
REPRODUCIBLE RESISTANCE VARIABLE INSULATING MEMORY
DEVICES AND METHODS FOR FORMING SAME FIELD OF THE
INVENTION [0001] The invention relates to the field of
random access memory (RAM) devices formed using a
resistance variable material / and in particular to an
improved structure for, and a method of manufacturing,
a resistance variable memory element. BACKGROUND OF
THE INVENTION [0002] Resistance variable memory is a
RAM that has electrical resistance characteristics
that can be changed by external influences. The basic
component of a resistance variable memory cell is a
variable resistor. The variable resistor can be
programmed to have high resistance or low resistance
(in two-state memory circuits), or any intermediate
resistance value (in multi-state memory circuits). The
different resistance values of the resistance variable
memory cell represent the information stored in the
resistance variable memory circuit. The advantages of
resistance variable memory are the simplicity of the
circuit, leading to smaller devices, the non-volatile
characteristic of the memory cell, and the stability
of the memory states. [0003] FIG. 1 shows a
cross-section of a conventional resistance variable
memory device. This resistance variable memory device
is a Type GRAD (one resistor, one diode) memory
device. It includes a word line (N type region) 102 in



substrate 100, a plurality of P+ regions 104 and N+
regions 106, wherein word line 102 and P+ region 104
constitute a diode. A dielectric layer 114 is formed
over substrate 100. A plurality of memory units 107
are set in dielectric layer 114, wherein each memory
unit 107 includes a flat plate bottom electrode 108, a
flat platetop electrode 110, and a resistive film 112,
which may be formed of one or more layers, between the
flat plate bottom electrode 108 and the flat plate top
electrode 110. Word line contact via 116 is formed in
dielectric layer 114. One end of word line contact via
116 is electrically connected to N+ region 106; the
other end is electrically connected to a conducting
line 120 on the surface of dielectric layer 114 so
that the word line 102 can electrically connect with
external circuits. Furthermore, there is a bit line
118 formed on dielectric layer 114 for electrically
connecting with top electrode 110 of the memory unit
107. [0004] A second example of a conventional
resistance variable memory device is a Type IRlT (one
resistor one transistor) memory device illustrated in
FIG. 2. This device includes a plurality of N+ regions
202 and 204 in substrate 200. A dielectric layer 220
is formed over substrate 200. Dielectric layer 220
includes a plurality of memory units 207, a plurality
of gate structures (word lines) 212 and a plurality of
contact vias 214 and 216. Each memory unit includes a
flat plate bottom electrode 206, a flat plate top
electrode 208 and a resistive film 210; which may be
formed of one or more material layers, each memory
unit is set on the surface of a respective N+ region.
Gate structure 212 and N+ regions 202 and 204
constitute a transistor. Contact vias 214 and 216 are
electrically connected to the gate structure 



212 and the common line 204, respectively, so that the
gate structure 212 and the common line 204 can connect
with the external circuits. Furthermore, there is a
bit line 218 formed on dielectric layer 220 for
electrically connecting with the flat plate top
electrode 208 of the memory unit 207. [0005]
Unfortunately, the metal-insulator-metal (MIM)
structure with a resistive film or insulting oxide
sandwiched between two flat metallic electrode plates
as disclosed in FIGS. 1 and 2 does not provide stable
and reproducible switching and does not provide memory
properties in a controlled manner, as theconduction
path between the elements can occur anywhere in the
resistive film or insulating oxide between the top and
bottom electrodes. The random and unpredictable
conduction path between the elements is believed to be
created by random and unpredictable defect sites in
the deposited film. [0006] There is needed, therefore,
an alternative apparatus for improving and controlling
the conduction path between the electrodes in a
resistance variable memory device to form large arrays
of memory devices based on the resistance switching
phenomenon. BRIEF SUMMARYOF THE INVENTION [0007] The
present invention relates to the use of a shaped
bottom electrode in a resistance variable memory
device. The shaped bottom electrode ensures that the
thickness of the insulating material at the tip of the
bottom electrode is thinnest, therefore creating the
largest electric field at the tip of the bottom
electrode. The small curvature of the electrode tip
also enhances the local 



electric field. The arrangement of electrodes and the
structure of the memory element makes it possible to
create conduction paths with stable, consistent and
reproducible switching and memory properties in the
memory device. [0008] Additional advantages and
features of the present invention will be apparent
from the following detailed description and drawings
which illustrate preferred embodiments of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS [0009]
FIG. 1 shows a cross-section of a conventional
resistance random access memory device.[0010] FIG. 2
shows a cross-section of another conventional
resistance random access memory device. [0011] FIG. 3
illustrates a partial cross-section of a memory device
in accordance with an exemplary embodiment of the
present invention. [0012] FIG. 4 illustrates a partial
cross-section of a memory device in accordance with an
second exemplary embodiment of the present invention.
[0013] FIG. 5 illustrates a partial cross-section of a
memory device in accordance with a third exemplary
embodiment of the present invention. [0014] FIG. 6
illustrates a cross-sectional view of a semiconductor
wafer undergoing the process of forming a memory
device according to an exemplary embodiment of the
present invention. [0015] FIG. 7 illustrates the
semiconductor of FIG. 6 at a stage of processing
subsequent to that shown in FIG. 6. 



[0016] FIG. 8 illustrates the semiconductor of FIG. 6
at a stage of processing subsequent to that shown in
FIG. 7. [0017] FIG. 9 illustrates the semiconductor
wafer of FIG. 6 at a stage of processing subsequent to
that shown in FIG. 8. [0018] FIG. 10 illustrates the
semiconductor wafer of FIG. 6 at a stage of processing
subsequent to that shown in FG. 9. [0019] FIG. 11
illustrates the semiconductor wafer of FIG. 6 at a
stage of processing subsequent to that shown in FIG.
10.[0020] FIG. 12 illustrates a cross-sectional view
of a semiconductor wafer undergoing a second process
for forming a memory device according to an exemplary
embodiment of the present invention. [0021] FIG. 13
illustrates the semiconductor of FIG. 12 at a stage of
processing subsequent to that shown in FIG. 12. [0022]
FIG. 14 illustrates a cross-sectional view of a
semiconductor wafer undergoing the process of forming
a memory device according to an exemplary embodiment
of a second embodiment of the present invention.
[0023] FIG. 15 illustrates the semiconductor of FIG.
14 at a stage of processing subsequent to that shown
in FIG. 14. [0024] FIG. 16 illustrates the
semiconductor of FIG. 14 at a stage of processing
subsequent to that shown in FIG. 15. [0025] FIG. 17
illustrates a processor-based system having a memory
element formed according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION [0026] In the
following detailed description, reference is made to
the accompanying drawings, which form a part hereof
and show by way of illustration specific embodiments
in which the invention may be practiced. These
embodiments are described in sufficient detail to
enable those skilled in the art to practice the
invention, and it is to be understood that other
embodiments may be utilized, and that structural,
logical, and electrical changes may be made without
departing from the spirit and scope of the present
invention. The progression of processing steps
described is exemplary of embodiments of the
invention; however, the sequence ofsteps is not
limited to that set forth herein and may be changed as
is known in the art, with the exception of steps
necessarily occurring in a certain order. [0027] The
term "substrate" used in the following description may
include any supporting structure including, but not
limited to, a plastic, ceramic, semiconductor, or
other substrate that has an exposed substrate surface.
A semiconductor substrate should be understood to
include silicon, silicon-oninsulator (SOI),
silicon-on-sapphire (SOS), doped and undoped
semiconductors, epitaxial layers of silicon supported
by a base semiconductor foundation, and other
semiconductor material structures. When reference is
made to a semiconductor substrate or wafer in the
following description, previous process steps may have
been utilized to form regions or junctions in or over
the base semiconductor or foundation. [0028] The
invention will now be explained with reference to the
figures, 



which illustrate exemplary embodiments and where like
reference numbers indicate like features. [0029] A
memory device 301 according to an embodiment of the
invention is schematically illustrated in FIG. 3. The
device 301 includes a shaped bottom electrode 308, a
top electrode 310, a dielectric layer 314, and a
resistance variable insulating material 312 between
the shaped bottom electrode 308 and the top electrode
310. In a preferred embodiment of the invention, the
resistance variable insulating material 312 is formed
from resistance-reversible materials such as colossal
magnet resistive thin films, such as, for example a
PCMO thin film (i.e., Pro.7Cro.3MoO3); oxidation films
having Perovskite structure, such as, for example,
doped or undoped BaTiq 3, SrTiq 3or SrZrOs; or an
oxidation film such as, for example, Nb2q , T1O2,
TaOs, and NiO. Preferably the resistance variable
insulating material 312 is SrTKX The shaped bottom
electrode 308 and the top electrode 310may be formed
from a metal such as for example, platinum, titanium
or gold, or other suitable materials such as, for
example, SrRuq 3. [0030] Reference is now made to FIG.
4. FIG. 4 is similar to FIG. 3 and illustrates a
memory device 303 where the resistance variable
insulating material 312 has been planarized before the
top electrode 310 has been formed over the substrate
300. [0031] Reference is now made to FIG. 5. FIG. 5 is
similar to FIGS. 3 and 4 and illustrates a memory
device 304 according to a third embodiment of the
present invention where the bottom electrode 308 is
formed over a conductive plug 322. As 



discussed above with FIG. 3, resistance variable
insulating material 312 has been planarized before the
top electrode 310 has been formed over the substrate
300. It should be understood that the resistance
variable insulating material 312 may simply deposited
and then have the top electrode 310 formed over the
resistance variable insulating material 312, as
discussed above with reference to FIG. 3. [0032] FIGS.
6-11 depict the formation of the memory device 301
according to an exemplary embodiment of the invention.
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
general order, the order is exemplary only and can be
altered if desired. [0033] FIG. 6 illustrates a
dielectric layer 314 formed over the substrate 300.
The dielectric layer 314 may be formed by any known
deposition methods, such as sputtering by chemical
vapor deposition (CVD), plasma enhanced CVD (PECVD) or
physical vapor deposition (PVD). The dielectric layer
314 maybeformed of a conventional insulating oxide,
such as silicon oxide (Siq 2), a silicon nitride
(Si3N4); a low dielectric constant material; among
others. [0034] A mask 316 is formed over the
dielectric layer 314. In the illustrated embodiment,
the mask 316 is a photoresist mask; the mask 316,
however, could instead be any other suitable material
such as, for example, a metal. An opening 313
extending to the substrate 300 is formed in the
dielectric layer 314 and mask 316. The opening 313 may
be formed by known methods in the art, for 



example, by a conventional patterning and etching
process. Preferably, the opening 313 is formed by a
dry etch via process to have substantially vertical
sidewalls. [0035] As shown in FIG. 7, a portion of the
opening 313 is widened to form an opening 315 within
the dielectric layer 314. The opening 315 extends
under the mask 316, such that the opening 313 through
the mask 316 is smaller than the opening 315 through
the dielectric layer 314. Preferably, the opening 315
is formed using a wet etch process. [0036] FIG. 8
depicts the formation of the shaped bottom electrode
308. A conductive material is deposited on the mask
316 and through the openings 313, 315 onto the
substrate 300 to form a cone-like shaped bottom
electrode 308 and a conductive layer 341 over the mask
316. The shaped bottom electrode 308 may comprise any
conductive material, for example, platinum, titanium
or gold, or other suitable materials such as, for
example, SrRuq 3. The conductive material is deposited
by a physical vapor deposition (PVD) process, such as
evaporation or collimated sputtering, but any suitable
technique may be used. As indicated by arrow 351, the
substrate 300 is rotated during deposition of the
conductive material. Additionally, as indicated by
arrows 350, the conductive material is deposited in a
single direction. Preferably, as shown in FIG. 8 by
the angle of the arrows 350, the conductive material
is deposited at an angle less than approximately 75
degreeswith respect to the top surface of the
substrate 300, but the conductive material can also
deposited at an angle of approximately 75 degrees if
desired. [0037] By forming the shaped bottom electrode
308 using a PVD process, 



the seams or gaps that occur when an electrode is
formed in the conventional chemical vapor deposition
(CVD) plug process can be avoided. Additionally, PVD
deposited material tends to have a smoother surface
than CVD deposited material. Accordingly the shaped
bottom electrode 308 may have a smoother surface than
conventional electrodes. [0038] The conductive layer
341 and the mask 316 are removed, as illustrated in
FIG. 9. This can be accomplished by any suitable
technique. For example, a chemical mechanical polish
(CMP) step can be conducted or a solvent lift-off
process may be used according to known techniques.
[0039] Referring to FIG. 10, a resistance variable
insulating material layer 312 is formed within the
opening 315 and surrounding the shaped bottom
electrode 308. The resistance variable insulating
material layer 312 is formed from resistancereversible
materials such as colossal magnet resistive thin
films, such as, for example a PCMO thin film (i.e.,
Pro.7Cro.3MoO3); oxidation films having Perovskite
structure, such as, for example, doped or undoped
BaTiq 3, SrTiOe or SrZrOs; or an oxidation film such
as, for example, Nb2q s, Tiq 2 TaOs, and NiO.
Preferably the resistance variable insulating material
312 is SrTiO3. The resistance variable insulating
material 312 is formed by known methods, such as, for
example, pulsed laser deposition (PLD), PVD,
sputtering, or CVD. [0040] Referring to FIG. 11, a
second electrode 310 is formed over the resistance
variable insulating material layer 312. The second
electrode 310 maycomprise any electrically conductive
material, for example, platinum, titanium or 



gold, or other suitable materials such as, for
example, SrRuU3. [0041] Conventional processing steps
can then be carried out to electrically couple the
memory device 301 to various circuits of a memory
array. [0042] FIGS. 12-13 illustrate another exemplary
embodiment for forming the memory element 301
according to the invention. The embodiment illustrated
in FIGS. 12-13 is similar to that described in FIGS.
6-11, except that the second opening 315 (FIG. 7) need
not be formed. [0043] As shown in FIG. 12, a mask 316,
which may be a photoresist mask, is applied over
dielectric layer 314 and substrate 300. An opening 313
extending to the substrate 300 is formed in the
dielectric layer 314 and mask 316. [0044] The shaped
bottom electrode 308 can be formed as described above
in connection with FIG. 8. A conductive material is
deposited over the mask 316 and through the opening
313 onto the substrate 300 to form the shaped bottom
electrode 308 and a conductive layer 341 over the mask
316 as illustrated in FIG. 13. As indicated by arrow
351, the substrate 300 is rotated during deposition of
the conductive material. Additionally, as indicated by
arrows 350, the conductive material is deposited in a
single direction. Preferably, as shown in FIG. 13 by
the angle of arrows 50, the conductive material is
deposited at an angle less than approximately 75
degrees with respect to the top surface of the
substrate 300, but the conductive material can also
deposited at an angle less of approximately 75
degrees. 



[0045] The memory device 301 is then processed as
discussed above with reference to FIGS. 9-11.
Conventional processing steps can then be carried out
to electrically couple the memory device 301 to
various circuits of a memory array.[0046] FIGS. 14-16
depict the formation of the memory device 303
according to a second exemplary embodiment of the
invention. FIG. 14 illustrates memory device which is
processed as set forth above with reference to FIGS.
6-10 or 12-13. [0047] A CMP step is conducted to
planarize the resistance variable insulating material
layer 312 to achieve the structure shown in FIG. 15. A
second electrode 310 is formed over the resistance
variable insulating material layer 312 as illustrated
in FIG. 16. As set forth above, the second electrode
310 may comprise any electrically conductive material,
for example, platinum, titanium or gold, or other
suitable materials such as, for example, SrRuq 3.
Conventional processing steps can then be carried out
to electrically couple the memory device 301 to
various circuits of a memory array. [0048] The
embodiments described above refer to the formation of
only a few possible resistance variable memory element
structures (e.g., resistance variable memory devices)
in accordance with the invention, which may be part of
a memory array. It must be understood, however, that
the invention contemplates the formation of other
memory structures within the spirit of the invention,
which can be fabricated as a memory array and operated
with memory element access circuits. [0049] FIG. 17
illustrates a processor system 700 which includes a
memory 



circuit 748, e.g., a memory device, which employs
resistance variable memory elements (e.g., elements
301 and/or 303 (FIGS. 3 and 4, respectively))
according to the invention. The processor system 700,
which can be, for example, a computer system,
generally comprises a central processing unit (CPU)
744, such as a microprocessor, a digital signal
processor, or other programmable digital logic
devices, which communicates with an input/output (I/O)
device 746 over a bus 752.The memory circuit 748
communicates with the CPU 744 over bus 752 typically
through a memory controller. [0050] In the case of a
computer system, the processor system 700 may include
peripheral devices such as a floppy disk drive 754 and
a compact disc (CD) ROM drive 756, which also
communicate with CPU 744 over the bus 752. Memory
circuit 748 is preferably constructed as an integrated
circuit, which includes one or more resistance
variable memory elements, e.g., elements 200 and/or
600. If desired, the memory circuit 748 may be
combined with the processor, for example CPU 744, in a
single integrated circuit. [0051] While the invention
has been described in detail in connection with
exemplary embodiments known at the time, it should be
readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention
can be modified to incorporate any number of
variations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are
commensurate with the spirit and scope of the
invention. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is
only limited by the scope of the 



appended claims.CLAIMS What is claimed as new and
desired to be protected by Letters Patent of the
United States is: 1. A memory element comprising: a
substrate; a first electrode formed over said
substrate, a first end of the first electrode being
larger than a second end of the first electrode; a
second electrode; and a resistance variable insulating
layer between said first and second electrodes. 2. The
memory element according to claim 1, wherein said
resistance variable insulating layer is an oxide
layer. 3. The memory element according to claim 1,
wherein said first electrode has a cone-like shape. 4.
The memory element according to claim 1, wherein said
first electrode is selected from the group consisting
of platinum, titanium gold, and SrRuOs. 5. The memory
element according to claim 3, wherein said first
electrode is SrRuO3.6. The memory element according to
claim 1, wherein said second electrode is selected
from the group consisting of platinum, titanium gold,
and SrRuOa. 7. The memory element according to claim
1, wherein said resistance 



variable insulating layer is selected from the group
consisting of PCMO thin films, Perovskite structures
and oxidation films. 8. The memory element according
to claim 6, wherein said resistance variable
insulating layer is selected from the group consisting
of Pro.7Cro.3MoO3, Nb Os, TiO2 TaOs, and NiO. 9. The
memory element according to claim 1, wherein said
resistance variable insulating layer is doped or
undoped BaTiq 3, SrTiq 3or SrZr q 3. 10. The memory
element according to claim 1, wherein said memory
element is a resistance variable memory device. 11.
The memory element according to claim 1, wherein the
resistance variable insulating layer between said
first and second electrodes is planarized before the
second electrode is formed. 12. The memory element
according to claim 1, wherein the second electrode is
formed over the as deposited resistance variable
insulating layer. 13. The memory element according to
claim 1, further comprising a conductive plug formed
between said substrate and said first electrode.14. A
memory element comprising: a substrate; a dielectric
layer formed over said substrate, said dielectric
layer having an opening formed therein from an upper
surface of said dielectric layer to said substrate; a
first electrode formed over said substrate and in said
hole in said dielectric 



layer, said first electrode having a cone-like
structure; a resistance variable insulating layer
formed over said first electrode in said opening in
said dielectric layer; and a second electrode formed
over said resistance variable insulating layer. 15.
The memory element according to claim 14, wherein said
first electrode is selected from the group consisting
of platinum, titanium, gold, and SrRuO3. 16. The
memory element according to claim 15, wherein said
first electrode is SrRuO . 17. The memory element
according to claim 15, wherein said second electrode
is selected from the group consisting of platinum,
titanium gold, and SrRuO3. 18. The memory element
according to claim 15, wherein said resistance
variable insulating layer is selected from the group
consisting of PCMO thin films, Perovskite structures
and oxidation films.19. The memory element according
to claim 15, wherein said resistance variable
insulating layer is doped or undoped BaTiq 3, SrTiOe
or SrZrO3. 20. The memory element according to claim
15, wherein said resistance variable insulating layer
is selected from the group consisting of
Pro.7Cro.3MoO3, Nb Os, TiO , TaOs, and NiO. 21. The
memory element according to claim 15, wherein said
resistance variable insulating layer is formed over
said dielectric layer. 



22. The memory element according to claim 14, wherein
the resistance variable insulating layer between said
first and second electrodes is planarized before the
second electrode is formed. 23. The memory element
according to claim 14, wherein the second electrode is
formed over the as deposited resistance variable
insulating layer. 24. The memory element according to
claim 14, wherein said memory element is a resistance
variable memory element. 25. The memory element
according to claim 14, further comprising a conductive
plug formed between said substrate and said first
electrode. 26. A processor system, comprising: a
processor; and a substrate; a first electrode formed
over said substrate, a first end of the first
electrode being larger than a second end of the first
electrode;a second electrode; and a resistance
variable insulating layer between said first and
second electrodes. 27. The processor system according
to claim 26, wherein said first electrode has a
cone-like shape. 28. The processor system according to
claim 26, wherein said first electrode is selected
from the group consisting of platinum, titanium, gold,
and SrRuOs. 29. The processor system according to
claim 28, wherein said first 



electrode is SrRuq 3. 30. The processor system
according to claim 26, wherein said second electrode
is selected from the group consisting of platinum,
titanium gold, and SrRuO 3. 31. The processor system
according to claim 26, wherein said resistance
variable insulating layer is doped or undoped BaTiOe,
SrTiO or SrZr q 3. 32. The processor system according
to claim 26, wherein said resistance variable
insulating layer is selected from the group consisting
of Pro.7Cro.3MoO3, Nb2Os, TiO2, TaOs, and NiO. 33. The
processor system according to claim 26, wherein said
memory element is a resistance variable memory
element. 34. A method of forming a memory element, the
method comprising:forming a first electrode such that
a first end of the first electrode is larger than a
second end of the first electrode; forming a
resistance variable insulating layer over said first
electrode; and forming a second electrode, wherein
said resistance variable insulating layer is formed
between said first and second electrodes. 35. The
method according to claim 34, wherein forming the
first electrode comprises forming the first electrode
having a cone-like shape. 36. The method according to
claim 34, wherein forming the first electrode
comprises depositing a conductive material and
rotating the substrate while depositing the conductive
material an angle less than 75 degrees with respect 



to the top surface of the substrate. 37. The method
according to claim 36, wherein the conductive material
is deposited in a single direction, such that the
conductive material forms a cone-like structure on the
substrate. 38. The method according to claim 34,
wherein said first electrode is formed from a material
selected from the group consisting of platinum,
titanium, gold, and SrRuO3. 39. The method according
to claim 34, wherein said resistance variable
insulating layer is formed from doped or undoped BaTiq
3, SrTiq 3or SrZrq 3.40. The method according to claim
34, wherein said resistance variable insulating layer
is selected from the group consisting of Pro.7Cro.3Moq
3, Nb Os, O2, TaOs, and NiO. 41. The method according
to claim 39, wherein said resistance variable
insulating layer is formed by pulsed laser deposition,
physical vapor deposition, sputtering, or chemical
vapor deposition. 42. The method of claim 34, further
comprising: forming a first material layer over a
substrate; forming a second material layer over the
substrate; forming a first opening within the first
and second material layers, wherein forming the first
electrode comprises depositing a conductive material
through the first opening, and rotating the substrate
while depositing the conductive material, the
conductive material being deposited in a single
direction, such that the 



conductive material forms a cone-like structure on the
substrate, wherein the conductive material is
deposited at an angle less than 75 degrees with
respect to the top surface of the substrate. 43. A
method of forming a memory element, the method
comprising: forming a dielectric layer over a
substrate; forming an opening within said dielectric
layer; depositing a conductive material in said
opening by rotating the substrate while depositing the
conductive material, the conductive material being
deposited ina single angled direction, such that the
conductive material forms a cone-like structure on the
substrate, the cone-like structure being a first
electrode; forming a resistance variable insulating
layer in the opening; and forming a second electrode
over the resistance variable insulating layer. 44. The
method according to claim 43, wherein the conductive
material is deposited at an angle less than 75 degrees
with respect to the top surface of the substrate. 45.
The method according to claim 43, wherein said first
electrode is formed from a material selected from the
group consisting of platinum, titanium, gold, and
SrRuq 3. 46. The method according to claim 43, wherein
said resistance variable insulating layer is formed
from doped or undoped BaTiq 3, SrTiCb or SrZrq 3. 47.
The method according to claim 46, wherein said
resistance variable insulating layer is formed by
pulsed laser deposition, physical vapor deposition, 



sputtering, or chemical vapor deposition. 48. The
method according to claim 43, wherein said resistance
variable insulating layer is selected from the group
consisting of Pro.7Cro.3Moq 3,Nb Os, TiO , TaOs, and
NiO. 49. The method according to claim 43, further
comprising planarizing said resistance variable
insulating layer prior to forming said second
electrode.50. A method of forming a memory element,
the method comprising: forming a dielectric layer over
a substrate; forming a first opening within said
dielectric layer; widening a portion of said first
opening within said dielectric layer to form a second
opening; depositing a conductive material through the
first and second openings; rotating the substrate
while depositing the conductive material, the
conductive material being deposited in a single angled
direction, such that the conductive material forms a
cone-like structure on the substrate, the cone-like
structure being a first electrode; forming a
resistance variable insulating layer in the first and
second openings; and forming a second electrode over
resistance variable insulating layer. 51. The method
according to claim 50, wherein the conductive material
is deposited at an angle less than 75 degrees with
respect to the top surface of the substrate. 



52. The method according to claim 50, wherein said
first electrode is formed from a material selected
from the group consisting of platinum, titanium, gold,
and SrRuq 3. 53. The method according to claim 50,
wherein said resistance variable insulating layer is
formed from doped or undoped BaTiq 3, SrTiq 3or SrZrq
3.54. The method according to claim 53, wherein said
resistance variable insulating layer is formed by
pulsed laser deposition, physical vapor deposition,
sputtering, or chemical vapor deposition. 55. The
method according to claim 50, wherein said resistance
variable insulating layer is selected from the group
consisting of Pro Cro MoO Nb-Os, Tiq 2, TaOs, and NiO.
56. The method according to claim 50, further
comprising planarizing said resistance variable
insulating layer prior to forming said second
electrode. 


