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CROSS-POINT MEMORY AND METHODS FOR FABRICATION OF
SAME

CROSS REFERENCE
[0001}] This application claims priority to U.S. Patent Application No. 14/535,731, titled,
CROSS-POINT MEMORY AND METHODS FOR FABRICATION OF SAME,” filed

November 7, 2014, which is incorpovated by reference in its entirety for all purposes.

FIELD
[0002] The disclosed technology generally relates to integrated circuit devices, and in
particular to cross-point memory arrays and methods for fabricating the same. Description of
the Related Art.

[0003] Some memory devices include variable resistance memory cells which can be
switched between high and low resistance states in direct or indirect response to an electrical
signal, such as a voltage or a current pulse. While switching a target variable resistance
memory cell, neighboring cells can be disturbed. Such disturbance can become more
pronounced as the meniory cells are scaled in dimensions, due to increasing proximity
between adjacent memory cells. Thus, there is a need to reduce disturbance of neighboring
memory cells while switching a target memory cell in memory devices, such as variable

resistance memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Claimed subject matter is particularly pointed out in the concluding portion of the
specification. However, certain objects, features, and/or advantages thereof, may be better
understood by reference to the following detailed description if read with the accompanying

drawings in which:

[0005] FIG. 1A is a schematic vertical cross section of a memory array including phase
change materials, taken in a first direction parallel to a lower conductive line, according to

prior art,

[0006) FIG. 1B is a schematic vertical cross section of the memory array of FIG. 1A, taken
in a second direction perpendicular to the first direction and parailel to an upper conductive

line, according to prior art.
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[0B07] FIG. 2A is a schematic vertical cross section of a memory array including phase
change materials, taken in a first direction parallel to a lower conductive line, according to an

embodiment.

[0008] FIG. 2A is a schematic vertical cross section of a memory array including phase
change materials, taken in a first direction paralle] to a lower conductive line, according to an

embodiment,

[0009] FIG. 2B is a schematic vertical cross section of the memory array of FIG. 2A, taken
in a second direction perpendicular to the first direction and parallel to an upper conductive

line.

[00:8] FIG. 2C is a schematic horizontal cross section of the memory array of FIGS. 2A
and 2B, taken in a third direction perpendicular to the first and second directions and parallel

to the underlying substrate surface.

{0011] FIGS. 3A-3C are schematic vertical cross sections of memory arrays including
phase change materials, taken in a first direction parallel to upper conductive lines, similar to

FIG.2B, according to various embodiments.

[0012] FIGS. 4A, 4C, 4E, 4G and 41 are schematic vertical cross sections of intermediate
structures a meniory array including phase change materials at various stages of fabrication,

taken in a first direction parallel to a lower conductive line, according to some embodiments.

[0013] FIGS. 4B, 4D, 4F, 4H and 4/J are schematic vertical cross sections of the
intermediate siructures corresponding to FIGS. 4A, 4C, 4E, 4G and 41, respectively, taken in
a second direction perpendicular to the first direction and parallel to an upper conductive line,

according to some embodiments.

[0014] Features in the drawings are not necessarily drawn to scale and may extend in
different directions from that illustrated. While various axes and directions are illustrated 1o
facilitate the discussion herein, and to show relalive orientations of different parts according
to particular embodiments. it will be appreciated that the features may extend in different

directions.

DETAILED DESCRIPTION
[0015] Some memory devices include memory cells that can be switched between high and

low resistance states in direct or indirect response to an electrical signal, such as a voltage or
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a current pulse. Such memory cells are sometimes called variable resistance memory cells. In
some variable resistance change memory cells, the change in electrical resistance during
write access operations can be associated at least in part by heat generated by the electrical
signal. As used herein, a write access operation can be a program or an erase operation. Fora
variable resistance memory cell, a program operation can also be referred to as a RESET
operation, which can change the resistance state of the memary cell from a relatively low
resistance state to a relatively high resistance state. Similarly, an erase operation, which for a
variable resistance memory can also be referred to as a SET operation, can change the
resistance state of the memory cell from a relatively high resistance state to a relatively low
resistance state. It will be understood that the above terminology is arbitrary but conventional
for referring to write operations for applying different memory states on variable resistance

memory cells.

[0016] One category of variable resistance memory cells is phase change memory cell.
While the heat generated during switching may be associated with switching of a tavget phase
change memory cell, the heat can sometimes induce adverse effects on neighboring cells,
which can be referred to as thermal disturbance, Thermal disturbance, which can in tuin lead
to unintended changes in resistance and/or unintended switching of neighboring meniory
cells, generally becomes more pronounced as the memory cells are scaled in dimensions, due
10 increasing proximity between adjacent memory cells. Thus, there is a need to reduce the
adverse effects of the heat during write operations on the neighboring memory cells in

variable resistance memory devices.

[0417] In some memory technologies, the variable resistance memory cells are arranged in
a cross-point array configuration. Generally, a cross-point memory array refers to a memory
array having memory elements disposed and electrically connected at intersections between a
first set of conductive lines {e.g., word lines) and a second set of conductive lines (e.g., digit
lines) overlapping and crossing the first set of conductive lines. The electrical resistance of
the variable resistance materials of the cross-point memory array, e.g., phase change
materials, can be changed by the electrical signals provided through the first and second

conductive lines connected to the variable resistance materials.

[0018] FIGS. 1A and 1B illustrate an example of a prior art cross-point memory array 10
having a substrate 18 and a plurality of memary cells 30 formed thereon, viewed in a y-

direction, and an x-direction, respectively, Referring to FIGS. 1A and 1B, each of the
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memory cells 30 is a variable resistance memory cell, e.g., a phase change memory cell,
arranged in a stacked configuration between an upper conductive line 20 extending in the y-
direction and a lower conductive line 22 extending in the x-direction. The upper and lower
conductive lines 20 and 22 are conductors configured to carry electrical signals such as, for
example, a voltage or 2 current pulse, between memory cells 30 and peripheral circuitry such
as driver circuitry and sensing cireuitry (not shown). Each memory cell 30 includes a first
active element 38, e.g., a selector element, and a second active element 34, e.g., a storage
element, and in the illustrated embodiment these elements are separated by a middle electrode
536. The jllustrated memory cell 30 additionally includes a lower electrode 40 between the
first active element 38 and the lower conductive line 22 and an upper electrode 32 between

the upper conductive line 20 and the second active element 34.

[0019] Refetring to FIG. 1A, opposing sidewalls (in the x-direction) of each upper
conductive line 20 and each memory cell 30 are lined with a first liner material 46, and
spaces between adjacent upper conductive lines 20 and adjacent memory cells 30 are filled
with a first isolation material 50. Referring to FIG. 1B, opposing sidewalls (in the y-
direction} of each lower conductive line 22 and each memory cell 30 are lined with a second
liner material 52, and spaces between adjacent lower conductive lines 22 and spaces between

adjacent memory cetls 30 are filled with a second isolation material 48,

[0020] When the memory cells 30 are phase change memory cells, the temperatures of the
first active element 38 and/or the second active element 34 of an accessed memory cell can
be raised substantially above room temperature, The heating of the target memory cell, which
is accessed for writing, whose peak temperature can reach several hundred degrees, can have
detrimental effects on the neighboring cells due to diffusion of heat. For example, increased
temperatures of the neighboring memory cells can lead to degradation in data retention and

disturbance of the neighboring memory cells.

{0021] In the following, various embodiments relating to memaory devices and methods of
forming the memory devices are disclosed, which can advantageously include buried voids
interposed between adjacent memory cells. The inventors have found the various
embodiments to substantially reduce transference of heat from one memory cel! to
surrounding regions of the memory cell, compared to other configurations in which adjacent
memory cells are interposed by dielectric regions rather than voids. Without being bound to

any theory, the reduction of transference of heat between memory cells interposed by voids
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can be due to tower theymal conductivity of voids compared to other materials that may

interpose adjacent memory cells, such as, for example, silicon oxide or silicon nitride.

[0022] The term “void,” as used herein, characterizes an enclosed region whose volume is
not filled with condensed matter, such as a liquid, a crystalline solid, or an amorphous solid.
A void may be formed, for example, when an opening of a gap or a space has been sealed,
buried, enclosed or otherwise rendered inaccessible for further filling using, for example, a
deposition technique such as chemical deposition or physical vapor deposition. For example,
when a material is deposited onto a structure having a gap or a space formed therein, the
material may form on upper sidewalls of opposing sidewalls of the gap. When the material
formed on opposing sidewalls contact each other to form a seal region prior to filling the
volume below the seal region, a buried void may be formed underneath the seal region. Such
a void may have trapped therein gaseous species, such as air, or a gas species used during a
previous process. Such voids are sometimes referred to in the semiconductor field as “air
gaps,” although they may instead be filled with an inert gas environment {e.g., N2, H2or Ar)

employed during processing.

[0023] FIGS, 2A, 2B and 2C are cross-sectional depictions of a cross-point memory array
100 having a plurality of memory cells 30, viewed in a y-direction, an x- direction, and a z-
direction, respectively, according to some embodiments. Referring to F1GS. 2A and 2B, each
of the memory cells 30 is a variable resistance memory cell, e.g., a phase change memory
cell, formed as a memory cel! pillar having a plurality of memory cell elements in a relatively
narrow stacked configuration. In the illustrated embodiment, each memory cell 30 is formed
as a memory cell pillar disposed at an intersection between a lower conductive line 22 and an
upper conductive line 20, Each memory cell 30 comprises a first active element 38 disposed
over the lower conductive line 22 and a second active element 34 disposed over the first
active elenient 38. One of the first and second active elements 38 and 34 comprises a storage
material and the other of the first and second active materials comprises a selector material.
In embodiments where the memory cell 30 is a phase change memory cell, at least one of the
first and the second active elements 38 and 34 can include a chalcogenide material that is
configured 1o switch between crystalline and amorphous phases via an electrical pulse
applied between one of the lower conductive lines 22 and one of the upper conductive lines

20 during an access operation, such as a write access operation.
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[0024] The memory cell 30 can additionally include one or more of a lower electrode 40
interposed between the lower conductive line 22 and the first active element 38, 2 middle
elecirode 36 interposed between the first active element 38 and the second active element 34,
and an upper electrode 32 interposed between the upper conductive line 20 and the second
active element 34. In the illustrated embodiment in FIG, 2A, the lower electrode 40 forms a
line which co-extends with the lower conductive line 22, However, in some other
embodiments, the lower electrode 40 can also be separated along the x-direction as a discrete
pillar component, in a similar manner to the middle electrode 36 and the upper electrode 32.
In addition, while in the illustrated embodiment, the upper electrode 32 is separated along the
y-direction as illustrated in FIG. 2B, in some other embodimenis, the upper electrode 32 can
co-extend with the upper conductive line 20. When included, one or more of the electrodes
49, 36 and 32 can include a material, such as carbon, that ¢can serve simultaneously as an
electrode material thiat can provide relatively low contact resistance between adjacent
materials, as well as a diffusion barrier against intermixing, e.g., between metal lines and
chalcogenide elements, or between chalcogenide elements of different compositions. Thus, in
the illustrated embodiment, a memory ceil 30 includes the lower electrode 40, the first active
element 38, the middle electrode 36, the second active element 34 and the upper electrode 32,
In the illustrated embodiment, the memory cell 30 forms a discrete pillar between crossing

conductive lines 20 and 22, with the exception of the continuous lower electrode 40.

{0025] Referring to FIG. 2A, adjacent memory cells 30 are separated in the x- direction by
a gap 42 that is partially filled with a gap-seal dielectric 54 and includes a buried void 62.
The partially filled gap 42 includes a seal region above the buried void 62 that is filled with
the gap-seal dielectric 54. The seal region can be formed by the gap-seal dielectric 54 that
form on upper portions of opposing sidewalls of the adjacent memory cells 30 that abut each
other such that the buried void 62 is enclosed. For illustrative purposes only, in FIG. 2A, the
bottom end 63 of the seal region corresponding to the top corner of the buried void is formed
at a vertical level near the interface between the upper electrode 32 and the second active
element 34, which may be a storage material element of the memory cell. In other
embodiments, however, the bottom of the seal region can be formed at any vertical location
between the upper surface of the upper conductive line 20 and the upper surface of the lower
electrode 40, as will be better understood from embodiments of fabrication processes
described below with reference to FIGS.4A-4J.
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[0028] In the illustrated embodiment in FIG. 2A, the buried void 62 extends vertically fram
the bottom end 63 of the seal region to upper swiface of the lower conductive line 22, or any
layer formed thereover such as the lower electrode 40, or as illustrated to the upper surface of
any gap-seal dielectric 54 formed on the lower conductive line 22. The gap- seal dielectric 54
separates below the bottom end 63 of the seal region into gap-seal dielectric layers formed on
opposing sidewalls of the adjacent memory cell pillars. The gap-seal dielectric layers extend
downwards to at least partially cover remaining portions of opposing sidewalls of the
adjacent memory cell piliars below the seal region, In the illustrated embodiment, the
thicknesses of the gap-seal dielectric layers decrease continuously away from the bottom end

63 of the seal region.

[0027} It will be appreciated that the location, shape and the size of the buried void 62 can
be chosen based on several factors, including heat transfer considerations and process
integration considerations, which can sometimes have competing needs. On the one hand,
during operation, the memory cell 30 can generate heat at any of a number of different
materials and/or interfaces as a result of Joule heating. The transference of the generated heat
from a targeted or accessed memary cell 30 to a neighboring memory cell 30 can be
minimized by controlling the location, shape and size of the buried void 62 between the heat-
originating region of the target cell 30, and the heat-receiving region of the neighboring
memory cell 30, The inventors have found that having the void 62 can redace the thermal
conductivity between cells by as much as 10z to 1000x. Without being bound to any theory,
such a reduction can be understood based on typical thermal conductivity of gases, such as air
that can fill the buried 62, which can be as low as 0.02 W/(m K). In comparison, typical
thermal conductivities of materials that may otherwise fill the gap between adjacent memory
cells, such as silicon oxide and silicon nitride, can be as high as 1.4 W/(m K) and 29 W/(m
K), respectively. Thus, from heat transfer considerations, the greater the amount of volume
between adjacent memory cells 30 occupied by the buried void 62, the greater the thermal

insulation between cells.

[0028] On the other hand, during fabrication, exposing the buried void 62 to subsequent
processes may be undesicable, For example, a buried void 62 that is not buried at sufficient
depth can lead to opening of the buried void 62 during a subsequent process, which can lead
to exposure of the cavity of the void to undesirable chemicals and materials, which can be
trapped, and/or otherwise cause contamination or cross-contamination of the memory cell

pillars. Thus, it will be appreciated that while from the point of view of minimizing heat
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transfer between adjacent memory cells, having a buried void 62 having a particular
combination of the location, the shape and the size of the buried void 62 may be desirable,
from a process integration point of view. having a different combination of the location, the
shape and the size of the buried void 62 may be desirable. Advantageously, according to
various embodiments disclosed herein, the location, shape and the size of the buried void 62

can be controlled to balance these competing needs.

[6029] To illustrate one example, referring to the illustrated embodiment of FIG. 2A, from
a thermal perspective, the buried void 62 advantageously intervenes between corresponding
components of adjacent memory cells 30, such as between adjacent storage elements 34
and/or adjacent selector elements 38. Without being bound to any theory, when the storage
element 34 is in a high resistance state, a relatively large amount of heat tay be generated
within the bulk of the storage element 34 and/or its interfaces with the adjacent upper and
middle electrodes 32, 36. Thus, the transference of the generated heat to the neighboring
storage element 34 and its surrounding regions may be significantly impeded by the buried
void 62 interposed between the target and neighboring storage elements 34. In other
embodiments where the heat generated by other regions of the memory cell 30, such as the
target selector element 38 or its interfaces, contributes to the disturbance of the neighboring
storage element 34, the transference of the generated heat can be similarly impeded by the
buried void 62 interposed between the target selector element 38 and the neighboring storage
element 34. Generally, under many circumstances, minimizing the transference of the heat
generated at a target storage element to the neighboring storage elements and/or its
surrounding areas can increase the overall energy efficiency of memory access, e.g., write

access.

[0030] From a process integration perspective, the bottom 63 of the seal region is
advantageously located below the lower surface of the upper conductive lines 20, such that
the buried void 62 does not get exposed and remains buried by the seal region in a subsequent
process such as, for example a chemical-mechanical polish process (CMP). The CMP process
may expose top surfaces of partially filled gaps 42 prior to forming the upper conductive line

20. However, such process would not expose the buried void 62.

[0031] FIG. 2B is a depiction of the cross-point memory array 100 of FIG. 24, viewed in
the x-direction. In, FI1G. 2B, adjacent memory cells 30 are separated in the y- direction by a

gap 44 that is partially filled with a gap-seal dielectric 48 and includes a buried void 66. The
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partially filled gap 44 includes a seal region above the buried void 66 that is formed by the
gap-seal dielectric 48 formed on upper portions of opposing sidewalis of the adjacent
memoty cells 30 that abut each other to fill the seal region, For illustrative purposes only, in
FIG. 2B, the bottom end 67 of the seal region corresponding to the top corner of the buried
void 66 is formed at a vertical level near the interface between the upper electrode 32 and the
storage material element 34. In other embodiments, however, the bottom of the seal region
can be formed at any vertical location between the upper surfaces of the upper electrodes 32

and the upper surfaces of the substrate 18.

[0032] Similar to the buried void 62 described above with respect to F1G.2A, the buried
void 66 of FIG. 2B extends vertically from the bottom end 67 of the seal region to the
substrate 18, to any layer formed thereover or, as illustrated, to the upper surface of any gap-
seal dielectric 48 that may be formed on the substrate 18. The gap-seal dielectric layer 48
separates below the bottom end 67 of the seal region inte gap-seal dielectric layers formed on
opposing sidewalls which at least partially cover remaining portions of oppesing sidewalls of
the adjacent memory cells 30. In the illustrated embodiment, the thicknesses of the gap-seal
dielectric layers formed on the opposing sidewalls decreases continuously away from the seal

region,

[0033] For similar reasons as described above with respect to FIG. 2A, the location, shape
and the size of the buried void 66 of FIG. 2B can be chosen based on several factors,
including heat transfer considerations and process integration considerations. In particular,
referring to FIG. 2B, from a thermal perspective, the buried void 66 advantageously at least
partially intervenes between corresponding features of adjacent memory cells 30, such as
between adjacent storage elements 34 and/or adjacent selector elements 38. In addition, from
a process integration perspective, the bottom end 67 of the seal region is advantageously
located below the lower surface of the upper conductive lines 20, or in the illustrated
embodiment below the upper electrodes 32, such that the buried void 62 remains buried by
the seal region prior to formation of the upper conductive lines 20. For example, the gap-seal
dielectric 48 may be chemical-mechanically polished prior to formation of the conductive

lines 20. However, such process would have kept the buried void 66 buried,

[0034] FIG. 2C illustrates a cross-point memory array 110 viewed in the z- direction. In
particular, F1G. 2C represents a cross section of the cross-point array 100 of FIGS. 2A and

2B, taken in a plane parallel to the major surfaces of the substrate 18. In FIG. 2C, an array of
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memory cells 30 is arranged as a plurality of rows of memory cell pillars aligned in the x-
direction and a plurality of columns of memory cell pillars aligned in the y- direction. Each
pair of x-adjacent pillars from adjacent columns is interposed by a gap 42, which is partially
filled with the gap-seal dielectric layer 54. The gap-seal dielectric layer 54, in turn vertically
(i.e., in the z-direction) seals the gap 42 to form the buried void 62, as described above with
respect to the void cusp at the bottom end 63 of the seal region in FIG. 2A. In some
embodiments, the buried void 62 forms a continuous channel which extends in the y direction
within the gap 42. It will be appreciated that, depending on the vertical location of the cross-
section taken of the cross-point memory array 100 of FIG.2A, the width of the buried void 62
and the thicknesses of the gap-seal dielectric 62 can vary, as described above with respect to
FIG. 2A. In a similar manner, each pair of y-adjacent pillars from adjacent rows is interposed
by a gap 44, which is partially filled the gap-seal dielectric layer 48. The gap-seal dielectric
layer 48, in turn, vertically seals the gap 44 to form the buried void 66, as described above
with respect to the void cusp at the bottom end 67 of the seal region in FIG. 2B. Similar to the
buried void 62, the buried void 66 forms a continuous channel which continuously extends in
the x direction within the gap 44. 1t will also be appreciated that depending on the vertical
location of the cross-section taken of the cross- point memory array 100 of FIG. 2B, the
width of the buried void 66 and the thicknesses of the gap-seal dielectric 66 can vary, as
described above with respect to F1G.2B.

[0035] In the illustrated embodiment of FIG. 2C, the buried void 62 extending in the ¥
direction and the buried void 66 extending in the x direction intersect each other such that the
buried voids form a continuous network of buried voids. In such configurations, each
memory pillar is surrounded by a continuous buried void such that various layers of each of
the memory cells 30 is laterally isolated from one another. Thus, direct thermat
communication between adjacent pillars is minimized in all directions at the vertical Jevels

where the voids 62, 66 are formed.

[0036] Referring back to FIGS, 2A and 2B in view of FIG. 2C, it will be appreciated that,
depending on the vertical locations of the bottom ends 63 (FIG. 2A) and/or 67 (F1G.2B), the
buried voids 62 and/or 66 can either partially span or fully span the vertical heights of storage
elements 34. In some embodiments, both of the bottom ends 63 and 67 are vertically located
above the interfaces between the storage elements 34 and the middle electrodes 36, such that
the buried voids 62 and 66 laterally surround portions of the vertical heights the storage

elements 34. In other embodiments, both of the bottom ends 63 and 67 are vertically located
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above the interfaces between the storage elements 34 and the top electrodes 32, such that the
buried voids 62 and 66 laterally surround entire vertical heights the storage elements 34. In
yet other embodiments, one of the bottom ends 63 and 67 can be vertically located above the
interfaces between the storage elements 34 and the middle electrodes 36, while the other is
vertically located above the interfaces between the storage elements 34 and the top electrodes
32, such that one of the buried voids 62 and 66 fully spans the vertical heights of the storage
elements 34, while the other of the buried voids 62 and 66 partially spans the vertical heights

of the storage elements 34.

{0037} Various elements of the memory cell 30 are now described in more detail, according
to various embodiments. Referring to FIGS, 2A-2C, in various embodiments, the gap-seal
dielectric layers 48 and 54 can include a suitable dielectric material adapted to protect various
portions of the sidewalls of the memory cell 30 during processing while minimizing thermal
communication between adjacent memory cells 30. One or both of the gap-seal dielectric
layers 48 and 54 can include oxide or nitride materials, such as silicon oxide (e.g., Si02),
aluminum oxide (e.g., A1203) and silicon nitride {e.g., Si3N4), among others. In some
embodiments, the gap-seal dielectric materials 48 and 54 comprise different materials. In
some other embodiments, the gap-seal dielectric materials 48 and 54 comprise the same

materials.

{0038] The upper and/or lower conductive lines 20 and 22 can comprise a metal. Exampies
of the metal include elemental metals such as Al, Cu, Ni, Cr, Co, Ru, Rh, Pd, Ag, Pt, Au, Ir,
Ta, and W; conductive metal nitrides such as TiN, TaN, WN, and TaCN; conductive metal
silicides such as tantalum silicides, tungsten silicides, nickel silicides, cobalt silicides and

titanium silicides; and conductive metal oxides such as RuO2.

[0039] Examples of the second active element 34, which can be a storage element, include
a chalcogenide-based phase change storage element, a resistive random access memory
(RRAM) storage element (e.g., NiO, HfO2, Zr02, Cu20, Ta02, Ta205, Ti02, Si02,
Al203), a conductive bridge random access memory (CBRAM) storage element (e.g,, metal-
doped chalcogenide), and/or a spin transfer torque random access memory (STT- RAM)

storage element, among other types of storage elements.

[0040] Examples of the first active element 38, which can be a selector element, include a

two terminal device {(e.g., a switch), such as a diode, an ovonic threshold switch (OTS), a
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tunnel junction, or a mixed ionic electronic conduction switch (MIEC), among other two

terminal devices.

(6041} In embodiments where the memory cell 30 is a phase change memory cell, one or
both of the first and second active elements 38 and 34, which can be selector and storage
elements, respectively, can comprise chalcogenide materials. When both storage and selector
elements comprise chalcogenide materials, the storage element can comprise a chalcogenide
material that can undergo a phase change that is nonvolatile at roomn temperature, On the
other hand, the selector element can comprise a chalcogenide material that does not undergo

a similar nonvolatile phase change.

[0042] In some embodiments, the storage element includes a chalcogenide material such as
an alloy including at least two of the elements within the indium(In)- antimony(Sb)-
telturium(Te)} (IST) alloy system, e.g., In25b2TeS5, In1Sb2Ted, InISb4Te7, ete., or an alloy
including at least two of the elements within the germanium{Ge)-antimony(Sb)-
tellurium{Te) (GS8T) alloy system, e g., Ge8SbS5Te8, Ge2Sh2Tes,

<iing class="EMIRef" id="357346787-imgf000014_0001" />

GelSb4Te7, Ge4dSbd4Te7, etc., among other chalcogenide alloy systems,

[0043] In some embodiments, the selector element includes a chalcogenide material. A
selector device having a chalcogenide material can sometimes be referred to as an Ovonic
Threshold Switch (OTS). An OTS may include a chalcogenide composition including any
one of the chalcogenide alloy systems described above for the storage element and, in
addition, further include an element that can suppress crystallization, such as arsenic (As),
nitrogen (N} and carbon (C), to name a few. Examples of OTS materials include Te- As-Ge-
Si, Ge-Te-Pb, Ge-Se-Te, Al-As-Te, Se-As-Ge-Si, Se-As-Ge-C, Se-Te-Ge-Si, Ge-Sb- Te-Se,
Ge-Bi-Te-Se, Ge-As-5b-Se, Ge-As-Bi-Te, and Ge-As-Bi-Se, among others.

[0044] Still referring to FIGS. 2A-2C, the upper, middle and lower electrodes 32, 36 and 40
can comprise materials that electrically connect the operational elements of the memory cell
but prevent interactions and/or interdiffusion among adjacent materials. For example,
depending upon the adjacent materials, suitable electrode materjals can include one or more
conductive and semiconductive materials such as, for example, carbon (C); n-doped
polysilicon and p-doped polysilicon; metals including, Al, Cu, Ni, Cr, Co, Ru, Rh, Pd, Ap, P,
Au, Ir, Ta, and W; conductive metal nitrides including TiN, TaN, WN, and TaCN; conductive
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metal silicides including tantaluin silicides, tungsten silicides, nicke] silicides, cobalt silicides

and titanium silicides; and conductive metal oxides including RuQ2.

[0045]  Still referring to FIGS.2A-2C, in some embodiments, the upper and lower
conductive lines 20 and 22 and various elements that form the memory cell piliars, including
the first and second active elements 38 and 34, can have lateral dimensions, e.g., widths, in x
and y directions. selected to be in the range between about 5 nm and 60 nm, for example
about 30 v, in the range between about 5 nmn and 40 nm, for example about 25 nm, or
between about 5 am and 30 nm, for example about 20 nm, depending upon the lithographic
node for the integrated circuit design. Smaller dimensions are yet possible, limited only by
the Jithographic capability employed by the person skilled in the art. The upper and lower
conductive lines 20 and 22 can have lengths in the y and x directions, respectively, selected to
be much greater than the widths, such as at least 100 times greater or at least 100¢ times

greater than the widths.

{0046] Referring to FIGS. 3A-3C, alternative embodiments are illustrated. FIGS. 3A-3C
are cross-sectional depictions of cross-point memory arrays 110, 120 and 130, respectively,
each having a plurality of memory cells 30 having a pillar structure, viewed in an x-direction,
according to various embodiments. Similar to the cross-point memory array 100 described
with respect to FIG. 2B, each of the memory arrays 110, 120 and 130 include a memory cell
30 formed as a pillar disposed at an intersection between a lower conductive line 22 and an
upper conductive line 20 and comprising a first active element 38 disposed over the lower
conductive line 22 and a second active element 34 disposed over the first active element 38,
wherein one of the first and second active elements 38 and 34 comprises a storage material
and the other of the first and second active elements 38 and 34 comprises a selector material,
In FIGS. 3A-3C, for illustrative purposes only, only two memory cells 30 are shown.
However, it will be understood that the number of memory cells 30 in a cross- point memory
array can include any suitable number of memory cells 30. In addition, while for illustrative
purpose, FIGS. 3A-3C show cross-sectional views of cross-point arrays viewed in the x-
direction similar to that described with respect to FIG. 2B, it will be understood that the
inventive aspects described herein can be implemented as described with cross-sectional

views in the y-direction similar to that described with respect to FIG.2A.

{0047] Referring to the cross-point memory array 110 of FIG, 3A, similar to the cross-point

memory array 100 described with respect to FIG. 2B, adjacent memory pillars 30 are
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separated in the y-direction by a gap 144a that is partially filled with a gap-seal dielectric
148a and includes a buried void 166a. Similar to FIG. 2B, the gap-seal dielectric 148a is
formed over at least portions of opposing sidewalls of the adjacent memory cell pillars below
the seal region, and the thicknesses of the gap-seal dielectric layers 148a on opposite sides of
the buried void 166a continuously decreases away from the bottom end 67a of the seal
region. Unlike FIG. 2B, however, in FIG. 3A the gap-seal dielectric 148a is not forined
directly on bottem surface of the gap and/or opposing side surfaces of the memory cell
pillars. Rather, the surfaces of the gap 144a are first lined with a liner dielectric 52 prior to
forning the buried void 166a with the gap-seal dielectric 148a. The liner dielectric 52 is
formed on bottom surface of the gap 144a and/or opposing side surfaces of the memory cells
30. Under some circumstances, the liner dielectric 52 can, during operation and/or
processing, advantageously minimize cross-contamination and/or material inter-diffusion
between various elements of the memory cells 30 and surrounding materials, e.g.,
neighboring memory cells and isolation materials. In some embodiments, the liner dielectric

52 can be formed by a conformal deposition process.

[0048] Stili referring to FIG. 34, the gap-seal dielectric 148a is formed on the surfaces of
the gap 144a that is lined with the liner dielectric 52, to partially fill the gap 144a, thereby
forming the buried void 166a. Similar to FIG, 2B, the partially filled gap 144a includes a seal
region above the buried void 166a which extends vertically from the bottom end 67a of the
seal region to at least partially cover remaining portions of opposing sidewalls of the adjacent
memory cell pillars. Also similar to FIG. 2B, the thickness of the gap-seal dielectric 148a
decreases continuously away from the seal region. The gap seal dielectric 148a can be formed

by & non-conformal deposition process.

[0049] Still referring to FIG. 34, according to some embodiments, the liner dielectric 52
includes a material that is different from the gap-seal dielectric 148a and can include oxide ar
nitride materials, such as silicon oxide (e.g., 3/02), aluminum oxide (e.g., A1203) and silicon

nitride (e.g., Si3N4), among others.

[0050] Referring to the cross-point memeory array 120 of FIG. 3B, similar to the cross-point
memory array 100 described with respect to FIG. 2B, adjacent memory cells 30 are separated
in the y-direction by a gap 144b that is partially filled with a gap-seal dielectric 148b and
includes a first buried void 166b. FIG.3B is similar to FIG.2B, except in F1G.3B, the seal

region of the gap-seal dielectric 148b does not extend to the bottom surface of the upper
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conductive line 20, That is, the region of the gap 144b above the buried void is not entirely
filled with the gap-seal dielectric 148b, Instead, the gap 144b further includes an isolation
region 84 above bottom end 67b of the gap-seal region. [n some embodiments, the isolation
region 84 is filled with a gap-fill dielectric material that is different from the gap- seal
dielectric. In other embodiments, the isolation region 84 remains unfilled. While depicted as a
significant volume in FIG.3B, the isolation region 84 can sometimes be a small seam region

formed by abuiting gap-seal dielectrics from opposing sidewalls.

[0051] In some embodiments, the gapfill dielectric material that fills the isolation region 84
includes a material that is similar to the gap-seal dielectric 148b, which can include an oxide
or nitride materials, such as silicon oxide (e.g., 8102}, aluminum oxide (e.g., A1203) and
silicon nitride (e.g., Si3N4), among others. In some other embodiments, however, the gap-fill
dielectric materiat can include a material that is different from the gap-seal dielectric 148b.
For example, the gap-fill diclectric may be a spin-on dielectric or an HDP-CVD dielectric

that also fills gaps between arrays on the integrated circuit,

[0D52] Referring to the cross-point memory array 130 of FIG. 3C, similar to the cross-point
memory array 100 described with respect to F1G. 2B, adjacent memory cells 30 are separated
in the y-direction by a gap 144c¢ that is partially filled with a gap-seal dielectric 148¢c and
in¢ludes a buried void 166¢. FIG. 3C is similar to FIG, 2B, except in FIG. 3C, the gap-seal
dielectric 148c extends to only partially cover portions of opposing sidewalls of adjacent
pillars while leaving other portions uncovered below the seal region. In the illustrated
embodiment, while the gap-seal dielectric 148¢ partiaily covers opposing sidewalls of the
storage elements 34, the remaining portions of the opposing sidewalls of the storage elements
34 and of the opposing sidewalls of the middle electrode 36, selector element 38, the lower
electrode 40, and the lower conductive lines 22 remain uncovered by the gap-seal dielectric
148c. While not shown, the gap-seal dielectric may also cover portions of the lower
conductive line 22 or lower electrode 40 and substrate 18 exposed between pillars during the

deposition.

[0053] It will be appreciated that in the various embodiments described above with respect
to FIGS.2A-2C and FIGS, 3A-3C, the buried voids 62 and 66 or 166a-166¢ can have widths
at various vertical levels that are particularly chosen to minimize the therimal communication
between corresponding elements of adjacent memory cell pillars. For example, as one

example metric, a fraction of the distance between corresponding elements, e.g., storage
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elements, of adjacent memory cell pillars, can be chosen to be occupied by the buried void. Tn
some embodiments, a distance between adjacent storage elements 34 occupied by the buried
void, as measured between the opposing sidewalls in x or y distances, at a mid-thickness
level of the storage elements 34, can be between about 20% to about 100% or between about
40% and about 80%, for example about 60%. Here, a distance of 100% occupied by the
buried void represents no coverage of the sidewalls by a dieleciric, while 0% occupied by the
buried void represents gaps that are fully filled, as in the seal region of the partially filled

gaps.

[0054) In the following, methods of fabricating cross-point memory arrays similar to the
cross-point memory array 100 of FIGS. 2A-2C according to various embodiments are
described, wherein adjacent memory cell pillars are separated by a partially filled gap that
includes a buried void. FIGS. 4A-41] illustrate cross-sectional views of a cross-point memory

array at various stages in a sequence of fabrication, according to some embodiments.

[0055] As used herein and throughout the specification, “subtractive patterning” refers to a
process sequence where structures to be defined are patterned by the removal of material. For
example, a “subtractive patterning process” may include blanket provision of a material to be
patterned, followed by lithographically providing etch mask structures overlapping areas to
be patterned, followed by etching through the mask, such that materials in areas covered by
the mask structures are protected while materials in exposed areas are removed by the etch
process. In contrast to subtractive patterning, damascene patterning involves patterning
openings (e.g., trenches or vias) in a first structure, blanket depositing material into the
openings and over the remaining parts of the first structure, and polishing away the
overburden from over the first structure to leave the material of interest patterned in the filled

openings.

[0056] In the following, it will be understood that while only short segments of certain
elongated structures, such as segments of upper conductive lines and lower conductive lines,
may be illustrated, in practice such elongated structures may be much longer, e.g.,
length:width ratios greater than 100:1. In addition, while only a few paralel conductive lines
and memory cells may be illustrated, in practice many parallel lines and memory cells may be

formed to span a memory array.

[0057] In the following, FIGS. 4A, 4C, 4E, 4G and 41 represent cross-sectional views of

intermediate array structures of a cross-point memory array at various stages of fabrication,
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viewed in a y-direction {e.g., along a digit line direction), and FIGS. 4B, 4D, 4F, 4H and 4}
represent cross-sectional views of the intermediate array structures corresponding to the
intermediate structures of FIGS, 4A, 4C, 4E, 4G and 41, respectively, viewed in an x-

direction (e.g., along a word line direction).

[0058] Referring to intermediate array steucture 1002 of FIGS. 4A and 4B, (he method of
fabricating 2 memory array includes forming a memory cell material stack on a substrate 18
and subtractively patterning the memory cell material stack and the lower conductive material
22a using a first lithographic mask to form a plurality of memory cell line stacks on a lower
conductive line 22, both extending in the x-direction. Each of the memory cell line stack and
the Jower conductive line 22 are patterned from an initial stack having respective blanket
materials using the first lithographic mask. In the illustrated embodiment, the memory cell
line stack includes a lower electrode line 40a on the lower conductive line 22, a first active
element Jine 38a {e.g., a selector element tine) on the lower electrode line 40a, a middle
electrode line 36a on the first active element line 38a, a second active element line 34a (e.g.,
a storage element line) on the middle electrode line 36a, and an upper electrode line 32a on
the second active element line 344. Prior to being patterned, the stack of respective blanket
materials may be formed, for example, by deposition techniques such as physical vapor
deposition (PVD), chemical vapor deposition (CVD), and atomic layer deposition (ALDP),
amang, other deposition techniques. After subtractive patterning, each memory cell line stack
extends in the x-direction, and each adjacent cell material stacks are separated by a first gap
60 extending in the x-direction such that the intermediate array structure 100a of FIGS 4A

and 4B includes alternating memory cell lines and first gaps 60.

{0059] In embodiments where a separate liner dielectric is included, as described above

with respect to FIG. 3A, the liner dielectric can be deposited after subtractive patterning.

[0060} 1t will be appreciated that one or more features of the memory cell line stacks of the
intermediate structure 100a can be omitted and still have functional memory cells upon
completion of fabrication. For example, one of the first or second active element lines 38z or
34a can be omitted in some embodiments, where the omitted active material is a selector
material, In addition, one or more of the lower electrode lines 40a, the middle electrode lines

36a and the upper electrode lines 32a can be omitted in some embodiments.

[0061] Referring to intermediate array structure 100b of FIGS. 4C and 4D. the method of

fabricating a memory array additionally includes, after forming the plurality of alternating
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memory cell line stacks and first gaps 60 as described above with respect to FIGS.4A and 4B,
only partially filling the first gaps 60 with a gap-seal dielectric 48a to form first buried voids
66a. Each of the partially filled first gaps 60 includes a seal region above the first buried void
6Ga that is filled with the gap-seal dielectric 48a. A bottom end 67 of the seal region forms a
cusp above the void 66a. In the illustrated embodiment, partially filling the first gap 60
includes covering at least portions of opposing sidewalls of the adjacent memory cell pillars
below the seal region with the gap-seal dielectric 48a, where the thickness of the gap-seal

dielectric continuously decreases away from the seal region.

[0062] It will be appreciated that partially filling the first gaps 60 (FIG. 4B) and forming
the buried voids 66a can be performed using a suitable dielectric deposition process. A
suitable deposition process can be a non-conformal deposition technique in which deposition
on sidewalls of pillars within a gap can be controlled such that the resulting void has a |
desirable shape and location, as described above. Generally, a buried void is formed in a gap
when the gap-seal dielectric is deposited on the sidewalls of adjacent pillars at a relatively
high rate compared to the bottom-filling rate, such that the gap opening pinches off before the
gap below the pinch point can be filled with the gap-seal dielectric. Thus, a suitable technique
for forming a buried void may be one in which reactants arrive at the deposition surface in a
relatively nen-directional manner, such that deposition on sidewalls of the gap, particularly
near the corner of the upper end of the memory cell line stack, occurs at relatively high rate in
comparison to bottom-filling rate of the gap, such that complete filling of the gap is
prevented. Suitable deposition techniques can include, among other techniques, physical
vapor deposition (PYD), low pressure chemical vapor deposition (LPCVD), sub-atmospheric
chemical vapor deposition {SACVD), plasma-enhanced chemical vapor deposition (PECVD)
and atomic layer deposition (ALD). The skilled artisan will appreciate that parameters such
as precursor flow rates, pressure, temperature, etc., can be tuned for the desired level of non-

conformality.

{0063] In will be further appreciated that partially filling the first gaps 60 can be performed
using a suitable material or a combination of suitable materials. For example, the inventors
have found that under some circumstances {e.g., FIG 3C), silican nitride can be deposited as
an effective gap-seal dielectric for forming a buried void with a maximum amount of space
oceupied by the buried void and/or minimizing the amount of deposition on pillar sidewalis
below the seal region, thereby minimizing the thermal communication between adjacent

memory pillars, as described above. However, under other circumstances, it may be desirable

18



10

15

25

Cliem Decket No. 2013-0661. W0
Aitorney Dacket No. P062.WO (88231.0153)

to increase the deposition area and/or thickness of deposition on pillar sidewalls below the
seal region. For example, it can be beneficial to have such coverage to suppress inter-
diffusion of some elements between various layers of a memory pillar. The inventors have
found that silicon nitride is also effective in suppressing interdiffusion of various constituents
of the memory cell between storage elemients and selector elements described above. In
addition, silicon nitride can prevent unintended oxidation of various elements of the memory
cell. In this regard, it may be desirable use relatively nonconformal silicon nitride as a single
material to serve effectively as both a gap-seal dielectric as well as a diffusion barrier
material in a configuration similar to FIGS, 2A-2C, However, in some arrangements, it may
be beneficial to use a thin conformal silicon nitride for forming a thin (2 nm~ 5 nm) liner
dielectric to line the pillar sidewalls as a diffusion barrier material, and subsequently deposit
non conformal silicon oxide as a gap-seal dielectric, in a configuration similar to FIG. 3A. In
yet other circumstances, it may be desirable to use silicon nitride or silicon oxide to serve as a
gap seal dielectric and use another silicon oxide, which may have a higher throughput or a

higher gap-filling capability, as a gap-filling dielectric in a configuration similar to F1G.3B,

[0064] Referring ta interﬁzediate array structure 100¢ of FIGS. 4E and 4F, the method of
fabricating the memory array additionally includes planarizing the surface of the intermediate
array structure 100b of FIGS. 4C and 4D, which can include an undulating surface of the gap-
seal dielectric 48a, which partially fills the first gaps 60 between adjacent memory cell lines,
and may also include an overlying gap-filling dielectric that fills gaps between arrays.
Planarization can be achieved vsing, for example, a chemical-mechanical polishing (CMP)
process to polish the gap seal dielectric 48a and stopping on the upper electrode lines 32b,
thereby exposing a substantially planar surface comprising alternating surfaces of the upper
electrade lines 32b interposed by planarized gap-seat dielectric layers 48b. It will be
appreciated that in preferred embodiments, the buried voids 66b form a buried channel
extending in the x-direction and remain buried through the length of the memory cell material
line. Keeping the voids 66b buried can be advantageous, for example, in preventing the void
cavity from trapping contaminants. Thus, in the illustrated embodiment, the CMP process
forms a planarized surface having exposed surfaces of upper electrode lines 321 and gap-seal

dielectric layers 48b that alternate in the y-direction.

[0065] It will be appreciated that in embodiments where a separate liner dielectric is
formed as described with respect to FIG. 3A, the exposed surface after CMP includes upper

ends of the liner dielectrics. In addition, in embodiments where a separate isolation region
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filled with a gap-fill dielectric is formed as described with respect to FIG. 3B, the exposed

surface after CMP includes the gapfill dielectric.

{0066] Referring to intermediate array structure 100d of FIGS. 4G and 4H, the method of
fabricating the memory array additionally includes depositing an upper conductive material
on the substantially planar surface and subtractively patterning using a second lithographic
mask to form a plurality of upper conductive lines 20 extending in the y- direction. Formation
of the upper conductive lines 20 is followed by formation of memory cell pillars, which can
be performed, in some embodiments, by using the upper conductive lines 20 as a hard mask
to remove, e.g., by etching, materials of the memory cell line stacks from exposed regions
between upper conductive lines 20. In the illustrated embodiment, etching is stopped at the
lower electrode line 40 such that each resulting memory cell pillar includes the upper
electrode 32, the storage element 34, the middle electrode 36 and the selector element 38,
while the lower electrode line 40 remains co-extensive with the lower conductive line 22.
However, it will be appreciated that etching can be stopped at other layers, for example at
selector material 38, such that the selector material also remains co- extensive with the lower
conductive line 22 and the lower electrode line 40. The resulting intermediate array structure
has memory cell pillars formed at each intersection of upper conductive lines 20 and lower
conductive lines 22, wherein each pair of adjacent memory cell pillars in the y-direction is
separated by a partially filled gap which pillars that includes a buried void 66c, and wherein

each pair of adjacent memory cell pillars in the x-direction is separated by a second gap 30.

[0867] Referring to intermediate array structure 100 of FIGS. 41 and 4J, the methad of
forming the memory array additionally includes, after forming the plurality of memory cell
pillars, partially filling the second gaps 50 (FIG. 4G) with a gap-seal dielectric 54 to form
second buried voids 62. Similar to partially filling the first gaps 60 described above with
respect to FIGS.4C and 4D, partiaily filling the second gaps 50 includes forming a seal region
above the buried void 62 that is filled with the gap-seal dielectric 54, as well as covering at
least portions of opposing sidewalls of the adjacent memory cell pillars below the seal region
with the gap-seal dielectric 54. The materials and deposition processes used for partially
filling the second gaps 50 can be substantially similar to those described above with respect
to FIGS. 4C and 4D. Subsequently, the method of fabricating the memory array additionally
may include planarizing (not shown) the surface of the intermediate array structure 100 of
FIGS.41 and 4J using, for example, a chemical-mechanical polishing (CMP) process and

stopping on the upper conductive lines 20, thus exposing a substantially planar surface
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comprising alternating surfaces of the upper conductive lines 20 interposed by seal- regions

filled with the gap-seal dielectric 54,

[0068] It will be appreciated that, in contrast to partially filling the first saps 60 described
above with respect to FIGS. 4C and 4D, in FIGS. 41 and 4J, partially filling the second gaps
50 can form the second buried voids 62 that can extend above the upper surface of upper
electrode 32. In other words, the lower end 63 of the seal region in FIG. 4] can extend to a
vertical position anywhere below the top surface of the upper conductive line 20. This is
because, as described above, in the subsequent CMP process (not shown), the gap- seal
dielectric 54 may be planarized with respect to the upper surface of the npper conductive
lines 20, and having the buried void extend above the upper surface of the upper electrode 32

would not expose the cavities of the buried void 62 to subsequent processes.

[0869] It will be appreciated that while the buried voids 62 (F1G.41) and 66 (F1G. 41) may
extend through substantial or entire lengths of the memory array in the y-direction (which
may be equal to the length of the upper conductive lines 20) and in the x-~direction (which
may be equal to the length of lower conductive lines 22), respectively, the buried voids 62
and 66 may remain capped at the lateral ends of the memory array. The ends may be capped,
for example, by depositing the gap-seal dielectrics 48 and 54 that are sufficiently thick such
that the ends of the buried voids 62 and 66 become pinched off in the y-direction and in the
x-~direction, respectively. The ends may also be capped by depositing sufficient gap-seal
dielectrics 48 and 54 such that regions of the voids 62, 66 adjacent the ends of the array in the
x-direction ad in the y-direction, respectively, bottom-fill up to vertical levels at or exceeding
the ends 67 and 63, respectively, In yet other examples, the sufficient amount of gap-seal
dielectrics can be deposited in more than one deposition steps. Other dielectric layer
depositions may also seal the lateral ends of the voids 62, 66. As a result, the cavities of the
buried voids 62 and 66 remain unexposed to processes subsequent to formation of the buried
voids 62 and 66.

[0070]  Sti}l referring to FIGS. 41 and 41, it will be further appreciated that a liner dielectric
can be formed prior to partially filling the second gaps 50, in a similar manner as described
above with respeci to FIG. 3A and F1GS. 4C/4D. In addition, an additional isolation region
can be formed in a similar manner as described above with respect to FIG. 3B and FIGS.

4C/AD, Furthermore, at least some portions of the sidewalls of the pillars can remain
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uncovered by the gap-seal dielectric 54, as described above with respect to FIG. 3C and
FIGS.4C/MAD.

{0671] Although this invention has been described in terms of certain embodiments, other
embodiments that are apparent to those of ordinary skill in the art, including embodiments
that do not provide all of the features and advantages set forth herein, are also within the
scope of this invention. Moreover, the various embodiments described above can be
combined to provide further embodiments. In addition, certain features shown in the context
of one embodiment can be incorporated into other embodiments as well. Accordingly, the

scope of the present invention is defined only by reference fo the appended claims.

>
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What is claimed is:
1. A memory device, comprising
a plurality of variable resistance memory cell pillars,
wherein adjacent memory cell pillars are separated by a
partially filled gap that includes a buried void,

wherein the adjacent memory cell pillars include storage
material elements that are at least partially interposed
by the buried void, and

wherein the gap comprises an unfilled isolation gap above

a seal region formed in the gap located above the buried
void, and

wherein the gap comprises a first gap-seal dielectric

extending in a first direction and a second gap-seal
dielectric different from the first gap-seal dielectric
extending in a second direction.

2. The memory device of ¢laim 1, wherein at least one of
the storage material elements comprises a phase change
material.

3. The memory device of ¢laim 1, wherein at least one of
the first and second gap-seal dielectrics cover at least
portions of opposing sidewalls of the adjacent memory cell
pillars below the seal region.

4. The memory device of claim 3, wherein a thickness of
the at least one of the first and second gap-seal dielectrics
covering the opposing sidewalls below the seal region
continuously decreases away from the seal region.

5. The memory device of claim 3, wherein the at Jeast one
of the first and second gap-seal dielectrics do not cover at
least portions of the opposing sidewalls of the adjacent
memory cell pillars below the seal region.

6. The memory device of claim 1, wherein at least one of
the first and second gap-seal dielectrics comptises silicon
nitride.
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7. A memory device, comprising

a plurality of variable resistance memory cell pillars,

wherein adjacent memory cell pillars are separated by a
partially filled gap that includes a buried void,

wherein the adjacent memory cell pillars include storage
material elements that are at least partially interposed
by the buried void, the buried void spanning a height of
the adjacent memory cell pillars in a first direction and
at Jeast partially spanning the height of the adjacent
memory cell pillars in a second direction,

wherein a seal region is formed in the gap above the
buried void and filled with a gap-seal dielectric,

wherein the gap further includes an unfilled isolation gap
above the seal region,

wherein the gap comprises a first gap-seal dielectric
extending in a first direction and a second gap-seal

dielectric different from the first gap-seal dielectric
extending in a second direction.

8. The memory device of claim 1, wherein opposing
sidewalls of the adjacent memory cell pillars are lined with
liner dielectric materials in contact with the opposing side-
walls.
9. The memory device of claim 1, wherein each of the
plurality of variable resistance memary cell pillars is sur-
rounded by the buried void.
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10. A memory device, comprising:

a plurality of memory cell stacks,

wherein each memory cell stack comprises a storage
element comprising a phase change material,

wherein adjacent memory cell stacks are separated by a
gap which includes an enclosed void,

wherein a seal region is formed in the gap above the
enclosed void and filled with a gap-seal dielectric,

wherein the gap further includes an unfilled isolation gap
above the seal region, and

wherein each of the memory cell stacks is surrounded by
the enclosed void and a height of the enclosed void
extending in a first lateral direction is different from the
height of the enclosed void extending in a second
lateral direction.

1. The memory device of claim 10, wherein each
memory cell stack comprises upper and lower aclive ele-
ments, wherein one of the upper and lower aclive elements
comprises the storage element and the other of the upper and
lower aclive elements comprises a selector element.

12. The memory device of claim 11, wherein the upper
active element comprises the storage element, and the upper
aclive elementis of the adjacent memory cell stacks are at
least partially interposed by the enclosed void,

13. The memory device of claim 12, wherein the lower
active elements of the adjacent memory cell stacks are at
least partially interposed by the enclosed void.

14. The memory device of claim 11, wherein each
memory cell stack further comprises an upper electrode
formed on the upper active element, wherein the enclosed
void does not extend above a top surface of the upper
electrode.

15. The memory device of claim Il, wherein each
memory cell stack is formed between an upper conductive
line and a crossing lower conductive line, and wherein each
memory cell stack further comprises an upper electrode
tormed on the upper active element, wherein the enclosed
void does not extend above a top surface of the upper
conductive line.
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16. A memory device, comprising:

an array of memory pillars arranged in a plurality of rows
of pillars aligned in a first lateral direction and a
plurality of columns of pillars aligned in a second
lateral direction crossing the first lateral direction,

wherein each memory pillar comprises a storage element
comprising a phase change material,

wherein at least two adjacent memory pillars are sepa-
rated by a gap comprising a gap-seal dielectric extend-
ing in the first lateral direction and a different gap-seal
dielectric extending in the second lateral direction,

wherein adjacent rows of pillars and adjacent colunns of
pillars are separated by continuous buried voids extend-
ing in the respective first and second lateral directions
of the rows of pillars and columns of pillars,

where the gap comprises an unfilled isolation gap above
a seal region formed in the gap located above the buried
voids.

17. The memory device of claim 16, wherein the con-
tinuous buried voids extending in the first lateral direction
and the continuous buried voids extending in the second
Iateral direction intersect each other such that each memory
pillar is surrounded by a continuous buried void.

18. The memory device of claim 17, wherein the con-
tinuous buried void surrounds the storage element.

19. A method of forming a memory device, comprising:

forming a plurality of variable resistance memory cell
pillars, wherein each memory cell pillar includes a
storage element;

forming a buried voeid that surrounds storage material
elements of at least two adjacent memory cell pillars by
partially filling a gap between the at least (wo adjacent
memory cell pillars with a gap-seal diclectric,

wherein the buried void spans a height of the at least two
adjacent memory cell pillars in a first direction and
partially spans the height of the at least two adjacent
memory cell pillars in a second direction, and

wherein the gap comprises an unfilled isclation gap above
a seal region formed in the gap located above the buried
void, ‘
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20. The method of claim 19, wherein forming the memory
cell pillars includes:
forming a plurality of memory cell line stacks extending
in the first direction, wherein each memory cell line
stack includes a storage material line; and
separating the memory cell line stacks in the first direction
to form the memory cell pillars.
21. The method of claim 20, wherein forming the buried
void comprises:
after forming the plurality of memory cell line stacks,
partially filling the gap between adjacent memory cell
line stacks with the gap-seal dielectric to form the
buried void that forms a continuous buried void extend-
ing in the first direction.

22. The method of claim 19, wherein forming the nemory
cell pillars includes forming the storage material elements to
include a phase change material.

23. The method of claim 19, wherein forming the buried
void comprises forming a seal region in the gap above the
buried void and filling the seal region with the gap-seal
dielectric.

24. The method of claim 19, wherein partially filling
includes covering at least portions of opposing sidewalls of
the at least two adjacent memory cell pillars below the seal
region with the gap-seal dielectric.

25. The method of claim 24, wherein partially filling
includes not covering at least portions of opposing sidewalls
of the at least two adjacent memory cell pillars below the
seal region with the gap-seal dielectric.

26. The method of claim 19, wherein partially filling the
gap comprises partially filling with silicon nitride.
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27. A method of forming a memory device, comprising:

forming a plurality of variable resistance memory cell
pillars, wherein each memory cell pillar includes a
storage element;

forming a buried void that interposes storage material
elements of at least two adjacent ones of the memory
cell pillars by partially filling a gap between adjacent
memory cell pillars with a gap-seal dielectric, wherein
a seal region is formed in the gap above the buried void
and filled with a first gap-seal dielectric extending in a
first direction and a second gap-seal dielectric different
from the first gap-seal dielectric extending in a second
direction; and ‘

forming an unfilled isolation gap above the seal region.

28. The method of claim 19, further comprising lining
opposing sidewalls of the adjacent memory cell pillars with
liner dieleciric materials prior to forming the buried void.

29. The method of claim 19, wherein forming the buried
void includes surrounding each of the variable resistance
memory cell pillars. :
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