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(57) Abstract: A method of forming an array of cross point
memory cells comprises forming spaced conductive lower
electrode pillars for individual of the memory cells being
formed along and elevationally over spaced lower first lines.
Walls cross elevationally over the first lines and between the
electrode pillars that are along the first lines. The electrode
pillars and walls form spaced openings between the first
lines. The openings are lined with programmable material of
the memory cells being formed to less-than-fill the openings
with the programmable material. Conductive upper electrode
material is formed over the programmable material within
remaining volume of the openings and spaced upper second
lines are formed which cross the first lines elevationally over
the conductive upper electrode material that is within the
openings. A select device is between the lower electrode pil-
lar and the underlying first line or is between the conductive
upper electrode material and the overlying second line for
the individual memory cells. Aspects of the invention in-
clude an array of cross point memory cells independent of
method of manufacture.



WO 2017/019346 PCT/US2016/042719

ARRAY OF CROSS POINT MEMORY CELLS AND METHODS OF FORMING
AN ARRAY OF CROSS POINT MEMORY CELLS

TECHNICAL FIELD

[0001] Embodiments disclosed herein pertain to arrays of cross point memory

cells and to methods of forming an array of cross point memory cells.

BACKGROUND

[0002] Memory is one type of integrated circuitry, and is used in computer
systems for storing data. Memory may be fabricated in one or more arrays of
individual memory cells. Memory cells may be written to, or read from, using digit
lines (which may also be referred to as bit lines, data lines, sense lines, or
data/sense lines) and access lines (which may also be referred to as word lines).
The digit lines may conductively interconnect memory cells along columns of the
array, and the access lines may conductively interconnect memory cells along rows
of the array. Each memory cell may be uniquely addressed through the

combination of a digit line and an access line.

[0003] Memory cells may be volatile or non-volatile. Non-volatile memory
cells can store data for extended periods of time including when the computer is
turned off. Volatile memory dissipates and therefore requires being
refreshed/rewritten, in many instances multiple times per second. Regardless,
memotry cells are 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.

[0004] A capacitor is one type of electronic component that may be used in a
memoty cell. A capacitor has two clectrical conductors separated by electrically
insulating material. Energy as an electric field may be eclectrostatically stored
within such material. One type of capacitor is a ferroelectric capacitor which has
ferroelectric material as at least part of the insulating material. Ferroelectric
materials are characterized by having two stable polarized states and thereby can

comprise programmable material of a memory cell. The polarization state of the
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ferroeclectric material can be changed by application of suitable programming
voltages, and remains after removal of the programming voltage (at least for a
time). Each polarization state has a different charge-stored capacitance from the
other, and which ideally can be used to write (i.e., store) and read a memory state
without reversing the polarization state until such is desired to be reversed. Less
desirable, in some memory having ferroelectric capacitors the act of reading the
memotry state can reverse the polarization. Accordingly, upon determining the
polarization state, a re-write of the memory cell is conducted to put the memory
cell into the pre-read state immediately after its determination. Regardless, a
memory cell incorporating a ferroelectric capacitor ideally is non-volatile due to
the bi-stable characteristics of the ferroclectric material that forms a part of the
capacitor. One type of memory cell has a select device electrically coupled in

series with a ferroelectric capacitor.

[0005] Another type of non-volatile memory is phase change memory. Such
memoty uses a reversibly programmable material that has the property of switching
between two different phases, for example between an amorphous disorderly phase
and a crystalline or polycrystalline orderly phase. The two phases may be
associated with resistivities of significantly different values. Presently, typical
phase change materials are chalcogenides, although other materials may be
developed. With chalcogenides, the resistivity may vary by two or more orders of
magnitude when the material passes between the amorphous (more resistive) phase
and the crystalline (more conductive) phase. Phase change can be obtained by
locally increasing the temperature of the chalcogenide. Below 150° C, both phases
are stable. Starting from an amorphous state and rising to temperature above about
400° C, a rapid nucleation of crystallites may occur and, if the material is kept at
the crystallization temperature for a sufficiently long time, it undergoes a phase
change to become crystalline. Reversion to the amorphous state can result by
raising the temperature above the melting temperature (about 600° C) followed by

cooling.

[0006] Other reversibly programmable materials for memory cells exist and

undoubtedly will be developed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1 is a diagrammatic isometric view of a substrate fragment
comprising a portion of an array of cross point memory cells in accordance with an

embodiment of the invention.

[0008] Fig. 2 is an enlarged side-elevational view of a portion of the Fig. 1
substrate.
[0009] Fig. 3 is a diagrammatic isometric view of a substrate fragment

comprising a portion of an array of cross point memory cells in accordance with an

embodiment of the invention.

[0010] Fig. 4 is a diagrammatic isometric view of a substrate fragment
comprising a portion of an array of cross point memory cells in accordance with an

embodiment of the invention.

[0011] Fig. 5 is a diagrammatic isometric view of a predecessor substrate to

that of Fig. 1 in process in accordance with an embodiment of the invention.

[0012] Fig. 6 is a view of the Fig. 5 substrate at a processing step subsequent
to that shown by Fig. 5.

[0013] Fig. 7 is a view of the Fig. 6 substrate at a processing step subsequent
to that shown by Fig. 6.

[0014] Fig. 8 is a view of the Fig. 7 substrate at a processing step subsequent
to that shown by Fig. 7.

[0015] Fig. 9 is a view of the Fig. 8 substrate at a processing step subsequent
to that shown by Fig. 8.

[0016] Fig. 10 is a view of the Fig. 9 substrate at a processing step
subsequent to that shown by Fig. 9.

[0017] Fig. 11 is a view of the Fig. 10 substrate at a processing step
subsequent to that shown by Fig. 10.

[0018] Fig. 12 is a view of the Fig. 11 substrate at a processing step
subsequent to that shown by Fig. 11.

[0019] Fig. 13 is a view of the Fig. 12 substrate at a processing step
subsequent to that shown by Fig. 12.
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[0020] Fig. 14 is a view of the Fig. 13 substrate at a processing step
subsequent to that shown by Fig. 13.

[0021] Fig. 15 is a diagrammatic isometric view of a predecessor substrate to

that of Fig. 3 in process in accordance with an embodiment of the invention.

[0022] Fig. 16 is a view of the Fig. 15 substrate at a processing step
subsequent to that shown by Fig. 15.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0023] Embodiments of the invention encompass an array of cross point
memorty cells and methods of forming an array of cross point memory cells. Figs. 1
and 2 show a small portion of a substrate construction 8 comprising an array 10 of
individual cross point memory cells 12 that has been fabricated relative to a base
substrate 11. Substrate 11 may comprise any one or more of conductive (i.e.,
clectrically herein), semiconductive, or insulative/insulator (i.e., electrically
herein) materials. Various materials have been formed eclevationally over base
substrate 11. In this document, “elevational”, “upper”, “lower”, “top”, “bottom”,
and “beneath™ are generally with reference to the vertical direction. “Horizontal”
refers to a general direction along a primary surface relative to which the substrate
is processed during fabrication, and vertical is a direction generally orthogonal
thereto.  Further, “vertical” and “horizontal” as wused herein are generally
perpendicular directions relative one another and independent of orientation of the
substrate in three-dimensional space. Example outlines of immediately adjacent
individual memory cells 12 are shown as being elevationally staggered for ease of
depiction in the Figures where, for example, such memory cells in some

embodiments overlap and/or share some component(s).

[0024] Materials may be aside, elevationally inward, or elevationally outward
of the Fig. 1-depicted materials. For example, other partially or wholly fabricated
components of integrated circuitry may be provided somewhere above, about, or
within fragment 11. Control and/or other peripheral circuitry for operating
components within the memory array may also be fabricated, and may or may not
wholly or partially be within a memory array or sub-array. Further, multiple
sub-arrays may also be fabricated and operated independently, in tandem, or

k]

otherwise relative one another. As used in this document, a “sub-array” may also
be considered as an array. Regardless, any of the materials, regions, and structures
described herein may be homogenous or non-homogenous, and regardless may be
continuous or discontinuous over any material which such overlie. Further, unless
otherwise stated, each material may be formed using any suitable or yet-to-be-
developed technique, with atomic layer deposition, chemical vapor deposition,
physical vapor deposition, epitaxial growth, diffusion doping, and ion implanting

being examples.
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[0025] Array 10 comprises spaced lower first lines 14 and spaced upper
second lines 16 which cross first lines 14, with individual memory cells 12 being
between first lines 14 and second lines 16 where such cross. Reference to “first”
and “second” with respect to different components herein is only for convenience
in description in referring to different components. Accordingly, “first” and
“second” may be interchanged independent of relative position within the finished
circuit construction and independent of sequence in fabrication. Lines 14 and 16
comprise conductive material, with examples being elemental metals, a mixture or
alloy of two or more eclemental metals, conductive metal compounds, and
conductively-doped semiconductive materials. Lines 14 and 16 may be of the same
composition or of different compositions relative one another. In one embodiment,
first lines 14 and second lines 16 angle orthogonally relative one another. In one
embodiment, lines 14 are access or word lines and lines 16 are sense or bit lines.

Dielectric material 15 is between individual first lines 14.

[0026] Individual memory cells 12 comprise a select device 18 and a
programmable device 20 in series (i.e., electrical) with each other. Select device 18
is proximate (e.g., more so than is the programmable device) and eclectrically
coupled to one of first lines 14 or one of second lines 16. Programmable device 20
is proximate (e.g., more so than is the select device) and electrically coupled to one
of the other of a first line 14 or a second line 16. In one embodiment, select
device 18 is directly electrically coupled to the one first or second line and in one
embodiment programmable device 20 is directly electrically coupled to the one of
the other first or second line. In this document, two electronic devices or
components are “clectrically coupled” to one another if in normal operation electric
current is capable of continuously flowing from one to the other, and does so
predominately by movement of subatomic positive and/or negative charges when
such are sufficiently generated. Another electronic component may be between and
clectrically coupled to the two celectrically coupled electronic components or
devices. In contrast, when two electronic components or devices are referred to as
being "directly electrically coupled”, no intervening eclectronic component is
between the two directly electrically coupled components or devices. In the Fig. 1
embodiment, select device 18 is proximate and directly electrically coupled to one
of first lines 14 and programmable device 20 is proximate and directly electrically
coupled to one of second lines 16. Any existing or yet-to-be developed select

devices may be used, for example a junction device or a diode. Example diodes
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include PN diodes, PIN diodes, Schottky diodes, Zener diodes, avalanche diodes,
tunnel diodes, diodes having more than three materials, etc. As an additional
example, select device 18 may be a junction bipolar transistor. Select device 18
may include an elevationally outer and/or elevationally inner conductive material

as a part thereof (not specifically shown).

[0027] Individual programmable devices 20 comprise a first electrode 22 in
the form of a conductive pillar elevationally over one of first lines 14. In this
document, a “pillar electrode” and a “conductive pillar” is a conductive structure
that is of radially continuous conductive material(s) longitudinally along at least a
majority of its length. First pillar electrode 22 comprises a top 24 and sidewalls 26
(Fig. 2). Any suitable conductive material(s) may be used for first pillar
electrodes 22, with TiN being one example. Programmable material 28 is laterally
outward of opposing sidewalls 26 of first pillar electrode 22, in one embodiment is
clevationally over pillar top 24, and in one embodiment comprises a continuous
layer extending over opposing sidewalls 26 and top 24 of individual first pillar
clectrodes 22. Any existing or yet-to-be-developed programmable material may be

used, for example those described in the “Background” section above.

[0028] Programmable device 20 includes a second electrode 30 outward of
the programmable material 28 that is laterally over opposing sidewalls 26 of first
pillar electrode 22, and in one embodiment is elevationally over first pillar
electrode top 24. Second electrode 30 may be of the same or different composition
from that of first pillar electrode 22, and may be of the same or different
composition from second lines 16. In the depicted example, second electrode 30 is
shown to be of different conductive composition than second lines 16. Regardless,
second electrodes 30 may be considered as part of or an elevational extension of a
conductive line 16. In one embodiment and as shown, the second electrodes 30 of
immediately adjacent memory cells 12 along individual second lines 16 are directly
clectrically coupled to one another. For example in one embodiment, second
electrodes 30 are shown as comprising conductive pillars 31, with immediately
adjacent memory cells 12 sharing one of conductive pillars 31. Regardless, in one
embodiment programmable material 28 is beneath second electrode 30 between two
immediately adjacent first lines 14. Further in one embodiment, programmable
material 28 is continuous over multiple tops 24 and sidewalls 26 of multiple first

pillar electrodes 22, and beneath multiple second electrodes 30 between
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immediately adjacent first lines 14. In one embodiment, first pillar electrode 22
has a maximum conductive material width that is greater than that of conductive
pillar 31 laterally proximate the programmable material that is laterally outward of
one of opposing sidewalls 26 of first pillar electrode 22. In one embodiment, first
pillar electrode 22 has a maximum conductive material volume that is greater than
that of conductive pillar 31. Regardless, in one embodiment programmable
device 20 is a ferroelectric capacitor with programmable material 28 thereby

comprising ferroelectric material.

[0029] The first pillar electrode or the second electrode is electrically
coupled to the sclect device (in one embodiment directly electrically coupled) and
the other of the first pillar electrode or the second eclectrode is electrically coupled
(in one embodiment directly electrically coupled) to one of the first or second lines.
In the depicted embodiment where select device 18 is proximate and electrically
coupled to a first line 14, first pillar electrode 22 is elevationally over and
electrically coupled to select device 18. Second electrode 30 is electrically coupled
to one of second lines 16, and again may be considered as comprising a part
thereof. In one embodiment and as shown, second electrode 30 is of an upside-
down U-shape 33 in cross-section along its overlying second line 16, for example
as readily viewable in Fig. 2 (only one U-shape shape 33 being shown for one

second electrode 30 of one memory cell 12 in Fig. 2 for clarity).

[0030] Figs. 1 and 2 show an example embodiment where second lines 16
may have been formed in a self-aligned manner within trenches that were also
formed in a self-aligned manner in conductive material of second electrodes 30,
and for example as will be described below. Thereby, and for example where
second lines 16 and second electrodes 30 are of different conductive compositions,
material of second electrodes 30 is shown extending along sidewalls of second
lines 16. Additionally as an example and as shown, programmable material 28 also
extends along sidewalls of second lines 16 laterally outward of the second electrode
conductive material. In this document, “self-aligned” means a technique whereby
at least a lateral surface of a structure is defined by deposition of material against a
sidewall of a previously patterned structure. Dielectric material 17 is between

immediately adjacent second lines 16.

[0031] Fig. 3 shows an example alternate embodiment construction 8a of an

array 10a that may be produced, for example, from subtractive patterning of

8
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conductive material of second lines 16a. Like numerals from the above-described
embodiments have been used where appropriate, with some construction differences
being indicated with the suffix “a”. In the Fig. 3 example, programmable
material 28 and conductive material of second electrodes 30 do not extend along
sidewalls of second lines 16, and pillar electrodes 22a are shown taller than pillar
clectrodes 22 (Figs. 1 and 2). Any other attribute(s) or aspect(s) as described above

and/or shown in Figs. 1 and 2 may be used in the Fig. 3 embodiments.

[0032] Fig. 4 shows another alternate embodiment construction 8b to that
shown in Fig. 3. Like numerals from the above-described embodiments have been
used where appropriate, with some construction differences being indicated with
the suffix “b”. In array 10b, a memory cell 12b has select device 18 proximate
(e.g., more so than is the select device) and eclectrically coupled to one of second
lines 16. Programmable device 20 is proximate (e.g., more so than is the select
device) and electrically coupled to one of first lines 14. Accordingly, first pillar
clectrode 22a is elevationally over, proximate, and eclectrically coupled
(e.g., directly) to one first line 14 and second electrode 30 is electrically coupled
(e.g., directly) to one select device 18. Construction analogous to that shown in
Fig. 4 can also of course be used in the construction of Figs. 1 and 2 whereby the
select device is provided between a second line 16a and a second electrode 30 (not
shown). Any other attribute(s) or aspect(s) as described above and/or shown in

Figs. 1-3 may be used in the Fig. 4 embodiments.

[0033] Embodiments of the invention encompass methods of forming an
array of cross point memory cells and example embodiments of which are next
described initially with reference to Figs. 5-14. Like numerals from the above-
described embodiments for like materials of construction have been used where
appropriate, with some construction differences being indicated with different
numerals. Figs. 5-14 show an example embodiment for fabrication of the Figs. 1
and 2 array (bottom-formed select device) from a predecessor construction 8§,
although a top-formed select device method may alternately be used. Fig. 5 shows
an example wherein select device material 18 has been patterned commensurate
with the patterning of first lines 14, and dielectric material 15 is between first
lines 14. Only some of the thickness of select device material 18 may be patterned

depending on the type of select devices being formed. Any of the depicted
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patternings herein may use masking steps, for example photolithographic or other

patterning and, regardless, which may use pitch multiplication.

[0034] Referring to Fig. 6, dielectric material 50 has been formed over the
substrate of Fig. 5, and has been patterned and used as a mask to form rails of
material 50 that run along the second line-direction and to complete patterning of
select device material 18. In one embodiment, dielectric material 50 is of different
composition (e.g., silicon dioxide) from that of dielectric material 15 (e.g., silicon
nitride), and an etch of select device material 18 is conducted selectively relative to
dielectric materials 50 and 15. In this document, a seclective etch or removal is an
ctch or removal where one material is removed relative to another stated material at

a rate of at least 1.5:1.

[0035] Referring to Fig. 7, dielectric material 17 has been deposited to fill
space between the rails of material 50 in Fig 6, with material 17 then being
planarized back at least to elevationally outermost surfaces of material 50. In one
embodiment, materials 50 and 17 are of different compositions relative one another,
for example with material 50 comprising silicon dioxide and material 52

comprising silicon nitride.

[0036] Referring to Fig. 8, mask lines 53 have been formed over the substrate
of Fig. 7 elevationally over the spaces between first lines 14, and then unmasked
material 50 has been anisotropically etched selectively relative to mask lines 53,
dielectric material 17, and exposed select device material 18. Mask lines 53 are
shown as having been removed in Fig. 9. Such processing results in the formation
of first spaced openings 55 longitudinally along and elevationally over spaced
lower first lines 14 (regardless of presence of select device material 18). First
openings 55 are between first opposing walls 56 (e.g., material 50) that are between
first lines 14 and are between second opposing walls 58 (e.g., material 17) that are

along and cross clevationally over first lines 14.

[0037] Referring to Fig. 10, conductive lower electrode pillar material 22 has
been formed within individual of first openings 55 for individual of the memory

cells.

[0038] Referring to Fig 11, and in one embodiment, conductive lower

clectrode pillar material 22 has been eclevationally recessed within first

10
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openings 55, for example by a timed etch of pillar material 22 conducted

selectively relative to material(s) of walls 56 and 58.

[0039] Referring to Fig. 12, first opposing walls 56 (not shown) have been
removed to form second spaced openings 60 between first lines 14, with second
openings 60 being between second opposing walls 58 and pillar electrodes 22. In
one embodiment where, for example, walls 56 and 58 are of different compositions,
such may be conducted by a selective etch of walls 56 (not shown) relative to
walls 58 and conductive material of pillars 22. Where pillar electrodes 22 are
elevationally recessed, such recessing may be conducted before and/or after

removing first opposing walls 56.

[0040] The above processing is but one example method of forming spaced
lower electrode pillars 22 for individual of the memory cells being formed along
and elevationally over spaced lower first lines 14. Walls 58 cross elevationally
over first lines 14 and between pillar eclectrodes 22 that are along first lines 14,
with pillars 22 and walls 58 forming spaced openings 60 between first lines 14.
Other techniques may be used, and with or without any recessing of the pillar

electrodes.

[0041] Referring to Fig. 13, openings 60 have been lined with programmable
material 28 to less-than-fill openings 60 with programmable material 28, and
regardless of whether first openings are ever formed. In one embodiment and as
shown, programmable material 28 is formed over pillar electrode tops 24 and

remains in a finished construction of the array (e.g., Figs. 1 and 2).

[0042] Referring to Fig 14, conductive upper electrode material 30 has been
formed over programmable material 28 within remaining volume of openings 60, in
one embodiment to fill all of the remaining volume of openings 60, and in one
embodiment as shown to overfill all of the remaining volume of openings 60,
thereby forming conductive pillars 31 of second electrodes 30. Accordingly and in
one embodiment as shown, conductive upper electrode material 30 has also been
formed elevationally over programmable material 28 that is over conductive pillar
tops 24, and remains in the finish circuitry construction. Upper second line
material 16 can then be deposited and planarized back at least to elevationally
outermost surfaces of walls 58, for example to produce a construction as shown in

Figs. 1 and 2 (e.g., in a self-aligned manner). Alternately as an example, second

11
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electrode material 30 and conductive lines 16 may be deposited as a single,
continuous, homogenous conductive material composition, with material 16 thereby
forming or constituting part of second electrodes 30 (not shown) (e.g., also in a
self-aligned manner). Regardless, in one embodiment masking steps are used in the
formation of the array of cross point memory cells. Figs. 5-14 (including Figs. 1
and 2) show an example method of forming all of spaced first lines 14, pillar
clectrodes 22, spaced second lines 16, and select devices 18 (and in one
embodiment first openings 55) using only three masking steps, namely a masking
step to produce the Fig. 5 construction, a masking step to produce the Fig. 6

construction, and the masking step of Fig. 8.

[0043] An alternate example embodiment method for producing the
construction of Fig. 3 is described with reference to Figs. 15 and 16 with respect to
a predecessor construction 8a. Like numerals from the above-described method
embodiments have been used where appropriate, with some construction differences
being indicated with the suffix “a”. Fig. 15 shows processing conducted
immediately after the processing that produced the substrate of Fig. 10 in the
above-described method embodiments. Specifically, first opposing walls 56 (not

shown) have been removed to form openings 60a (e.g., without recessing of pillar

electrodes 22a).

[0044] Referring to Fig. 16, programmable material 28 has been deposited to
line openings 60a to less-than-fill such openings, followed by formation of upper
electrode material 30 within remaining volume of openings 60a. Conductive
material 16 for the second lines has been deposited and patterned there-over. Such
may then be used as masking during an anisotropic etch of outer electrode
material 30 to isolate it along the second line-direction to produce a construction
analogous to that shown in Fig. 3. Again as an example, the second line
material 16 and the outer conductive electrode material 30 may alternately be
deposited as a single composition deposition (or collectively as multiple

compositions) and then collectively patterned together.

[0045] A select device is ultimately provided between the conductive lower
clectrode material and the underlying first line or provided between the conductive
upper electrode material and the overlying second line for the individual memory
cells. Any other attribute(s) or aspect(s) as described above and/or shown in

Figs. 1-4 of the structure embodiments may be used in the method embodiments.

12
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Conclusion

[0046] In some embodiments, a method of forming an array of cross point
memotry cells comprises forming spaced lower electrode pillars for individual of
the memory cells being formed along and elevationally over spaced lower first
lines. Walls cross clevationally over the first lines and between the electrode
pillars that are along the first lines. The electrode pillars and walls form spaced
openings between the first lines. The openings are lined with programmable
material of the memory cells being formed to less-than-fill the openings with the
programmable material. Conductive upper electrode material is formed over the
programmable material within remaining volume of the openings and spaced upper
second lines are formed which cross the first lines eclevationally over the
conductive upper clectrode material that is within the openings. A select device is
between the lower electrode pillar and the underlying first line or is between the
conductive upper electrode material and the overlying second line for the

individual memory cells.

[0047] In some embodiments, a method of forming an array of cross point
memotry cells comprises forming first spaced openings longitudinally along and
clevationally over spaced lower first lines. The first openings are between first
opposing walls that are between the first lines and are between second opposing
walls that are along and elevationally over the first lines. Lower electrode pillars
for individual of the memory cells are formed within individual of the first
openings. The first opposing walls are removed to form second spaced openings
between the first lines. The second openings are between the second opposing
walls and the electrode pillars. The second openings are lined with programmable
material of the memory cells being formed to less-than-fill the second openings
with the programmable material. Conductive upper electrode material is formed
over the programmable material within remaining volume of the second openings
and spaced upper second lines are formed which cross the first lines elevationally
over the conductive upper clectrode material within the second openings. A select
device is between the lower eclectrode pillars and the underlying first line or is
provided between the conductive upper clectrode material and the overlying second

line for the individual memory cells.

[0048] In some embodiments, an array of cross point memory cells comprises

spaced lower first lines, spaced upper second lines which cross the first lines, and

13
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an individual memory cell between the first lines and the second lines where such
cross. The individual memory cells comprise a select device and a programmable
device in series with ecach other. The seclect device is proximate and electrically
coupled to one of the first or second lines. The programmable device is proximate
and eclectrically coupled to one of the other of the first or second lines. The
programmable device comprises a first pillar electrode elevationally over the one of
the first lines. The first pillar electrode comprises a top and opposing sidewalls.
Programmable material is laterally outward of the opposing sidewalls of the first
pillar electrode. A second clectrode is outward of the programmable material
laterally over the opposing sidewalls of the first pillar electrode. One of the first
pillar electrode or the second electrode is electrically coupled to the select device.
The other of the first pillar electrode or the second electrode is electrically coupled

to the one of the other of the first or second lines.

[0049] In some embodiments, an array of memory cells comprises spaced
lower first lines, spaced upper second lines which cross the first lines, and an
individual memory cell between the first lines and the second lines where such
cross. The individual memory cells comprise a select device and a programmable
device in series with each other. The select device is proximate and directly
clectrically coupled to one of the first lines. The programmable device is
proximate and directly electrically coupled to one of the second lines. The
programmable device comprises a first pillar electrode elevationally over and
directly electrically coupled to the select device. The first pillar electrode
comprises a top and opposing sidewalls. Programmable material is laterally
outward of the opposing sidewalls and elevationally over the top of the first pillar
clectrode. A second clectrode is outward of the programmable material laterally
over the opposing sidewalls of the first pillar electrode. The second electrode is

directly electrically coupled to the one second line.

[0050] In some embodiments, an array of memory cells comprises spaced
lower first lines, spaced upper second lines which cross the first lines, and an
individual memory cell between the first lines and the second lines where such
cross. The individual memory cells comprise a select device and a programmable
device in series with ecach other. The seclect device is proximate and electrically
directly coupled to one of the second lines. The programmable device is proximate

and directly electrically coupled to one of the first lines. The programmable device
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comprises a first pillar eclectrode elevationally over and directly electrically
coupled to the one first line. The first pillar eclectrode comprises a top and
opposing sidewalls. Programmable material is laterally outward of the opposing
sidewalls and elevationally over the top of the first pillar electrode. A second
clectrode is outward of the programmable material laterally over the opposing
sidewalls of the first pillar electrode. The second electrode is directly electrically

coupled to the select device.

[0051] In compliance with the statute, the subject matter disclosed herein has
been described in language more or less specific as to structural and methodical
features. It is to be understood, however, that the claims are not limited to the
specific features shown and described, since the means herein disclosed comprise
example embodiments. The claims are thus to be afforded full scope as literally
worded, and to be appropriately interpreted in accordance with the doctrine of

cquivalents.
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CLAIMS:

1. A method of forming an array of cross point memory cells,
comprising:

forming spaced lower clectrode pillars for individual of the memory cells
being formed along and elevationally over spaced lower first lines, walls crossing
clevationally over the first lines and between the electrode pillars that are along the
first lines, the electrode pillars and walls forming spaced openings between the first
lines;

lining the openings with programmable material of the memory cells being
formed to less-than-fill the openings with the programmable material; and

forming conductive upper clectrode material over the programmable material
within remaining volume of the openings and forming spaced upper second lines
which cross the first lines elevationally over the conductive upper electrode
material that is within the openings, a sclect device being between the lower
clectrode pillar and the underlying first line or being between the conductive upper

clectrode material and the overlying second line for the individual memory cells.

2. The method of claim 1 wherein the conductive upper electrode

material is formed to fill all of the remaining volume of the openings.

3. The method of claim 2 wherein the conductive upper electrode

material is formed to overfill all of the remaining volume of the openings.

4. The method of claim 1 wherein the select device is between the
conductive upper electrode material and the overlying second line for the

individual memory cells.

5. The method of claim 1 wherein the select device is between the lower

clectrode pillar and the underlying first line.

6. The method of claim 5 comprising masking steps; the forming of all
of the spaced first lines, the electrode pillars, the spaced second lines, and the

select devices using only three masking steps.
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7. The method of claim 1 comprising forming the programmable material
over tops of the electrode pillars and which remains in a finished construction of

the array.

8. The method of claim 7 comprising forming the conductive upper
clectrode material elevationally over the programmable material that is over the

tops of the electrode pillars and which remains in the finished construction.

9. The method of claim 7 wherein the programmable material is
continuous over multiple of the tops and sidewalls of multiple of the pillars and

beneath the conductive upper electrode material.

10. A method of forming an array of cross point memory cells,
comprising:

forming first spaced openings longitudinally along and elevationally over
spaced lower first lines, the first openings being between first opposing walls that
are between the first lines and being between second opposing walls that are along
and cross elevationally over the first lines;

forming lower electrode pillars for individual of the memory cells within
individual of the first openings;

removing the first opposing walls to form second spaced openings between
the first lines, the second openings being between the second opposing walls and
the electrode pillars;

lining the second openings with programmable material of the memory cells
being formed to less-than-fill the second openings with the programmable material;
and

forming conductive upper eclectrode material over the programmable material
within remaining volume of the second openings and forming spaced upper second
lines which cross the first lines elevationally over the conductive upper electrode
material within the second openings, a sclect device being between the lower
clectrode pillars and the underlying first line or being between the conductive
upper electrode material and the overlying second line for the individual memory

cells.
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11. The method of claim 10 wherein the first and second walls are of

different compositions relative one another.

12. The method of claim 11 wherein the removing of the first opposing
walls comprises selectively etching the first walls relative to the second walls and

the lower electrode pillars.

13. The method of claim 10 comprising elevationally recessing the lower

clectrode pillars within the first openings.

14. The method of claim 13 comprising conducting the recessing before

removing the first opposing walls.

15. The method of claim 13 comprising masking steps; the forming of all
of the spaced first lines, the first openings, the eclectrode pillars, the second
openings, the spaced second lines, and the select devices using only three masking

steps.
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16. An array of cross point memory cells comprising:

spaced lower first lines, spaced upper second lines which cross the first
lines, and an individual memory cell between the first lines and the second lines
where such cross, the individual memory cells comprising:

a select device and a programmable device in series with each other,
the select device being proximate and electrically coupled to one of the
first or second lines, the programmable device being proximate and
clectrically coupled to one of the other of the first or second lines; and

the programmable device comprising:

a first pillar electrode eclevationally over the one of the first
lines, the first pillar electrode comprising a top and opposing
sidewalls;

programmable material laterally outward of the opposing
sidewalls of the first pillar electrode;

a second electrode outward of the programmable material
laterally over the opposing sidewalls of the first pillar electrode; and

one of the first pillar electrode or the second eclectrode being
clectrically coupled to the select device, the other of the first pillar
clectrode or the second electrode being electrically coupled to the one

of the other of the first or second lines.

17. The array of claim 16 wherein the second electrodes of immediately
adjacent of the memory cells along individual of the second lines are directly

clectrically coupled to one another.

18. The array of claim 17 wherein the second electrode comprises a
conductive pillar, the immediately adjacent memory cells sharing one of the

conductive pillars.

19. The array of claim 18 wherein the first pillar electrode has a
maximum conductive material width that is greater than that of the conductive
pillar laterally proximate the programmable material that is laterally outward of

one of the opposing sidewalls of the first pillar electrode.
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20. The array of claim 18 wherein the first pillar electrode has a
maximum conductive material volume that is greater than that of the conductive

pillar.

21. The array of claim 16 wherein the programmable material is

clevationally over the top of the first pillar electrode.

22. The array of claim 21 wherein the programmable material comprises a
continuous layer extending over the opposing sidewalls and the top of the first

pillar electrode.

23. The array of claim 16 wherein the programmable material is beneath

the second electrode between two immediately adjacent of the first lines.

24. The array of claim 16 wherein the second electrode is over the top of

the first pillar electrode.

25. The array of claim 24 wherein the second electrode is of an upside-

down U-shape in cross-section along its overlying second line.

26. The array of claim 16 wherein the first and second lines angle

orthogonally relative one another.
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27. An array of memory cells comprising:

spaced lower first lines, spaced upper second lines which cross the first
lines, and an individual memory cell between the first lines and the second lines
where such cross, the individual memory cells comprising:

a select device and a programmable device in series with each other,
the select device being proximate and directly electrically coupled to one of
the first lines, the programmable device being proximate and directly
clectrically coupled to one of the second lines; and

the programmable device comprising:

a first pillar electrode elevationally over and directly
clectrically coupled to the select device, the first pillar electrode
comprising a top and opposing sidewalls;

programmable material laterally outward of the opposing
sidewalls and elevationally over the top of the first pillar electrode;
and

a second electrode outward of the programmable material
laterally over the opposing sidewalls of the first pillar electrode, the
second clectrode being directly electrically coupled to the one second

line.

28. The array of claim 27 wherein the programmable material is
continuous over multiple of the tops and sidewalls of multiple of the first pillar
clectrodes and benecath multiple of the second eclectrodes between immediately

adjacent of the first lines.
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29. An array of memory cells comprising:

spaced lower first lines, spaced upper second lines which cross the first
lines, and an individual memory cell between the first lines and the second lines
where such cross, the individual memory cells comprising:

a select device and a programmable device in series with each other,
the select device being proximate and directly electrically coupled to one of
the second lines, the programmable device being proximate and directly
clectrically coupled to one of the first lines; and

the programmable device comprising:

a first pillar electrode elevationally over and directly
clectrically coupled to the one first line, the first pillar electrode
comprising a top and opposing sidewalls;

programmable material laterally outward of the opposing
sidewalls and elevationally over the top of the first pillar electrode;
and

a second electrode outward of the programmable material
laterally over the opposing sidewalls of the first pillar electrode, the
second clectrode being directly eclectrically coupled to the select

device.

30. The array of claim 29 wherein the programmable material is
continuous over multiple of the tops and sidewalls of multiple of the first pillar
clectrodes and benecath multiple of the second eclectrodes between immediately

adjacent of the first lines.

22



PCT/US2016/042719

WO 2017/019346

1115

j11

18




PCT/US2016/042719

WO 2017/019346

2/15

FIG. 3



PCT/US2016/042719

WO 2017/019346

3/15

FIG. 4



WO 2017/019346 PCT/US2016/042719

4/15

i\




PCT/US2016/042719

WO 2017/019346

5/15

FIG. 6



PCT/US2016/042719

WO 2017/019346

6/15

FIG. 7



PCT/US2016/042719

WO 2017/019346

7115

58

FIG. 8



WO 2017/019346 PCT/US2016/042719

8/15




PCT/US2016/042719

WO 2017/019346

9/15

FIG. 10



WO 2017/019346 PCT/US2016/042719

10/15

N

&

—
—

MKX




WO 2017/019346 PCT/US2016/042719

11/15




WO 2017/019346 PCT/US2016/042719

12/15




WO 2017/019346 PCT/US2016/042719

13/15




WO 2017/019346 PCT/US2016/042719

14/15




PCT/US2016/042719

WO 2017/019346

15/15

FIG. 16



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/042719

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 27/24(2006.01)i, HO1L 45/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 27/24, HO1L 21/28; HO1L 45/00; HO1L 21/02; HO1L 27/22; HO1L 29/792

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: memory cell, array, cross point, programmable material, vertical

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See claim 1 and figure 1E.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2009-0250681 A1 (JOHN SMYTHE et al.) 08 October 2009 1-30
See claims 1, 23, 29 and figures 1-10.
A US 2012-0164798 A1 (SCOTT E. SILLS et al.) 28 June 2012 1-30
See claim 1 and figure 19.
A US 2014-0077150 A1 (NATIONAL APPLIED RESEARCH LABORATORIES) 20 March 2014 1-30
See claim 1 and figures 4A-4R.
A US 2014-0097484 A1 (KWANG-SOO SEOL et al.) 10 April 2014 1-30
See claim 1 and figure 3.
A US 2013-0099303 A1 (JYUN-SIANG HUANG et al.) 25 April 2013 1-30

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
20 October 2016 (20.10.2016)

Date of mailing of the international search report

20 October 2016 (20.10.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Jang, Gijeong

Telephone No. +82-42-481-8364

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/042719
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009-0250681 Al 08/10/2009 US 2012-001147 Al 05/01/2012
US 8034655 B2 11/10/2011
US 8674336 B2 18/03/2014
US 2012-0164798 Al 28/06/2012 US 2012-264272 Al 18/10/2012
US 2014-120686 Al 01/05/2014
US 8431458 B2 30/04/2013
US 8652909 B2 18/02/2014
US 9034710 B2 19/05/2015
US 2014-0077150 Al 20/03/2014 US 2013-0221313 Al 29/08/2013
US 8835894 B2 16/09/2014
US 9041129 B2 26/05/2015
US 2014-0097484 Al 10/04/2014 CN 103715176 A 09/04/2014
CN 104659207 A 27/05/2015
JP 2014-078714 A 01/05/2014
JP 2015-099923 A 28/05/2015
KR 10-2014-0046971 A 21/04/2014
KR 10-2015-0059114 A 29/05/2015
US 2014-0187029 Al 03/07/2014
US 2015-0054058 Al 26/02/2015
US 2016-104721 Al 14/04/2016
US 9129861 B2 08/09/2015
US 9257572 B2 09/02/2016
US 9287167 B2 15/03/2016
US 9356044 B2 31/05/2016
US 2013-0099303 Al 25/04/2013 US 8760909 B2 24/06/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	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 - wo-search-report
	Page 40 - wo-search-report

