semiconductor pillar 603 formed on the
material for the material for tunnel region 607. The material for a semiconductor
pillar 603 may be formed as a doped hollow channel. The doped hollow channel
can be coupled to conductive region 613 via material and/or integrated circuit
structures coupled on and contacting conductive region 613. For example, the
material for semiconductor pillar 603 may be deposited to extend to and contact
conductive region 613. Conductive region 613 can be formed as a
semiconductor region 613 having a majority carrier concentration at a
concentration level higher than the majority carrier concentration of
semiconductor pillar 603. Semiconductor region 613 can be formed as a source
region.

[0062] From the processed structure in Figure 6H, procedures can be
performed to generate gates and voids for CT structures of a completed device.
On either side of the structure of open pillar 614 surrounded by materials for
semiconductor pillar 603, tunnel region 607, dielectric blocking region 609, and
dielectric barrier 610 along with portions of isolation dielectrics 618 and
sacrificial regions 619 shown in Figure 6H, vertical slits can be created through
the set of isolation dielectrics 618 and sacrificial regions 619 to allow processing
of isolation dielectrics 618 and sacrificial regions 619 adjacent the material for
dielectric barrier 610 to form the appropriate gates and voids. See Figure 6L for
an example of slits between the processed open pillars 614. Such slits may have
been created earlier in the process.

[0063] Figure 61 shows the structure of Figure 6H after sacrificial regions 619
have been removed, where after removal air occupies the previous sacrificial
regions 619. The removal of sacrificial regions 619 can include etching the
material of sacrificial regions 619 that is selective to the material for isolation

regions 618 and the material for dielectric barrier 610. By selective is meant that
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the etchant that removes the sacrificial regions 619 does not remove the material
for isolation regions 618 and the material for dielectric barrier 610. With the
material for sacrificial regions 619 being a nitride such as silicon nitride, the
material for isolation regions 618 being an oxide such as silicon oxide, and the
material for dielectric barrier being a metal oxide such as AlOx, the nitride of
sacrificial regions 619 may be removed using a hot phosphoric acid etchant.
[0064] Figure 6J shows the structure of Figure 61 after deposition of material
for gates 615 in the air regions that were previously sacrificial regions 619. This
technique of depositing material for gates 615 is typically referred to as a
replacement gate deposition. The material for gates 615 can include a metal.
Such a metal can include, but is not limited to, tungsten. The material for gates
615 can include a compound of a metal and a non-metal, where the compound
has metallic properties. The material for gates 615 can include, but is not limited
to, conductive titanium nitride. The material for gates 615 can include
combinations of materials. For example, the material for gates 615 can include,
but is not limited to, conductive titanium nitride and tungsten. In some
structures, conductive titanium nitride of gates 615 may separate the material for
isolation regions 618 and the material for dielectric barrier 610 from tungsten of
gates 615.

[0065] The deposition of the material for gates 615 can be made with material
at temperatures using deposition techniques that are selective to the material for
isolation regions 618 and the material for dielectric barrier 610. By selective
deposition with respect to the material for isolation regions 618 and the material
for dielectric barrier 610 is meant that the selected material for deposition is
deposited at the desired location without substantial interaction with the material
for isolation regions 618 and the material for dielectric barrier 610. Interaction
at the interfaces with the material the material for isolation regions 618 and the
material for dielectric barrier 610 may occur, but leaving the material for
isolation regions 618 and the material for dielectric barrier 610 substantially as
before the deposition. For forming strings of memory cells in a memory device,
forming the material for gates 615 can include isolating the material for gates
615 coupled to or integrated with access lines for the memory array. These

access lines may be word lines.
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[0066] Figure 6K shows the structure of Figure 6] after the material for
isolation regions 618 between the material for gates 615 has been removed. The
removal of the tiers of isolation regions 618 is performed using a chemistry
selected in conjunction with the selection of the material for gates 615 and the
material for dielectric barrier 610. A criterion used for the selection can include
selecting a chemistry that is selective to the material for gates 615 and material
for dielectric barrier 610 such that the chemistry does not substantially affect the
material for gates 615 and the material for dielectric barrier 610. The material
for dielectric barrier 610 acts as a mask that allows tiers of isolation regions 618
to be removed without removing material for dielectric blocking region 609.
Removal of tiers of isolation regions 618 may include use of hydrogen fluoride
(HF), a vapor etch, or other chemistry that the material for dielectric barrier 610
can withstand so that the underlying material for the dielectric blocking region
609 1s not removed with the removal of tiers of isolation regions 618.

[0067] The material for dielectric barrier 610, such as AlOx or other high-«
material are to be deposited to be able to resist both a hot phosphoric acid
removal of sacrificial regions 619, such as a nitride removal, as well as a HF or
other chemistry used for removal of isolation regions 618, such as an oxide tier
removal. For AlQOy, there are high temperature ALD processes, as well as halide
based ALD processes, that may be implemented for the deposition of AlOy to
withstand these chemistries. Halide processes exist for deposition of HfOx and
other high-k materials that may be implemented such that these deposited films
stand up to the hot phosphoric acid as well as the HF and other oxide etch
chemistries. Other processes for forming HfOx and/or other high-x materials for
dielectric barrier 610, such that they survive removal processes, may include use
of standard metal organic ALD precursors. Other processes to condition
dielectric barrier 610 to survive removal processes may include using various
treatments after ALD deposition. These other processes may include anneals
(either in inert or reactive ambients), plasma treatments, etc.

[0068] Figure 6L shows the structure of Figure 6K with respect to slits 624 in
the x-direction to the sides of the CTs being formed in open pillar 614. Figure
6L also indicates that other strings with CTs in a vertical stack are being

processed with the structure of Figure 6K. Figure 6M shows the structure of
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Figure 6L after dielectrics 622 are deposited via slits 624 to form voids 620
between gates 615 of adjacent CTs. Dielectrics 622 can be formed in a “pinch
off” sealing process to seal voids 620. The sealing process can be implemented
using plasma-enhanced chemical vapor deposition (PECVD) or other depleting
process. In forming a seal, using PECVD or other deposition process that is not
completely conformal can provide a void. In such cases, the sealing films are
typically deposited at sub atmospheric pressures of a few mTorr to a few Torr.
This pressure remains inside the void after it is sealed up. This void may be
referred to as an “air gap,” but the composition of gases would be that of the
process when the void was sealed.

[0069] This sealing process in forming CT memory cells for memory arrays of
a memory device forms voids 620 between gates that are coupled to or integrated
with access lines. For each region between adjacent gates 615, dielectric 622
can be formed surfaces of both the adjacent gates 615 extending towards the
material for the dielectric barrier 610. In some embodiments, dielectric 622 may
extend along surfaces of both the adjacent gates 615 to contact the dielectric
barrier 610, which may result in a smaller void than with the sealing process
controlled, for example by a timed termination of the sealing process, such that
dielectric 622 does not contact dielectric barrier 610.

[0070] Figure ON illustrates a cross-sectional representation of an embodiment
of a string 611 having multiple CTs in an electronic apparatus 600 resulting from
processing in accordance with processing features illustrated in Figures 6A-6M.
The multiple CTs in an electronic apparatus 600 can be structured similar or
identical to the CTs of memory device 300 of Figure 3. Though the number of
CTs shown is three, string 611 can have more or less than three CTs in string
611. As noted in the discussion herein, electronic apparatus may be realized as a
memory device having multiple strings of CT memory cells, where each
memory cell is identical or similar except that that electrical connections to and
locations within the memory array of the memory device will differ.

[0071] Vertical string 611 includes a vertical pillar 603 of semiconductor
material coupled to and part of CT structures 601-1, 601-2, and 601-3 in a
vertical stack 606 along or as part of vertical string 611 above conductive region

613 on substrate 602. In Figure 6N, a space is shown between the bottom of
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stack 606 and conductive region 613 to indicate that there may be additional
materials and/or integrated circuit structures between the bottom of stack 606
and conductive region 613. In various applications, such additional integrated
materials may include, for example, source-side select transistor material.
Depending on the architecture of electronic apparatus 600 that may include a
memory device, conductive region 613 may be a source region. Conductive
region 613 may include semiconductor material. The semiconductor material
may include, but is not limited to, monocrystalline silicon or polycrystalline
silicon. Substrate 602 may be a semiconductor substrate or a substrate having a
combination of semiconductor material and insulating material.

[0072] CT structure 601-1 is arranged as a first charge trap structure along
vertical string 611, above which charge trap structures 601-2 and 601-3 are
arranged in vertical stack 606 with each of charge trap structures 601-2 and 601-
3 are disposed above another CT structure of vertical stack 606. The
semiconductor material of semiconductor pillar 603 is arranged as a channel
603-1, 603-2, and 603-3 for CT structures 601-1, 601-2, and 601-3, respectively.
Each of CT structures 601-1, 601-2, and 601-3 includes a tunnel region 607-1,
607-2, and 607-3, respectively, adjacent and contacting their respective channels
603-1, 603-2, and 603-3. Each of tunnel regions 607-1, 607-2, and 607-3 can be
implemented as set of barriers, for example, a three region tunnel barrier. Such a
three region tunnel barrier can be implemented as a region of dielectric oxide
followed by a region of dielectric nitride followed by another region of dielectric
oxide. Each of tunnel regions 607-1, 607-2, and 607-3 may be implemented as a
two region tunnel barrier. Each of tunnel regions 607-1, 607-2, and 607-3 may
be implemented as a one region tunnel barrier. Further, each of tunnel regions
607-1, 607-2, and 607-3 may have four or more regions, where the selection of
material and thicknesses of these tunnel regions depends on the capability of the
material with the given thicknesses to perform as a tunneling region.

[0073] Each of CT structures 601-1, 601-2, and 601-3 includes a charge trap
region 605-1, 605-2, and 605-3, respectively, adjacent and contacting their
respective tunnel regions 607-1, 607-2, and 607-3. Each of charge trap regions
605-1, 605-2, and 605-3 can be a dielectric material that can store charge from

channels 603-1, 603-2, and 603-3, respectively. Charge trap regions 605-1, 605-
24



WO 2019/032373 PCT/US2018/044990

2, and 605-3 can be a dielectric nitride region such as, for example, a region
including dielectric silicon nitride. Other dielectric materials for charge trap
regions 605-1, 605-2, and 605-3 can be used to trap charge. Each of CT
structures 601-1, 601-2, and 601-3 includes a dielectric blocking region 609-1,
609-2, and 609-3, respectively, adjacent and contacting their respective charge
trap region 605-1, 605-2, and 605-3.

[0074] Each of CT structures 601-1, 601-2, and 601-3 include a dielectric
barrier 610-1, 610-2, and 610-3 and a gate 615-1, 615-2, and 615-3, respectively,
where each dielectric barrier 610-1, 610-2, and 610-3 is disposed between
dielectric blocking region 609-1, 609-2, and 609-3 and gates 615-1, 615-2, and
615-3 of their respective CT structures 601-1, 601-2, and 601-3. Each of
dielectric barriers 610-1, 610-2, and 610-3 can be implemented using materials
for the dielectric barriers selected to enable processing of voids between CT
structures 601-1, 601-2, and 601-3 arranged in the 3D stack 606 associated with
string 611. 3D stack 606 can be realized as a 3D NAND stack 606. Each of
dielectric barriers 610-1, 610-2, and 610-3 can include an aluminum oxide or a
dielectric having a dielectric constant greater than that of aluminum oxide.
[0075] Each dielectric barrier 610-1, 610-2, and 610-3 extends to the dielectric
barrier of an adjacent CT structure and is arranged with gate 615-1, 615-2, and
615-3 of its respective CT structure 601-1, 601-2, and 601-3 and the gate of the
adjacent charge trap structure, providing a void between the charge trap structure
and the adjacent charge trap structure. Dielectric barrier 610-3 of CT structure
601-3 extends to dielectric barrier 610-2 of CT structure 601-2 and is arranged
with gate 615-3 of CT structure 601-3 and gate 615-2 of adjacent CT structure
601-2 such that void 620-3 is provided. Dielectric barrier 610-2 of CT structure
601-2 extends to dielectric barrier 610-1 of CT structure 601-1 and is arranged
with gate 615-2 of CT structure 601-2 and gate 615-1 of adjacent CT structure
601-1 such that void 620-2 is provided. Each CT structure 601-1, 601-2, and
601-3 is arranged with an adjacent CT structure, vertically up or vertically down
in stack 606 associated with vertical string 611. In addition, dielectric barrier
610-1 of CT structure 601-1 extends to a region on which stack 606 is disposed.
The region may be an isolation region or another active device area such as an

access transistor that couples stack 606 to conductive region 613 on substrate
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602. Dielectric barrier 610-1 of CT structure 601-1 is arranged with gate 615-1
of CT structure 601-1 and the region on which stack 606 is disposed such that
void 620-1 is provided. Alternatively, string 611 can be structured directly on
conductive region 613, where electrical isolation between gate 615-1 and
conductive region 613 is provided at least in part by void 620-1.

[0076] Each of voids 620-1, 620-2, and 620-3 can be sealed by a dielectric
region 622-1, 622-2, and 622-3, respectively. Dielectric region 622-1 is located
on the region on which stack 606 is disposed (alternatively conductive region
613) and extends to and is located on gate 615-1 of CT 601-1. Void 620-1 is
contained within dielectric barrier 610-1 extended to the region on which stack
606 is disposed (alternatively conductive region 613), gate 615-1, dielectric
region 622-1 on gate 615-1, the region on which stack 606 is disposed
(alternatively conductive region 613), and dielectric region 622-1 on the region
on which stack 606 is disposed (alternatively conductive region 613).

[0077] Dielectric region 622-2 is located on gate 615-2 of CT structure 601-2
and extends to and is located on gate 615-1 of CT 601-1. Void 620-2 is
contained within dielectric barrier 610-2 extended to dielectric barrier 610-1,
gate 615-2, dielectric region 622-2 on gate 615-2 of CT structure 601-2, gate
615-1 of adjacent CT structure 601-1, and dielectric region 622-2 on gate 615-1
of CT structure 601-1.

[0078] Dielectric region 622-3 is located on gate 615-3 of CT 601-3 and
extends to and is located on gate 615-2 of CT structure 601-2. Void 620-3 is
contained within dielectric barrier 610-3 extended to dielectric barrier 610-2,
gate 615-3, dielectric region 622-3 on gate 615-3 of CT structure 601-3, gate
615-2 of adjacent CT structure 601-2, and dielectric region 622-3 on gate 615-2
of CT structure 601-2.

[0079] In some variations, dielectric regions 622-1, 622-2, and 622-3 may
extend along the surfaces of the gates between which they are respectively
located to the dielectric barrier extending between adjacent CT structures that are
separated by the respective dielectric regions 622-1, 622-2, and 622-3. In such
variations, each associated void is contained within a dielectric barrier, a
dielectric region on the gate of a charge trap structure, and a dielectric region on

the gate of an adjacent charge trap structure. Such voids may be smaller than
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those in which the sealing dielectrics do not extend to their associated dielectric
barriers. The voids between gates of adjacent CT structures can be largest in
vertical extent at the dielectric barriers between the adjacent CT structures.
[0080] As can be seen in Figure 6N, tunnel regions 607-1, 607-2, and 607-3,
charge trap regions 605-1, 605-2 and 605-3, dielectric blocking regions 609-1,
609-2, and 609-3 of electronic apparatus 600 can be implemented similar to or
identical to tunnel regions 307-1, 307-2, and 307-3, charge trap regions 305-1,
305-3 and 305-3, dielectric blocking regions 309-1, 309-2, and 309-3 of memory
device 300 of Figure 3.

[0081] Semiconductor pillar 603 of string 611 of memory device 600 can be
structured as a doped semiconductor hollow channel. Semiconductor pillar 603
can include poly silicon as a hollow channel surrounding a dielectric 604.
Semiconductor pillar 603 can operatively conduct a current between conductive
region 613 and a conductive data line coupled to semiconductor pillar 603. Such
conductive data line may be coupled to semiconductor pillar 603 by an access
transistor. In various 3D memory architectures, such arrangement of conductive
region 613 and a conductive data line coupled to semiconductor pillar 603 can be
provided with conductive region 613 being a source region and conductive data
line. The conductive data line can be a bit line. The current can be affected by
the charge stored in CT structures 601-1, 601-2, and 601-3 along string 611,
where control of storing the charge is by the gates 615-1, 615-2, and 615-3 of CT
structures 601-1, 601-2, and 601-3. Gates 615-1, 615-2, and 615-3 can be
incorporated in access lines of electronic apparatus of 600. The access lines may
be word lines.

[0082] As with the memory device 300 of Figure 3, voids 620-1, 620-2, and
630-3 between CT structure 601-1 and the region on which stack 606 is disposed
(alternatively conductive region 613), between CT structures 601-2 and 601-1,
and between CT structures 601-3 and 601-2 provide voids between access lines
of electronic apparatus 600. These voids can decrease access line (gate) to
access line (gate) capacitance relative to using conventional dielectric materials
between such access lines. Using voids, such as voids 620-1, 620-2, and 630-3,
for an acceptable capacitance, can allow the distance between access lines

(gates) to CT cells to be smaller, allowing more room for the access lines (gates)
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to CT cells, that is, access lines (gates) can be vertically wider, which can lower
the access line resistance.

[0083] Using features associated with methods of forming one or more CTs,
taught herein, a memory device can include a number of CT memory cells. A
memory device can comprise: a number of vertical strings, where each vertical
string includes a vertical pillar of semiconductor material; and multiple charge
trap structures arranged in a vertical stack of each string with each charge trap
structure vertically adjacent another one of the multiple charge trap structures in
the vertical stack. Each charge trap structure can include: a tunnel region
adjacent and contacting the vertical pillar; a charge trap region adjacent and
contacting the tunnel region; a dielectric blocking region adjacent and contacting
the charge trap region; a gate, the gate separated by a void from the gate of an
adjacent charge trap structure; and a dielectric barrier between the dielectric
blocking region and the gate. The void can be contained within the dielectric
barrier, a dielectric region on the gate of the charge trap structure, and a
dielectric on the gate of the adjacent charge trap structure.

[0084] The memory device may include a number of arrangements of the
multiple charge trap structures in the vertical stack. The tunnel region can
extend along the vertical pillar of semiconductor material and can extend
through the other charge trap structures as the tunnel region of each charge trap
structure. The charge trap region can extend along the vertical pillar of
semiconductor material and can extend through the other charge trap structures
as the charge trap region of each charge trap structure. The dielectric blocking
region of the first charge trap structure can extend along the vertical pillar of
semiconductor material and can extend through the other charge trap structures
as the dielectric blocking region of each charge trap structure. The dielectric
barrier can extend along the vertical pillar of semiconductor material and can
extend through the other charge trap structures as the dielectric barrier of each
charge trap structure.

[0085] The memory device may include a number of features in each charge
trap structure. The dielectric barrier can include aluminum oxide or a dielectric
having a dielectric constant greater than that of aluminum oxide. The vertical

pillar can be structured as a doped hollow channel. The doped hollow channel
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can include poly silicon surrounding a dielectric. The gates can be incorporated
in access lines of a memory array of the memory device.

[0086] Figure 7 illustrates an embodiment of an example of a wafer 700
arranged to provide multiple electronic components. Wafer 700 can be provided
as a wafer in which a number of dice 705 can be fabricated. Alternatively, wafer
700 can be provided as a wafer in which the number of dice 705 have been
processed to provide electronic functionality and are awaiting singulation from
wafer 700 for packaging. Wafer 700 can be provided as a semiconductor wafer,
a semiconductor on insulator wafer, or other appropriate wafer for processing
electronic devices such as an integrated circuit chips. Wafer 700 can be
fabricated in accordance with methods associated with any embodiment or
combination of embodiments related to Figures 1-6.

[0087] Using various masking and processing techniques, each die 705 can be
processed to include functional circuitry such that each die 705 is fabricated as
an integrated circuit with the same functionality and packaged structure as the
other dice on wafer 700. Alternatively, using various masking and processing
techniques, various sets of dice 705 can be processed to include functional
circuitry such that not all of the dice 705 are fabricated as an integrated circuit
with the same functionality and packaged structure as the other dice on wafer
700. A packaged die having circuits integrated thereon providing electronic
capabilities is herein referred to as an integrated circuit (IC).

[0088] Wafer 700 can comprise multiple dice 705. Each die 705 of the
multiple dice can include a charge trap structure. The charge trap structure and
similar charge trap structures can include various of the features for charge flash
structures associated with Figures 1-6. The charge trap structure can include a
semiconductor pillar operable to conduct a current; a charge trap region
separated from the semiconductor pillar by a tunnel region; a dielectric blocking
region on the charge trap region; a gate on the dielectric blocking region to
control storage of charge in the charge trap region, the gate separated by a void
from a region which the charge trap structure is directly disposed; and a
dielectric barrier separating the dielectric blocking region from the gate. The
dielectric barrier may be in an arrangement with the gate such that there is a void

between the gate and the region which the charge trap structure is directly
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disposed. The void can be contained within the dielectric barrier, a dielectric
region on and contacting the gate, and the region which the charge trap structure
is directly disposed.

[0089] The charge trap structure of each die 705 can be one of multiple charge
trap structures arranged in a vertical stack along a vertical string of a number of
vertical strings, where each trap structure is vertically adjacent another one of the
multiple charge trap structures in the vertical stack. Each charge trap structure
along a respective vertical string can include: a semiconductor pillar for the
charge trap structure that is a portion of semiconductor material arranged
vertically along the vertical string for all charge trap structures along the vertical
string; a tunnel region adjacent and contacting the semiconductor pillar; a charge
trap region adjacent and contacting the tunnel region; a dielectric blocking
region adjacent and contacting the charge trap region; a gate, where the gate is
separated by a void from the gate of an adjacent charge trap structure; and a
dielectric barrier between the dielectric blocking region and the gate. The
dielectric barrier of each charge trap structure can extend to the dielectric barrier
of an adjacent charge trap structure and can be arranged with the gate of the
respective charge trap structure and the gate of the adjacent charge trap structure,
providing a void between the charge trap structure and the adjacent charge trap
structure. The dielectric barrier can include aluminum oxide or a dielectric
having a dielectric constant greater than that of aluminum oxide. The
semiconductor pillar can include poly silicon surrounding a dielectric.

[0090] Figure 8 shows a block diagram of an embodiment of an example
system 800 that includes a memory 863 structured with an array of CT structures
as memory cells. The architectures of the CT structures and the memory can be
realized in a manner similar to or identical to structures in accordance with
various embodiments discussed herein. System 800 can include a controller 862
operatively coupled to memory 863. System 800 can also include an electronic
apparatus 867 and peripheral devices 869. One or more of controller 862,
memory 863, electronic apparatus 867, and peripheral devices 869 can be in the
form of one or more ICs.

[0091] A bus 866 provides electrical conductivity between and/or among

various components of system 800. In an embodiment, bus 866 can include an
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address bus, a data bus, and a control bus, each independently configured. In an
alternative embodiment, bus 866 can use common conductive lines for providing
one or more of address, data, or control, the use of which is regulated by
controller 862. Controller 862 can be in the form or one or more processors.
[0092] Electronic apparatus 867 may include additional memory. Memory in
system 800 may be constructed as one or more types of memory such as, but not
limited to, dynamic random access memory (DRAM), static random access
memory (SRAM), synchronous dynamic random access memory (SDRAM),
synchronous graphics random access memory (SGRAM), double data rate
dynamic ram (DDR), double data rate SDRAM, and magnetic based memory.
[0093] Peripheral devices 869 may include displays, imaging devices, printing
devices, wireless devices, additional storage memory, and control devices that
may operate in conjunction with controller 862. In various embodiments,
system 800 includes, but is not limited to, fiber optic systems or devices, electro-
optic systems or devices, optical systems or devices, imaging systems or devices,
and information handling systems or devices such as wireless systems or
devices, telecommunication systems or devices, and computers.

[0094] Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Various embodiments use permutations
and/or combinations of embodiments described herein. It is to be understood
that the above description is intended to be illustrative, and not restrictive, and
that the phraseology or terminology employed herein is for the purpose of
description. In addition, in the foregoing Detailed Description, it can be seen
that various features are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Thus, the following claims are
hereby incorporated into the Detailed Description, with each claim standing on

its own as a separate embodiment.
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CLAIMS

1. An apparatus comprising:
a charge trap structure disposed above a substrate, the charge trap
structure including:

a semiconductor pillar operable to conduct a current;

a charge trap region separated from the semiconductor pillar by a

tunnel region;

a dielectric blocking region adjacent the charge trap region;

a gate adjacent to the dielectric blocking region operable to
control storage of charge in the charge trap region, at least a portion of
the gate being separated from at least a portion of an adjacent gate by at
least a void; and

a dielectric barrier structured as a nanolaminate of multiple
regions of different materials between the dielectric blocking region and
the gate, with the dielectric barrier vertically contacting the gate, the
adjacent gate, and extending from the gate to the adjacent gate, and with
the dielectric barrier constructed to form at least a portion of a boundary
of the void.

2. The apparatus of claim 1, wherein the void is contained within at least a
portion of the dielectric barrier, at least a portion of the gate, at least a portion of

the adjacent gate, and at least a portion of a dielectric region on the gate.

3. The apparatus of claim 1, wherein the dielectric barrier has a thickness in
the range from about 15 angstroms to about 50 angstroms between the dielectric

blocking region and the gate.
4. The apparatus of claim 1, wherein the tunnel region is an arrangement of

one, two, or three dielectric regions.

5. The apparatus of claim 4, wherein the charge trap region is a nitride
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region, the blocking dielectric region is an oxide region, the tunnel region
includes an oxide and a nitride, the semiconductor pillar includes poly silicon,
and the dielectric barrier includes aluminum oxide or a dielectric having a

dielectric constant greater than that of aluminum oxide.

6. A memory device comprising:

a string of memory cells including a vertical pillar of semiconductor
material; and

multiple charge trap structures arranged in a vertical stack with each
charge trap structure vertically adjacent another one of the multiple charge trap
structures in the vertical stack, each charge trap structure including:

a tunnel region adjacent and contacting the vertical pillar;

a charge trap region adjacent and contacting the tunnel region;

a dielectric blocking region adjacent and contacting the charge
trap region;

a gate, at least a portion of the gate separated from at least a
portion of the gate of an adjacent charge trap structure by at least a void,;
and

a dielectric barrier structured as a nanolaminate of multiple
regions of different materials between the dielectric blocking region and
the gate, with the dielectric barrier vertically contacting the gate, the gate
of the adjacent charge trap structure, and extending from the gate to the
gate of the adjacent charge trap structure, and with the dielectric barrier
constructed to form at least a portion of a boundary of the void.

7. The memory device of claim 6, wherein the void is contained within at
least a portion of the dielectric barrier, at least a portion of a dielectric region on
at least a portion of the gate of the charge trap structure, and at least a portion of
the dielectric region that is also on at least a portion of the gate of the adjacent

charge trap structure.

8. The memory device of claim 6, wherein the tunnel region extends along

the vertical pillar of semiconductor material and extends through the other
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charge trap structures as the tunnel region of each charge trap structure of the

string.

9. The memory device of claim 6, wherein the charge trap region extends
along the vertical pillar of semiconductor material and extends through the other
charge trap structures as the charge trap region of each charge trap structure of

the string.

10.  The memory device of claim 6, wherein the dielectric blocking region
extends along the vertical pillar of semiconductor material and extends through
the other charge trap structures as the dielectric blocking region of each charge
trap structure of the string.

11.  The memory device of claim 6, wherein the dielectric barrier includes

aluminum oxide.

12.  The memory device of claim 6, wherein the dielectric barrier includes a
dielectric material having a dielectric constant greater than that of aluminum

oxide.

13.  The memory device of claim 6, wherein the vertical pillar is structured as

a doped hollow channel.

14.  The memory device of claim 6, wherein the vertical pillar includes poly

silicon surrounding a dielectric material.

15.  The memory device of claim 6, wherein the gates are incorporated in

access lines of a memory array of the memory device.

16. A method comprising:
forming a charge trap structure above a substrate, including:

forming a dielectric barrier structured as a nanolaminate of
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multiple regions of different materials on a wall of an opening in a
material stack;

forming a dielectric blocking region on and contacting the
dielectric barrier;

forming a charge trap region on and contacting the dielectric
blocking region;

forming a tunnel region on and contacting the charge trap region;

forming a semiconductor pillar on and contacting the tunnel
region, the semiconductor pillar separated from the charge trap region by
the tunnel region, the semiconductor pillar operable to conduct a current;

forming a gate on and contacting the dielectric barrier, at least a
portion of the gate separated from at least a portion of an adjacent gate by
at least a void, the gate separated from the dielectric blocking region by
the dielectric barrier, the gate operable to control storage of charge in the
charge trap region, with the dielectric barrier vertically contacting the
gate, the gate of the adjacent charge trap structure, and extending from
the gate to the gate of the adjacent charge trap structure, with the
dielectric barrier constructed to form at least a portion of a boundary of
the void.

17.  The method of claim 16, wherein the method includes:

forming the opening in the material stack with the material stack having
alternating sacrificial regions and isolation dielectrics;

removing sacrificial regions adjacent to the dielectric barrier using a
chemistry and process to remove the sacrificial region substantially without
removing material for the dielectric barrier;

forming the gate in a region in which a sacrificial region has been
removed and forming the adjacent gate in a region in which another one of the
sacrificial regions has been removed,;

removing material from between the gate and the adjacent gate to form
an open area by a chemistry and process to remove the isolation dielectrics
previously formed between adjacent sacrificial regions without substantially

removing the material for the dielectric barriers, without substantially removing
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material of the gate, and without substantially removing material of the adjacent
gate; and

forming a dielectric in at least a portion of the open area to form the void.

18.  The method of claim 16, wherein forming the dielectric barrier includes

forming aluminum oxide.

19.  The method of claim 16, wherein forming the dielectric barrier includes
forming a dielectric material having a dielectric constant greater than that of

aluminum oxide.

20.  The method of claim 16, wherein forming the charge trap region includes

forming a dielectric nitride as the charge trap region.

21.  The method of claim 16, wherein forming the gate includes forming
tungsten as a portion part of the gate.

22.  The method of claim 21, wherein forming the gate includes forming a
titanium nitride region on and contacting the dielectric barrier and forming the

tungsten on the titanium nitride region.

23. A method comprising:

forming a stack of materials with an opening surrounded by materials to
form tunnel regions, charge trap regions, dielectric blocking regions, and
dielectric barriers of multiple charge trap structures of a string of memory eels;
cells of a memory device, including a first charge trap structure, with each trap
structure of the string, except for the first charge trap structure in the string,
disposed above another one of the multiple charge trap structures, wherein the
materials forming the tunnel regions, the charge trap regions, the dielectric
blocking regions, and the dielectric barriers of the multiple charge trap structures
vertically run continuously from a topmost charge trap structure of the string to a
bottommost charge trap structure of the string at completion of formation of the

memory device;
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forming multiple gates contacting material for the dielectric barriers after
forming the tunnel regions, the charge trap regions, the dielectric blocking
regions, and the dielectric barriers for the multiple charge trap structures with
each dielectric barrier structured as a nanolaminate of multiple regions of
different materials;

removing material from the stack such that at least a portion of each gate
of the multiple gates is separated from at least a portion of a vertically adjacent
gate of the multiple gates by an open area, exposing portions of the material for
the dielectric barriers; and

processing the stack of materials further such that a portion of each open
area is left as a void between gates of adjacent charge trap structures, with the
material for the dielectric barriers vertically contacting the gates of adjacent
charge trap structures such that the material for the dielectric barriers forms at

least a portion of a boundary of each void.

24. The method of claim 23, wherein the material for the dielectric barrier

includes aluminum oxide.

25.  The method of claim 23, wherein the material for the dielectric barrier
includes a dielectric material having a dielectric constant greater than that of

aluminum oxide.

26.  The method of claim 23, wherein forming multiple gates contacting
material for the dielectric barriers and removing material such that each gate is
separated from a vertically adjacent gate of the multiple gates includes, with the
stack of material including alternating sacrificial regions and isolation dielectrics
adjacent to the material to form tunnel regions, charge trap regions, dielectric
blocking regions, and dielectric barriers:

removing sacrificial regions adjacent to the material for the dielectric
barriers using a chemistry and process to remove the sacrificial region
substantially without removing material for the dielectric barrier;

forming gate material in each region in which a sacrificial region is

removed; and
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removing material from between each gate by a chemistry and process to
remove the isolation dielectrics previously formed between adjacent sacrificial
regions without substantially removing the material for the dielectric barriers and

without substantially removing the gate material in each region.

27.  The method of claim 26, wherein forming the gate material in each
region in which the sacrificial region is removed includes forming the gate

material coupled to access lines in a memory array for a memory device.
28.  The method of claim 23, wherein the method includes sealing, with a

dielectric, the open area between gates of adjacent charge trap structures in

forming the void.
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