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(57) Abstract: Various embodiments, disclosed herein, include methods and apparatus having charge trap structures, where each charge
trap structure includes a dielectric barrier between a gate and a blocking dielectric on a charge trap region of the charge trap structure.
In various embodiments, material of the dielectric barrier of each of the charge trap structures may have a dielectric constant greater
than that of aluminum oxide. Additional apparatus, systems, and methods are disclosed.
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CHARGE TRAP STRUCTURE WITH BARRIER TO
BLOCKING REGION

PRIORITY APPLICATION

[0001] This application claims the benefit of priority to U.S. Application
Serial Number 15/675,223, 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 of the memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1A is a cross-sectional representation of an example charge trap
structure, which can be included in a variety of electronic apparatus, according
to various embodiments.

[0004] Figure 1B is a cross-sectional representation of an example gate having
a structure with multiple components, according to various embodiments.

[0005] Figures 2A-2C illustrate a comparison of a charge trap structure having
an aluminum oxide dielectric barrier region with a charge trap structure having a
hafnium oxide dielectric barrier region, according to various embodiments.
[0006] Figure 3 is plot of cell degradation versus cycling conditions,
according to various embodiments.

[0007] Figure 4 shows a schematic diagram of a block architecture and page
address mapping of a memory array of a three-dimensional memory device,

according to various embodiments.
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[0008] Figure S is a flow diagram of features of an example method of
forming charge trap structures, according to various embodiments.

[0009] Figure 6 is a flow diagram of features of an example method of
forming charge trap structures, according to various embodiments.

[0010] Figures 7A-7H illustrate stages of an example method to form charge
trap structures in a vertical stack, according to various embodiments.

[0011] Figure 8 illustrates an example of a wafer having multiple electronic
components, according to various embodiments.

[0012] Figure 9 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

[0013] 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.

[0014] 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 of an
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.

[0015] Figure 1A is a cross-sectional representation of an embodiment of an

example charge trap (CT) structure 100, which can be included in a variety of
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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
store charge. The CT structure 100 can include a semiconductor pillar 103, a
charge trap region 105, a tunnel region 107, a dielectric blocking region 109, a
dielectric barrier 110, and a gate 115. The figures herein are not drawn to scale.
Semiconductor pillar 103 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 conductive titanium nitride. Figure 1B is
a cross-sectional representation of gate 115 having a structure with multiple
components. Gate 115 can include conductive titanium nitride, or other metallic
compound, with a metal on and contacting the conductive titanium nitride, or
other metallic compound. For example, gate 115 can include a conductive TiN
barrier layer 115-1 of approximately 15 to 30 Angstroms on which tungsten 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.

[0016] Semiconductor pillar 103 can include, but is not limited to,
polycrystalline silicon (poly silicon). The regions of structure 100 shown in
Figure 1A can be arranged as rings of material around center region 104. Center
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 includes
silicon oxide.

[0017] Charge trap region 105 is separated from the semiconductor pillar 103
by a tunnel region 107. Charge trap region 105 can be dielectric material that
can store charge from semiconductor pillar 103. 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 associated with charge trap region 105. The example in Figure 1A
shows tunnel region 107 being a three region tunnel barrier. The three region
tunnel barrier can be arranged as a region of dielectric oxide, a region of
dielectric nitride disposed on the dielectric oxide, and another region of
dielectric oxide disposed on the region of dielectric nitride. Alternatively, tunnel

region 107 can be a two region tunnel barrier or a one region tunnel barrier.
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Further, tunnel region 107 may have more than four 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.
[0018] 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 dielectric barrier
110 comprises a material different from a material of the dielectric blocking
region. The material of the dielectric barrier 110 has a dielectric constant greater
than that of aluminum oxide.

[0019] Dielectric barrier 110 can be structured as being conformal around the
edge of gate 115. In the example of Figure 1A, dielectric barrier 110 is disposed
between dielectric blocking region 109 and gate 115 in a vertical manner and
along surfaces of gate 115 that are perpendicular to the vertical disposition of
dielectric barrier 110 between dielectric blocking region 109 and gate 115. In
embodiments having multiple CTs, similar to that shown in Figure 1A, arranged
in a vertical stack, the dielectric barriers 110 of the multiple CTs are
discontinuous between each CT along the vertical stack. In an alternative
embodiment, the dielectric barrier 110 can be structured between dielectric
blocking region 109 and gate 115 in a vertical manner without extending around
the edge of gate 115. In a vertical stack of CTs having such vertical dielectric
barriers, these dielectric barriers 110 of the multiple CTs can be continuous
between each CT along the vertical stack.

[0020] A thin AlO« layer as dielectric barrier 110 between dielectric blocking
region 109 and gate 115 enables an enhanced tunneling barrier that prevents the
back-tunneling of electrons from gate 115 through dielectric blocking region 109
into charge trap region 105, thereby limiting operational erase saturation to small
positive or small negative threshold voltage (V1) levels. (Use of nomenclature
ABy indicates an AB material that is not limited to a particular stoichiometry for

the AB compound.) However, the inventor has discovered that better barrier
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properties can be obtained by replacing this AlOy layer with a dielectric having a
higher dielectric constant, k, which lead to enhanced erase capability and cycling
performance. Aluminum oxide has a k value of about 9 to 10 and an electron
affinity, y, of about 2.8 eV. The enhanced erase capability and cycling
performance can enable structuring a memory device having a memory array of
cells, each memory cell structured similar to CT structure 100, as a memory
device having quad level cells (QLCs). With AlOy, the usable erase window is
still limited, relative to a silicon oxide blocking region, by the erase trap up (shift
in threshold voltage) during cycling that happens as the erase V¢ moves deeper in
the range enabled by the AlOx film. With some materials, such as HfOy, this
erase trap up does not occur, thereby expanding the usable program to erase
(P/E) window, which provides a key enabler for a QLC with double or possibly
single pass programming.

[0021] The material of dielectric barrier 110 can have an electron affinity
lower than that aluminum oxide. Dielectric barrier 110 can include one or more
of 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. Examples of film
that can be used include HfO» and/or ZrO, based materials, as well as mixtures
with other materials such as AlOx, Si02, TiO2, GaOx, NbOy, and Ta20s. Such
materials may not be limited to a particular stoichiometry. Factors in the choice
of dielectric barrier may include dielectric material having a reasonably high «
value over 10-15. For example, the material for the dielectric barrier may be
selected in a range of 10 <k < 80 as a wide range, or a range of 12 <« <40 that
is further removed from the range for aluminum oxide and may include a
number of candidate materials for the dielectric barrier. Factors in the choice of
dielectric barrier may also include dielectric material also having as an electron
affinity, y, lower than 2.8 eV, which is the value for AlOx. For example, the
choice of dielectric barrier may include dielectric material also having as a y,
value in arange 1.0 eV <y <2.8 eV or a y value in a range given by 1.5 eV <y
< 2.5 eV, for example.

[0022] In various embodiments, a memory device can be structured as a

memory structure in which memory cells to store charge are arranged in
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different levels in three-dimensional (3D) structure. For example, the memory
device can include a 3D NAND stack in which memory cells similar to CT
structure 100 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 such as word lines.
Memories of the array can be coupled together in series between common
regions, such as source lines, and data lines such as bit lines.

[0023] The 3D NAND stack can be implemented with a dielectric barrier, such
as dielectric barrier 110, using materials with better barrier properties in such 3D
structures than AlOy, which can provide enhanced improvement in erase
saturation relative to AlOx dielectric barriers in CT structures. The gate, 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.

[0024] Figures 2A-2C illustrate a comparison of a CT structure having an
aluminum oxide dielectric barrier region with a CT structure having a hathium
oxide dielectric barrier region, under erase condition of a gate voltage, Vg, equal
to -20V. Figure 2A is a band diagram of a CT structure having a silicon region
203-1 separated from a silicon nitride trapping region 205-1 by tunneling silicon
oxide region 207-1, where on silicon nitride trapping region 205-1 is a blocking
silicon oxide region 209-1 on which is an AlOx region 210-1. Figure 2B is a
band diagram of a CT structure having a silicon region 203-2 separated from a
silicon nitride trapping region 205-2 by tunneling silicon oxide region 207-2,
where on silicon nitride trapping region 205-2 is a blocking silicon oxide region
209-2 on which is an HfO; region 210-2. With the two structures of Figures 2A
and 2B being the same except for the barrier regions 210-1 and 210-2, it can be
seen that the hathium oxide of barrier region 210-2 provides a better tunneling
barrier for electrons during the erase operation, which can lead toa 1V-2V
wider P/E window. This enhanced barrier at the gate region of the CT structure
may be realized by the higher k value combined with lower y of HfO» compared

to AlOx. Figure 2C is a table of dielectric constants, band gaps, and electron
6



WO 2019/032376 PCT/US2018/045015

affinities of SiO2 and SiN commonly used with AlOx in comparison with the
properties of HfO».

[0025] A key issue for a memory stack using CT cells includes charge
retention in the program and/or erase states. The inventor has determined that
HfO; films, for example, provide matched and better retention for both charge
loss and charge gain compared to AlOx, but with a larger P/E window. For
standard cycling procedure with respect to programming, essentially there is no
difference in trap up between a CT structure with an AlOx barrier region and a
CT structure with a HfO, barrier region. With respect to erasures, there is a
larger P/E window for a CT structure with an HfO barrier region than for a CT
structure with an AlOx barrier region.

[0026] The inventor has also discovered that an HfO, barrier region can
provide prevention of erase trap up during cycling to low erase V states, which
restricts the usable P/E window of an AlOx barrier region. With an HfO; barrier
region, it has been determined that the CT cell can be cycled down to -6V erase
and can cycle up to 20k times with reasonable trap up levels, whereas cells with
AlOx have unacceptable trap up at this deep erase level even after just 100
cycles or less. Figure 3 is plot of cell degradation versus cycling conditions.
The number of cycles used was 20k. Curve 352 is a fit for data points for an
AlOx barrier region, while line 354 is an approximate fit for data points for an
HfO; barrier region. Ve is the erase voltage for each of the 20K cycles and

AV ers 18 the change in V¢ after 20k cycles of program-erase for a given Vers. As
Figure 3 shows that use of an HfO» barrier region enables good cycling to 20K
with respect to threshold voltage even at deep erase volts unlike an AlOx barrier
region.

[0027] Figure 4 shows a schematic diagram of a block architecture and page
address mapping of a memory array 402 of a 3D memory device 400. Memory
device 400 can be realized in the form of a 3D NAND memory device 400.
Memory device 400 can comprise multiple vertical strings 411 of charge storage
devices 401. In the Z direction shown in Figure 4, each string 411 of charge
storage devices can comprise a multiple storage devices 401 stacked over one
another with each charge storage device 401 corresponding to one of multiple

tiers. For example, as shown in Figure 4, thirty-two charge storage devices are
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stacked over one another in a string with each charge storage device 401
corresponding to one of thirty-two tiers shown as Tier0-Tier31. The number of
storage devices and tiers in the Z direction are not limited to thirty-two. The
charge storage devices 401 of a respective string 411 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.

[0028] In the X direction shown in Figure 4, 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 401 corresponding to a respective tier of each string 411
of a corresponding one of the eight strings. The charge storage devices 401
coupled by the same access line, CG, (and thus corresponding to the same tier)
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 400 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.

[0029] Inthe Y direction shown in Figure 4, 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 494,
which connects 16 pillar strings together, and the structure with respect to the
CGs is one plate 493, 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 4.

[0030] The vertical strings 411 can include a vertical semiconductor pillar with
a number of charge storage devices 401 arranged along each vertical string.
Each charge storage device 401 can include a charge trap region separated from
the vertical semiconductor 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
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region; and a dielectric barrier between the dielectric blocking region and the
gate, material of the dielectric barrier having a dielectric constant greater than
that of aluminum oxide, the material of the dielectric barrier different from
material of the dielectric blocking region. The gate of each charge storage
device 401 can be coupled to or integrated with an access line CG corresponding
to the location in memory array 402 of the respective charge storage device 401.
Charge storage device 401 may be realized in a manner similar to the CT
structure of Figure 1A or in a manner similar to a CT structure in Figure 7H.
[0031] The components of charge storage device 401 can be implemented by
selecting properties from a number of different parameters. The dielectric
barrier of charge storage device 401 can include one or more of 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 angstroms from the dielectric
blocking region to the gate of charge storage device 401. The dielectric barrier
of charge storage device 401 can include a dielectric material composition such
that the dielectric barrier provides the memory device with a program to erase
window that is at least 0.5 volts wider than the memory device having the
dielectric barrier composed of aluminum oxide.

[0032] The tunnel region of charge storage device 401 can be implemented as
a three region tunnel barrier. Such a three region tunnel barrier can be
implemented as a region of dielectric oxide, a region of dielectric nitride
disposed on the dielectric oxide, and another region of dielectric oxide disposed
on the region of dielectric nitride. The tunnel region of charge storage device
401 can be implemented as a two region tunnel barrier. The tunnel region of
charge storage device 401 can be implemented as a one region tunnel barrier.
Further, the tunnel region tunnel region of charge storage device 401 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 the charge trap region of charge storage device 401. The

gate of charge storage device 401 can be implemented as a metal gate. The
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channel of charge storage device 401 in a string 411 can be implemented as a
poly silicon channel.

[0033] Implementation of a high-k film, having a dielectric constant greater
than that of AlOy, as a barrier region between a gate and a dielectric blocking
region of a CT structure can be integrated onto a 3D NAND structure in a 3D
replacement gate (RG) flow in the manner in which a AlOx is conventionally
formed. For example, the high-k film can be deposited in a 3D structure after a
wet nitride strip and just before a metal replacement gate stack is deposited.
Thermal budget requirements are much less for the 3D RG flow, which only
requires a short re-activation anneal in the case of high-« flow, than for planar
floating gate NAND generations.

[0034] Another option is to deposit the high-k film directly into a pillar-like
formation before a blocking oxide deposition is conducted. In processing, the
pillar-like formation can begin with a trench in which a string of CTs can be
formed. In this case, the film would have to be able to withstand the hot
phosphorous or other nitride removal process during the gate replacement
processing module. However, in this option, the high- k material would not have
to withstand the metal recess processing associated with conventional RG
processing in a 3D NAND structure, either dry etch, wet etch, or combination. In
fabricating CT cells in this option for a 3D NAND structure, a doped hollow
channel (DHC) can be formed and the critical dimensions would likely need to
be enlarged to accommodate more films inside the pillar and maintain sufficient
margin for a punch etch to connect the DHC to a source. In this option, the
integration flow would have higher thermal stability requirements than for planar
floating gate NAND generations.

[0035] Figure 5 is a flow diagram of features of an embodiment of an example
method 500 of forming a CT structure. At 510, a blocking dielectric region is
formed along a wall of an open area in a material stack. At 520, a charge trap
region is formed on and contacting the blocking dielectric region. At 530, a
tunnel region is formed on and contacting the charge trap region. At 540,
semiconductor material is formed on and contacting the tunnel region. The
semiconductor pillar can be structured as a channel operable to conduct a

current.
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[0036] At 550, a portion of the material stack is removed, exposing a portion
of the dielectric blocking region. In a process of forming a number of CTs along
a common direction, the material stack may be sufficiently large in which to
form the CTs and removal of portions of the material stack can include forming
slits between CTs being formed before exposing portions of dielectric blocking
regions. At 560, a dielectric barrier is formed on and contacting the exposed
portion of the dielectric blocking region on a side of the dielectric blocking
region opposite the charge trap region. Material of the dielectric barrier can
have a dielectric constant greater than that of aluminum oxide. The material of
the dielectric barrier is different from the material of the dielectric blocking
region. Forming the dielectric barrier can include depositing one or more of
hafnium oxide, zirconium oxide, or a mixture 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.

[0037] At 570, a gate is formed on and contacting the dielectric barrier, the
gate separated from the dielectric blocking region by the dielectric barrier. The
gate 1s formed as arranged to control storage of charge in the charge storage
region. The formed blocking dielectric region, the formed charge trap region,
the formed tunnel region, the formed semiconductor pillar, the formed dielectric
barrier, and the formed gate form a charge trap structure. Forming the gate can
include forming a conductive titanium nitride region on and contacting the
dielectric barrier, and forming tungsten on and contacting the conductive
titanium nitride. The conductive titanium nitride region can be formed as an
adhesive region. Features of method 500 can be formed in a number of different
sequencing steps and is not limited to the order or features as presented in Figure
5.

[0038] Variations of method 500 or methods similar to method 500 can
include a number of different embodiments that may or may not be combined
depending on the application of such methods and/or the architecture of devices
or systems in which such methods are implemented. Such methods can include,
forming additional charge trap structures in a vertical stack in the material stack
with the charge trap structure, where the vertical stack has multiple levels with

one charge trap structure of the charge trap structures on each level of the
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vertical stack. Forming the charge trap structure and the additional charge trap
structures can include forming the charge trap structure and the additional charge
trap structures such that the dielectric barriers of the charge trap structures in the
vertical stack are discontinuous along the vertical stack. The semiconductor
pillar, having a number of the charge trap structures, can be coupled to a
semiconductor region formed as a source region.

[0039] Figure 6 is a flow diagram of features of an embodiment of an example
method 600 of forming a CT structure. At 610, a dielectric barrier is formed on
and contacting a wall of an open area in a material stack. Forming the dielectric
barrier can include forming aluminum oxide. Forming the dielectric barrier can
include depositing one or more of hafnium oxide, zirconium oxide, of a mixture
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.

[0040] At 620, a blocking dielectric region is formed on and contacting the
dielectric barrier. The material of the dielectric barrier is different from the
material of the dielectric blocking region. The material of the dielectric barrier
can have a dielectric constant greater than that of aluminum oxide. At 630, a
charge trap region is formed on and contacting the blocking dielectric region. At
640, a tunnel region is formed on and contacting the charge trap region. At 650,
semiconductor material is formed on and contacting the tunnel region. The
semiconductor material is structured to be operable to conduct a current.

[0041] At 660, a gate is formed on and contacting the dielectric barrier, the
gate separated from the dielectric blocking region by the dielectric barrier.
Forming the gate can include forming the gate arranged to control storage of
charge in the charge storage region. Forming the gate can include forming a
conductive titanium nitride region on and contacting the dielectric barrier. In
one variation, forming the gate can include forming tungsten on and contacting
the conductive titanium nitride. The formed blocking dielectric region, the
formed charge trap region, the formed tunnel region, the formed semiconductor
material, the formed dielectric barrier, and the formed gate form a charge trap

structure. Features of method 600 can be formed in a number of different
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sequencing steps and is not limited to the order or features as presented in Figure
6.

[0042] Variations of method 600 or methods similar to method 600 can
include a number of different embodiments that may or may not be combined
depending on the application of such methods and/or the architecture of devices
or systems in which such methods are implemented. Such methods can include
forming the material stack on a semiconductor region including forming the
open area as an open pillar in the material stack, the material stack including
alternating isolation dielectrics and sacrificial regions for conductive regions;
removing portions of the sacrificial regions, exposing portions of the dielectric
barrier; and forming multiple gates on and contacting the exposed portions of the
dielectric barrier such that additional charge trap structures are formed in the
material stack. The vertical stack can have multiple levels with one charge trap
structure of the charge trap structures on each level of the vertical stack, where
each gate of a charge trap structure is separated from a gate of an adjacent charge
trap structure in the vertical stack by one of the isolation dielectrics. Forming
the charge trap structures can include forming the dielectric barrier, the blocking
dielectric region, the charge trap region, the tunnel region, and the
semiconductor material as continuous regions between and through the charge
trap structures. Such methods can include forming the semiconductor material
to include forming a doped hollow pillar of the semiconductor material in the
open pillar. The semiconductor region can be formed as a poly silicon source
region.

[0043] Figures 7A-7H illustrate stages of an embodiment of an example
method to form charge trap structures in a vertical stack, where the figures are
cross-sectional views. Figure 7A shows a material stack 712 above a conductive
region 713 with an open pillar 714 in material stack 712, where the material
stack 712 includes alternating isolation dielectrics 717 and sacrificial regions
716. The number of alternating isolation dielectrics 717 and sacrificial regions
716 depends 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 the
memory array of the memory device, for example, a pair of a combination of

isolation dielectric 717 and sacrificial region 716 for each tier. Three isolation
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dielectrics 717 and three sacrificial regions 716 are shown in Figure 7A for ease
of discussion. Isolation dielectrics 717 can include, but are not limited to, an
oxide such as silicon oxide, and sacrificial regions 716 can include but are not
limited to, a nitride such as silicon nitride. The choice of material for isolation
dielectrics 717 and sacrificial regions 716 can depend on the temperatures and
chemistries used in fabricating multiple CT structures. Conductive region 713
can be a semiconductor region 713 such as, but not limited to, a semiconductor
region formed including poly silicon. In Figures 7A-7H, a space is shown
between a region 717 and conductive region 713 on a substrate 720 to indicate
that there may be additional materials and/or integrated circuit structures
between region 717 and conductive region 713, where these additional materials
and/or integrated circuit structures may include region 717.

[0044]  Figure 7B shows a dielectric barrier 710 formed on a wall of the open
pillar 714 in material stack 712. Forming the dielectric barrier 710 can include
depositing one or more of aluminum oxide, hatnium 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. Dielectric barrier 710 can be formed with a thickness
from the wall of the open pillar 714 in the range of 15 to 50 angstroms. The
deposition can be performed using one of a number of deposition processes. For
example, the deposition can be implemented using chemical vapor deposition
(CVD) or atomic layer deposition (ALD). ALD allows formation of a deposited
region as a nanolaminate of a number of different compounds in each of a sub-
region of the deposited region with the deposited 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.

[0045] Figure 7C shows a dielectric blocking region 709 formed on a surface
of the dielectric barrier 710 opposite the wall of the open pillar 714. Dielectric

blocking region 709 can include silicon oxide or other dielectric material. Figure
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7D shows material for a charge trap region 705 formed on a surface of the
dielectric blocking region 709 opposite the surface of the dielectric barrier 710.
Charge trap region 705 can include a dielectric nitride or other charge-trapping
dielectric material. Figure 7E shows material for a tunnel region 707 formed on
the charge trap region 705. Tunnel region 707 can be implemented as a three
region tunnel barrier as shown in Figure 7E. 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. Tunnel region
707 can be implemented as a two region tunnel barrier. Tunnel region 707 can
be implemented as a one region tunnel barrier. Further, tunnel region 707 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 the charge trap region 705. Tunnel region 707 can
include one or more dielectrics such as silicon oxide or dielectrics having a
dielectric constant greater than that of silicon dioxide.

[0046] Figure 7F shows a semiconductor pillar 703 formed on and contacting
tunnel region 707. Semiconductor pillar 703 can be formed as a doped hollow
channel on the material for the tunnel region 707. The doped hollow channel
can be coupled to conductive region 713. However, the manner in which
semiconductor pillar 703 is coupled to conductive region 713 may depend on the
structures in the region between the lowest isolation dielectric 717 and
conductive region 713. This region may contain one or more access transistors
coupled to the vertical stack of CTs, where the access transistors are not
structured as charge storage cells. These one or more access transistors may be
structured to share semiconductor pillar 703 as its transistor channel. In such
cases, before semiconductor pillar 703 is deposited to make contact to
conductive region 713, dielectrics, which are on the sidewalls of open pillar 714,
are also formed on conductive region 713 in the middle regions of open pillar
714. The dielectrics formed on conductive region 713 in the middle regions of
open pillar 714 can be etched to remove the dielectrics from conductive region
713 in the middle regions of open pillar 714 without removing the dielectrics on
the sidewalls of open pillar 714. This type of etch is referred to as a “punch”.

After the etch, the material for semiconductor pillar 703 can be formed on tunnel
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region 707 and on and contacting conductive region 713. Conductive region 713
can be a semiconductor region 713 formed as a source region.

[0047] Figure 7G shows the structure of Figure 7F with portions of the
sacrificial regions 716 removed, leaving open regions (air) between isolation
dielectrics 717. Figure 7H shows material for gates 715 formed in the open
regions of the structure of Figure 7G. The material for gates 715 are conductive
regions replacing the sacrificial regions 716 of Figure 7A. The conductive
material for gates 715 can include one or more metals. For example, the
conductive material for gates 715 can include conductive titanium nitride on
which tungsten is deposited. Other metals and/or combinations of metals and
metallic compounds can be used. Figure 7H shows a dielectric material in center
region 704, which is a remainder of open pillar 714 after forming regions in open
pillar 714. The dielectric material in center region may include silicon oxide.
[0048] Figure 8 illustrates an embodiment of an example of a wafer 800
having multiple electronic components. Wafer 800 can be provided as a wafer
in which a number of dice 805 can be fabricated. Alternatively, wafer 800 can
be provided as a wafer in which the number of dice 805 have been processed to
provide electronic functionality and are awaiting singulation from wafer 800 for
packaging. Wafer 800 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 800 can be
fabricated in accordance with any embodiment related to Figures 1-7.

[0049] Using various masking and processing techniques, each die 805 can be
processed to include functional circuitry such that each die 805 is fabricated as
an integrated circuit with the same functionality and packaged structure as the
other dice on wafer 800. Alternatively, using various masking and processing
techniques, various sets of dice 805 can be processed to include functional
circuitry such that not all of the dice 805 are fabricated as an integrated circuit
with the same functionality and packaged structure as the other dice on wafer
800. A packaged die having circuits integrated thereon providing electronic
capabilities is herein referred to as an integrated circuit (IC).

[0050] Wafer 800 can comprise multiple dice 805. Each die 805 of the

multiple dice can include a number of vertical strings, where each vertical string
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includes a vertical semiconductor pillar operable to conduct a current. A number
of charge storage devices can be arranged along each vertical string, where each
charge storage device includes a charge trap region separated from the vertical
semiconductor pillar of the 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, material of the dielectric barrier being
different from material of the dielectric blocking region. The dielectric barrier
can include aluminum oxide vertically structured without extending around the
edge of the gate or a dielectric having a dielectric constant greater than that of
aluminum oxide. The charge storage devices can be arranged in accordance with
the teachings for a CT structure as taught herein. For example, the dielectric
barrier of the charge storage devices of dies 805 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. In
addition, the dielectric barrier can have a dielectric constant greater than or equal
to twelve. The charge trap region of the charge storage devices of dies 805 can
be implemented as a dielectric nitride region and the tunnel region can include a
set of dielectric regions.

[0051] Figure 9 shows a block diagram of an embodiment of an example
system 900 that includes a memory 963 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 900 can include a controller 962
operatively coupled to memory 963. System 900 can also include an electronic
apparatus 967 and peripheral devices 969. One or more of controller 962,
memory 963, electronic apparatus 967, and peripheral devices 969 can be in the
form of one or more ICs.

[0052] A bus 966 provides electrical conductivity between and/or among
various components of system 900. In an embodiment, bus 966 includes an

address bus, a data bus, and a control bus, each independently configured. In an
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alternative embodiment, bus 966 uses common conductive lines for providing
one or more of address, data, or control, the use of which is regulated by
controller 962. Controller 962 can be in the form or one or more processors.
[0053] Electronic apparatus 967 may include additional memory. Memory in
system 900 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.
[0054] Peripheral devices 969 may include displays, imaging devices, printing
devices, wireless devices, additional storage memory, and control devices that
may operate in conjunction with controller 962. In various embodiments,
system 900 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.

[0055] 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

What is claimed is:

1. An apparatus comprising:

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 to the charge trap region;

a gate adjacent to the dielectric blocking region and operable to control
storage of charge in the charge storage region; and

a dielectric barrier between the dielectric blocking region and the gate,
the dielectric barrier comprising a material different from a material of the
dielectric blocking region, the material of the dielectric barrier having a

dielectric constant greater than that of aluminum oxide.

2. The apparatus of claim 1, wherein the material of the dielectric barrier

has a dielectric constant (k) in a range of 12 <k <40.

3. The apparatus of claim 1, wherein the material of the dielectric barrier

has an electron affinity lower than that aluminum oxide.

4. The apparatus of claim 3, wherein the material dielectric barrier has an

electron affinity in arange of 1.5 eV <y <2.5eV.

5. The apparatus of claim 1, wherein the material of the dielectric barrier
includes one or more of hafnium oxide, zirconium oxide, or a mixture 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.

6. The apparatus of claim 1, wherein the charge trap region includes a

dielectric silicon nitride.
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7. The apparatus of claim 1, wherein the gate includes conductive titanium
nitride.
8. The apparatus of claim 7, wherein the gate includes tungsten on and

contacting the conductive titanium nitride.

0. A memory device comprising:
a string of memory cells including:

a vertical pillar of semiconductor material; and

a number of charge storage devices arranged along the vertical

pillar, each charge storage device of the number of charge storage

devices including
a charge trap region separated from the vertical pillar of

the vertical string by a tunnel region;
a dielectric blocking region adjacent to the charge trap
region,
a gate adjacent to the dielectric blocking region and
operable to control storage of charge in the charge storage
region; and
a dielectric barrier between the dielectric blocking region
and the gate, a material of the dielectric barrier being
different from a material of the dielectric blocking region,
the material of the dielectric barrier having a dielectric

constant greater than that of aluminum oxide.

10.  The memory device of claim 9, wherein the material of the dielectric

barrier includes hafnium oxide.

11.  The memory device of claim 9, wherein the material of the dielectric

barrier includes zirconium oxide.

12.  The memory device of claim 9, wherein the material of the dielectric

barrier includes a mixture of hafnium oxide with one or more of aluminum
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oxide, silicon oxide, titanium oxide, gadolinium oxide, niobium oxide, or

tantalum oxide.

13.  The memory device of claim 9, wherein the material of the dielectric
barrier includes a mixture of zirconium oxide with one or more of aluminum
oxide, silicon oxide, titanium oxide, gadolinium oxide, niobium oxide, or

tantalum oxide.

14.  The memory device of claim 9, wherein the dielectric barrier has a
thickness in a range from about 15 angstroms to about 50 angstroms from the

dielectric blocking region to the gate.

15.  The memory device of claim 9, wherein the tunnel region is a three

region tunnel barrier.

16. The memory device of claim 15, wherein the three region tunnel barrier
is a region of dielectric oxide, a region of dielectric nitride disposed on the
dielectric oxide, and another region of dielectric oxide disposed on the region of

dielectric nitride.

17. The memory device of claim 9, wherein the tunnel region is a two region

tunnel barrier.

18. The memory device of claim 9, wherein the tunnel region is a one region

tunnel barrier.

19. The memory device of claim 9, wherein the gate is a metal gate.

20.  The memory device of claim 9, wherein the pillar of semiconductor

material comprises poly silicon.

21. A memory device comprising;

a string of memory cells including:
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a vertical pillar of semiconductor material; and
a number of charge storage devices arranged along the vertical
pillar, each
charge storage device of the number of charge storage devices
including
a charge trap region separated from the vertical pillar of
the vertical string by a tunnel region;
a dielectric blocking region adjacent to the charge trap
region,
a gate adjacent to the dielectric blocking region and
operable to control storage of charge in the charge storage
region; and
a dielectric barrier between the dielectric blocking region
and the gate, a material of the dielectric barrier being
different from a material of the dielectric blocking region,
the material of the dielectric barrier having an electron

affinity lower than 2.8 eV.

22.  The memory device of claim 21, wherein the material of the dielectric

barrier has a dielectric constant (k) in a range of 12 <k <40.

23.  The memory device of claim 21, wherein the material dielectric barrier

has an electron affinity in arange of 1.5 eV <y <25eV.

24.  The memory device of claim 21, wherein the tunnel region includes a
region of a first dielectric oxide, a region of dielectric nitride disposed on the
dielectric oxide, and a region of a second dielectric oxide disposed on the region

of dielectric nitride.

25. A method comprising:
forming a blocking dielectric region along a wall of an open area in a
material stack;

forming a charge trap region on and contacting the blocking dielectric
22
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region,

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

forming semiconductor material on and contacting the tunnel region,

the semiconductor material operable as a channel to conduct a

current;

removing a portion of the material stack exposing a portion of the
dielectric blocking region,;

forming a dielectric barrier on and contacting the exposed portion of the
dielectric blocking region on a side of the dielectric blocking region opposite the
charge trap region, a material of the dielectric barrier being different from a
material of the dielectric blocking region, the material of the dielectric barrier
having a dielectric constant greater than that of aluminum oxide; and

forming a gate on and contacting the dielectric barrier, the gate separated

from the dielectric blocking region by the dielectric barrier.

26. The method of claim 25, wherein forming the dielectric barrier includes

depositing hafnium oxide.

27. The method of claim 25, wherein forming the dielectric barrier includes

depositing zirconium oxide.

28. The method of claim 25, wherein forming the dielectric barrier includes

depositing a mixture of hatnium oxide with aluminum oxide.

29. The method of claim 25, wherein forming the dielectric barrier includes

depositing a mixture of zirconium oxide with aluminum oxide.

30. The method of claim 25, wherein forming the dielectric barrier includes
depositing a mixture of hafnium oxide with one or more of silicon oxide,

titanium oxide, gadolinium oxide, niobium oxide, or tantalum oxide.

31 The method of claim 25, wherein forming the dielectric barrier includes

depositing a mixture of zirconium oxide with one or more of silicon oxide,
23
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titanium oxide, gadolinium oxide, niobium oxide, or tantalum oxide.

32. The method of claim 25, wherein forming the gate includes forming a
conductive titanium nitride region on and contacting the dielectric barrier and

forming tungsten on and contacting the conductive titanium nitride.

33. A method comprising:

forming a dielectric barrier on and contacting a wall of an open area in a
material stack;

forming a blocking dielectric region on and contacting the dielectric
barrier, a material of the dielectric barrier being different from a material of the
dielectric blocking region,;

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

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

forming semiconductor material on and contacting the tunnel region, the

semiconductor material operable as a channel to conduct a
current; and
forming a gate on and contacting the dielectric barrier, the gate separated

from the dielectric blocking region by the dielectric barrier.

34. The method of claim 33, wherein the material of the dielectric barrier has

a dielectric constant greater than that of aluminum oxide.

35. The method of claim 33, wherein forming the dielectric barrier includes

depositing aluminum oxide.

36. The method of claim 33, wherein forming the dielectric barrier includes

depositing hafnium oxide.

37. The method of claim 33, wherein forming the dielectric barrier includes

depositing zirconium oxide.
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38. The method of claim 33, wherein forming the dielectric barrier includes
depositing a mixture of hatnium oxide with one or more of aluminum oxide,
silicon oxide, titanium oxide, gadolinium oxide, niobium oxide, or tantalum

oxide.

39. The method of claim 33, wherein forming the dielectric barrier includes
depositing a mixture of zirconium oxide with one or more of aluminum oxide,
silicon oxide, titanium oxide, gadolinium oxide, niobium oxide, or tantalum

oxide.

40. The method of claim 33, wherein forming the dielectric barrier includes
forming material of the dielectric barrier having a dielectric constant (k) in a

range of 12 <k <40.

41. The method of claim 33, wherein forming the dielectric barrier includes
forming material of the dielectric barrier having an electron affinity in a range of

1.5eV<y<25eV.

42. The method of claim 33, wherein the method includes:

forming the open area as an open pillar in the material stack, the material
stack including alternating isolation dielectrics and sacrificial regions for
conductive regions;

removing portions of the sacrificial regions, exposing portions of the
dielectric barrier; and

forming multiple gates on and contacting the exposed portions of the
dielectric barrier, wherein multiple charge trap structures are formed in the

material stack.

43.  The method of claim 42, wherein the dielectric barrier, the blocking
dielectric region, the charge trap region, the tunnel region, and the
semiconductor material are formed as continuous regions between and through

the multiple charge trap structures.
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44.  The method of claim 42, wherein forming the semiconductor material
includes forming a doped hollow pillar of the semiconductor material in the open

pillar.
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