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(57) A resistance variable memory cell and method
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layer of resistance variable material and a second, sec-
ond electrode is in contact with a second portion of the
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Description

FIELD OF THE INVENTION

[0001] The invention relates to semiconductor devices
and, in particular, to phase change memory elements
and methods of forming and using the same.

BACKGROUND OF THE INVENTION

[0002] Non-volatile memories are useful elements of
integrated circuits due to their ability to maintain data
absent a power supply. Materials have been investigated
for use in non-volatile memory cells. One class of pro-
grammable resistance materials are phase change ma-
terials, such as chalcogenide alloys, which are capable
of stably transitioning between amorphous and crystal-
line phases. Each phase exhibits a particular resistance
state and the resistance states distinguish the logic val-
ues of the memory element. Specifically, an amorphous
state exhibits a relatively high resistance, and a crystal-
line state exhibits a relatively low resistance.
[0003] A conventional phase change memory element
1, illustrated in FIGS. 1A and 1B, has a layer of phase
change material 8 between first and second electrodes
2, 4, which are supported by a dielectric material 6. The
phase change material 8 is set to a particular resistance
state according to the amount of current applied between
the first and second electrodes 2, 4. To obtain an amor-
phous state (FIG. 1B), a relatively high write current pulse
(a reset pulse) is applied through the conventional phase
change memory element 1 to melt at least a portion 9 of
the phase change material 8 covering the first electrode
2 for a first period of time. The current is removed and
the phase change material 8 cools rapidly to a tempera-
ture below the crystallization temperature, which results
in.the portion 9 of the phase change material 8 covering
the first electrode 2 having the amorphous state. To ob-
tain a crystalline state (FIG. 1A), a lower current write
pulse (a set pulse) is applied to the conventional phase
change memory element 1 for a second period of time
(typically longer in duration than the crystallization time
of amorphous phase change material) to heat the amor-
phous portion 9 of the phase change material 8 to a tem-
perature below its melting point, but above its crystalli-
zation temperature. This causes the amorphous portion
9 of the phase change material 8 to re-crystallize to the
crystalline state that is maintained once the current is
removed and the conventional phase change memory
element 1 is cooled. The phase change memory element
1 is read by applying a read voltage, which does not
change the phase state of the phase change material 8.
[0004] One drawback of phase change memory is the
large programming current needed to achieve the phase
change. This requirement leads to large access transistor
design and large circuit layout with typical memory cells
ranging in size from about 16F2 to 40F2. Accordingly, it
is desirable to have phase change memory devices with

reduced programming current requirements and in-
creased bit density.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The advantages and features of the invention
will become more apparent from the detailed description
of embodiments provided below with reference to the ac-
companying drawings in which:
[0006] FIGS. 1A and 1B illustrate a conventional phase
change memory element;
[0007] FIGS. 2A-2B illustrate partial cross-sectional
and partial top-down views, respectively, of a phase
change memory device according to an embodiment of
the invention;
[0008] FIGS. 3A-3D illustrate partial cross-sectional
views of a method of fabricating the phase change mem-
ory device of FIGS. 2A and 2B;
[0009] FIGS. 4A-4B illustrate partial cross-sectional
views of a phase change memory device according to
another embodiment of the invention;
[0010] FIGS. 5A-5B illustrate partial cross-sectional
views of a phase change memory device according to
another embodiment of the invention;
[0011] FIGS. 6-9 illustrate partial cross-sectional views
of a phase change memory devices according to addi-
tional embodiments of the invention;
[0012] FIG. 10 illustrates a top-down view of a phase
change memory device according to another embodi-
ment of the invention;
[0013] FIGS. 11A-11C illustrate partial cross-sectional
and partial top-down views of a phase change memory
device according to another embodiment of the invention;
[0014] FIGS. 12A-12E illustrate partial cross-sectional
views of a method of fabricating the phase change mem-
ory device of FIGS. 11A-11C; and
[0015] FIG. 13 is a block diagram of a processor sys-
tem having a memory device incorporating a phase
change memory element constructed in accordance with
an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the following detailed description, reference
is made to various specific embodiments of the invention.
These embodiments are described with sufficient detail
to enable those skilled in the art to practice the invention.
It is to be understood that other embodiments may be
employed, and that various structural, logical and elec-
trical changes may be made without departing from the
spirit or scope of the invention.
[0017] The term "substrate" used in the following de-
scription may include any supporting structure including,
but not limited to, a semiconductor substrate that has an
exposed substrate surface. A semiconductor substrate
should be understood to include silicon, silicon-on-insu-
lator (SOI), silicon-on-sapphire (SOS), doped and un-
doped semiconductors, epitaxial layers of silicon sup-
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ported by a base semiconductor foundation, and other
semiconductor structures, including those made of sem-
iconductors other than silicon. When reference is made
to a semiconductor substrate or wafer in the following
description, previous process steps may have been uti-
lized to form regions or junctions in or over the base sem-
iconductor or foundation. The substrate also need not be
semiconductor-based, but may be any support structure
suitable for supporting an integrated circuit, including,
but not limited to, metals, alloys, glasses, polymers, ce-
ramics, and any other supportive materials as is known
in the art.
[0018] Embodiments of the invention provide phase
change memory devices enabling increased bit density
as compared to conventional devices.
[0019] The invention is now explained with reference
to the figures, which illustrate embodiments and through-
out which like reference numbers indicate like features.
[0020] FIGS. 2A and 2B illustrate an embodiment of a
portion of a resistance variable memory device 201 con-
structed in accordance with the invention. FIG. 2A is a
top-down view of a portion of the memory device 201 and
FIG. 2B is a cross-sectional view of the FIG. 2A device
along the line 2B-2B’.
[0021] The memory device 201 is illustrated as a phase
change memory device and includes a plurality of phase
change memory elements 200a, 200b, 200c, each for
storing at least one bit, i.e., logic 1 or 0. The memory
elements 200a, 200b, 200c are supported by a substrate
10. A first dielectric layer 12 is formed on the substrate,
and first electrodes 14 are formed within the first dielectric
layer 12. The phase change memory device 201 also
includes phase change material layers 16 formed over,
and in electrical communication with, the first electrode
14. In the embodiment shown in FIG. 2B, the phase
change material layers 16 are formed along a surface of
a dielectric material 19 and within a second dielectric
layer 20. As shown in FIG. 2A, the dielectric material 19
has a circular shape from a top-down perspective and
the phase change material 16 has an annular shape from
the top-down perspective. It should be understood that
the dielectric material 19 can be formed to have a different
shape, e.g., oval, square, among others, and therefore,
the phase change material 16 can also be formed having
a different shape. The phase change material layers 16
contact the bottom electrodes 14.
[0022] A third dielectric layer 21 is formed over the
phase change material layers 16, the second dielectric
layer 20 and the dielectric material 19. The second elec-
trodes 22 are formed within the third dielectric layer 21.
[0023] The memory elements 200a, 200b, 200c cor-
respond to where a first and second electrode and a por-
tion of a phase change material layer 16 intersect elec-
trically. Each first electrode 14 corresponds to a single
memory cell 202 including two memory elements 200a,
200b. Thus, each first electrode 14 is associated with the
two memory elements 200a, 200b. The memory element
200a is associated with a first, second electrode 22a and

the memory element 200b is associated with a second,
second electrode 22b. Thus, each memory cell 202 is
associated with two different second electrodes, 22a,
22b.
[0024] In the illustrated embodiment, each second
electrode 22 is also associated with two memory ele-
ments. For example, second electrode 22b is associated
with memory elements 200b and 200c. Preferably, each
second electrode is associated with memory elements
200b, 200c of different memory cells 202. Otherwise stat-
ed, a particular first electrode 14 and a particular second
electrode 22 preferably are not associated with the same
two memory elements 200a, 200b, 200c. This enables
each individual memory element 200a, 200b, 200c to be
selected by selecting the first and second electrodes 14,
22 that correspond to the particular element 200a, 200b,
200c.
[0025] As shown in FIGS. 2A and 2B, the second elec-
trodes 22 are offset from the bottom electrodes 14 and
each phase change material layer 16. Accordingly, the
contact area of the phase change material layer 16 to
the electrodes 14, 22 for each memory element 200a,
200b, 200c, is minimized. The programming volume of
the memory elements 200a, 200b, 200c and the voltage
needed to achieve the phase change for the memory
elements 200a, 200b, 200c is also minimized. Addition-
ally, as structures, such as the electrodes, 14, 22 and
phase change material layers 16 are shared between
memory elements 200a, 200b, 200c, the bit density of
the device 201 can be increased over prior art devices,
e.g., devices including the memory element 1 (FIG. 1).
In particular, since each first electrode 14 is associated
with two memory elements 200a, 200b, the bit density of
the device 201 can be doubled as compared to a con-
ventional memory device including memory elements 1
(FIG. 1).
[0026] Additional dielectric layers and contact and
metal lines can also be included in the device 201. For
example, as shown in FIG. 2A, word lines 250, digit line
contacts 251, and metal lines 252 for connecting the sec-
ond electrodes 22 are included in the device 201.
[0027] FIGS. 3A-3D illustrate an embodiment of a
method of fabricating the phase change memory device
201 illustrated in FIGS. 2A and 2B. No particular order
is required for any of the actions described herein, except
for those logically requiring the results of prior actions.
Accordingly, while the actions below are described as
being performed in a specific order, the order can be
altered if desired.
[0028] As shown in FIG. 3A a first dielectric layer 12
is formed over a substrate 10. The first dielectric layer
12 is etched to create vias 24 within which the first elec-
trodes 14 are formed. The first electrodes 14 are be
formed of any suitable conductive material, such as tita-
nium-nitride (TiN), titanium-aluminum-nitride (TiAIN), ti-
tanium-tungsten (TiW), platinum (Pt) or tungsten (W),
among others. In the illustrated embodiment, the first
electrodes 14 are formed having a substantially circular

3 4 



EP 2 439 801 A1

4

5

10

15

20

25

30

35

40

45

50

55

top-down shape (FIG. 2A), however the first electrodes
may have any shape, such as a rectangle, circle, square
or other shape.
[0029] As depicted in FIG. 3B, a second insulating lay-
er 20 is formed over the first electrodes 14 and the first
insulating layer 12. An opening 305 is formed over and
aligned with each first electrode 14 by any suitable tech-
nique. The openings 305 are preferably formed having
sloped sidewalls 316 to improve the step coverage of the
phase change material deposition, discussed below. It
should also be noted that sloped sidewalls 316 are only
optional, and that the sidewalls 316 can instead be ver-
tical relative to a top surface of the first electrode 14,
linear, non-linear, bowed, or any other desired shape.
[0030] In the FIG. 2A-2B embodiment, the openings
305 are formed having a substantially circular top-down
shape, however the openings 305 may have any shape.
[0031] FIG. 3C illustrates the deposition of a conformal
or a partially conformal phase change material layer 16
on the sidewalls 316 of openings 305. Any suitable tech-
niques may be used to form the phase change material
layer 16. In the illustrated embodiment, the deposited
phase change material is a chalcogenide material, such
as, for example, germanium-antimony-telluride and has
a thickness of, for example, about 100 Å. The phase
change material can also be or include one or more other
phase change materials such as, for example, In-Se,
Sb2Te3, GaSb, InSb, As-Te, Al-Te, GeTe, Te-Ge-As, In-
Sb-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-Sb, Ga-Se-Te, Sn-
Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-0, Te-Ge-Sn-
Au, Pd-Te-Ge-Sn, In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-
Te-Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te, Ge-
Sn-Sb-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, and Ge-Te-Sn-
Pt.
[0032] Although the thickness of the phase change
material layer 16 on the sidewalls of the opening 305 is
illustrated as being uniform, such a configuration is only
one example of an implementation of the invention and
is not limiting thereof. It should also be noted that the
phase change material layer 16 need not completely cov-
er the sidewalls 316 of each opening 305. For example,
the phase change material layer 16 can only partially
cover the sidewalls 316 to further reduce the volume of
the phase change material layer 16 for a particular ele-
ment 200a, 200b, 200c, which may further reduce the
current necessary to switch the state of the phase change
material layer 16.
[0033] FIG. 3D illustrates the formation of a dielectric
material 19 over the phase change material layer and
filling the openings 305. In the illustrated embodiment,
the dielectric material is an oxide. The dielectric material
19 can also be, for example, silicon nitrides; alumina ox-
ides; high temperature polymers; low dielectric materials;
insulating glass; or insulating polymers.
[0034] The dielectric material 19, phase change ma-
terial layer 16 and second insulating layer 20 are subse-
quently planarized. The second electrodes 22 are then
formed over the phase change material layer 16 and sec-

ond insulating layer 20. The second electrodes 22 may
be formed of any suitable conductive material, such as
titanium-nitride (TiN), titanium-aluminum-nitride (TiAlN),
titanium-tungsten (TiW), platinum (Pt) or tungsten (W),
among others. In the illustrated embodiment, each sec-
ond electrode 22 is formed over portions of at least two
first electrodes 14 and in contact with a phase change
material layer 16 formed on a portion of the sidewalls of
at least two openings 305. In the illustrated embodiment,
the second electrodes 22 are formed having a substan-
tially oval top-down shape (FIG. 2A), however the second
electrodes 22 may have any shape, such as a rectangle,
circle, square or other shape.
[0035] FIGS. 4A and 4B illustrate a phase change
memory device 401 according to other embodiments of
the invention. The device 401 includes memory cell 404,
which includes two memory elements 400a, 400b. The
phase change memory device 401 is similar to the phase
change memory device 201 (FIGS. 2A-2B) except that
the second electrodes 22 are aligned with the phase
change material layers 16 and dielectric layers 19 and
the bottom electrodes 14 are below portions of two phase
change material layers 16 and dielectric layers 19. Ad-
ditionally, the phase change material layers 16 are
formed on sidewalls of dielectric mesas 19’. Thus, the
phase change material layers 16 are sloped in opposite
directions than those of the memory device 201 (FIGS.
2A-2B).
[0036] FIG. 4B shows the formation of the memory de-
vice 401 in accordance with embodiments of the inven-
tion. No particular order is required for any of the actions
described herein, except for those logically requiring the
results of prior actions. Accordingly, while the actions be-
low are described as being performed in a specific order,
they can be altered if desired.
[0037] The first electrodes 14 can be formed as de-
scribed in connection with FIG. 3A above. As shown in
FIG. 4B, a mesa of dielectric material 19’ is formed over
the first dielectric layer 12. The dielectric mesa 19’ is
formed to overlie portions of two first electrodes 14. A
layer 16 of phase change material is formed on the side-
walls of the dielectric mesa 19’. To achieve the structure
shown in FIG. 4B, the dielectric mesa 19’ is formed by,
for example, patterning and etching a dielectric layer to
form mesa using known photolithography and etching
techniques.
[0038] As in the device 201 (FIGS. 2A-2B) the dielec-
tric mesas 19’ are substantially circular from a top-down
perspective. Accordingly, the phase change material lay-
ers 16 are annular from a top-down perspective. The me-
sas 19’ and phase change material layers 16, however,
can have other shapes.
[0039] FIGS. 5A and 5B illustrate a phase change
memory device 501 according to other embodiments of
the invention. The device 501 includes memory cell 505,
which includes two memory elements 500a, 500b. The
phase change memory device 501 is similar to the phase
change memory devices 401 (FIG. 4A) except that the
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second electrodes 22 are formed as part of a mesa struc-
ture 555 with the dielectric mesa 19’. The phase change
material layers 16 are formed on sidewalls of the mesa
structure 555.
[0040] FIG. 5B shows the formation of the memory de-
vice 501 in accordance with an embodiment of the inven-
tion. No particular order is required for any of the actions
described herein, except for those logically requiring the
results of prior actions. Accordingly, while the actions be-
low are described as being performed in a specific order,
the order can be altered if desired.
[0041] The first electrodes 14 are formed as described
in connection with FIG. 3A above. As shown in FIG. 5B,
mesa structures 555 are formed, each including a die-
lectric layer 19’ and a second electrode 22. The second
electrode 22 is formed as a layer of the mesa structure
555. The mesa structure 555 is formed to overlie portions
of two first electrodes 14. A layer 16 of phase change
material is formed on the sidewalls of the mesa structure
555. The mesa structure 555 can be formed by, for ex-
ample, patterning and etching a dielectric layer and con-
ductive layer using known photolithography and etching
techniques. The phase change material layers 16 are
formed on sidewalls of the mesa structure 555 to achieve
the structure shown in FIG. 5A.
[0042] Similar to device 201 (FIGS. 2A-2B), the mesa
structure(s) 555 of the illustrated embodiment is substan-
tially circular from a top-down perspective. Accordingly,
the phase change material layers 16 are annular from a
top-down perspective. The mesa structures 555 and
phase change material layers 16, however, may have
other shapes, as discussed above.
[0043] FIGS. 6-9 illustrate additional embodiments of
the invention. The embodiments shown in FIGS. 6-9 are
similar to the embodiments of FIGS. 2A-5B. In the FIGS.
6-9 embodiments, however, each first and second elec-
trode is associated with two memory elements. Prefera-
bly, a particular first electrode and a particular second
electrode are not associated with the same two memory
elements to allow for individual selection of each memory
element during operation. In the FIG. 6-9 embodiments,
instead of forming the phase change material layers on
sidewalls of an opening (as in FIGS. 2A-3D) or a mesa
structure (as in FIGS. 4A-5B), the first electrodes are
formed on sidewalls of an opening or mesa structure as
described below.
[0044] FIG. 6 depicts a phase change memory device
601 having a memory cell 606 that includes memory el-
ements 600a, 600b according to the invention. The phase
change memory device 601 includes conductive plugs
44 for contacting first electrodes 45. The conductive
plugs 44 are formed in the same manner as the first elec-
trodes 14 as described in connection with FIG. 3A above.
[0045] The first electrodes 45 are on sidewalls of die-
lectric material layers 19. The first electrodes 45 and di-
electric material layers 19 are formed in a similar manner
to the phase change material layer 16 and dielectric ma-
terial layers 19 as described in FIGS. 3B-3D above. Ac-

cordingly, a conductive material for electrodes 45 is
formed on sidewalls of the openings in insulating layer
20. Dielectric material layers 19 are then formed within
the openings between the first electrodes 45. From a top-
down perspective the dielectric material layers 19 are
substantially circular. Accordingly, the first electrodes 45
are annular from a top-down perspective. The dielectric
material layers 19 and first electrodes 45, however, can
have other shapes.
[0046] Optionally, the first electrodes need not fully
cover the sidewalls of the dielectric material layers 19,
and only need be formed so as to provide electrical com-
munication between a respective conductive plug 44 and
phase change material layer 116 for a single memory
element 600a, 600b. Further, while the thickness of the
first electrodes 45 is shown being uniform, the invention
is not so limited.
[0047] Phase change material layers 116 and second
electrodes 22 are within an insulating layer 21 and over
the first electrodes 45. As shown in FIG. 6, the phase
change material layers 16 and second electrodes 22 are
offset from the first electrodes 45 and conductive plugs
44. Thus, a phase change material layer 116 is in contact
with two adjacent first electrodes 45. Also, each top elec-
trode 22 serves two memory elements 600a, 600c.
[0048] The memory device 701 shown in FIG. 7 is sim-
ilar to memory device 601, except that there is a phase
change material layer 116 for each first electrode 45. The
memory device 701 includes a memory cell 707, which
includes memory elements 700a, 700b. Each second
electrode 22 serves two memory elements 700a, 700c.
In the embodiment of FIG. 7, the second electrode 22
serving two memory elements 700a, 700c extends be-
tween the phase change material layers 116 for those
two memory elements 700a, 700c. Accordingly, the sec-
ond electrode 22 is in contact with top surfaces 716 and
lateral surfaces 717 of the phase change material layers
113. To achieve the top electrode 22 structure shown in
FIG. 7, the phase change material layer 116 are be pat-
terned and etched prior to the formation of the top elec-
trodes 22.
[0049] FIG. 8 illustrates memory device 801 having a
memory cell 808, which includes memory elements 800a,
800b according to the invention. The memory device 801
is similar to memory device 601 (FIG. 6) except that the
first electrodes 45 are formed on sidewalls of a dielectric
mesa 19’. The dielectric mesas 19’ and first electrodes
45 are formed in a similar manner to the phase change
material layer 16 and dielectric material layers 19 as de-
scribed in FIGS. 3B-3D above.
[0050] FIG. 9 illustrates memory device 901 having a
memory cell 909, which includes memory elements 900a,
900b according to the invention. The memory device 901
is similar to memory device 701 (FIG. 7) except that the
first electrodes 45 are formed on sidewalls of a dielectric
mesa 19’. The dielectric mesas 19’ and first electrodes
45 are formed in a similar manner to the phase change
material layer 16 and dielectric material layers 19 as de-
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scribed in FIGS. 3B-3D above.
[0051] Although the embodiments shown in FIGS. 2A-
9 show memory cells including two memory elements,
the invention, however, is not so limited. Memory cells
according to the invention can include more than two
memory elements. For example, as shown in FIG. 10,
the memory device 1001 includes memory cells 1010,
which include memory elements 1000a, 1000b, 1000c,
1000d. Each of the memory elements 1000a, 1000b,
1000c, 1000d of the memory cell 1000 is associated with
a same first electrode 14. The memory element 1000a
is associated with a first, second electrode 22a; the mem-
ory element 1000b is associated with a second, second
electrode 22b; the memory element 1000c is associated
with a third, second electrode 22c; and the memory ele-
ment 1000d is associated with a fourth, second electrode
22d. Thus, each memory cell 1010 is associated with
four different second electrodes 22.
[0052] In the illustrated embodiment, second electrode
22 is shared by four memory elements 1000a, 1000e,
1000f, 1000g. To allow each memory element 1000a,
1000b, 1000c, 1000d, 1000e, 1000f, 1000g to be ad-
dressed individually, only one memory element, e.g., el-
ement 1000a, is addressable by a particular first and sec-
ond electrode 14, 22 set.
[0053] The memory device 1001 memory elements
1000a, 1000b, 1000c, 1000d, 1000e, 1000f, 1000g have
a structure similar to any of those described above in
connection with FIGS. 2B-9 and are formed in a similar
manner, except that each memory cell is configured to
include four memory elements 1000a, 1000b, 1000c,
1000d. For this, the first electrode 14 of the memory cell
1010 is configured to be associated with the memory
elements 1000a, 1000b, 1000c, 1000d. In the FIG. 10
embodiment, the first and second electrodes 14, 22 have
approximately a plus-sign ("+") shape, but other shapes
are possible, such as a cross, x, diamond, square, among
others.
[0054] FIGS. 11A-11C illustrate an embodiment of a
portion of a resistance variable memory device 1101 con-
structed in accordance with the invention. FIG. 11A is a
top-down view of a portion of the memory device 1101
and FIG. 11B is a cross-sectional view of the FIG. 11A
device 1101 along the line 11B-11B’. FIG. 11C is a cross-
sectional view of the device 1101 along the line 11C-11C’
shown in FIG. 11B.
[0055] The memory device 1101 is illustrated as a
phase change memory device and includes memory cells
1111, which each include a plurality of phase change
memory elements 1100a, 1100b, each for storing at least
one bit, i.e., logic 1 or 0. The memory elements 1100a,
1100b are supported by a substrate 10. A first dielectric
layer 12 is formed on the substrate 10, and conductive
plugs 44 are formed within the first dielectric layer 12.
First electrodes 1114 are formed within a second dielec-
tric layer 20. Each first electrode 1114 is formed over and
in contact with a conductive plug 44.
[0056] A third dielectric layer 1121 (FIG. 11C) is over

the first electrodes 1114 and second dielectric layer 20.
Second electrodes 1122 are over the third dielectric lay-
ers 1121. The third dielectric layers 1121 and second
electrodes 1122 are formed as mesas 1133 oriented in
rows in the x direction (FIG 11A). A fourth dielectric layer
1131 is formed over the mesas 1133. In the embodiment
of FIG. 11A, from a top-down perspective, the mesas
1133 have a rectangular shape, but other shapes, such
as a square or circle are possible. The second electrodes
1122 are formed between adjacent first electrodes 1114
such that lateral edges 1123 of the second electrodes
1122 are directly over lateral edges 1115 of the first elec-
trodes 1114.
[0057] Each phase change material layer 1116 is on
a sidewall of a respective second electrode 1122 and
third dielectric layer 1121 and in contact with a respective
first electrode 1114. In the embodiment shown in FIGS.
11A and 11B, the phase change material layers 1116 are
only on portions of the second electrode 1122 and third
dielectric layer line 1121 sidewalls that are directly over
a first electrode 1114.
[0058] The memory elements 1100a, 1100b corre-
spond to where a first and second electrode and a portion
of a phase change material layer 1116 intersect electri-
cally. Each first electrode 1114 is associated with two
memory elements 1100a, 1100b. In the illustrated em-
bodiment, each second electrode 1122 is also associated
with two memory elements 1100a, 1100b. To allow each
memory element 1100a, 1100b to be individually ad-
dressable, a particular first electrode 1114 and a partic-
ular second electrode 1122 preferably are not associated
with more than one same memory element 1100a,
1100b. In the embodiment shown, the memory element
1100a is associated with a first, second electrode 1122a
and the memory element 1100b is associated with a sec-
ond, second electrode 1122b.
[0059] Since the phase change material layer 1116 for
each memory element 1100a, 1100b is formed only on
a sidewall of a second electrode 1122, the contact area
of the phase change material layer 1116 to the electrodes
1114, 1122 for each memory element 1100a, 1100b is
minimized. The programming volume of the memory el-
ements 1100a, 1100b and the voltage needed to achieve
the phase change for the memory elements 1100a,
1100b is also minimized. Additionally, since the elec-
trodes, 1114, 1122 are shared between memory ele-
ments 1100a, 1100b, the bit density of the device 1101
can be increased over prior art devices, e.g., devices
including the memory element 1 (FIG. 1). Moreover, the
programming volume is fixed for each memory element
and does not depend on the programming pulses and
device switching uniformity is also improved.
[0060] Additional dielectric layers, contact and metal
lines can also be included in the device 1101. For exam-
ple, contacts 1151 to first electrodes 1114 and metal lines
can be included.
[0061] FIGS. 12A-12E illustrate one embodiment of a
method of fabricating the phase change memory device
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1101 illustrated in FIGS. 11A and 11B. No particular order
is required for any of the actions described herein, except
for those logically requiring the results of prior actions.
Accordingly, while the actions below are described as
being performed in a specific order, the order can be
altered if desired.
[0062] As shown in FIG. 12A a first dielectric layer 12
is formed over a substrate 10. The first dielectric layer
12 is topically etched to create vias 24 within which con-
ductive plugs 44 are formed. The conductive plugs 44
are formed of any suitable conductive material, such as
titanium-nitride (TiN), titanium-aluminum-nitride (TiAlN),
titanium-tungsten (TiW), platinum (Pt) or tungsten (W),
among others.
[0063] As depicted in FIG. 12B, a second insulating
layer 20 is formed over the conductive plugs 44 and the
first insulating layer 12. Openings 1205 are formed over
and aligned with each conductive plug 44 by any suitable
technique. In the illustrated embodiment, the openings
1205 are formed having a substantially square top-down
shape, however the openings 1205 may have any shape,
e.g., rectangular, square or other shape. The first elec-
trodes are formed of any suitable conductive material,
such as titanium-nitride (TiN), titanium-aluminum-nitride
(TiAlN), titanium-tungsten (TiW), platinum (Pt) or tung-
sten (W), among others.
[0064] FIG. 12C illustrates the deposition of a third di-
electric layer 1121 and a conductive material layer for
forming second electrodes 1122, The third dielectric layer
1121 and conductive material layer are patterned into
lines to form third dielectric layers 1121 and second elec-
trodes 1122. The lateral edges 1132 (FIG. 11C) of the
third dielectric layers 1121 are formed in contact with first
electrodes 1114. This allows lateral edges 1123 (FIGS.
11A and 11C) of the second electrodes 1122 to be directly
over lateral edges 1115 of the first electrodes 1114. The
second electrodes are formed of any suitable conductive
material and can be a same material as the conductive
plugs 44 and/or the first electrodes 1114.
[0065] As depicted in FIG. 12D, a layer of phase
change material 1116, for example a thin layer having a
thickness of about 100 Å, is formed over the second elec-
trodes 1122 and over the first electrodes 1114. Option-
ally, the sidewalls of the third dielectric layers 1121 and
second electrodes 1122 are sloped to promote coverage
of the sidewalls with the phase change material layers
1116 as shown in FIG. 11C. The phase change material
is any suitable phase change material such as those de-
scribed above in connection with FIG. 3C.
[0066] A spacer etch is used to remove the phase
change material between the second electrode lines
1122 and on the upper surfaces of the second electrodes
1122, leaving thin layers 1116 of phase change material
on the sidewalls of the second electrodes 1122. The pro-
grammable volume of the memory elements 1100a,
1100b can be adjusted by adjusting the thickness of the
phase change material layers 1116. If desired, the phase
change material layers 1116 can be left along the length

of the sidewalls of each second electrode 1122. FIG. 12E
is a top-down perspective of the memory device 1101
having the phase change material layers 1116 along the
length of the sidewalls of each second electrode 1122.
[0067] The second electrode lines 1122 and phase
change material 1116 are then etched to form individual
mesas 1133 (FIGS. 11B and 11C). For this, a layer of
photoresist (not shown) is formed to protect the portions
of the phase change material layers 1116 in contact with
the first electrodes 1114. A dry etch is performed to re-
move the unprotected portions of the phase change ma-
terial layers 1116, third dielectric layers 1121 and second
electrode lines 1122. To isolate the individual mesas
1133, a fourth dielectric layer 1131 is formed over the
mesas 1133 to achieve the structure shown in FIG. 11B.
By isolating the phase change material layers 1116 as-
sociated with each first electrode 1114, cross talk be-
tween memory elements 1100a, 1100b can be reduced.
[0068] Embodiments have been described as employ-
ing phase change material as a programmable resist-
ance material, Embodiments may also employ one or
more layers of other programmable resistance materials
in place of the phase change material layer. Examples
of other programmable resistance materials include such
as metal doped chalcogenide glass and those program-
mable resistance materials discussed in various patents
and patent applications assigned to Micron Technology,
Inc., including, but not limited to the following: U.S. Patent
Application No. 10/765,393; U.S. Patent Application No.
09/853,233; U.S. Patent Application No. 10/022,722;
U.S. Patent Application No. 10/663,741; U.S. Patent Ap-
plication No. 09/988,984; U.S. Patent Application No.
10/121,790; U.S. Patent Application No. 09/941,544;
U.S. Patent Application No. 10/193,529; U.S. Patent Ap-
plication No. 10/100,450; U.S. Patent Application No.
10/231,779; U.S. Patent Application No. 10/893,299;
U.S. Patent No. 10/077,872; U.S. Patent Application No.
10/865,903; U.S. Patent Application No. 10/230,327;
U.S. Patent Application No. 09/943,190; U.S. Patent Ap-
plication No. 10/622,482; U.S. Patent Application No.
10/081,594; U.S. Patent Application No. 10/819,315;
U.S. Patent Application No. 11/062,436; U.S. Patent Ap-
plication No. 10/899,010; and U.S. Patent Application No.
10/796,000, the disclosures of each of which are incor-
porated herein by reference.
[0069] FIG. 13 illustrates a simplified processor sys-
tem 1300 which includes at least one memory circuit 1326
having a resistance variable memory device 201 con-
structed in accordance with the invention. The memory
circuit can instead include any other resistance variable
memory device, e.g., devices 401, 501, 601, 701, 801,
901, 1001, 1101, constructed in accordance with the in-
vention.
[0070] The FIG. 13 processor system 1300, which can
be any system including one or more processors, for ex-
ample, a computer, phone, PDA, or other control system,
generally comprises a central processing unit (CPU)
1322, such as a microprocessor, a digital signal proces-
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sor, or other programmable digital logic devices, which
communicates with an input/output (I/O) device 1325
over a bus 1321. The memory circuit 1326 communicates
with the CPU 1322 over bus 1321 typically through a
memory controller.
[0071] In the case of a computer system, the processor
system 1300 may include peripheral devices such as a
compact disc (CD) ROM drive 1323, which also commu-
nicate with CPU 1322 and hard drive 1324 over the bus
1321. If desired, the memory circuit 1326 may be com-
bined with the processor, for example CPU 1322, in a
single integrated circuit.
[0072] The above description and drawings are only
to be considered illustrative of specific embodiments,
which achieve the features and advantages of the
present invention. Modification and substitutions to spe-
cific process conditions and structures can be made with-
out departing from the spirit and scope of the present
invention. Accordingly, the invention is not to be consid-
ered as being limited by the foregoing description and
drawings, but is only limited by the scope of the appended
claims.
[0073] The following is a list of embodiments of the
invention which are or may be claimed:

Embodiment 1. A memory device comprising:

a plurality of memory cells, at least one memory
cell comprising:

a first electrode;
a resistance variable material in contact
with the first electrode;
a first, second electrode in contact with the
resistance variable material and associated
with the first electrode to define a first mem-
ory element; and
a second, second electrode in contact with
the resistance variable material and asso-
ciated with the first electrode to define a sec-
ond memory element.

Embodiment 2. The memory device of embodiment
1, further comprising a plurality of memory cells,
wherein the second, second electrode is associated
with at least two memory cells.
Embodiment 3. The memory device of embodiment
2, wherein the second electrodes are conductive me-
sas.
Embodiment 4. The memory device of embodiment
1, wherein the first electrodes have a circular shape
from a top-down perspective.
Embodiment 5. The memory device of embodiment
1, wherein the first electrodes have an annular shape
from a top-down perspective.
Embodiment 6. The memory device of embodiment
1, wherein the memory cell further comprises a third,
second electrode in contact with the resistance var-

iable material and associated with the first electrode
to define a third memory element and a fourth, sec-
ond electrode in contact with the resistance variable
material and associated with the first electrode to
define a fourth memory element.
Embodiment 7. The memory device of embodiment
6, wherein the first electrodes and the second elec-
trodes have approximately a "+" shape from a top-
down perspective.
Embodiment 8. The memory device of embodiment
6, further comprising a plurality of memory cells,
wherein each second electrode is associated with
four memory cells.
Embodiment 9. The memory device of embodiment
1, wherein the resistance variable material compris-
es a phase change material.
Embodiment 10. A processor system, the system
comprising:

a processor; and
a memory device coupled to the processor, the
memory device comprising a memory array, the
memory array comprising:

a plurality of memory cells, at least one
memory cell comprising:

a first memory element, the first mem-
ory element comprising a first elec-
trode, a first portion of resistance vari-
able material in contact with the first
electrode, and a first, second electrode
in contact with the first portion of resist-
ance variable material; and
a second memory element, the second
memory element comprising the first
electrode, a second portion of resist-
ance variable material in contact with
the first electrode, and a second, sec-
ond electrode in contact with the sec-
ond portion of resistance variable ma-
terial.

Embodiment 11. The system of embodiment 10,
wherein the second, second electrode is associated
with at least two memory cells.
Embodiment 12. The system of embodiment 10,
wherein the first and second portions of resistance
variable material are contiguous.
Embodiment 13. The memory device of Embodiment
10, wherein the at least one memory cell further com-
prises:

a third memory element, the third memory ele-
ment comprising the first electrode, a third por-
tion of resistance variable material in contact
with the first electrode, and a third, second elec-
trode in contact with the third portion of phase
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change material; and
a fourth memory element, the fourth memory el-
ement comprising the first electrode, a fourth
portion of resistance variable material in contact
with the first electrode, and a fourth, second
electrode in contact with the fourth portion of
phase change material.

Embodiment 14. The system of embodiment 13,
wherein each second electrode is associated with
four memory cells.
Embodiment 15. A memory cell comprising:

a first electrode;
at least one layer of resistance variable material
in contact with the first electrode;
a first, second electrode in contact with a first
portion of the at least one layer of resistance
variable material; and
a second, second electrode in contact with a
second portion of the at least one layer of resist-
ance variable material.

Embodiment 16. The memory cell of embodiment
15, wherein the first electrode is within a first insu-
lating layer.
Embodiment 17. The memory cell of embodiment
16, wherein the first electrode has a circular shape
from a top-down perspective.
Embodiment 18. The memory cell of embodiment
16, wherein the at least one resistance variable ma-
terial layer is on sidewalls of a mesa of dielectric
material.
Embodiment 19. The memory cell of embodiment
16, wherein the at least one phase change material
layer is on sidewalls of an opening in a first dielectric
layer.
Embodiment 20. The memory cell of embodiment
15, wherein the first electrode is on sidewalls of a
mesa of dielectric material.
Embodiment 21. The memory cell of embodiment
20, wherein the first electrode has an annular shape
from a top-down perspective.
Embodiment 22. The memory cell of embodiment
20, further comprising first and second resistance
variable material layers, wherein the first resistance
variable material layer is in contact with a first portion
of the first electrode, and wherein the second resist-
ance variable material layer is in contact with a sec-
ond portion of the first electrode.
Embodiment 23. The memory cell of embodiment
22, wherein the first, second electrode is in contact
with the first resistance variable material layer along
a top surface and a lateral surface of the first resist-
ance variable material layer.
Embodiment 24. The memory cell of embodiment
15, wherein the first electrode is on sidewalls of an
opening in a first dielectric layer.

Embodiment 25. The memory cell of embodiment
24, wherein the first electrode has an annular shape
from a top-down perspective.
Embodiment 26. The memory cell of embodiment
24, further comprising first and second resistance
variable material layers, wherein the first resistance
variable material layer is in contact with a first portion
of the first electrode, and wherein the second resist-
ance variable material layer is in contact with a sec-
ond portion of the first electrode.
Embodiment 27. The memory cell of embodiment
26, wherein the first, second electrode is in contact
with the first resistance variable material layer along
a top surface and a lateral surface of the first resist-
ance variable material layer.
Embodiment 28. The memory cell of embodiment
15, further comprising first and second resistance
variable material layers, wherein the first and sec-
ond, second electrodes are conductive mesas, and
wherein the first resistance variable material layer is
on a sidewall of the first, second electrode and the
second resistance variable material layer is on a
sidewall of the second, second electrode.
Embodiment 29. The memory cell of embodiment
15, further comprising a third, second electrode n
contact with a third portion of the at least one layer
of resistance variable material and a fourth, second
electrode in contact with a fourth portion of the at
least one layer of resistance variable material.
Embodiment 30. The memory cell of embodiment
29, wherein the first electrode has approximately a
"+" shape from a top-down perspective.
Embodiment 31. The memory cell of embodiment
15, wherein the resistance variable material is a
phase change material.
Embodiment 32. A memory cell comprising:

a first electrode within a first dielectric layer;
a second dielectric layer over the first electrode
and first dielectric layer;
an opening within the second dielectric layer,
the opening having sloped sidewalls;
phase change material on at least a portion of
the sidewalls;
a third dielectric layer filling the opening;
a first, second electrode in contact with a first
portion of the phase change material; and
a second, second electrode in contact with a
second portion of phase change material.

Embodiment 33. The memory cell of embodiment
32, wherein the phase change material covers the
entirety of the sidewalls of the opening.
Embodiment 34. The memory cell of embodiment
32, wherein the first electrode has a circular shape
from a top-down perspective.
Embodiment 35. A memory cell comprising:
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a first electrode within a first dielectric layer; a
dielectric mesa over the first electrode, the die-
lectric mesa having sloped sidewalls;
phase change material on at least a portion of
the sidewalls;
a first, second electrode in contact with a first
portion of the phase change material; and
a second, second electrode in contact with a
second portion of phase change material.

Embodiment 36. The memory cell of embodiment
35, wherein the phase change material covers the
entirety of the sidewalls of the mesa.
Embodiment 37. The memory cell of embodiment
35, wherein the first electrode has a circular shape
from a top-down perspective.
Embodiment 38. A memory cell comprising:

a conductive plug within a first dielectric layer;
a second dielectric layer over the conductive
plug and first dielectric layer;
an opening within the second dielectric layer,
the opening having sloped sidewalls;
conductive material on at least a portion of the
sidewalls, the conductive material serving as a
first electrode;
a third dielectric layer filling the opening;
a first layer of phase change material in contact
with a first portion of the first electrode; and
a second layer of phase change material in con-
tact with a second portion of the first electrode;
a first, second electrode over the first layer of
phase change material; and a second, second
electrode over the second layer of phase change
material.

Embodiment 39. The memory cell of embodiment
38, wherein the conductive material covers the en-
tirety of the sidewalls of the opening.
Embodiment 40. The memory cell of embodiment
38, wherein the opening has a circular shape from
a top-down perspective.
Embodiment 41. A memory cell comprising:

a first conductive plug within a first dielectric lay-
er;
a dielectric mesa over the first electrode, the di-
electric mesa having sloped sidewalls;
conductive material on at least a portion of the
sidewalls, the conductive material serving as a
first electrode;
a third dielectric layer over the first electrode and
the dielectric mesa;
a first layer of phase change material in contact
with a first portion of the first electrode; and
a second layer of phase change material in con-
tact with a second portion of the first electrode;
a first, second electrode over the first layer of

phase change material; and
a second, second electrode over the second lay-
er of phase change material.

Embodiment 42. The memory cell of embodiment
41, wherein the phase change material covers the
entirety of the sidewalls of the mesa.
Embodiment 43. The memory cell of embodiment
41, wherein the mesa has a circular shape from a
top-down perspective.
Embodiment 44. A memory cell comprising:

a first electrode within a first dielectric layer; a
first layer of dielectric material over a first portion
of the first electrode;
a first, second electrode over the first dielectric
layer;
a second layer of dielectric material over a sec-
ond portion of the first electrode;
a second, second electrode over the second di-
electric layer;
a first layer of phase change material on at least
a portion of sidewalls of the first, second elec-
trode and the first dielectric layer, the first layer
of phase change material in contact with the first
electrode; and
a second layer of phase change material on at
least a portion of sidewalls of the second, sec-
ond electrode and the second dielectric layer,
the second layer of phase change material in
contact with the first electrode.

Embodiment 45. The memory cell of embodiment
44, wherein the sidewalls of at least one of the first,
second electrode and the second, second electrode
are sloped.
Embodiment 46. The memory cell of embodiment
44, wherein the first, second electrode and first die-
lectric layer configured as a first mesa and the sec-
ond, second electrode and second dielectric layer
configured as a second mesa.
Embodiment 47. The memory cell of embodiment
46, wherein the first and second mesas have rectan-
gular shape from a top-down perspective.
Embodiment 48. A method of forming a memory cell,
the method comprising the act of:

forming a first electrode;
forming at least one layer of resistance variable
material in contact with the first electrode;
forming a first, second electrode in contact with
a first portion of the at least one layer of resist-
ance variable material; and
forming a second, second electrode in contact
with a second portion of the at least one layer
of resistance variable material.

Embodiment 49. The method of embodiment 48, fur-
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ther comprising forming a first dielectric layer over a
substrate, wherein forming the first electrode com-
prises forming the first electrode within the first insu-
lating layer.
Embodiment 50. The method of embodiment 49,
wherein the first electrode is formed having a circular
shape from a top-down perspective.
Embodiment 51. The method of embodiment 49, fur-
ther comprising forming a dielectric mesa over the
first electrode, wherein the at least one resistance
variable material layer is formed on sidewalls of the
dielectric mesa.
Embodiment 52. The method of embodiment 48, fur-
ther comprising:

forming a second dielectric layer over the first
electrode and first dielectric layer,
and
forming an opening having sloped sidewalls the
in the second dielectric layer, wherein the at
least one resistance variable material layer is on
sidewalls of the opening.

Embodiment 53. The method of embodiment 48, fur-
ther comprising:

forming a first dielectric layer over a substrate;
forming a first conductive plug within the first di-
electric layer; and
forming a dielectric mesa over the first conduc-
tive plug, wherein the first electrode is formed
on sidewalls of the dielectric mesa.

Embodiment 54. The method of embodiment 53, fur-
ther comprising the act of forming first and second
resistance variable material layers, wherein the first
resistance variable material layer is formed in con-
tact with a first portion of the first electrode, and
wherein the second resistance variable material lay-
er is formed in contact with a second portion of the
first electrode.
Embodiment 55. The method of embodiment 54,
wherein the first, second electrode is formed in con-
tact with the first resistance variable material layer
along a top surface and a lateral surface of the first
resistance variable material layer.
Embodiment 56. The method of embodiment 53,
wherein the first electrode is formed having an an-
nular shape from a top-down perspective.
Embodiment 57. The method of embodiment 48, fur-
ther comprising:

forming a first dielectric layer over a substrate;
forming a first conductive plug within the first di-
electric layer;
forming a second dielectric layer over the first
conductive plug and the first dielectric layer; and
forming an opening within the second dielectric

layer, the opening being formed having sloped
sidewalls, wherein the first electrode is formed
on sidewalls of the opening.

Embodiment 58. The method of embodiment 57, fur-
ther comprising forming first and second resistance
variable material layers, wherein the first resistance
variable material layer is formed in contact with a
first portion of the first electrode, and wherein the
second resistance variable material layer is formed
in contact with a second portion of the first electrode.
Embodiment 59. The method of embodiment 58,
wherein the first, second electrode is formed in con-
tact with the first resistance variable material layer
along a top surface and a lateral surface of the first
resistance variable material layer.
Embodiment 60. The method of embodiment 57,
wherein the first electrode is formed having an an-
nular shape from a top-down perspective.
Embodiment 61. The method of embodiment 48, fur-
ther comprising forming first and second phase
change material layers, wherein forming the first and
second, second electrodes comprises forming first
and second electrode lines, and wherein the first re-
sistance variable material layer is formed on a side-
wall of the first, second electrode and the second
resistance variable material layer is formed on a
sidewall of the second, second electrode.
Embodiment 62. The method of embodiment 48, fur-
ther comprising:

forming a third, second electrode over the re-
sistance variable material and associated with
the first electrode to define a third memory ele-
ment; and forming a fourth, second electrode
over the resistance variable material and asso-
ciated with the first electrode to define a fourth
memory element.

Embodiment 63. The method of embodiment 62,
wherein the first electrode is formed having approx-
imately a "+" shape from a top-down perspective.
Embodiment 64. The method of embodiment 48,
wherein the resistance variable material comprises
a phase change material.

Claims

1. A memory cell comprising:

a first memory element, the first memory ele-
ment comprising a first electrode, a first portion
of resistance variable material in contact with
the first electrode, and a first, second electrode
in contact with the first portion of resistance var-
iable material; and
a second memory element, the second memory
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element comprising the first electrode, a second
portion of resistance variable material in contact
with the first electrode, and a second, second
electrode in contact with the second portion of
resistance variable material,
wherein the first and second portions of resist-
ance variable material are contiguous.

2. A memory cell of claim 1, further comprising a third,
second electrode in contact with the resistance var-
iable material and associated with the first electrode
to define a third memory element and a fourth, sec-
ond electrode in contact with the resistance variable
material and associated with the first electrode to
define a fourth memory element.

3. The memory cell of claim 2, wherein the first elec-
trodes and the second electrodes have approximate-
ly a "+" shape from a top-down perspective.

4. A memory device comprising a memory cell of claim
1, the memory device further comprising a plurality
of memory cells, wherein the second, second elec-
trode is associated with at least two memory cells.

5. A memory device comprising a memory cell of claim
1, the memory device further comprising a plurality
of memory cells, wherein each second electrode is
associated with four memory cells.

6. The memory cell of claim 1, wherein the first elec-
trodes have a circular shape from a top-down per-
spective.

7. The memory cell of claim 1, wherein the first elec-
trodes have an annular shape from a top-down per-
spective.

8. The memory cell of claim 1, wherein the first elec-
trode is on sidewalls of one of a mesa of dielectric
material and an opening in a first dielectric layer.

9. The memory cell of claim 1, wherein the resistance
variable material is on sidewalls of one of a mesa of
dielectric material and an opening in a second insu-
lating layer.

10. The memory cell or device of any one of claims 1
through 9, wherein the resistance variable material
comprises a phase change material.

11. A method of forming a memory cell, the method com-
prising:

forming a first electrode;
forming a resistance variable material in contact
with the first electrode;
forming a first, second electrode in contact with

a first portion of resistance variable material,
wherein the first, second electrode is associated
with the first electrode to form a first memory
element;
forming a second, second electrode in contact
with a second portion of resistance variable ma-
terial, wherein the second, second electrode is
associated with the first electrode to form a sec-
ond memory element and wherein the first and
second portions of resistance variable material
are contiguous.

12. The method of claim 11, wherein the first electrode
is formed having a circular shape from a top-down
perspective.

13. The method of claim 11, wherein the first electrode
is formed having an annular shape from a top-down
perspective.

14. The method of claim 11, further comprising forming
a third, second electrode over the resistance variable
material and associated with the first electrode to
define a third memory element; and forming a fourth,
second electrode over the resistance variable mate-
rial and associated with the first electrode to define
a fourth memory element.

15. The method of claim 14, wherein the first electrode
is formed having approximately a "+" shape from a
top-down perspective.

16. The method of claim 11, wherein the first electrode
is formed on sidewalls of one of a mesa of dielectric
material and an opening in a first dielectric layer.

17. The method of claim 11, wherein the resistance var-
iable material is formed on sidewalls of one of a mesa
of dielectric material and an opening in a second
insulating layer.

18. The method of any one of claims 1 through 17,
wherein the resistance variable material comprises
a phase change material.
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