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1

ARRAYS OF NONVOLATILE MEMORY CELLS AND METHODS OF
FORMING ARRAYS OF NONVOLATILE MEMORY CELLS

TECHNICAL FIELD
[0001] Embodiments disclosed herein pertain to nonvolatile memory cells, to

arrays of nonvolatile memory cells, and to methods of forming arrays of

nonvolatile memory cells.

BACKGROUND

[0002] Memory is one type of integrated circuitry, and is used in computer
systems for storing data. Such is usually fabricated in one or more arrays of
individual memory cells. The memory cells might be volatile, semi-volatile, or
nonvolatile. Nonvolatile memory cells can store data for extended periods of time,
in many instances including when the computer is turned off. Volatile memory
dissipates and therefore requires being refreshed/rewritten, in many instances
multiple times per second. Regardless, the smallest unit in each array is termed as
a memory cell and is configured to retain or store memory in at least two different
selectable states. In a binary system, the states are considered as either a “0” or a
“1”. In other systems, at least some individual memory cells may be configured to
store more than two levels or states of information.

[0003] Integrated circuitry fabrication continues to strive to produce smaller
and denser integrated circuits. Accordingly, the fewer components an individual
circuit device has, the smaller the construction of the finished device can be.
Likely the smallest and simplest memory cell will be comprised of two current
conductive electrodes having a programmable material received there-between.
The programmable material is selected or designed to be configured in a selected
one of at least two different resistive states to enable storing of information by an
individual memory cell. The reading of the cell comprises determination of which
of the states the programmable material is in, and the writing of information to the

cell comprises placing the programmable material in a predetermined resistive
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state. Some programmable materials retain a resistive state in the absence of
refresh, and thus may be incorporated into nonvolatile memory cells.

[0004] Some programmable materials may contain mobile charge carriers
larger than electrons and holes, for example ions in some example applications.
Regardless, the programmable materials may be converted from one memory state
to another by moving the mobile charge carriers therein to alter a distribution of
charge density within the programmable materials. Some example memory devices
that utilize ions as mobile charge carriers are resistive RAM (RRAM) cells, which
can include classes of memory cells containing multivalent oxides, and which can
include memristors in some specific applications. Other example memory devices
that utilize ions as charge carriers are programmable metallization cells (PMCs);
which may be alternatively referred to as a conductive bridging RAM (CBRAM),
nanobridge memory, or electrolyte memory.

[0005] The RRAM cells may contain programmable material sandwiched
between a pair of electrodes. The programming of the RRAM cells may comprise
transitioning the programmable material between first a memory state in which
charge density is relatively uniformly dispersed throughout the material and a
second memory state in which the charge density is concentrated in a specific
region of the material (for instance, a region closer to one electrode than the other).
[0006] A PMC may similarly have programmable material sandwiched
between a pair of current conductive electrodes. The PMC programmable material
comprises ion conductive material, for example a suitable chalcogenide or any of
various suitable oxides. A suitable voltage applied across the electrodes generates
current conductive super-ionic clusters or filaments. Such result from ion transport
through the ion conductive material which grows the clusters/filaments from one of
the electrodes (the cathode), through the ion conductive material, and toward the
other electrode (the anode). The clusters or filaments create current conductive
paths between the electrodes. An opposite voltage applied across the electrodes
essentially reverses the process and thus removes the current conductive paths. A
PMC thus comprises a high resistance state (corresponding to the state lacking a

current conductive filament or clusters between the electrodes) and a low resistance
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state (corresponding to the state having a current conductive filament or clusters

between the electrodes), with such states being reversibly interchangeable with one

another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is a diagrammatic isometric view of a nonvolatile memory cell
in accordance with an embodiment of the invention.

[0008] Fig. 2 is a sectional view of Fig. 1 taken through line 2-2 in Fig. 1.
[0009] Fig. 3 is a diagrammatic sectional view of a nonvolatile memory cell
in accordance with an embodiment of the invention.

[0010] Fig. 4 is a diagrammatic isometric view of an array of vertically
stacked tiers of nonvolatile memory cells in accordance with an embodiment of the
invention.

[0011] Fig. 5 is a sectional view of an array of vertically stacked tiers of
nonvolatile memory cells in accordance with an embodiment of the invention.
[0012] Figs. 6-31 are diagrammatic isometric views, sectional views, or top
views of a substrate fragment in process in ultimately producing an array of
vertically stacked tiers of nonvolatile memory cells in accordance with an

embodiment of the invention.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0013] Example embodiments of a nonvolatile memory cell are initially
described with reference to Figs. 1 and 2 with respect to a memory cell 10 which
has a first electrode 12 and a second electrode 14. Reference to “first” and
“second” with respect to electrodes 12 and 14 is for convenience in description,
and either may be considered as a “first” or a “second” electrode in a memory cell
which comprises two electrodes. Electrodes 12 and 14 may be in the form of
continuous lines respectively shared by multiple memory cells, or one or both may
be configured as a respective isolated construction of a single memory cell.
Electrodes 12 and 14 comprise current conductive material, and may be
homogenous or non-homogenous. In the context of this document, “current
conductive material” is a composition where electric current flow would inherently
occur therein predominantly by movement of subatomic positive and/or negative
charges when such are generated as opposed to predominantly by movement of
ions. Example current conductive materials are elemental metals, alloys of
elemental metals, current conductive metal compounds, and conductively doped
semiconductive material, including any combinations thereof.

[0014] Programmable material 16 and a select device 18 are received in
electrical series connection between and with first electrode 12 and second
electrode 14. (In other words, material 16 and device 18 are both between
electrodes 12 and 14 in electrical series connection with electrodes 12 and 14.)
Current conductive material 20 is received in electrical series connection between
and with programmable material 16 and select device 18. (In other words,
material 20 is both between material 16 and device 18 and in electrical series
connection with material 16 and device 18.) Current conductive material 20 may
or may not form a part of the select device. Regardless, the depicted positions of
programmable material 16 and select device 18 may be reversed. Any existing or
yet-to-be-developed select device may be used, with transistors and diodes being
but two examples. Regardless, each of components 16 and 18 may be homogenous
or non-homogenous, and may be of the same or different shape, thickness, other

dimensions, etc. Current conductive material 20 also may be homogenous or non-
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homogenous. Example materials include any of those described above with respect
to first electrode 12 and second electrode 14. Any two or three of conductive
material of components 12, 14 and 20 may be of the same composition or of
different compositions. Memory cell 10 would likely be surrounded by dielectric
material which is not shown for clarity in the figures with respect to the example
operative components of memory cell 10 just-described.

[0015] Programmable material 16 may be solid, gel, amorphous, crystalline,
or any other suitable phase. Any existing or yet-to-be developed programmable
material may be used, with only some examples being provided below.

[0016] One example programmable material is ion conductive material.
Example suitable such materials comprise chalcogenide-type (for instance,
materials comprising one or more of germanium, selenium, antimony, tellurium,
sulfur, copper, etc.; with example chalcogenide-type materials being Ge,Sb,Tes,
GeSj, GeSe,, CuS,, and CuTe) and/or oxides such as zirconium oxide, hafnium
oxide, tungsten oxide, copper oxide, niobium oxide, iron oxide, silicon oxide
(specifically, silicon dioxide), gadolinium oxide, etc. capable of inherently (or with
additive) supporting electrolyte behavior. Such may have silver, copper, cobalt,
and/or nickel ions, and/or other suitable ions, diffused therein for ionic conduction,
analogously to structures disclosed in U.S. Patent No. 7,405,967 and U.S. Patent
Publication Number 2010/0193758.

[0017] Additional example programmable materials include multi-resistive
state metal oxide-comprising material. Such may comprise, for example, at least
two different layers or regions generally regarded as or understood to be active or
passive regions, although not necessarily. Alternately, such may only comprise
active material. Example active cell region compositions which comprise metal
oxide and can be configured in multi-resistive states include one or a combination
of SrxRuyO,, RuxOy, and InySnyO,. Other examples include MgO, Ta;0s, SrTiO;,
SrZrO3, BaTiO3, Ba(1.x)SrxTiO3, ZrOy (perhaps doped with La), and CaMnO;
(doped with one or more of Pr, La, Sr, or Sm). Example passive cell region
compositions include one or a combination of Al,03, TiO,, and HfO,. Regardless,

a programmable material composite might comprise additional metal oxide or other
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materials not comprising metal oxide. Example materials and constructions for a
multi-resistive state region comprising one or more layers including a
programmable metal oxide-comprising material are described and disclosed in U.S.
Patent Nos. 6,753,561; 7,149,108, 7,067,862; and 7,187,201, as well as in U.S.
Patent Application Publication Nos. 2006/0171200 and 2007/0173019. Further as
is conventional, multi-resistive state metal oxide-comprising materials encompass
filament-type metal oxides, ferroelectric metal oxides and others, and whether
existing or yet-to-be developed, as long as resistance of the metal oxide-comprising
material can be selectively changed.

[0018] The programmable material may comprise memristive material. As an
example, such material may be statically programmable semiconductive material
which comprises mobile dopants that are received within a dielectric such that the
material is statically programmable between at least two different resistance states.
At least one of the states includes localization or gathering of the mobile dopants
such that a dielectric region is formed and thereby provides a higher resistance
state. Further, more than two programmable resistance states may be used. In the
context of this document, a “mobile dopant” is a component (other than a free
electron) of the semiconductive material that is movable to different locations
within said dielectric during normal device operation of repeatedly programming
the device between at least two different static states by application of voltage
differential to the pair of electrodes. Examples include atom vacancies in an
otherwise stoichiometric material, and atom interstitials. Specific example mobile
dopants include oxygen atom vacancies in amorphous or crystalline oxides or other
oxygen-containing material, nitrogen atom vacancies in amorphous or crystalline
nitrides or other nitrogen-containing material, fluorine atom vacancies in
amorphous or crystalline fluorides or other fluorine-containing material, and
interstitial metal atoms in amorphous or crystalline oxides. More than one type of
mobile dopant may be used. Example dielectrics in which the mobile dopants are
received include suitable oxides, nitrides, and/or fluorides that are capable of
localized electrical conductivity based upon sufficiently high quantity and

concentration of the mobile dopants. The dielectric within which the mobile
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dopants are received may or may not be homogenous independent of consideration
of the mobile dopants. Specific example dielectrics include TiO,, AIN, and/or
MgF;. Example programmable materials that comprise oxygen vacancies as mobile
dopants may comprise a combination of TiO; and TiO,4 in at least one
programmed resistance state depending on location of the oxygen vacancies and the
quantity of the oxygen vacancies in the locations where such are received. An
example programmable material that comprises nitrogen vacancies as mobile
dopants is a combination of AIN and AIN, in at least one programmed state
depending on location of the nitrogen vacancies and the quantity of the nitrogen
vacancies in the locations where such are received. An example programmable
material that comprises fluorine vacancies as mobile dopants may is a combination
of MgF> and MgF;.4 in at least one programmed resistance state depending on
location of the fluorine vacancies and the quantity of the fluorine vacancies in the
locations where such are received. As another example, the mobile dopants may
comprise aluminum atom interstitials in a nitrogen-containing material.

[0019] Still other example programmable materials include polymer materials
such as Bengala Rose, A1Q3Ag, Cu-TCNQ, DDQ, TAPA, and fluorescine-based
polymers.

[0020] Figs. 1 and 2 depict an example embodiment wherein immediately
adjacent of components 12, 18, 20, 16, and 14 are directly against one another. In
this document, a material or structure is “directly against” another when there is at
least some physical touching contact of the stated materials or structures relative
one another. In contrast, “over” encompasses “directly against” as well as
constructions where intervening material(s) or structure(s) result(s) in no physical
touching contact of the stated materials or structures relative one another. Other
structures than those depicted in Figs. 1 and 2 are contemplated with respect to
whether materials or structures are directly against one another. For example,
material in a memory cell may be provided between any pair of components 12

and 18, components 18 and 20, components 20 and 16, and components 16 and 14.
[0021] Further and regardless, alternate orientations and constructions to that

shown by Figs. 1 and 2 may be employed. Figs. 1 and 2 do disclose one ideal
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embodiment wherein first electrode 12, second electrode 14, programmable
material 16 or 18, and select device 16 or 18 are oriented relative one another for
predominant current flow relative first electrode 12 and programmable material or
select device 18 in a first direction 22. Such components are oriented for
predominant current flow relative to second electrode 14 and the other of select
device or programmable material 16 in a second direction 24 which is orthogonal to
first direction 22. Figs. 1 and 2 also depict an example embodiment wherein
electrodes 12 and 14 have respective first and second planar surfaces 26 or 28
directly against which component/material 18 and 16, respectively, is received.
Further in such example, such planar surfaces constitute all surface area against
which material/components 18 and 16 are received against their respective
electrode. Alternately as an example, interface between the electrodes and
material/components 16 and/or 18 may be with respect to entirely non-planar
surfaces, a combination of planar and non-planar surfaces, or a combination of
multiple stepped planar surfaces.

[0022] In one embodiment, a nonvolatile memory cell has a select device
which comprises a first diode configured to conduct current from the second
electrode to the first electrode via the programmable material and the current
conductive material. Such a memory cell further comprises a third electrode and a
second diode, with the second diode being configured to conduct current from the
third electrode to the second electrode via the current conductive material and the
programmable material. In one embodiment, the first diode may be configured to
conduct current from the second electrode through the programmable material, then
through the current conductive material, and then through the first diode to the first
electrode. In one embodiment, the second diode may be configured to conduct
current from the third electrode through the second diode, then through the current
conductive material, and then through the programmable material to the second
electrode. One such example embodiment memory cell 10a is shown in Fig. 3.
Like numerals from the first-described embodiments have been used where
appropriate, with some construction differences being indicated with the suffix “a”

or with different numerals.
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[0023] For example, memory cell 10a in one embodiment comprises
programmable material 16, with select device 18 comprising a first diode
configured for current flow into first electrode 12 from current conductive
material 20 as opposed to operative conductive current flow in the opposite
direction. A third electrode 30 is provided in series electrical connection with
current conductive material 20 through a second diode 32 sandwiched there-
between. Second diode 32 is configured to conduct current from third electrode 30
to second electrode 14 via programmable material 16 and current conductive
material 20 as opposed to the opposite direction. Alternately by way of example
only, the above-described bias current flow directions for a diode 18 and a diode 32
may be reversed.

[0024] In one embodiment, first diode 18 is directly against an elevationally
outermost surface 34 of current conductive material 20, and in one embodiment is
directly against an elevationally innermost surface 26 of first electrode 12. In one
embodiment, second diode 32 is directly against an elevationally innermost

surface 36 of current conductive material 20, and in one embodiment is directly
against an elevationally outermost surface 38 of third electrode 30.

[0025] Embodiments of the invention encompass an array of vertically
stacked tiers of nonvolatile memory cells, for example an array 50 as shown in
Fig. 4. Array 50 would be fabricated relative to a suitable base substrate (not
shown) which may be homogenous or non-homogenous, for example, comprising
multiple different composition materials and/or layers. As an example, such may
comprise bulk monocrystalline silicon and/or a semiconductor-on-insulator
substrate. As an additional example, such may comprise dielectric material having
conductive contacts or vias formed therein Which extend vertically or otherwise
into current conductive electrical connection with electronic device components,
regions, or material received elevationally inward of the dielectric material. In this
document, vertical is a direction generally orthogonal to a primary surface relative
to which the substrate is processed during fabrication and which may be considered
to define a generally horizontal direction. Further, “vertical” and “horizontal” as

used herein are generally perpendicular directions relative one another independent
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of orientation of the substrate in three dimensional space. Further in this
document, “elevational” and “elevationally” are with reference to the vertical
direction from a base substrate (not shown) upon which the circuitry is fabricated.
The base substrate may or may not be a semiconductor substrate. In the context of
this document, the term "semiconductor substrate" or "semiconductive substrate" is
defined to mean any construction comprising semiconductive material, including,
but not limited to, bulk semiconductive materials such as a semiconductive wafer
(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.

[0026] Array 50 incorporates a plurality of the memory cell 10 of Figs. 1

and 2. Accordingly, like numerals from Figs. 1 and 2 have been used in Fig. 4
where appropriate, with some construction differences being indicated with
different numerals. Referring to Figs. 1, 2 and 4, array 50 comprises a plurality of
horizontally oriented first electrode lines 12 within individual tiers 52 and 53 of
memory cells 10. A plurality of horizontally oriented global second electrode
lines 13 have local vertical second electrode line extensions 14 extending through
multiple of the tiers of memory cells 10, for example through each of tiers 52

and 53 as shown. Global second electrode lines 13 may alternately, by way of
example only, be formed elevationally/vertically outward of tier 52. Such may
comprise current conductive material.

[0027] Individual memory cells 10 of array 50 may have any of the
constructions, materials, attributes, etc. as described above in connection with
Figs. 1 and 2. Individual memory cells 10 comprise a crossing one of horizontal
first electrode lines 12 and one of local 'vertical second electrode line extensions 14
having material/components 18, 20, 16 there-between. Accordingly, an individual
memory cell 10 of array 50 comprises programmable material 16 or 18, a select
device of the other of structures 16 and 18 in electrical series connection through
current conductive material 20. The programmable material and the select device

are in electrical series connection with the crossing ones of horizontal first
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electrode lines 12 and local vertical second electrode line extensions 14.
Immediately adjacent components of the individual memory cells may be directly
against one another or have other material(s)/components there-between, as
described above.

[0028] The programmable material and the select device of individual
memory cells 10 within array 50 are oriented for predominant current flow into or
out of the crossing one local vertical second electrode line extension out of or into,
respectively, one of the programmable material or select device in a horizontal
direction 24 (Fig. 1). Such are also oriented for predominant current flow into or
out of the crossing one horizontal electrode line out of or into, respectively, the
other of the programmable material and select device in a vertical direction 22
(Fig. 1). Further in Figs 1, 2, and 4, the depicted programmable material may be
isolated relative to each memory cell as shown, or alternately might be continuous
along some plurality of memory cells. For example a programmable material 16
may extend continuously (not shown) along the local vertical second electrode
extensions 14.

[0029] An alternate embodiment array 50a of vertically stacked tiers of
nonvolatile memory cells is shown in Fig. 5. Like numerals from the above-
described embodiments have been used where appropriate, with some construction
differences being indicated with the suffix “a” or with different numerals. Fig. 5
depicts an array comprising memory cells 10a of Fig. 3, and is analogous to the
schematic circuit and operation as described in U.S. Patent Application Serial

No. 12/141,388 and which is now U.S. Patent Publication No. 2009-0316467.
Individual tiers 52a and 53a respectively comprise an elevationally outer tier 60
and an elevationally inner tier 62 of respective pluralities of horizontally oriented
data/sense lines 12 or 30. Fig. 5 is a vertical section view as would be taken
through and along the longitudinal centers of local vertical second electrode line
extensions 14. Accordingly, electrode lines 12 and 30 would run into and out of
the plane of the page upon which Fig. 5 lies. The other components as depicted in
Fig. 5 would repeat throughout the array analogous to the Fig. 4 depiction, but for

different respective individual memory cell constructions 10a.
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[0030] In the embodiment of Fig. 5, second electrode lines 14 comprise
access lines. Further, the respective select devices 18 of an individual memory cell
comprises a first diode which is directly against an elevationally outermost
surface 34 of current conductive material 20, and which is in series current
conductive connection with a conductive data/sense line 12 of a respective
elevationally outer tier 60. Individual memory cells 10a further comprise a second
diode 32 directly against an elevationally innermost surface 36 of current
conductive material 20 and which is in series current conductive connection with a
horizontally oriented data/sense line 30 of a respective elevationally inner tier 62.
Any other attribute as described above with respect to the Fig. 3 embodiment may
be employed. In Fig. 5, alternating local vertical second electrode line extensions
electrically connect with horizontally oriented global second electrode lines 13

or 13a. Also, current conductive material 20 is shared by immediately laterally
adjacent memory cells 10a between laterally adjacent second electrode line
extensions 14. Further in Figs 3 and 5, the depicted programmable material may be
isolated relative to each memory cell as shown, or alternately might be continuous
along some plurality of memory cells. For example material 16 may extend
continuously along the local vertical second electrode extensions 14.

[0031] Any of the above constructions may be fabricated in accordance with
any existing or yet-to-be-developed technique(s). An example manner of
fabricating array 50 of Fig. 4 is next described with reference to Figs. 6-31.
Referring to Figs. 6 and 7, a substrate fragment in process is indicated generally
with reference numeral 70. Like numerals from Figs. 1, 2, and 4 are used where
appropriate, with some construction differences being indicated with the suffix “b”
or with different numerals. Further, in Figs. 6-30, numerals 12, 18, 20, 16 and 14
are used to designate the materials from which such components are fabricated
prior to being of the final example shapes for clarity in the drawings and ease of
understanding in the description. Blanketing layers of current conductive

material 12, programmable or select device material 18, and current conductive
material 20 have been provided relative to intervening dielectric material 72.

Example such dielectrics include doped or undoped silicon dioxide, and silicon
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nitride. An example outer dielectric layer is shown as comprising a composite of
dielectric material 72 over a different composition dielectric material 73.
Accordingly, by way of example only, material 73 might be an other of doped or
undoped silicon dioxide or silicon nitride in comparison to the composition of
dielectric 72. Each of dielectric materials 72 and 73 may be homogenous or non-
homogenous. A suitable base substrate (not shown) as described above would be
received inwardly of innermost layer 72. Tiers 52 and 53 of Fig. 4 are designated
in Figs. 6 and 7, as is an additional inner tier 54 within which a plurality of
memory cells will be fabricated.

[0032] Referring to Figs. 8 and 9, trenches 74 have been formed through the
illustrated materials.

[0033] Referring to Figs. 10 and 11, dielectric material has been formed
within trenches 74 and planarized back. In one embodiment, such may be of the
same composition as dielectric 73 referred to above and is therefore so designated
in the figures.

[0034] Referring to Figs. 12 and 13, openings 76 have been formed through
the illustrated materials. While Fig. 13 is a section view drawn through line 13-13
in Fig. 12, such is also depicting materials 12, 18 and 20 as would be viewed
looking laterally through openings 76 beyond section line 13-13 in Fig. 12.

[0035] Referring to Figs. 14-16, a selective isotropic etch has been conducted
of materials 18 and 20 relative to materials 72, 73 and 12. Materials 18 and 20
may be so etched in the same etching step, or in separate etching steps. In the
context of this document, a selective etch requires removal of one material relative
to a stated or shown other material at a ratio of at least 1.5:1.

[0036] Referring to Figs. 17-19, dielectric material has been deposited to fill
openings 76 and then planarized back. In one embodiment, such may be of the
same composition as dielectric 72 referred to above and is therefore so designated

in the figures.

[0037] Referring to Figs. 20 and 21, openings 77 have been formed through

the illustrated materials.
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[0038] Referring to Figs. 22 and 23, current conductive material 12 and select
device or programmable material 18 have been isotropically etched selectively
relative to materials 20, 72, and 73. Such may form components/material 12

and 18 into their finished final construction shapes, with conductive material 20
also being of its final construction shape.

[0039] Referring to Figs. 24 and 25, dielectric material has again been
deposited, thus filling openings 77. In one embodiment, such may be of the same
composition as dielectric 72 referred to above and is therefore so designated in the
figures. Such may be planarized back as shown.

[0040] Referring to Figs. 26 and 27, openings 78 have been formed through
material 72. Such will comprise vertical columns within which the other of
programmable material or select device material 16 and current conductive
electrode material 14 will be formed.

[0041] Referring to Figs. 28 and 29, material 16 has been deposited to form a
ring lining within openings 78 of Figs. 26 and 27.

[0042] Referring to Figs. 30 and 31, current conductive material 14 has been
deposited within the remaining volume of openings 78 radially within the

material 16 lining and subsequently planarized back, thus substantially completing
the construction of array 70. Global second electrode lines (not shown) might have
previously been formed elevationally inward of innermost layer 72. Alternately by
way of example, such may be formed elevationally outward of the construction of
Figs. 30 and 31, and correspondingly patterned into global second electrode lines
(not shown) in connection with individual of local vertical second electrode line
extensions 14,

[0043] Corresponding or other processing methods to that of Figs. 6-31 may
be used for fabricating array 50a of Fig. 5.

[0044] Embodiments of the invention also encompass methods of forming an
array of vertically stacked tiers of non-volatile memory cells. In one such
embodiment, horizontally oriented and laterally overlapping first, second, and third
lines are formed within individual tiers of a plurality of vertically stacked tiers.

The first and third lines are current conductive and of different composition so that
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at least one of such may be selectively etched relative to the other. The second
lines are respectively received between a respective first line and third line, and
may comprise one of programmable material or select device material. By way of
example only and with respect to Figs. 10 and 11, example individual tiers 52, 53,
54 have respective first lines 12, second lines 18, and third lines 20 so formed. In
one embodiment, the first line is received elevationally outward of the third line.
In one embodiment, the first, second, and third lines are laterally coincident within
the individual tiers.

[0045] Pairs of vertically extending and longitudinally aligned first openings
are formed through a plurality of the tiers on laterally opposing sides of the first,
second, and third lines within the individual tiers. By way of example only and
with respect to Figs. 12 and 13, individual such vertically extending and
longitudinally aligned first openings of an example such pair are designated as 76b.
[0046] The second and third lines are laterally etched through selectively
relative to the first lines between the respective pairs of first openings to form
longitudinally spaced masses which extend vertically relative to the first lines. The
masses respectively comprise material of the former second and third lines. By
way of example only and with respect to Figs. 14-16, such depicts example such
lateral etching of the construction of Figs. 12 and 13 to form longitudinally spaced
masses 80 which extend vertically, in one embodiment and as shown vertically
inward, relative to first lines 12. In one embodiment and as shown, the lateral
etching may also longitudinally recess masses 80 relative to the respective pairs of
first openings 76b.

[0047] Opposing sides of the first lines and the second line material of the
masses are laterally recessed selectively relative to the third line material of the
masses. Such is shown by way of example only in the processing of the substrate
of the Figs. 20 and 21 construction to produce that of Figs. 22 and 23. Such may
be conducted in one or more steps using any suitable wet or dry etching chemistry
or chemistries. Dielectric material is subsequently formed laterally over the
laterally recessed opposing sides of the first lines and the second line material of

the masses, for example as shown in Figs. 24 and 25 by deposition of material 72.



10

15

20

25

30

WO 2012/099685 PCT/US2011/066770

16

[0048] Vertically extending second openings are formed through the plurality
of tiers. Individual of the second openings are laterally adjacent the dielectric
material received over the laterally recessed first lines and second line material,
and laterally adjacent third line material of individual of the masses within the
individual tiers. By way of example only and with respect to Figs. 26 and 27,
openings 78 constitutes such example second openings.

[0049] A ring lining of the other of programmable material or select device
material is formed within the second openings in current conductive connection
with the third line material of individual of the masses within individual of the
tiers. By way of example only and with respect to Figs. 28 and 29, ring lining 16 is
an example. Current conductive material is ultimately formed within the second
openings radially within the ring lining, with Figs. 30 and 31 being such an
example with respect to material 14.

[0050] In one embodiment, a method of forming an array of vertically stacked
tiers of non-volatile memory cells comprises forming horizontally oriented and
laterally overlapping first, second, and third lines within individual tiers of a
plurality of vertically stacked tiers. The first and third lines are current conductive
and of different composition. The second line is received between the first and
third lines, and is of a material different in composition from that of the first and
third lines. Pairs of vertically extending and longitudinally aligned first openings
are formed through the plurality of tiers on laterally opposing sides of the first,
second, and third lines within the individual tiers.

[0051] Lateral etching is conducted through the second and third lines
selectively relative to the first lines between the respective pairs of first openings
to form longitudinally spaced masses which extend vertically relative to the first
lines. The masses respectively comprise material of the former second and third
lines.

[0052] Vertically extending second openings are formed through the plurality
of tiers. Individual of the second openings are laterally spaced from opposing sides
of the first lines and the second line of material of the masses. Individual of the

second openings also laterally expose the third line material of individual of the
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masses within the individual tiers. Current conductive material is formed within
the second openings ultimately, and regardless of whether programmable material
and/or select device material are received laterally between the current conductive
material and third line material of the individual masses. Other attributes as
described above, or otherwise, may be employed.

[0053] An embodiment of a method of forming an array of vertically stacked
tiers of non-volatile memory cells includes forming horizontally oriented current
conductive lines having longitudinally spaced masses extending vertically
therefrom. The masses respectively comprise current conductive material and other
material received between the current conductive material and the current
conductive line. The other material is of different composition from that of the
current conductive material and the current conductive line. The processing as
described above at least through Figs. 13 and 14 is but one example, and regardless
of composition of example other material 20.

[0054] Opposing sides of the horizontally oriented current conductive lines
and the other material of the masses are laterally recessed selectively relative to the
current conductive material of the masses. Figs. 22 and 23 depict one such
example.

[0055] Dielectric material is formed laterally over the laterally recessed
opposing sides of the horizontally oriented current conductive lines and the other
material of the masses. Vertically extending openings are formed through the
plurality of tiers. Individual of the openings are laterally adjacent the dielectric
material received over the laterally recessed opposing sides of the current
conductive lines and other material of the masses. Individual of the openings also
laterally expose the current conductive material of individual of the masses within
the individual tiers. Ultimately, current conductive material is formed within the
openings. Attributes of any of the methods described above, or otherwise, may be
employed.

[0056] In one embodiment, a method of forming an array of vertically stacked
tiers of non-volatile memory cells includes forming horizontally oriented current

conductive lines having longitudinally spaced masses extending vertically
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therefrom. The masses respectively comprise current conductive material and other
material received between the current conductive material and the current
conductive line. The other material is of different composition from that of the
current conductive material and the current conductive line.

[0057] Vertically extending openings are formed through the plurality of
tiers. Individual of such openings are laterally spaced from opposing sides of the
horizontally oriented current conductive lines and the other material of the masses.
Individual of the second openings laterally expose the current conductive material
of individual of the masses within the individual tiers.

[0058] A ring lining is formed of programmable material or select device
material within the openings in current conductive connection with the current
conductive material of individual of the masses within individual of the tiers.
Ultimately, current conductive material is formed within the openings radially

within the ring lining. Other attributes as described above, or otherwise, may be

employed.
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CLAIMS:
1. An array of vertically stacked tiers of nonvolatile memory cells,
comprising:

a plurality of horizontally oriented first electrode lines within individual
tiers of memory cells;

a plurality of horizontally oriented global second electrode lines having local
vertical second electrode line extensions extending through multiple of the tiers of
memory cells; and

individual of the memory cells comprising:

a crossing one of the horizontal first electrode lines and one of the

local vertical second electrode line extensions;

programmable material, a select device in series with the
programmable material, and current conductive material in series between
and with the programmable material and the select device; the programmable
material and the select device being in series with such crossing ones of the
horizontal first electrode lines and local vertical second electrode line

extensions; and

the programmable material and the select device are oriented for
predominant current flow into or out of the crossing one local vertical
second electrode line extension out of or into, respectively, one of the
programmable material or select device in a horizontal direction, and for
predominant current flow into or out of the crossing one horizontal electrode
line out of or into, respectively, the other of the programmable material and

select device in a vertical direction.
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2. The array of claim 1 wherein the first electrode lines are data/sense
lines and the second electrode lines are access lines, and the programmable
material and the select device are oriented for predominant current flow out of the
one data/sense line and into the other of the programmable material or select device

in an elevationally inward vertical direction.

3. The array of claim 1 wherein the first electrode lines are data/sense
lines and the second electrode lines are access lines, and the programmable
material and the select device are oriented for predominant current flow out of the
one data/sense line and into the other of the programmable material or select device

in an elevationally outward vertical direction.

4. The array of claim 1 wherein the select device is directly against the

respective local vertical second electrode line extensions.

5. The array of claim 1 wherein the select device is directly against the

respective first electrode lines.

6. The array of claim 5 wherein the first electrode lines have respective
elevationally outermost surfaces, the respective select devices being directly

against said respective elevationally outermost surfaces.

7. The array of claim 5 wherein the first electrode lines have respective
elevationally innermost surfaces, the respective select devices being directly

against said respective elevationally innermost surfaces.

8. The array of claim 1 wherein the programmable material is directly

against the respective local vertical second electrode line extensions.

9. The array of claim 1 wherein the programmable material is directly

against the respective first electrode lines.

10.  The array of claim 9 wherein the first electrode lines have respective
elevationally outermost surfaces, the programmable material being directly against

said respective elevationally outermost surfaces.
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11.  The array of claim 9 wherein the first electrode lines have respective
elevationally innermost surfaces, the programmable material being directly against

said respective elevationally innermost surfaces.

12.  The array of claim 1 wherein the programmable material and the select

device are directly against the current conductive material.

13. The array of claim 12 wherein the respective select devices are
directly against respective ones of the horizontal first electrode lines or local
vertical second electrode line extensions, and the programmable material is directly
against respective others of the horizontal first electrode lines and local vertical

second electrode line extensions.

14. The array of claim 1 wherein,

the first electrode lines are data/sense lines and the second electrode lines
arc access lines;

the individual vertical tiers of memory cells respectively comprise an
elevationally outer tier and an elevationally inner tier of respective pluralities of
horizontally oriented data/sense lines; and

the respective select devices comprise a first diode directly against an
elevationally outermost surface of said current conductive material and which is in
series current conductive connection with one of the horizontally oriented

data/sense lines of the respective elevationally outer tiers; and

further comprising:

a second diode directly against an elevationally innermost surface of
said current conductive material and which is in series current conductive
connection with one of the horizontally oriented data/sense lines of the

respective elevationally inner tier.

15. The array of claim 14 wherein the respective first diodes are directly
against an elevationally innermost surface of the respective ones of the horizontally

oriented data/sense lines of the respective elevationally outer tiers.
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16.  The array of claim 14 wherein the respective second diodes are
directly against an elevationally outermost surface of the respective ones of the

horizontally oriented data/sense lines of the respective elevationally inner tiers.

17.  The array of claim 14 wherein,

the respective first diodes are directly against an elevationally innermost
surface of the respective ones of the horizontally oriented data/sense lines of the
respective elevationally outer tiers; and

the respective second diodes are directly against an elevationally outermost
surface of the respective ones of the horizontally oriented data/sense lines of the

respective elevationally inner tiers.

18.  The array of claim 17 wherein the programmable material is directly
against both the respective local vertical access line extensions and current

conductive material.
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19. A method of forming an array of vertically stacked tiers of nonvolatile
memory cells, comprising:

forming horizontally oriented and laterally overlapping first, second, and
third lines within individual tiers of a plurality of vertically stacked tiers; the first
and third lines being current conductive and of different composition, the second
lines being received between the first and third lines and being of material different
in composition from that of the first and third lines;

forming pairs of vertically extending and longitudinally aligned first
openings through the plurality of tiers on laterally opposing sides of the first,
second, and third lines within the individual tiers;

laterally etching through the second and third lines selectively relative to the
first lines between the respective pairs of first openings to form longitudinally
spaced masses which extend vertically relative to the first lines, the masses
respectively comprising material of the former second and third lines;

forming vertically extending second openings through the plurality of tiers,
individual of the second openings being laterally spaced from opposing sides of the
first lines and the second line material of the masses, individual of the second
openings laterally exposing the third line material of individual of the masses
within the individual tiers; and

forming current conductive material within the second openings.

20.  The method of claim 19wherein the first line is received elevationally

outward of the third line.

21.  The method of claim 19 wherein the first, second, and third lines are

laterally coincident within the individual tiers.

22,  The method of claim 19 wherein the laterally etching longitudinally

recesses the masses relative to the pairs of first openings.
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23. A method of forming an array of vertically stacked tiers of nonvolatile
memory cells, comprising:

forming horizontally oriented current conductive lines having longitudinally
spaced masses extending vertically therefrom, the masses respectively comprising
current conductive material and other material received between the current
conductive material and the current conductive lines, the other material being of
different composition from that of the current conductive material and the current
conductive lines;

laterally recessing opposing sides of the horizontally oriented current
conductive lines and the other material of the masses selectively relative to the
current conductive material of the masses;

forming dielectric material laterally over the laterally recessed opposing
sides of the horizontally oriented current conductive lines and the other material of
the masses;

forming vertically extending openings through the plurality of tiers,
individual of the openings being laterally adjacent said dielectric material within
the individual tiers, individual of the openings laterally exposing the current
conductive material of individual of the masses within the individual tiers; and

forming current conductive material within the openings.

24.  The method of claim 23 wherein the masses extend vertically inward

from respective of the horizontally current conductive lines.
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25. A method of forming an array of vertically stacked tiers of nonvolatile
memory cells, comprising:

forming horizontally oriented current conductive lines having longitudinally
spaced masses extending vertically threfrom, the masses respectively comprising
current conductive material and other material received between the current
conductive material and the current conductive lines, the other material being of
different composition from that of the current conductive material and the current
conductive lines;

forming vertically extending openings through the plurality of tiers,
individual of the openings being laterally spaced from opposing sides of the
horizontally oriented current conductive lines and the other material of the masses,
individual of the second openings laterally exposing the current conductive
material of individual of the masses within the individual tiers;

forming a ring lining of programmable material or select device material
within the openings in current conductive connection with the current conductive
material of individual of the masses within individual of the tiers; and

forming current conductive material within the openings radially within the

ring lining.
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26. A method of forming an array of vertically stacked tiers of nonvolatile
memory cells; individual of the memory cells comprising first and second
electrodes, programmable material and a select device in series between and with
the first and second electrodes, and current conductive material in series between
and with the programmable material and the select device; the method comprising:

forming horizontally oriented and laterally overlapping first, second, and
third lines within individual tiers of a plurality of vertically stacked tiers; the first
and third lines being current conductive and of different composition, the second
line being received between the first and third lines and comprising one of
programmable material or select device material;

forming pairs of vertically extending and longitudinally aligned first
openings through the plurality of tiers on laterally opposing sides of the first,
second, and third lines within the individual tiers;

laterally etching through the second and third lines selectively relative to the
first lines between the respective pairs of first openings to form longitudinally
spaced masses which extend vertically relative to the first lines, the masses
respectively comprising material of the former second and third lines;

laterally recessing opposing sides of the first lines and the second line
material of the masses selectively relative to the third line material of the masses;

forming dielectric material laterally over the laterally recessed opposing
sides of the first lines and the second line material of the masses;

forming vertically extending second openings through the plurality of tiers,
individual of the second openings being laterally adjacent said dielectric material
and third line material of individual of the masses within the individual tiers;

forming a ring lining of the other of programmable material or select device
material within the second openings in current conductive connection with the third
line material of individual of the masses within individual of the tiers; and

forming current conductive material within the second openings radially

within the ring lining.



000000000000

00000000000000000

NN




PCT/US2011/066770

WO 2012/099685

2/29

gl , gc gy

N
£l _ _
__ 9% g .
cl . oc V Q\l
\ ] 8l 0z
£l gl
3 vl
oc 3 9/ :
8l
P < ) S
,,,,,,, 3 =07 ;
/7 =S A > 9
£9Y 07 8.
%N N / - /
Ch——— oc
....... = 0} 8.
s oz’ s’ TR
7S N\
84 = N
lllll 0z
A vl ==\ gL,/
i 7
81 1 0 l\A,
A A8 |
/ // |
7 = )
0l -
cl 4

vl



50a

000000000000

00000000000000000

3/29

13a
/ g

10a 10a

©
®
L
3 e =2 3 LN
MR \\\\‘&\\\\
N S u X
78N %17/97 7 e

~~y

N
7 \\\§ /&’I |m|/

27

\\\

“I

\\\\\\\\W\\\

3 /.
E// \4///\\\4@

\\\\\\\\\\\\\\\\\\\\\\\

N’%“’l |m|7/ %é\// )

\ \\\\\\\\\\K\\N\\\\\\\

\ \\\\\\\\\ \\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\

N ltN3 %



WO 2012/099685 PCT/US2011/066770

4/29

-1 ) r 52

> 53

54

u J “
Y




WO 2012/099685 PCT/US2011/066770

5/29

70

/

L/

72

-

73

Y e

- rd

- -~ I
/////////////

e
LI TP “r T, LT R

rd P -~ // // //, /, /// /// //, // ’/, /// //,’/, //, //I/
SISO LI LI I I LTI IO

N -~ ” P - . - . ” P ~“ . rd Pd L d e ” E

cellcr S SOOI LI 7o I 2@

///////

L/
12

//////////////////////////

-~ P -~ Pd v
P - s o -~ .
P . A g - - - -~ 7, - -~
e rd -~ Pl -~ rd P - rd
,,::/,:/,/;,,,:,,:,,,:///:,,;:,,;,,,;,,/:,/:,//,
. - el . -~ . Ed - . - <, ~ . P
’ . - - 7 . 7 rd ” L -~ P -~ -
‘o /,,//, PP P TIET /,,’/,,//, -

NN

/////////////

/,;//,://,://:’//:’//:’//:’/::’/:///;’/::’/::’/:/’/://:;’/ /////

z SOOI I IR LTI I I IO LI e I e,

- C Lt A S S L s LT Lt D LT e L Lt L]

////// P IO /,/’/,I:/,l:/ ///: TSI ILT I
///////

54

o d
- -
////////////

i
-
-
///////

pa

o P s
- - -~ 1

< . PO eI T T ?0

AAAMNMIIINIINNNNg

L/

[
-
/////

1

FIG. 7



WO 2012/099685 PCT/US2011/066770

6/29

70

N\ .

m/\
' ©

/ (//R/l////
W i
‘ .

20 =

R P _::'Z“:

N
S

L 54




WO 2012/099685 PCT/US2011/066770

7/29
/70
74 74 74
72 72 72 72
73 73 73
12 12 12 12
7 /// 7
78\,,, / 18\,,, ///7 /18 {%/78
20\’, 20\’:;’:5 7 /20 ’/20 (%2
"IN \\\\ \\\\/ N\
2L 2] 5 ”
. Bl 2 b 12
18 i%/// mi/// %/13 ////4/18 l
S M T N S 7 S
20 Fild 20 feilx el 20 frizd 2o
\\\\ \\\ N N
N \\\\ NN
22
12 | BN 7 /72_ 7 /72 \
18 //% 18 //// % 1 ///// 18
N7z \”555;;;; ’55:’5;;// 2 iy 20 [
20 &S] 20 < RS
DN \\\\\ \\\/ N\ g
72 72

FIG. 9



WO 2012/099685 PCT/US2011/066770

8/29




WO 2012/099685 PCT/US2011/066770

9/29
/70
74 74 74
| 72 72 72 72
i :
2 12 7/ 7V 7 12
| B w i T i e [
R R Y AW
i 12 z 12 4 z 12 z
, 12 .
i f8\% 78\y/// Wﬁ/ﬂ} //// /78
Y NEEA iy Ui s
i 20 5::/5:\< 20\5::5< 5:15::/’5/20 ’:55::5\/:/20
EENNEENNEEN @\
| 4 ~ Z 1z | 2]
{12 12 e Z 7 )
| 18\// 78\////// ///7 1 ,,//,,,///:/’3
R R Y W
i 72 72 72 2




WO 2012/099685 PCT/US2011/066770

10/29

52

Y

r 53

s 54




g 8 S
r A N 4 —A- N\ 'd A— Y

PCT/US2011/066770

©
™~

| I

o)
A

— 12

76b

™~
X\ 7 N SRRNZ
AARRANY AAAANY
ARARAN \ / ANV
RRRRY RN

A 12

D
|
I
NN ZZ

o

— 12
— 20

N
N7

a4 12

////r//

VAN

A AN \
LY LN S

D
N
|
NWIRRZZEE\

11,29

N
Ny \ / N v\\ / AR \
N AN % AR AN
N AARAAN pz S N MR ANRANY

<,

A 12

WO 2012/099685

FIG. 13




WO 2012/099685 PCT/US2011/066770

12 /29




PCT/US2011/066770

WO 2012/099685
13/29
70
74
74 74 \
80
. \ \ 16 <-—
LT T T T T
| 1)

BT | 73 | 1A
76~t 76 76 - 76D - N
N \\ _________ \\ \\ [

[ T ="
| 73 73 78 73 d
76 76 764 76 |
N RN RN ™
2T [Tl |2
Il ________ I e D e e e
| 73 73 73 73
76~t, 76 76 76 -
_____ \\ -———-————\‘ “““h_\\ |
[ T e SN ms BN
| 73 78 78 | ]
! A )
l ___________ |I ______________ = 1t———"
16 «-—
80

FIG. 15




WO 2012/099685 PCT/US2011/066770

14/29
70\
J_72
76b 4—_73
////W /////////////%///// 1
18— £ o |V B T— 184 52
73 - | 78| KK (76 < ey |
»— NN \\\k - \\&\ \\\ 2
l Ik | Ik | l W J

18— | | B | | :; ’’’’’’ :’ f,a L 18b53
73 LS | 76| [ 76| Kaeds
76 |76 < |
2 -\\ \\ \N N\ape:
N | I\/ ' | I\ | ;\\ ! 04
60— 73 73 20 1873 73 20 1873 73760 72
— 12
18 f:’;;jf;;, ff:;,f:;;, 55;;51,:;, 4— 18} 54
73— K] (76| k& (78] Eeidd | | e
N [— N = ™
SN RINNY NN
\\ | I\ ' | |\ l i H )

/

. _ \ l
72 80 76b

FIG. 16




WO 2012/099685 PCT/US2011/066770

15/29

N

f\
\
/\m/
\
\
R |
« ~N
N N
AY

12 N
\
12 N
72 \% 2 > 62
2| 2
\ -
= 72|
72 N — r 53
~_ | 73
12 N | 72
N .
: 21 ™
! 72 \% \ 54
\ 2

/
/
/
7/
/
/7




WO 2012/099685

70

N\

16/29

PCT/US2011/066770

19*"1 8,0
73 73 #1820
Ch N 5 N 1
1 T ' 8,0
- 2 | |4 1820
_____ 7 ?_:\_ _____Z?_i\ﬁ
2 v 72 72 | &
_________ ] I /,'
73 73| 1 1820
_____ % ?_t\ _____7_'?;\ T
\ \ a0
“““““ I 2 18 20

_________

R

FIG. 18

19~



WO 2012/099685

70

N\

17/29

PCT/US2011/066770

| 73
=




WO 2012/099685 PCT/US2011/066770

18/29




WO 2012/099685

12

18

avd

20

I~
o
I -
Tl ]

-
27

12

4

18

2

=
.
-
(o222,

/,//

ave

12

18

2

L
-
///////
e =z
- A
. E
//////

s Sr 2y

12
18

20

12 |

18

20

12

A
18

L

20

Y/

]
P
= L
-~ rd
NE2z22 -

\

I

72

73

- -
. ]
///////

P -
///////

i
Ld
//////
7 -
////////
- ‘Ll

19/29

-
21594
/////

-

///

rd /,

<o //,/
Cd .

- tPd

\

72

z
I~ ]
’/:”//’
////// g
P
Sl 2]

-
I~

e

7 P

-’ o2
- ]

- o

- P

//////

FIG. 21

12
18

20

12
18

20

12
18

20

PCT/US2011/066770

12 .

18

i
”
////////
-
/////
//////

20

\

7z

18

NN

//A
~

T
’///’/;’
2227 -
Ll DA
/// ///
-

-~ -

20

18

////////

L
/////

20

N\

N\

72

. 52

2

~ 53

12

\ 54




PCT/US2011/066770

WO 2012/099685

20/29

14

2,

\

LY
4
4
/
/
!

AN

" AW

N/
Y

LY
/

-

NTLANAYRYAWY
| N

N

™~

/ bﬁgﬂ m_ \\
N

~

72




WO 2012/099685 PCT/US2011/066770

21/29
/ 70
77 77 77
72 7z 72 72
Pl L2121, [ 2],
//// 18 ////,/ 18 V%/ 18 %/ 18
7 \/20 \/20 e P w [
M AT Y Y

U T U




PCT/US2011/066770

WO 2012/099685

22/29




WO 2012/099685 PCT/US2011/066770

23/29
/ 70
17 77 77
72
| ANEINE . 73
12 L, 12
| %jm //,/////18 %/13 @’/18
| 7% 20 ’/20 ’ /20 /20 [ o
Y ALY Y W
I 2 12 12 12 .
= Z///fjm %/78 ://///:////jm ?////’jm
- G g ;’55;,%‘\/20 /\ 2 \\ 20 (%
12 12 12 12
: / /ija f//jm %im %jm F
| &\x/zo k\\w/zo \\&/20 &%/20
|




PCT/US2011/066770

WO 2012/099685

24 /29




WO 2012/099685 PCT/US2011/066770

25/29
/ 70
78 78
/ 72\ / /72
| 2 73|72 | 73 73 /72
7 12 2 i 12 L 12
N| / N / A 2 //i/m % v
i 2552214 1532204 AL s
< i/zo /:’/:'\/20 eccl 20 \ 20
M A Y N\W
12 12 12 12
) _ 1% Z )
// 18 /ﬂ 18 ///’//78 ////'/18
G S 7 |7 A T O
/20 LGy L o /w{/zo
NN EENEEN
12 12 12 12
// |/ / 4 // |/ // ]
22z i 9% 722
f’"&/zo /’"%/20 /"'f§/20 \\ 20 (>
MY Y W AW




PCT/US2011/066770

WO 2012/099685




WO 2012/099685 PCT/US2011/066770

27/29
/70
78 78
16 16 16 16
N /./ \. /./
7 73 73 72 73 73 72
\_/ /12 %_//72 7//72 7 /127
/ 18 L /5/ 76 % 18 // 18
’:”;/20 Zl 275 N7 /20 ’:’/20 o
NN NN ] K
NN @SN\
] 12 12 12 12
7// / SN/ % z ]
/ % 18 /// 1] 78 //Z 18 /%r/fa
g Al | \EERS Y s
/:0/\/20 ::O:\i( /20 ::’::,\/20 ::’::/\/20 |
NNEENEINTEEN
12 12 12 12
/// L/ 7/ / /// // ]
/ /// 18 ////‘/ 18 /// 18 ////’/18
s Al | A Ly
P44 20 L2344 20 S22 20 -2 20
NOEENNTEINEENZ




WO 2012/099685 PCT/US2011/066770




WO 2012/099685 PCT/US2011/066770

29/29

70

, /////{/78\% 7/// 18\7/_,/ |

e
-
< -

”””” 20 LAl 20
VA Y

12

\

\

\

\ 12
\//18\// Nl7ZPaN7 Vak
§ %:/20\5/ § //E/Z\“’/////:Z J’53
N\
\
§
N\
\
\

§§§// §§§:§§3§§%/f\g§§§/

72

— 12 ~ § 12 > 12
‘ /%/73\/% § %/ \/// 18
::5:5:::::;/ \7:’:;;;’:5; § 2222 AR 775 | VARG,
\

-
///////////

L& 20 ke




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings

