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(57) Abstract: Some embodiments include
methods of forming memory cells. A semi-
conductor construction may be provided,
with such construction including tunnel di-
electric material over a semiconductor sub-
strate. The construction may be placed within
a chamber. While the construction is within
the chamber, a plurality of charge-trapping
centers may be dispersed over the tunnel di-
electric material. The charge-trapping centers
may be nanoclusters formed by sputter-de-
positing metallic nanoparticles into an aggre-
gation chamber, and then aggregating groups
of the nanoparticles into the nanoclusters.
Also while the construction is within the
chamber, electrically insulative material may

be formed over and between the charge-trap-
ping centers. Control gate material may then
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METHODS OF FORMING MEMORY CELLS
TECHNICAL FIELD

[0001] Methods of forming memory cells, such as NAND unit cells.
BACKGROUND

[0002] Memory devices provide data storage for electronic systems. One type of memory is
a non-volatile memory known as flash memory. A flash memory is a type of EEPROM
(electrically-erasable programmable read-only memory) that may be erased and reprogrammed in
blocks. Many modern personal computers have BIOS stored on a flash memory chip. Such
BIOS is sometimes called tlash BIOS. Flash memory is also popular in wireless electronic
devices because it enables the manufacturer to support new communication protocols as they
become standardized, and to provide the ability to remotely upgrade the device for enhanced
features.

[0003] A typical flash memory comprises a memory atray that includes a large number of
non-volatile memory cells arranged in row and column fashion. The cells are usually grouped
into blocks. Each of the cells within a block may be electrically programmed by charging a
floating gate. The charge may be removed from the floating gate by a block erase operation.
Data is stored in a cell as charge in the floating gate.

[0004] NAND is a basic architecture of flash memory. A NAND cell unit comprises at least
one select gate coupled in series to a serial combination of memory cells (with the serial
combination being commonly referred to as a NAND string). The gates of the NAND string
have traditionally been single level cells (SL.Cs), but manufacturers are transitioning to
utilization of multilevel cells (MLCs) for gates of NAND strings. An SLC stores only one data
bit, whereas an MLC stores multiple data bits. Accordingly, memory atray density can be at
least doubled by transitioning from SLCs to MLCs.

[0005] MLCs differ from SLCs in the programming of the devices. Specifically, a device
may be programmed as an SLC if the device is programmed to have only two memory states (0
or 1), with one of the memory states corresponding to one level of stored charge at a floating gate
(for example, corresponding to the fully charged device) and the other corresponding to another
level of stored charge at the floating gate (for example, corresponding to the fully discharged
device). Alternatively, the device may be programmed as an MLC having two bits of memory if
the device is programmed to have four memory states. The memory states may be designated as
the 11, 01, 00, and 10 memory states, in order from lowest stored charge (for example, fully
discharged) to highest stored charge (for example, fully charged). Accordingly, the 11 state

corresponds to a lowest stored charge state, the 10 state corresponds to a highest stored charge
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state, and the 01 and 00 states correspond to, for example, first and second intermediate levels of
stored charge.

[0006] Regardless of whether devices are utilized as ML.Cs or SL.Cs, there are continuing
goals to avoid parasitic capacitive coupling effects and stress-induced gate leakage, and to have a
large memory window (with a memory window being the charge window that enables a non-
volatile cell to be charged, and being defined by how much charge is placed on the cell within a
given time). A large memory window may enable the multiple memory states of an MLC device
to be clearly separated from one another.

[0007] Charge-trapping materials, such as, for example, metallic charge traps (MCT's) show
promise for utilization in non-volatile memory cells, but difficulties are presented in obtaining
large memory windows, good retention of charge by non-volatile devices, and uniformity across
numerous devices of a NAND array (in other words, avoiding cell-to-cell sigma variation).

[0008]  Itis desired to develop structures and fabrication processes by which to alleviate or
overcome one or more of the above-discussed difficulties and/or to achieve one or more of the
above-discussed goals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  FIG. 1 is a simplified block diagram of a memory system in accordance with an
embodiment.

[0010] FIG. 2 is a schematic of a NAND memory atray in accordance with an embodiment.

[0011] Fig. 3 is a diagrammatic cross-sectional view of a portion of a semiconductor wafer
illustrating an embodiment of a memory cell.

[0012]  Fig. 4 is a diagrammatic cross-sectional view of a portion of a semiconductor water
illustrating another embodiment of a memory cell.

[0013] Fig. 5 is a diagrammatic cross-sectional view of a portion of a semiconductor wafer
illustrating another embodiment of a memory cell.

[0014] FIGS. 6 and 7 are a diagrammatic top view, and cross-sectional side view,
respectively, of an example semiconductor construction that may be utilized in some
embodiments. The cross-section of FIG.7 is along the line 7-7 of FIG. 6.

[0015] FIGS. 8 and 9 show the semiconductor construction of FIG. 7 within an example
apparatus and being processed in accordance with an example embodiment. FIGS. 8 and 9
illustrate different processing stages, with the processing stage of FIG. 9 being subsequent to that
of FIG. 8.

[0016] FIGS. 10 and 11 show the semiconductor construction of FIG. 9 being processed in
accordance with an example embodiment. FIGS. 10 and 11 illustrate different processing stages,

with the processing stage of FIG. 11 being subsequent to that of FIG. 10.
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[0017] FIGS. 12 and 13 show the semiconductor construction of FIG. 9 within an example
apparatus and being processed in accordance with another example embodiment. FIGS. 12 and
13 illustrate different processing stages, with the processing stage of FIG. 12 following that of
FIG. 9, and with the processing stage of FIG. 13 being subsequent to that of FIG. 12.

[0018] FIGS. 14 and 15 show the semiconductor construction of FIG. 13 being processed in
accordance with an example embodiment. FIGS. 14 and 15 illustrate different processing stages,
with the processing stage of FIG. 15 being subsequent to that of FIG. 14.

[0019] FIG. 16 shows the semiconductor construction of FIG. 7 within an example
apparatus and being processed in accordance with another example embodiment.

[0020] FIGS. 17-19 show the semiconductor construction of FIG. 16 being processed in
accordance with an example embodiment. FIGS. 17-19 illustrate different sequential processing
stages.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0021]  FIG. 1 is a simplified block diagram of a memory system 500, according to an
embodiment. Memory system 500 includes an integrated circuit flash memory device 502 (e.g.,
a NAND memory device), that includes an atray of memory cells 504, an address decoder 506,
row access circuitry 508, column access circuitry 510, control circuitry 512, input/output (I/O)
circuitry 514, and an address buffer 516. Memory system 500 also includes an external
microprocessor 520, or other memory controller, electrically connected to memory device 502
for memory accessing as part of an electronic system. The memory device 502 receives control
signals from the processor 520 over a control link 522. The memory cells are used to store data
that 1s accessed via a data (DQ) link 524. Address signals are received via an address link 526,
and are decoded at address decoder 506 to access the memory array 504. Address buffer circuit
516 latches the address signals. The memory cells may be accessed in response to the control
signals and the address signals.

[0022]  FIG. 2 is a schematic of a NAND memory array 200. Such may be a portion of
memory array 504 of FIG. 1. Memory array 200 includes wordlines 202, to 202y, and
intersecting local bitlines 204, to 204y;. The number of wordlines 202 and the number of bitlines
204 may be each some power of two, for example, 256 wordlines and 4,096 bitlines. The local
bitlines 204 may be coupled to global bitlines (not shown) in a many-to-one relationship.

[0023] Memory array 200 includes NAND strings 206, to 206,;. Each NAND string
includes charge-storing transistors 208, to 208y. The charge-storing transistors are located at
intersections of wordlines 202 and local bitlines 204. The charge-storing transistors 208
represent non-volatile memory cells for storage of data. The charge-storing transistors may

comprise floating gates, or may comprise charge-trapping regions.
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[0024]  The charge-storing transistors 208 of each NAND string 206 are connected in series
source-to-drain between a source select gate 210 and a drain select gate 212. Fach source select
gate 210 is located at an intersection of a local bitline 204 and a source select line 214, while
each drain select gate 212 is located at an intersection of a local bitline 204 and a drain select line
215.

[0025] A source of each source select gate 210 is connected to a common source line 216.
The drain of each source select gate 210 is connected to the source of the first charge-storing
transistor 208 of the corresponding NAND string 206. For example, the drain of source select
gate 210, is connected to the source of charge-storing transistor 208, of the corresponding
NAND string 206,. The source select gates 210 are connected to source select line 214.

[0026] The drain of each drain select gate 212 is connected to a local bitline 204 for the
corresponding NAND string at a drain contact 228. For example, the drain of drain select gate
212, is connected to the local bitline 204, for the corresponding NAND string 206, at drain
contact 228;. The source of each drain select gate 212 is connected to the drain of the last
charge-storing transistor 208 of the corresponding NAND string 206. For example, the source of
drain select gate 212; is connected to the drain of charge-storing transistor 208y of the
corresponding NAND string 206,.

[0027]  Charge-storing transistors 208 include a source 230 and a drain 232, a charge-storing
region 234 (which may be a floating gate or a charge-trapping region), and a control gate 236.
Charge-storing transistors 208 have their control gates 236 coupled to a wordline 202. A column
of the charge-storing transistors 208 are those NAND strings 206 coupled to a given local bitline
204. A row of the charge-storing transistors 208 are those transistors commonly coupled to a
given wordline 202.

[0028] In some embodiments, methods of forming memory cells include deposition of
charge-trapping nanoclusters over a tunnel dielectric, and deposition of electrically insulative
material over and between the nanoclusters. The deposition of the nanoclusters may occur in a
chamber, and the deposition of the insulative material may occur in the same chamber; either
sequentially to the deposition of the nanoclusters, or simultaneously with the deposition of at
least some of the nanoclusters. Example memory cells that may be formed with example
embodiment processes are shown in FIGS. 3-5.

[0029] Referring to Fig. 3, such illustrates a non-volatile memory cell 15 that is part of a
semiconductor construction 10.

[0030] The semiconductor construction comprises a base 12. Base 12 may, for example,
comprise, consist essentially of, or consist of monocrystalline silicon lightly-doped with
background p-type dopant, and may be referred to as a semiconductor substrate, or as a portion

of a semiconductor substrate. The terms "semiconductive substrate” and "semiconductor
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substrate" mean any construction comprising semiconductive material (for instance silicon and/or
germanium), including, but not limited to, bulk semiconductive materials such as a
semiconductive watfer (either alone or in assemblies comprising other materials thereon), and
semiconductive material layers (either alone or in assemblies comprising other materials). The
term "substrate” refers to any supporting structure, including, but not limited to, the
semiconductive substrates described above.

[0031] A gate stack 14 is supported by base 12. The gate stack includes a tunnel dielectric
16, a charge-trapping zone 18 comprising a plurality of charge-trapping centers 19, an insulative
material 20 over and between the charge-trapping centers, a blocking dielectric material 22 over
the insulative material 20, and a control gate material 24 over the blocking dielectric material.

[0032]  The tunnel dielectric material 16 may comprise any suitable composition or
combination of compositions, and may, for example, comprise, consist essentially of, or consist
of one or more of silicon dioxide and various lanthanide oxides. The tunnel dielectric material
may be formed to an equivalent silicon dioxide thickness of from about 1 nanometer to about 7
nanometers.

[0033]  The charge-trapping centers 19 correspond to a plurality of discrete islands of
charge-trapping material. The charge-trapping centers are illustrated to comprise electrically
conductive material, such as metal; and in some embodiments may comprise, consist essentially
of, or consist of one or more of Au, Ag, Co, Ge, Ir, Ni, Pd, Pt, Re, Ru, Si, Ta, Te, Ti and W. The
charge-trapping centers may correspond to nanoclusters (specifically, clusters of nanoparticles)
in some embodiments; and may have maximum cross-sectional dimensions of less than about 50
nanometers, less than about 4 nanometers, or even less than about 3 nanometers. An advantage of
utilizing metal in the charge-trapping centers is that such is programmed and erased primarily
with electrons; in contrast to some other materials (such as silicon nitride) which are
programmed with electrons but erased with holes. The erasure with holes can damage the silicon
nitride, and damage other materials through which the holes pass.

[0034]  The electrically insulative material 20 may comprise any suitable composition or
combination of compositions. In some embodiments, the insulative material 20 may comprise,
consist essentially of, or consist of one or more of silicon dioxide, aluminum oxide and hatnium
oxide.

[0035]  The electrically insulative material 20 may be formed to any suitable thickness over
the charge trapping centers, such as, for example, a thickness of from about (.5 nanometers to
about 30 nanometers. A combined thickness of material 20 and the charge-trapping centers
within material 20 may be less than 50A.

[0036]  The blocking dielectric material 22 may comprise any suitable composition or

combination of compositions. In some embodiments, the blocking dielectric material may
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comprise any of various high-k dielectric compositions, including, for example, one or more of
aluminum oxide, hafnium silicon oxynitride (HfSiON — which is shown in terms of constituent
elements rather than stoichiometry), hafnium oxide, lanthanide silicate and lanthanide aluminate.
The blocking dielectric material may have a higher dielectric constant than the tunnel dielectric
material. The blocking dielectric material may be formed to an effective silicon dioxide
thickness of from about 0.5 nanometers to about 10 nanometers.

[0037]  The control gate material 24 may comprise any suitable composition or combination
of compositions. For instance, the control gate material may comprise, consist essentially of, or
consist of one or more of various metals (for instance, tungsten, titanium, etc.), metal-containing
compositions (for instance, metal silicides, metal nitride, etc.) and conductively-doped
semiconductor materials (for instance, conductively-doped silicon, etc.).

[0038] A pair of source/drain regions 26 are formed on opposing sides of gate stack 14. In
the shown embodiment, the source/drain regions are conductively-doped regions of the
semiconductor material of base 12. Source/drain regions 26 may be either n-type or p-type
majority doped.

[0039]  The non-volatile memory cell 15 of FIG. 3 may be utilized as an SLC device or an
MLC device.

[0040]  The example embodiment of FIG. 3 comprises a single layer of charge-trapping
centers forming the single planar charge-trapping zone 18. Other embodiments may have more
than one vertically-stacked charge-trapping zone (as shown in FIG. 4) or may have the charge
trapping centers of a charge-trapping zone dispersed in a non-planar orientation (as shown in
FIG. 5).

[0041] Referring to FIG. 4, such illustrates a non-volatile memory cell 35 that is part of a
semiconductor construction 30. Similar number will be used to describe the construction of FIG.
4 as is used above to describe that of FIG. 3, where appropriate.

[0042] The semiconductor construction 30 comprises the base 12, and comprises a gate
stack 32 supported by the base. The gate stack includes the tunnel dielectric 16, the charge-
trapping zone 18 containing the charge-trapping centers 19, and the electrically insulative
material 20 over and between the charge-trapping centers 19. The charge trapping zone 18 may
be referred to as a first charge-trapping zone, the charge trapping centers 19 may be referred to as
first charge-trapping centers, and the electrically insulative material 20 may be referred to as a
first electrically insulative material.

[0043] The construction 30 includes a second charge-trapping zone 34 containing second
charge-trapping centers 35, and includes a second electrically insulative material 36 over and

between the second charge-trapping centers.
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[0044] The construction 30 includes the blocking dielectric material 22 over the second
electrically insulative material 36, and includes the control gate material 24 over the blocking
dielectric material.

[0045]  The shown embodiment comprises two vertically-stacked charge-trapping zones (18
and 34). Other embodiments may have more than two vertically-stacked charge-trapping zones.
[0046]  Each of the shown charge-trapping zones comprises a plurality of charge-trapping
centers (the charge-trapping centers are labeled 19 and 35 in zones 18 and 34, respectively). The

charge-trapping centers may correspond to nanoclusters; and may comprise metal. In some
embodiments, the charge-trapping centers may comprise, consist essentially of, or consist of one
or more of Au, Ag, Co, Ge, Ir, Ni, Pd, Pt, Re, Ru, Si, Ta, Te, Ti and W.

[0047]  The charge-trapping centers of zones 18 and 34 may be compositionally the same as
one another, or may be compositionally different from one another. In some embodiments, the
charge-trapping centers within one zone differ from those within another zone in one or more of
size, distribution, composition, density (with density referring to a population density of the
charge-trapping centers, and specifically to the number of charge-trapping centers per unit area),
and trapping energy (with trapping energy referring to the potential energy depth of the traps).

[0048] In some embodiments, the differences between the charge-trapping materials within
the various charge-trapping zones may, together with the differences in distances of the various
zones from the tunnel dielectric, enable the zones to behave substantially differently from one
another during programming of the non-volatile memory device. This may enable the different
charge trapping zones to be used to create different states of an MLC device.

[0049] In other embodiments, the differences between the charge-trapping materials within
the various charge-trapping zones may enable the zones to behave similarly to one another
during programming of the non-volatile memory device in spite of the different distances of the
zones from the tunnel dielectric 16. This may enable a larger memory window of a device to be
obtained with the multiple charge-trapping zones than could be obtained with a single charge-
trapping zone. Specifically, charge that is meant to be trapped, but that manages to pass through
a first zone without getting trapped, may be trapped by another zone that is elevationally
displaced from the first zone.

[0050]  The electrically insulative material 36 may comprise any suitable composition or
combination of compositions; and in some embodiments may comprise one or more of the
compositions discussed in referring to the electrically insulative material 20 of FIG. 3. The
materials 20 and 36 may be compositionally the same as one another in some embodiments, and

may be compositionally different from one another in other embodiments.
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[0051]  The electrically insulative material 36 may comprise any suitable thickness over
charge-trapping centers 33; such as, for example, a thickness of from about 0.5 nanometers to
about 30 nanometers.

[0052]  The source/drain regions 26 are formed on opposing sides of gate stack 32.

[0053]  The non-volatile memory cell 35 of FIG. 4 may be utilized as an SLC device or an
MLC device.

[0054] Referring to FIG. 3, such illustrates a non-volatile memory cell 45 that is part of a
semiconductor construction 40. Similar number will be used to describe the construction of FIG.
5 as is used above to describe the construction of FIG. 3, where appropriate.

[0055] The semiconductor construction 40 comprises the base 12, and comprises a gate
stack 42 supported by the base. The gate stack includes the tunnel dielectric 16, the charge-
trapping zone 18 containing the charge-trapping centers 19, and the electrically insulative
material 20 over and between the charge-trapping centers 19. The charge-trapping zone 18 of
FIG. 5 differs from that of FIG. 3 in that the charge-trapping centers are elevationally dispersed
throughout insulative material 20 of FIG. 5, rather than being along a single elevational plane.
The elevationally dispersed charge-trapping centers of FIG. 5 may enable a larger memory
window of a device to be obtained than could be obtained with charge-trapping centers along a
single elevational plane. A combined thickness of material 20 and the charge-trapping centers
within material 20 may be from about 40A to about 200A.

[0056] The construction 40 includes the blocking dielectric material 22 over the electrically
insulative material 20, and includes the control gate material 24 over the blocking dielectric
material. Additionally, construction 40 includes the source/drain regions 26 on opposing sides of
gate stack 42.

[0057]  The non-volatile memory cell 45 of FIG. 5 may be utilized as an SLC device or an
MLC device.

[0058] The memory cells of FIGS. 3-5 may be formed by example embodiment processes
described with reference to FIGS. 6-19. Similar number will be used to describe the
embodiments of FIGS. 6-19 as is used above to describe FIGS. 3-5, where appropriate.

[0059] Referring to FIGS. 6 and 7, a semiconductor construction 50 is illustrated in top
view and cross-sectional side view, respectively. The construction 50 includes the base 12 and
tunnel dielectric material 16 that were described previously.

[0060] The construction 50 has a top surface 17 extending across the tunnel dielectric
material 16. If construction 50 has an outer periphery corresponding to a polygon, circle, ellipse,
etc., a central location of surface 17 may be mathematically calculated. In the shown
embodiment, the construction 50 has a circular outer periphery, and a central location 52 is

labeled in the center of the circle. A dimension of the surface may be defined as a distance
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extending from one side of the surface to another, and through the central location. In the shown
embodiment, a dimension 54 is shown to correspond to a diameter of the circular construction
50.

[0061] Referring to FIG. 8, construction 50 is placed within a chamber 56. In the shown
embodiment, the construction is supported by a support member 58 configured to rotate the
construction about an axis 59 extending through the central location 52 of the construction. The
rotation is diagrammatically illustrated with an arrow 61.

[0062]  An apparatus 60 is provided proximate the chamber, and is configured for generating
nanoclusters 62. The apparatus includes a first chamber 66 contained within a second chamber
68. A target 64 is provided within the first chamber, and nanoparticles are sputtered from such
target. The sputtering of the nanoparticles is represented by arrows 65 within the chamber 66.
The target may be at any appropriate location within chamber 66, and in some embodiments
there may be multiple targets within chamber 66. The target may be of any suitable size and
composition. The sputtering chamber 66 may have one or more of oxygen, argon, nitrogen and
helium gas therein, or flowing therethrough. The sputtering chamber may use DC sputtering in
some embodiments. A pressure within chamber 66 may be from about 0.1 milliTorr to about 30
milliTorr, and sputter power may be from about 50 watts to about 5 kilowatts.

[0063] A port is provided at an end 67 of the internal chamber 66, and the sputtered
nanoparticles may exit such port to enter into the outer chamber 68. The outer chamber may be
filled with a gas and/or liquid. In some applications, an outer periphery of the outer chamber
may be lined with liquid nitrogen or with water (which may be in a liquid or vapor phase), which
may be utilized for temperature control, and the interior of the outer chamber 68 may be filled
with gas. The outer chamber 68 may be utilized for enabling aggregation of groups of
nanoparticles into nanoclusters, and may have a pressure therein of from about 1 milliTorr to
about 2 Torr in some embodiments. The size of the nanoclusters may be controlled by
controlling, among other things, a temperature within chamber 68, a pressure within chamber 68,
a duration of time that the nanoparticles are within chamber 68, and an initial size of the
nanoparticles. The apparatus 60 may be considered an example of an oft-axis sputtering gun.

[0064]  The nanoparticles may be formed so that all of the nanoparticles have a maximum
dimension of less than 10 nanometers; and in some embodiments may all have a maximum
dimension of from about 1.5 to about 10 nanometers; the nanoparticles may be atoms, molecules
or clusters. In some embodiments, the nanoparticles may be substantially spherical, and such
embodiments the maximum dimension may correspond to a diameter through a spherical
particle. Sizes and/or shapes of the nanoparticles may be controlled by controlling sputtering
condition within chamber 66, such as, for example, controlling sputtering power, target

composition, etc..
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[0065] A desired size of the nanoclusters may vary from one application to another. In
some applications, it may be desired that the nanoclusters have maximum dimensions of less
than or equal to about 50 nanometers. In some applications, it may be desired that the
nanoclusters have maximum dimensions of less than or equal to about four nanometers. In some
applications, it may be desired that the nanoclusters have maximum dimensions of less than or
equal to about three nanometers.

[0066] The outer chamber 68 may be referred to as an aggregation tube. In the shown
embodiment, the nanoclusters are directed along a path 71 (represented by several arrows) that
proceeds from the aggregation tube to an outlet port 72. The nanoclusters exit from the outlet
port and are dispersed across the upper surface 17 of the tunnel dielectric material 16.

[0067]  The path 71 is shown to proceed through a section 80 that is diagrammatically
illustrated with dashed lines 81. The segment 80 may have any suitable configuration, and any
suitable length. In the shown embodiment, the segment 80 directs the nanoclusters from a
location outside of the chamber 56 to the outlet port 72 within the chamber 56. In other
embodiments (not shown) the chambers 66 and 68 utilized for generating the nanoclusters may
be within the chamber 56 so that segment 80 is entirely contained within chamber 56.

[0068] In some embodiments, the nanoclusters formed within aggregation tube 68 may have
a wider variation of sizes than is desired for the nanoclusters ultimately deposited across
construction 50. In such embodiments, one or more sorting mechanisms (which may
alternatively be referred to as screening mechanisms or as filtering mechanisms) may be
provided along segment 80. For instance, a pair of charged plates 84 are shown which may be
utilized to deflect nanoclusters according to the size of the nanoclusters, so that only nanoclusters
within a predetermined tolerance of a desired size reach outlet port 72.

[0069] In some embodiments, the outlet port 72 may be rastered across the upper surface of
construction 50 to assist in obtaining uniform dispersion of the nanoclusters across such upper
surface. Such rastering is represented by an arrow 73 in FIG. 8.

[0070] In embodiments in which construction 50 is rotated about axis 59 during the
deposition of nanoclusters 62, the outlet port 72 may be rastered across only about one half of
dimension 54. For instance, the outlet port may be rastered only across a shown expanse 74 that
extends from one side of construction 50 to the central axis 59. If construction 50 is not rotated
during the deposition of the nanoclusters, the outlet port may be rastered across an entirety of the
upper surface of construction 50. Although the rastering is illustrated to comprise movement of
the outlet port relative to the substrate, in other embodiments the rastering may be accomplished
by moving the substrate relative to the outlet port.

[0071]  In the shown embodiment, only one outlet port is utilized for dispersing nanoclusters

62 over the upper surface of construction 50. In other embodiments, there may be multiple outlet
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ports simultaneously utilized for dispersing the nanoclusters across the upper surface of
construction 50.

[0072] A population density of the nanoclusters 62 across the upper surface 17 of
construction 50 may be controlled by controlling one or more of a speed of rotation of
construction 50 around axis 59, a speed of rastering of outlet port 72, and a rate at which
nanoclusters 62 are ejected from the outlet port. It may be advantageous for the density of the
nanoclusters across surface 17 to be controlled by other parameters than those utilized for
determining the size of the nanoclusters (with the parameters utilized for determining the size of
the nanoclusters having been discussed above during a discussion of the conditions within
aggregation tube 68). In some embodiments, the population density may be from about 1 x 10"
nanoclusters/cm’ to about 2 x 10'* nanoclusters/cm’; and may be, for example, from about 4 x
10" nanoclusters/cm’ to about 8 x 10" nanoclusters/cm”.

[0073]  Although the embodiment of FIG. 8 shows nanoclusters 62 being formed within the
aggregation tube 68, and ultimately being deposited over the upper surface of construction 52, in
other embodiments the aggregation tube may be omitted so that the sputter-formed nanoparticles
are directly deposited on construction 50. Regardless of whether the sputter-formed
nanoparticles are directly deposited on construction 50, or are first formed into nanoclusters prior
to being deposited on construction 50, the utilization of the sputter-formed nanoparticles may be
referred to as sputter-deposition of charge-trapping centers onto construction 50. In the shown
embodiment, the nanoclusters 62 correspond to such charge-trapping centers; and may be
considered to be analogous to the charge-trapping centers 19 discussed above with reference to
FIG. 3.

[0074]  One or more pumps (not shown) may be in fluid communication with the chambers
56 and 66, and with the aggregation tube 68.

[0075] Referring to FIG. 9, electrically insulative material 20 is formed over and between
the nanoclusters 62. In the shown embodiment, construction 50 remains within the same
chamber 56 during the deposition of the nanoclusters (discussed above with reference to FIG. 8),
and during the deposition of insulative material 20. The insulative material 20 may be formed
subsequently to the formation of the nanoclusters 62 in some embodiments; and in other
embodiments at least some of the insulative material may be deposited simultaneously with at
least some of the nanoclusters.

[0076] In the shown embodiment, construction 50 is rotated about axis 59 during the
deposition of the insulative material, and the insulative material is ejected from an outlet port 86
that may or may not be rastered back and forth across construction 50 (with such rastering being
represented by arrow 88). The ejected insulative material is represented by arrows 90 exiting

from outlet port 86, and is shown being directed toward construction 50. If rastering is not
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utilized, the source for material 20 may be configured to cover an entirety of region 92 (or of
region 54 in some embodiments) with material 20 without rastering.

[0077] Insulative material 20 may be formed by any suitable method; and the formation of
insulative material 20 may or may not utilize a plasma within chamber 56. In some
embodiments, the insulative material may be sputter-deposited from a target (not shown).

[0078] In embodiments in which at least some of the insulative material is deposited
simultaneously with at least some of the nanoparticles 62, the outlet port 86 may be rastered
across only about one half of dimension 54; and specifically across a half of dimension 54 that is
not covered by the rastering of the outlet port 72 (FIG. 8) utilized for the deposition of
nanoclusters 62. For instance, the outlet port 86 may be rastered only across a shown expanse 92
that extends from one side of construction 50 to the central axis 59; and that corresponds to a half
of dimension 54 not covered by the expanse 74 that the outlet port 72 (FIG. 8) is rastered across.
If construction 50 is not rotated during the deposition of the insulative material, the outlet port 86
may be rastered across an entirety of the upper surface of construction 50. Although the
rastering is illustrated to comprise movement of the outlet port relative to the substrate, in other
embodiments the rastering may be accomplished by moving the substrate relative to the outlet
port. Although the expanses 74 and 92 are each shown to be one-half of dimension 54, in
practice it may be difficult to raster the outlet ports 72 (FIG. 8) and 86 (FIG. 9) across exactly
one-half of dimension 54. Instead, the outlet ports 72 and 86 will be each be rastered across
about one-half of dimension 54, with the term “about” indicating that there will be some
tolerances in the process due to practical limitations.

[0079]  In the shown embodiment, only one outlet port is utilized for dispersing insulative
material 20 over the upper surface of construction 50. In other embodiments, there may be
multiple outlet ports simultaneously utilized for dispersing the insulative material across the
upper surface of construction 50. In some embodiments, the insulative material may be formed
by chemical vapor deposition or atomic layer deposition, and may be deposited without
utilization of an outlet port. The material 20 may be formed to a thickness of from about 10A to
about 100A in some embodiments, with a thickness of material 20 being chosen, in part, to
address leakage issues.

[0080] A bias power may be applied to construction 50 during the deposition of
nanoclusters 62 (FIG. 8) and/or during deposition of insulative material 20 (FIG. 9). Such bias
power may be less than or equal to about 1500 watts, and, in some embodiments, may be utilized
in conjunction with an alternating electromagnetic field generated with alternating voltages of
trom about 100 volts to about 2 kilovolts.

[0081] Referring to FIG. 10, blocking dielectric material 22 and control gate material 24

may be formed over the electrically insulative material 20 to create the gate stack 14 discussed
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above with reference to FIG. 3 (with nanoclusters 62 corresponding to the charge-trapping
centers 19 discussed above with reference to FIG. 3). In some embodiments, one or both of the
blocking dielectric material 22 and the control gate material 24 may be formed in the same
chamber 56 as is utilized in FIGS. 8 and 9 during deposition of the nanoclusters 62 and the
insulative material 20. In some embodiments, one or both of the blocking dielectric material and
the control gate material may be formed in a deposition chamber different from the chamber 56
utilized in the processing of FIGS. § and 9.

[0082] Referring to FIG. 11, gate stack 14 is patterned into a plurality of spaced apart gates
94 and 96. Subsequently, source/drain regions (not shown) analogous to the source/drain regions
26 of FIG. 3 may be formed in base 12 adjacent the gates 94 and 96 to incorporate the gates into
memory cells analogous to the memory cell 15 of FIG. 3. Such memory cells may correspond to
NAND string gates, and thus may be incorporated into a NAND memory array analogous to the
memory array discussed above with reference to FIG. 2.

[0083]  The processing of FIGS. 8-11 forms memory cells analogous to the memory cell 15
of FIG. 3, with the nanoclusters 62 of the memory cell gates 94 and 96 of FIG. 11 being along a
single plane and thus forming charge-trapping zones 18 analogous to the zone 18 discussed
above with reference to FIG. 3. In other embodiments, the processing stages of FIGS. 8 and 9
may correspond to a single iteration of a multi-iteration process utilized for forming multiple
levels of charge-trapping zones. For instance, FIGS. 12 and 13 illustrate processing that may
tfollow that of FIG. 9 in an example embodiment utilized for forming another charge-trapping
zone.

[0084]  Referring to FIG. 12, construction 50 is shown at a processing stage subsequent to
that of FIG. 9; and specifically is shown as a layer of nanoclusters 100 is formed over insulative
material 20. The nanoclusters 100 are ejected from outlet port 72, and may be formed utilizing
identical processing to that discussed above with reference to FIG. §. The chambers 66 and 68
that were described with reference to FIG. 8 for utilization in generating nanoclusters 62 may be
utilized for generating the nanoclusters 100; but are not shown in FIG. 12 in order to simplify the
drawing.

[0085]  The nanoclusters 100 may be identical in size and composition to the nanoclusters 62
in some embodiments. In other embodiments, the nanoclusters 100 may differ in one or both of
size and composition relative to the nanoclusters 62. The nanoclusters 62 may be referred to as
first nanoclusters forming a first layer over tunnel dielectric 16, and the nanoclusters 100 may be
referred to as second nanoclusters forming a second layer that is elevationally over the first layer.

[0086]  The layer of nanoclusters 62 may be considered to correspond to a first charge-

trapping zone 18 analogous to the first charge-trapping zone of FIG. 4, and the layer of
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nanoclusters 100 may be considered to correspond to a second charge-trapping zone 34
analogous to the second charge-trapping zone of FIG. 4.

[0087]  The nanoclusters 100 may be deposited with processing identical to that discussed
above with reference to FIG. § for deposition of nanoclusters 62. Accordingly, construction 50
may be rotated around axis 59 (as indicated by arrow 61) and/or outlet port 72 may be rastered
back-and-forth across the construction 50 (as indicated by arrow 73). In some embodiments,
construction 50 is rotated, and outlet port 72 is rastered only across about one half of the
dimension 54 across construction 50;with such rastering occurring only across the segment 74 in
the shown embodiment.

[0088] Referring to FIG. 13, electrically insulative material 36 is formed over and between
nanoclusters 100. The electrically insulative material 36 may be formed with processing
identical to that discussed above with reference to FIG. 9 for formation of insulative material 20.
Thus, electrically insulative material 36 may be deposited from the port 86 discussed above with
reference to FIG. 9. Such port may be rastered (as indicated by arrow 88), and in some
embodiments may be rastered across a segment 92 of dimension 54 that corresponds to another
half of dimension 54 relative to the half of the dimension corresponding to the segment 74 that
the outlet 72 (FIG. 12) was rastered across during deposition of nanoclusters 100.

[0089]  Referring to FIG. 14, blocking dielectric material 22 and control gate material 24
may be formed over the electrically insulative material 36 to create the gate stack 32 discussed
above with reference to FIG. 4 (with nanoclusters 62 and 100 corresponding to the charge-
trapping centers 19 and 35, respectively, discussed above with reference to FIG. 4). One or both
of the blocking dielectric material 22 and the control gate material 24 may be formed in the same
chamber 56 as is utilized in FIGS. 12 and 13 during deposition of the nanoclusters 100 and the
insulative material 36.

[0090] Referring to FIG. 15, gate stack 32 is patterned into a plurality of spaced apart gates
102 and 104. Subsequently, source/drain regions (not shown) analogous to the source/drain
regions 26 of FIG. 4 may be formed in base 12 adjacent the gates 102 and 104 to incorporate the
gates into memory cells analogous to the memory cell 35 of FIG. 4. Such memory cells may
correspond to NAND string gates, and thus may be incorporated into a NAND memory array
analogous to the memory atray discussed above with reference to FIG. 2.

[0091] In some embodiments, electrically insulative material 20 may be referred to as a first
electrically insulative material, and the electrically insulative material 36 may be referred to as a
second electrically insulative material that is formed elevationally over the first electrically
insulative material. The electrically insulative material 36 may be of the same composition as
electrically insulative material 20 in some embodiments, and in other embodiments may be of a

different composition than electrically insulative material 20.

14



WO 2010/090789 PCT/US2010/020526

[0092]  The processing of FIGS. 8-15 forms planar charge trapping zones, analogous to the
zones 18 and 34 of FIGS. 3 and 4. In other embodiments, processing similar to that described in
FIGS. 8, 9, 12 and 13 may be used to form charge-trapping centers that are elevationally
dispersed throughout an insulative material, rather than being along a single elevational plane.
For instance, FIGS. 16-19 illustrate processing that may be used to elevationally disperse charge-
trapping centers throughout an electrically insulative material.

[0093]  Referring to FIG. 16, construction 50 is shown at a processing stage similar to that of
FIG. §8; and specifically is shown as nanoclusters 110 are deposited over the tunnel dielectric
material 16 simultaneously with the deposition of electrically insulative material 20. The
nanoclusters 110 are ¢jected from outlet port 72, and may be formed utilizing identical
processing to that discussed above with reference to FIG. 8. The chambers 66 and 68 that were
described with reference to FIG. 8 for utilization in generating nanoclusters 62 may be utilized
for generating the nanoclusters 110; but are not shown in FIG. 16 in order to simplify the
drawing.

[0094] The nanoclusters 110 may be deposited with processing identical at discussed above
with reference to FIG. § for deposition of nanoclusters 62. Accordingly, construction 50 may be
rotated around axis 59 (as indicated by arrow 61) and/or outlet port 72 may be rastered back-and-
torth across the construction 50 (as indicated by arrow 73). In some embodiments, construction
50 is rotated, and outlet port 72 is rastered only across about one half of the dimension 54 across
construction 50; with such rastering occurring only across the segment 74 in the shown
embodiment.

[0095] FIG. 16 differs from FIG. 9 in that electrically insulative material 20 is formed over
and between nanoclusters 110 during the deposition of nanoclusters 110. The electrically
insulative material 20 may be formed with processing identical to that discussed above with
reference to FIG. 9. Thus, electrically insulative material 20 may be deposited from the port 86
discussed above with reference to FIG. 9. Such port may be rastered (as indicated by arrow 88),
and in some embodiments may be rastered across a segment 92 of dimension 54 that corresponds
to another half of dimension 54 relative to the half of the dimension corresponding to the
segment 74 that the outlet 72 is rastered across.

[0096] The simultaneous deposition of both the insulative material 20 and the nanoclusters
110 causes the nanoclusters to be dispersed throughout multiple elevational layers of insulative
material 20, and thus causes the nanoclusters to be dispersed both laterally and elevationally over
the tunnel dielectric material 16. The insulative material 20 is shown provided in two separate
layers 112 and 114. In practice, such layers would merge in a single uniform composition.
However, the separate layers are shown in FIG. 16 to demonstrate that the insulative material

may be considered to be provided in multiple "coats" (or layers) in some embodiments as the
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nozzle 86 is rastered back and forth across construction 50, and that the nanoclusters 110 may be
considered to be embedded within such different coats.

[0097] In some embodiments, the deposition of nanoclusters 110 may be ceased prior to
stoppage of the deposition of insulative material 20 so that there is a cap of insulative material 20
over the nanoclusters 110. FIG. 17 shows construction 50 after formation of the insulative
material 20 having the nanoclusters 110 dispersed therein, and in accordance with an
embodiment in which the insulative material 20 is deposited for a longer duration than the
nanoclusters 110 so that all of the nanoclusters are entirely contained within the insulative
material.

[0098]  Referring to FIG. 18, blocking dielectric material 22 and control gate material 24
may be formed over the electrically insulative material 20 to create the gate stack 42 discussed
above with reference to FIG. 5 (with nanoclusters 110 corresponding to the charge-trapping
centers 19 discussed above with reference to FIG. 5). One or both of the blocking dielectric
material 22 and the control gate material 24 may be formed in the same chamber 56 as is utilized
in FIG. 16 during deposition of the nanoclusters 110 and the electrically insulative material 20.

[0099]  Referring to FIG. 19, gate stack 42 is patterned into a plurality of spaced apart gates
120 and 122. Subsequently, source/drain regions (not shown) analogous to the source/drain
regions 26 of FIG. 5 may be formed in base 12 adjacent the gates 120 and 122 to incorporate the
gates into memory cells analogous to the memory cell 45 of FIG. 5. Such memory cells may
correspond to NAND string gates, and thus may be incorporated into a NAND memory array

analogous to the memory atray discussed above with reference to FIG. 2.
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CLAIMS
I/we claim,
1. A method of forming a memory cell, comprising:

forming a semiconductor construction that includes tunnel dielectric material
over a semiconductor substrate;

while the construction is within a chamber, sputter-depositing a plurality of
charge-trapping centers over the tunnel dielectric material;

while the construction is within the chamber, forming electrically insulative
material over and between the charge-trapping centers; and

forming a control gate over the electrically insulative material.

2. The method of claim 1 wherein the charge-trapping centers comprise one or

more metals.

3. The method of claim 1 wherein the forming of the electrically insulative material

comprises sputter-depositing of the electrically insulative material.

4. The method of claim 3 wherein the electrically insulative material comprises one

or more of silicon dioxide, aluminum oxide, and hafnium oxide.

5. The method of claim 3 wherein the sputter-depositing of at least some of the
electrically insulative material occurs simultaneously with the sputter-depositing of at least some

of the charge-trapping centers.

6. The method of claim 1 wherein the sputter-depositing of the charge-trapping
centers comprises:
sputtering particles of metallic material from a target and into an aggregation
tube;
aggregating groups of the particles into nanoclusters; and

depositing the nanoclusters over the tunnel dielectric material.

7. The method of claim 1 wherein the charge-trapping centers are first charge-
trapping centers, wherein the first charge trapping centers form a first level of charge-trapping
centers over the tunnel dielectric material, wherein the electrically insulative material is a first
electrically insulative material; and further comprising:

sputter-depositing second charge-trapping centers over the first electrically

insulative material to form a second level of charge-trapping centers;

17



WO 2010/090789 PCT/US2010/020526

forming second electrically insulative material over and between the second
charge-trapping centers; and

forming the control gate over the second electrically insulative material.

8. The method of claim 7 wherein the forming of the second electrically insulative

material comprises sputter-depositing of the second electrically insulative material.

9. The method of claim 8 wherein the sputter-depositing of the second charge-
trapping centers occurs in the chamber, and wherein the sputter-depositing of the second

electrically insulative material occurs in the chamber.

10. The method of claim 9 wherein the sputter-depositing of at least some of the
second electrically insulative material occurs simultaneously with the sputter-depositing of at

least some of the second charge-trapping centers.

11. A method of forming a memory cell, comprising:

forming a semiconductor construction that includes tunnel dielectric material
over a semiconductor substrate;

sputtering nanoparticle material from a target, and directing the sputtered
material into a chamber containing the construction to deposit the nanoparticle material as a
plurality of charge-trapping centers over the tunnel dielectric material;

while the construction is within the chamber, providing electrically insulative
material within the chamber to form an electrically insulative layer over and between the charge-
trapping centers; and

forming a control gate over the electrically insulative material.

12. The method of claim 11 further comprising rotating the construction during the

deposition of the charge-trapping centers over the tunnel dielectric material.

13. The method of claim 12 further comprising:
ejecting the nanoparticle material from a port and toward the construction, and
rastering the port across at least a portion of the rotating construction during the

deposition of the charge-trapping centers over the tunnel dielectric material.

14. The method of claim 11 further comprising aggregating the sputtered
nanoparticle material to form nanoclusters of the sputtered material, and wherein the charge-

trapping centers are the nanoclusters.
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15. The method of claim 14 wherein the aggregation occurs in an aggregation tube;
and further comprising adjusting one or more of temperature in the tube, pressure in the tube, and
duration of the nanoparticle material in the tube, to control a size of the nanoclusters so that the
nanoclusters are no larger than 50 nanometers along a maximum cross-section through the

nanoclusters.

16. The method of claim 14 wherein the aggregation occurs in an aggregation tube;

and further comprising;

adjusting one or more of temperature in the tube, pressure in the tube, and
duration of the nanoparticle material in the tube to control a size of the nanoclusters so that at
least some of the nanoclusters have a maximum cross-sectional dimension of less than or equal
to about 50 nanometers; and

passing the nanoclusters through one or more filtering structures between the
aggregation tube and the construction so that only nanoclusters having the maximum cross-

sectional dimension of less than or equal to about 50 nanometers reach the construction.

17. The method of claim 16 further comprising rotating the construction during the
deposition of the nanoclusters over the tunnel dielectric material; and wherein a density of the
deposited nanoclusters across the tunnel dielectric material is at least partially controlled by a

speed of the rotation.

18. The method of claim 17 further comprising:
gjecting the nanoclusters from a port and toward the construction;
rastering the port across at least a portion of the rotating construction during the
deposition of the nanoclusters over the tunnel dielectric material; and

wherein the density is at least partially controlled by a speed of the rastering.

19. The method of claim 18 wherein the construction is substantially circular, and
wherein the port is only rastered across about one-half of a diameter of the substantially circular

construction.

20. The method of claim 18 wherein the port is a first port, and wherein the
electrically insulative material is ejected toward the construction from a second pott; the second
port also being rastered across only about one-half of a diameter of the substantially circular

construction.

21. The method of claim 11 wherein the charge-trapping centers comprise one or

more metals.
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22. The method of claim 11 wherein the charge-trapping centers comprise one or

more of Au, Ag, Co, Ge, Ir, Ni, Pd, Pt, Re, Ru, Si, Ta, Te, Ti and W.

23. A method of forming a memory cell, comprising:

providing a semiconductor construction within a chamber, the construction
including tunnel dielectric material over a semiconductor substrate; the construction having a
surface, and having a central location of said surface; a dimension of the surface being defined as
a distance extending from one side of the surface to another, and through the central location;

while the construction is within the chamber, dispersing charge-trapping centers
over the tunnel dielectric material, the dispersing of the charge-trapping centers comprising
emitting the charge-trapping centers from an outlet port, the outlet port being rastered across at
least about one-half of said dimension of the surface during the dispersion of said charge-
trapping centers;

while the construction is within the chamber, forming an electrically insulative
layer over and between the charge-trapping centers; and

forming a control gate over the electrically insulative layer.

24. The method of claim 23 wherein the charge-trapping centers comprise material

sputtered from a target.

25. The method of claim 23 wherein the charge-trapping centers comprise
nanoclusters, and further comprising forming the nanoclusters by:
sputtering particles from a target, and

aggregating groups of the particles into the nanoclusters.

26. The method of claim 23 wherein the outlet port is rastered across only about
one-half of the said dimension of the surface during the dispersion of said charge-trapping

centers, and wherein the substrate is rotated during the dispersion of said charge-trapping centers.

217. The method of claim 26 wherein:
the outlet port is a first outlet port;
the forming of the electrically insulative layer comprises emitting electrically
insulative material through a second outlet port;
the second outlet port is rastered across only one-half of said dimension of the
surface during the forming of said electrically insulative layer; the half of the dimension of the

surface that the second outlet port is rastered across being different from the half of the
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dimension of the surface that the first outlet port is rastered across; and

the substrate is rotated during the forming of the electrically insulative layer.

28. The method of claim 27 wherein at least some of the electrically insulative layer

is formed simultaneously with at least some of the charge-trapping centers.
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