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(54) Reduced diffusion in metal electrode for two-terminal memory

(57) Providing for two-terminal memory that miti-
gates diffusion of external material therein is described
herein. In some embodiments, a two-terminal memory
cell can comprise an electrode layer. The electrode layer
can be at least in part permeable to ionically or chemically
reactive material, such as oxygen or the like. The two-
terminal memory can further comprise a diffusion mitiga-
tion material disposed between the electrode layer and
external material. This diffusion mitigation material can
be selected to mitigate or prevent diffusion of the unde-
sired element(s) or compound(s), to mitigate or avoid ex-
posure of such element(s) or compound(s) to the elec-
trode layer. Accordingly, degradation of the two-terminal
memory as a result of contact with the undesired element
(s) or compound(s) can be mitigated by various disclosed
embodiments.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application for patent is a non-pro-
visional of and claims benefit of US Provisional Patent
Application Serial No. 61/786,113 entitled "REDUCTION
OF DIFFUSION IN A Ag ELECTRODE USING W OR Ti
PASSIVATION" and filed 3/14/13 which is incorporated
herein by reference in its respective entirety and for all
purposes.

TECHNICAL FIELD

[0002] This disclosure relates generally to electronic
memory; for example, the disclosure describes two-ter-
minal memory that mitigates diffusion of external material
within the two-terminal memory.

BACKGROUND

[0003] Success of semiconductor electronics has
largely resulted from a great personal and commercial
utility derived from high-speed electronic communica-
tions. Provision of these electronic communications, par-
ticularly on a global scale, involves the convergence of
several factors: development of communication infra-
structure to transport data, design of components and
devices to initiate or facilitate communication and various
applications thereof, and manufacturing techniques to
fabricate these components. Massive demand for the util-
ity of electronic communication has engendered an in-
dustry related to each of the factors. Infrastructure de-
velopers provide global networks to transport data and
interpersonal communications, software developers pro-
vide applications, operating systems, and computing de-
vices to access, manage and utilize the communications,
component designers develop electronic components -
processors, memory, etc. - to process and store the data,
and fabrication facilities create the electronic compo-
nents.
[0004] One reason for the persistent success of elec-
tronics is the variety and diversity of useful applications
that develop from increases in speed and capacity of
electronic components. In turn, the speed and capacity
of such components is associated with an intensive tran-
sistor down-scaling process, in which smaller transistors
have lead to increased storage capacity, and in some
cases increased processing power. In recent years, com-
ponents such as field effect transistors used for switches,
memory cells, and other components of electronic devic-
es have achieved sizes on the order of 100nm. Even
smaller such devices are theorized. The inventors of the
present disclosure, however, believe that significant
challenges will occur for sub-100nm transistor compo-
nents, including short channel effects, performance deg-
radation, longevity problems, and so on.
[0005] Resistive memory devices represent a recent

innovation within the field of integrated circuit technology.
While much of this technology is in the development stag-
es, various technological concepts for proposed resistive
memory devices and fabrication of the same have been
demonstrated by the inventors. The inventors believe
that various resistive memory technologies and various
techniques for fabricating various resistive memory de-
vices show compelling evidence to hold substantial ad-
vantages over competing technologies in the semicon-
ductor electronics industry.
[0006] Over time, advancement in technology has pro-
vided an increase in a number of semiconductor devices,
such as transistors, that can be fabricated on a given
geometric area of a semiconductor chip. An implication
of increasing the number of semiconductor devices is
increasing memory capacity and processing power for
the semiconductor chip and associated electronic devic-
es.
[0007] In light of the above, the inventors desire to con-
tinue developing practical utilization and fabrication of
resistive memory technology.

SUMMARY

[0008] The following presents a simplified summary of
the specification in order to provide a basic understand-
ing of some aspects of the specification. This summary
is not an extensive overview of the specification. It is in-
tended to neither identify key or critical elements of the
specification nor delineate the scope of any particular
embodiments of the specification, or any scope of the
claims. Its purpose is to present some concepts of the
specification in a simplified form as a prelude to the more
detailed description that is presented in this disclosure.
[0009] Various embodiments of the subject disclosure
provide for two-terminal memory that mitigates diffusion
of external material therein. In some embodiments, a two-
terminal memory cell can comprise an electrode layer.
The electrode layer can be at least in part permeable to
an undesired element(s) or compound(s), such as oxy-
gen or some other chemically reactive or non-inert ma-
terial. The two-terminal memory can further comprise a
diffusion mitigation material disposed between the elec-
trode layer and external material. This diffusion mitigation
material can be selected to mitigate or prevent diffusion
of the undesired element(s) or compound(s), to mitigate
or avoid exposure of the undesired element(s) or com-
pound(s) to the electrode layer. Accordingly, degradation
of the two-terminal memory as a result of contact with
the undesired element(s) or compound(s) can be miti-
gated by various disclosed embodiments.
[0010] In a further embodiment, the present disclosure
provides a memory cell arranged in a monolithic stack.
The memory cell can comprise a bottom electrode com-
prising an electrically conductive material. Further, the
memory cell can comprise a switching medium compris-
ing an electrically resistive material and a top electrode
comprising a noble metal that produces ions at a bound-

1 2 



EP 2 779 240 A2

3

5

10

15

20

25

30

35

40

45

50

55

ary of the top electrode and the switching medium in re-
sponse to an electric field applied to the memory cell,
wherein the switching medium is at least in part perme-
able to the ions. Furthermore, the memory cell can com-
prise a passivation layer comprising a non-noble metal
disposed at an opposite side of the top electrode from
the switching medium, wherein the passivation layer mit-
igates exposure of atmospheric gas to the top electrode.
[0011] In further embodiments, the present disclosure
provides a method of fabricating a memory cell. The
method can comprise forming a first electrically conduc-
tive electrode layer above a substrate material and form-
ing an electrically resistive switching medium above the
first conductive electrode layer that is permeable to ions
of at least one noble metal. Additionally, the method can
comprise forming a second electrically conductive elec-
trode layer comprising the at least one noble metal above
the electrically resistive switching medium and forming
a diffusion mitigation layer comprising a non-noble metal
above the second electrically conductive electrode layer.
Moreover, in various embodiments, the second electri-
cally conductive electrode layer can be configured to gen-
erate ions at least at a surface closest to the electrically
resistive switching medium in response to an electric
field, the fabricating can be performed in a reduced ox-
ygen environment, and the non-noble metal can be con-
figured to mitigate exposure of the second electrically
resistive switching medium to oxygen.
[0012] In still other aspects of the present disclosure,
there is provided an electronic device. The electronic de-
vice can comprise an array of memory cells comprising
a substrate having a complementary semiconductor met-
al oxide device and a two-terminal memory cell, both
formed at least in part on or above the substrate, wherein
the memory is configured to store instructions related to
operating the electronic device. Further, the electronic
device can comprise a command interface configured to
receive an instruction pertaining to performing a memory
operation with respect to the array of memory cells and
a controller configured to execute the memory operation
on the at least one two-terminal memory cell via one or
more signal inputs in response to receipt of the instruction
at the command interface and processing of the com-
mand. In various embodiments, the two-terminal memory
cell can comprise a bottom electrode, a switching medi-
um, a top electrode comprising a noble metal and a pas-
sivation layer comprising a non-noble metal in immediate
contact with the top electrode. Moreover, the passivation
layer can be configured to mitigate exposure of the top
electrode to oxygen.
[0013] The following description and the drawings set
forth certain illustrative aspects of the specification.
These aspects are indicative, however, of but a few of
the various ways in which the principles of the specifica-
tion may be employed. Other advantages and novel fea-
tures of the specification will become apparent from the
following detailed description of the specification when
considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Numerous aspects, embodiments, objects, and
advantages of the instant invention will be apparent upon
consideration of the following detailed description, taken
in conjunction with the accompanying drawings, in which
like reference characters refer to like parts throughout.
In this specification, numerous specific details are set
forth in order to provide a thorough understanding of this
disclosure. It should be understood, however, that certain
aspects of the subject disclosure may be practiced with-
out these specific details, or with other methods, compo-
nents, materials, etc. In other instances, well-known
structures and devices are shown in block diagram form
to facilitate describing the subject disclosure;

Figure 1 illustrates a block diagram of an example
two-terminal memory cell that mitigates diffusion of
external material therein, in disclosed embodiments;
Figure 2 depicts a block diagram of an example mon-
olithic stack forming a memory cell that is resistant
to external degradation, in further embodiments;
Figure 3 illustrates a block diagram of an example
two-terminal memory cell configured to mitigate ox-
idation of a resistive switching layer, in an embodi-
ment(s);
Figure 4 depicts a flowchart of a sample method for
fabricating a memory cell having resistance to diffu-
sion of external material therein, in other embodi-
ments;
Figure 5 illustrates a flowchart of a sample method
for fabricating a memory cell that mitigates oxidation
of a switching medium, in another embodiment(s);
Figure 6 depicts a block diagram of an example elec-
tronic device comprising a two-terminal memory
technology resistant to environmental degradation;
Figure 7 illustrates a block diagram of a sample op-
erating and control environment for a memory device
according to various disclosed embodiments;
Figure 8 depicts a block diagram of an example com-
puting environment that can be implemented in con-
junction with various embodiments.

DETAILED DESCRIPTION

[0015] This disclosure relates to two-terminal memory
cells employed for digital information storage. In some
embodiments, the two-terminal memory cells can include
a resistive technology, such as a resistive-switching two-
terminal memory cell. Resistive-switching two-terminal
memory cells (also referred to as resistive-switching
memory cells or resistive-switching memory), as utilized
herein, comprise circuit components having conductive
contacts with an active region between the two conduc-
tive contacts. The active region of the two-terminal mem-
ory device, in the context of resistive-switching memory,
exhibits a plurality of stable or semi-stable resistive
states, each resistive state having a distinct electrical re-

3 4 



EP 2 779 240 A2

4

5

10

15

20

25

30

35

40

45

50

55

sistance. Moreover, respective ones of the plurality of
states can be formed or activated in response to a suit-
able electrical signal applied at the two conductive con-
tacts. The suitable electrical signal can be a voltage val-
ue, a current value, a voltage or current polarity, or the
like, or a suitable combination thereof. An example of a
resistive switching two-terminal memory device, though
not exhaustive, can include a resistive random access
memory (RRAM), among others.
[0016] The inventors of the subject application are fa-
miliar with additional non-volatile, two-terminal memory
structures. For example, ferroelectric random access
memory (RAM) is one example. Some others include
magneto-resistive RAM, organic RAM, phase change
RAM and conductive bridging RAM, and so on. Two-ter-
minal memory technologies have differing advantages
and disadvantages, and trade-offs between advantages
and disadvantages are common. For instance, various
subsets of these devices can have relatively fast switch-
ing times, good durability, high memory density, low cost
fabrication, long life, or the like, or combinations thereof.
Meanwhile, the various subsets can also be difficult to
fabricate, have compatibility problems with many com-
mon CMOS fabrication processes, poor read perform-
ance, small on/off resistance ratios, small on/off resist-
ance ratios (e.g., leading to small sensing margin) or poor
thermal stability, as well as other problems. Though re-
sistive-switching memory technology is considered by
the inventors to be one of the best technologies having
the most benefits and least detriments, other two-termi-
nal memory technologies can be utilized for some of the
disclosed embodiments, where suitable to one of ordi-
nary skill in the art.
[0017] Embodiments of the subject disclosure can pro-
vide a filamentary-based memory cell. One example of
a filamentary-based memory cell can comprise: a p-type
or n-type silicon (Si) bearing layer (e.g., p-type or n-type
polysilicon, p-type or n-type SiGe, etc.), a resistive
switching layer (RSL) and an active metal layer capable
of being ionized or generating ions (e.g., at a boundary
of the RSL and the active metal layer). Under suitable
conditions, e.g. application of a sufficient voltage, the ac-
tive metal layer can provide filament forming ions to the
RSL. The p-type or n-type Si bearing layer can include
a p-type or n-type polysilicon, p-type or n-type SiGe, or
the like. The RSL (which can also be referred to in the
art as a resistive switching media (RSM)) can comprise,
e.g., an undoped amorphous Si layer, a semiconductor
layer having intrinsic characteristics, a Si sub-oxide (e.g.,
SiOx wherein x has a value between 0.1 and 2), metallic
oxide (e.g. Zinc Oxide) and so forth. Other examples of
materials suitable for the RSL could include SixGeyOz
(where X, Y and Z are respective suitable positive inte-
gers), a silicon oxide (e.g., SiON, where N is a suitable
positive integer), amorphous Si (a-Si), amorphous SiGe
(a-SiGe), TaOB (where B is a suitable positive integer),
HfOc (where C is a suitable positive integer), TiOD (where
D is a suitable positive integer), and so forth, or a suitable

combination thereof. Examples of the active metal layer
can include, among others: silver (Ag), gold (Au), titanium
(Ti), titanium-nitride (TiN) or other suitable compounds
of titanium, nickel (Ni), copper (Cu), aluminum (Al), chro-
mium (Cr), tantalum(Ta), iron (Fe), manganese (Mn),
tungsten (W), vanadium (V), cobalt (Co), platinum (Pt),
and palladium (Pd). Other suitable conductive materials,
as well as compounds or combinations of the foregoing
or similar materials can be employed for the active metal
layer in some aspects of the subject disclosure. Some
details pertaining to embodiments of the subject disclo-
sure similar to the foregoing example(s) can be found in
the following U.S. patent applications that are licensed
to the assignee of the present application for patent: Ap-
plication Serial Number 11/875,541 filed October 19,
2007 and Application Serial Number 12/575,921 filed Oc-
tober 8, 2009, each of which are incorporated by refer-
ence herein in their respective entireties and for all pur-
poses.
[0018] It should be appreciated that various embodi-
ments herein may utilize a variety of memory cell tech-
nologies, having different physical properties. For in-
stance, different resistive-switching memory cell technol-
ogies can have different discrete programmable resist-
ances, different associated program / erase voltages, as
well as other differentiating characteristics. For instance,
various embodiments of the subject disclosure can em-
ploy a bipolar switching device that exhibits a first switch-
ing response (e.g., programming to one of a set of pro-
gram states) to an electrical signal of a first polarity and
a second switching response (e.g., erasing to an erase
state) to the electrical signal having a second polarity.
The bipolar switching device is contrasted, for instance,
with a unipolar device that exhibits both the first switching
response (e.g., programming) and the second switching
response (e.g., erasing via joule heating) in response to
electrical signals having the same polarity and different
magnitudes.
[0019] Where no specific memory cell technology or
program / erase voltage is specified for the various as-
pects and embodiments herein, it is intended that such
aspects and embodiments incorporate any suitable
memory cell technology and be operated by program /
erase voltages appropriate to that technology, as would
be known by one of ordinary skill in the art or made known
by way of the context provided herein. It should be ap-
preciated further that where substituting a different mem-
ory cell technology would require circuit modifications
that would be known to one of ordinary skill in the art, or
changes to operating signal levels that would be known
to one of such skill, embodiments comprising the substi-
tuted memory cell technology(ies) or signal level changes
are considered within the scope of the subject disclosure.
[0020] In at least some embodiments of the present
disclosure, disclosed memory cell technologies can be
employed for multi-programmable devices that can be
programmed, erased, and re-programmed many times
during a usable lifetime of the memory cell. Other em-
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bodiments can be employed for a one-time programma-
ble memory device (e.g., employed in write-once-read-
many applications), having some capacity to mitigate -
or avoid entirely - the erasure of the memory device. Ad-
ditionally, various embodiments disclose multi-state de-
vices having measurably distinct electrical characteris-
tics that define distinct digital information states; in at
least some embodiments, the multi-state devices can be
characterized by non-linear current-voltage relationships
that facilitate operating the multi-state device (e.g., pro-
gram operation, erase operation, read operation, etc.).
[0021] Referring now to the drawings, Figure 1 illus-
trates a block diagram of an example two-terminal mem-
ory cell 100 configured to resist diffusion of external ma-
terial within memory cell 100. As depicted, memory cell
100 can comprise a first electrode layer 102 and a second
electrode layer 106. First electrode layer 102 and second
electrode layer 106 can serve as contact points, in vari-
ous embodiments, for applying an operational signal to
memory cell 100. First electrode layer 102 and second
electrode layer 106 can be electrical conductors, such
as metals, doped conductive silicon or silicon com-
pounds, and the like.
[0022] In some embodiments, memory cell 100 can be
a resistive memory cell. Various two-terminal memory
cell technologies can have distinct states defined by
measurably distinct electrical or magnetic characteristic
values. In the case of resistive memory, distinct states
can be defined by measurably distinct resistance values
of a switching medium 104. First electrode layer 102 or
second electrode layer 106 can be an ion donor layer,
configured to generate ions at a boundary to switching
medium 104 in response to an electric field applied
across memory cell 100. For example, second electrode
layer 106 can generate ions at least at a boundary 101
of switching medium 104 and second electrode layer 106.
Switching medium 104 can be a material that is electri-
cally insulating, but also that is at least in part permeable
to the ions. As ions migrate within switching medium 104
in response to the electric fields provided by the applied
voltages, the electrical resistance of switching medium
104 can change in a measurable manner, providing at
least one distinct resistance state.
[0023] One suitable material for second electrode layer
106 is a noble metal. Noble metals tend to generate ions
in response to an electric field (e.g., at boundary 101 of
switching medium 104 and second electrode layer 106),
and thus can provide the basis to change electrical char-
acteristics of switching medium 104. In various embodi-
ments, absent an applied electric field, the metal ions
become metal atoms (e.g., having no net charge) within
switching medium 104 and their respective positions
within switching medium 104 remain stable. However,
noble metals are often permeable to external reactive
materials. For instance, noble metals can often be per-
meable to oxygen. Thus, oxygen exposed to second
switching layer 106 can migrate through second elec-
trode layer 106, and contact switching medium 104 at

boundary 101, resulting in oxidation of switching medium
104 at boundary 101. Oxidation can often affect electrical
properties of a device, such as changing resistance, low-
ering conductivity, and furthermore current through an
oxidized material can promote oxidation further, enhanc-
ing affects to the electrical properties of the device. In
some circumstances, this can lead to degradation of
memory cell 100, undermining longevity, endurance,
memory retention, or other characteristics of memory cell
100.
[0024] To mitigate diffusion of external materials within
memory cell 100, a passivation layer 108 can be provided
above second material layer 106. Passivation layer 108
can be selected to mitigate diffusion of external materials
(e.g., oxygen, reactive elements or compounds, and so
forth) through passivation layer 108. Accordingly, passi-
vation layer 108 can serve as a barrier to mitigate or avoid
undesired materials from contacting second electrode
layer 106, such as oxygen or other reactive materials.
[0025] In some embodiments, passivation layer 108
can be a non-noble metal. Though in the case of some
non-noble metals oxidation may occur with respect to
passivation layer 108, memory cell 100 can operate with-
out being significantly affected by this oxidation of pas-
sivation layer 108. For instance, a field across second
electrode layer 106 and first electrode layer 102 creates
a series circuit comprising second electrode layer 106,
switching medium 104, and first electrode layer 102, but
excluding passivation layer 108. Accordingly, oxidation
of passivation layer 108 will not directly affect electrical
characteristics of this series circuit. Moreover, because
passivation layer 108 mitigates diffusion of oxygen or oth-
er reactive materials through passivation layer 108,
chemical or ionic degradation of second electrode layer
106, switching medium 104 or first electrode layer 102
can be mitigated or avoided. Accordingly, memory cell
100 can provide a memory cell that resists diffusion of
undesired elements or compounds, enhancing longevity,
endurance, memory retention, or the like, of memory cell
100.
[0026] Figure 2 depicts a block diagram of an example
memory cell 200 comprising a monolithic stack of layers,
in accordance with further embodiments of the present
disclosure. Memory cell 200 can be formed on a substrate
202. Substrate 202 can be a silicon or silicon compound,
in various embodiments. In further embodiments, sub-
strate 202 can have one or more complementary metal-
oxide semiconductor (CMOS) devices formed in or on
substrate 202.
[0027] As depicted, a first conductor (e.g. wire) 204
can be formed on or at least partially in substrate 202.
First conductor 204 can be a control line of an electronic
memory array, in some embodiments, such as a word-
line, a bitline, a data line, a source line, etc., of the elec-
tronic memory array. In further embodiments, first con-
dutor 204 can be a conductive metal, a conductive doped
silicon or silicon compound, or the like, or other suitable
conductor. In still other embodiments, first conductor 204
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may include a metal (e.g. aluminum, copper) and a con-
ductive silicon compound (e.g. p-doped polysilicon, p-
doped polycrystalline silicon germanium, or the like); one
or more metals (e.g. aluminum, copper, Ti, TiN, W, TaN);
or the like.
[0028] Further to the above, memory cell 200 can com-
prise a bottom electrode 206 formed in contact with first
wire 204. Bottom electrode 206 can serve as a first elec-
trical contact for memory cell 200, in conjunction with
performing memory operations with respect to memory
cell 200 (e.g., programming, erasing, reading, etc., mem-
ory cell 200). In various embodiments, bottom electrode
206 can be an electrical conductor (e.g., metal, doped
silicon, etc.).
[0029] In addition to the foregoing, memory cell 200
can comprise a resistive switching medium 208 disposed
above bottom electrode 206. Resistive switching medium
208 can be an electrical insulator. In addition to the fore-
going, resistive switching medium 208 can be at least in
part permeable to ions (e.g., metallic ions) generated by
memory cell 200. Migration of ions within resistive switch-
ing medium 208 under application of an applied voltage
can change electrical resistivity of resistive switching me-
dium 208 in distinct and measurable manners, defining
distinct digital states.
[0030] Memory cell 200 can additionally comprise a
barrier layer 210 above resistive switching medium 208.
Barrier layer 210 can be selected to control migration of
ions into resistive switching medium 208 to control oxi-
dation of resistive switching medium 208, or the like. In
some embodiments, barrier layer 210 preferably oxidizes
relative to resistive switching medium 208. In some em-
bodiments, barrier layer 210 may include a non-noble
metal such as titanium, titanium oxide, tungsten, or the
like. In at least one embodiment, barrier layer 210 can
have a thickness of about 10 nanometers (nm) or less.
In further embodiments, barrier layer 210 can have a
thickness in a range of about 3nm to about 10nm. In
various embodiments, barrier layer 210 can be formed
with a physical vapor deposition process.
[0031] A top electrode 212 can be above barrier layer
210. Top electrode 212 can be a noble metal, in some
embodiments. In further embodiments, top electrode 212
can serve as a contact point for electrical operations of
memory cell 200 (e.g., in conjunction with bottom elec-
trode 206). Thus, according to various embodiments, a
program signal, erase signal, read signal, etc., can be
applied to top electrode 212 or bottom electrode 206 to
facilitate programming, erasing or reading memory cell
200. Top electrode 212 can be selected to generate ions,
within resistive switching medium 208, in response to an
applied electric field. Upon application of a sufficiently
large write voltage, the noble metal ions move toward
the negative terminal, and when the voltage is reduced
or not applied, the metal ions become metal atoms and
resist further movement. In various embodiments, the
metal atoms may form a metal filament within resistive
switching medium 208 which changes the electrical re-

sistivity of resistive switching medium 208.
[0032] Memory cell 200 can additionally comprise a
passivation layer 214 and a second conductor 216. Pas-
sivation layer 214 can be a non-noble metal, in some
embodiments. In further embodiments, passivation layer
214 can be selected to mitigate diffusion of additional
external materials into or through passivation layer 214
(e.g. oxygen). For instance, passivation layer 214 can be
selected to mitigate or prevent diffusion of oxygen or oth-
er chemically or ionically reactive materials into or
through passivation layer 214. Accordingly, passivation
layer 214 can reduce or avoid oxidation of layers of mem-
ory cell 200 below passivation layer 214 (e.g., resistive
switching medium 208). Various embodiments improve
operational integrity, including endurance, longevity,
memory retention or the like, of memory cell 200. Second
conductor 216 can be a second operation line of a mem-
ory array or electronic device, such as a wordline, data-
line, bitline, source line, etc, of the memory array.
[0033] In some embodiments, top electrode 212 or bot-
tom electrode 206 can comprise a noble metal material
that produces free ions at an interface thereof (e.g., an
interface of top electrode 212 and barrier layer 210, an
interface of bottom electrode 206 and resistive switching
medium 208, etc.) upon application of a write voltage or
an erase voltage. In some embodiments, top electrode
212 or bottom electrode 206 can be elemental metals,
ionically bonded metals (e.g. alloys), doped silicon or
doped silicon compounds, or the like, or a suitable com-
bination of the foregoing. Additionally, top electrode 212
or bottom electrode 206 can include an additional layer(s)
(some very thin, e.g., 2 to 3 nm) such as Ti, TiN, W, TaN
or the like, adjacent to top electrode 212 or bottom elec-
trode 206.
[0034] In alternative or additional embodiments, one
or more other layers can be included in memory cell 200.
For instance, an intermediary layer(s) can be instituted
adjacent to one or more of the layers depicted in Figure
2. As one example, a suitable material layer that mitigates
or controls unintended oxidation of resistive switching
medium 208 can be positioned between one or more
layers of memory cell 200, such as between top electrode
212 and resistive switching medium 208 (which can in-
clude barrier layer 210 or be separate from barrier layer
210). As another example, in some embodiments, mem-
ory cell 200 can have fewer layers than depicted in Figure
2. For instance, top electrode 202 or bottom electrode
208 can be removed in such embodiments, and resistive
switching material 208 can electrically contact a conduc-
tive wire of a memory array (e.g., first conductor 204).
Accordingly, it is appreciated that suitable variations of
memory cell 200 known in the art or made known to one
of ordinary skill in the art by way of the context provided
herein are considered within the scope of the present
disclosure.
[0035] Figure 3 depicts a block diagram of an example
memory cell 300 in one or more other aspects of the
subject disclosure. Memory cell 300 can be a monolithic
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stack providing a two-terminal memory cell. Moreover,
memory cell 300 can be configured to mitigate or avoid
diffusion of contaminant material within at least a subset
of memory cell 300.
[0036] Memory cell 300 can comprise a monolithic
stack of layers formed above a CMOS substrate. The
stack of layers can comprise a bottom electrode 302, a
resistive switching medium 304, a barrier layer 306, a
top electrode 308 and a passivation layer 310. Bottom
electrode 302 can comprise a metal, a doped silicon (e.g.,
p-type silicon, p-type polysilicon, n-type silicon, etc.), a
doped silicon germanium (e.g., p+ SiGe, and so forth),
or other suitable doped silicon compound. Resistive
switching medium 304 can be comprised of various ma-
terials or various layers of material. For example, resis-
tive switching medium 304 can be any suitable material
or switching medium having high electrical resistance
and having at least partial permeability (e.g., in response
to an electric signal) to ions of top electrode 308 or bottom
electrode 302, or to ions generated within or at a bound-
ary of resistive switching medium 304 (e.g., metal or ox-
ygen ions). In addition, the material employed for resis-
tive switching medium 304 can be compatible with sem-
iconductor fabrication processes (e.g., stacking, etching,
masking, deposition, etc.) including CMOS processes.
Examples of such a material can include an undoped
amorphous silicon (a-Si) material, a chalcogenide, a sil-
icon on glass, an oxide such as titanium oxide (TiOx),
tantalum oxide (TaOx), a silicon oxide (e.g., SiOx) such
as silicon dioxide (SiO2), silicon sub-oxide (e.g., SiOx,
where 0 < x ≤ 2), Hafnium Oxide (HfOx), Nickel Oxide
(NiOx), Tungsten Oxide (WOx), Aluminum Oxide (AlOx),
Copper Oxide (CuOx), Germanium Oxide (GeOx), Silicon
Germanium Oxide (SixGeySez), Silver Selenide (Ag2Se),
Copper Sulfite (Cu2S), other oxide, or a suitable combi-
nation thereof, which is at least in part porous with respect
to the particles, ions, or the like. In various embodiments,
absent an applied voltage, resistive switching medium
304 does not include metallic ions.
[0037] In addition to the foregoing, barrier layer 306
can be selected to control migration of undesired ions
into resistive switching medium 304, or generation of un-
desired ions between top electrode 308 and resistive
switching medium 304. In various embodiments, barrier
layer 306 can be formed to have a thickness suitable to
moderate formation / flow of ions into resistive switching
medium 304. In some embodiments, the thickness of bar-
rier layer 306 can be 10nm or less (e.g., a range of about
3nm to about 10nm). Examples of suitable materials for
barrier layer 306 can comprise Ti, TiN, and TiO. Top elec-
trode 308 can be a noble metal, in various embodiments.
Examples of noble metals that can be employed for top
electrode 308 can include Ag, Au, Pt, Pd, or the like.
[0038] Passivation layer 310 can be comprised of a
non-noble metal. Examples can include W, a nitride of
tungsten (e.g., WN, W2N, WN2, etc.), Ti, TiN, Al, TiW,
Cu, or the like, or a suitable compound or combination
thereof. W can be utilized, as an example, in conjunction

with a reactive ion etch process employed, at least in
part, for fabricating memory cell 300. Passivation layer
310 can be deposited in immediate contact to top elec-
trode 308, in some embodiments. As an example, pas-
sivation layer 310 can be deposited with a physical vapor
deposition (PVD) or a chemical vapor deposition (CVD).
In one or more embodiments, passivation layer 310 can
have a thickness in a range of about 10nm to about 50nm.
[0039] The aforementioned diagrams have been de-
scribed with respect to several components (e.g., layers)
of a memory cell, or memory operations associated with
such memory cells. It should be appreciated that in some
suitable alternative aspects of the subject disclosure,
such diagrams can include those components and oper-
ations specified therein, some of the specified compo-
nents / operations, or additional components / opera-
tions. Sub-components can also be implemented as elec-
trically connected to other sub-components rather than
included within a parent component/layer. For example,
an intermediary layer(s) can be instituted adjacent to one
or more of the disclosed layers. As one example, a suit-
able barrier layer that mitigates or controls unintended
oxidation can be positioned between one or more dis-
closed layers. In yet other embodiments, a disclosed
memory stack or set of film layers can have fewer layers
than depicted. For instance, a switching layer can elec-
trically contact a conductive wire directly, rather than hav-
ing an electrode layer or contact layer there between.
Additionally, it is noted that one or more disclosed proc-
esses can be combined into a single process providing
aggregate functionality. Components of the disclosed ar-
chitectures can also interact with one or more other com-
ponents not specifically described herein but known by
those of skill in the art or made known to those of skill in
the art by way of the context provided herein.
[0040] In view of the exemplary diagrams described
supra, process methods that can be implemented in ac-
cordance with the disclosed subject matter will be better
appreciated with reference to the flow charts of Figure 4
- 5. While for purposes of simplicity of explanation, the
methods of Figures 4 - 5 are shown and described as
respective series of blocks, it is to be understood and
appreciated that the claimed subject matter is not limited
by the order of the blocks, as some blocks may occur in
different orders or concurrently with other blocks from
what is depicted and described herein. Moreover, not all
illustrated blocks are necessarily required to implement
the respective methods described herein. Additionally, it
should be further appreciated that the methods disclosed
throughout this specification are capable of being stored
on an article of manufacture to facilitate transporting and
transferring such methodologies to an electronic device.
The term article of manufacture, as used, is intended to
encompass a computer program accessible from any
computer-readable device, device in conjunction with a
carrier, or storage medium. In addition, such an article
of manufacture can include a compact Flash memory
card, a universal serial bus memory card, a secure digital
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card or the like (e.g., mini SD, micro SD, etc.), or other
suitable article of manufacture facilitating storage of dig-
ital information or portable storage of digital information.
[0041] Figure 4 illustrates a flowchart of an example
method 400 for fabricating a two-terminal memory ac-
cording to additional embodiments of the present disclo-
sure. In some embodiments, method 400 can employ a
reduced oxygen environment at least in part for fabricat-
ing the two-terminal memory. In alternative or additional
embodiments, at least a subset of the fabricating can
employ a reactive ion etch process (e.g., a plasma etch
process).
[0042] At 402, method 400 can comprise forming a first
electrically conductive electrode layer above a substrate
material. The first electrically conductive electrode layer
can be a metal, conductive doped silicon, doped polysil-
icon, or doped silicon compound (e.g., p-type or n-type
SiGe, etc.), or the like. At 404, method 400 can comprise
forming an electrically resistive switching medium above
the first conductive electrode layer. The resistive switch-
ing medium can be a material that is at least in part per-
meable to ions of at least one noble metal. At 406, method
400 can comprise forming a second electrically conduc-
tive electrode layer comprising the at least one noble
metal, above the electrically resistive switching medium.
Further, the second electrically conductive electrode lay-
er can be configured to generate ions at a surface closest
to the electrically resistive switching medium in response
to an electric field applied across the two-terminal mem-
ory.
[0043] At 408, method 400 can comprise forming a dif-
fusion mitigation layer comprising a non-noble metal
above the second electrically conductive electrode layer.
In some embodiments, the non-noble metal can be con-
figured to mitigate exposure of the second electrically
conductive electrode layer to oxygen or other undesired
particles. Accordingly, the diffusion mitigation layer can
resist or avoid penetration of oxygen or other reactive
materials within the two-terminal memory, enhancing
longevity and endurance of the memory.
[0044] In various embodiments, the inventors of the
present invention have determined that the time between
steps 406 and 408 should be controlled. Based upon
experimental results, a wafer can be processed in step
406 and be subject to ambient atmosphere, and if step
408 is performed after about 24 hours the resistive
switching medium may already have undesirable prop-
erties (e.g. oxidizing oxygen). In various embodiments,
a wafer can be processed in step 406 and be subject to
a vacuum or inert environment, and in such embodiments
step 408 may be performed within about 24 hours follow-
ing processing of the wafer in step 406 without the resis-
tive switching medium having undesirable properties
(e.g., oxidation, contamination with undesirable material,
and so forth). In various experiments, if a wafer is proc-
essed in step 406, subject to the ambient atmosphere,
and processed in step 408 within about 4 hours after step
406, the resistive switching medium may not have unde-

sirable properties. In light of the above, various embod-
iments may include subjecting wafers, or the like, to a
controlled environment, or to a reduced amount of time
after step 406 and step 408 or a combination of the fore-
going.
[0045] Figure 5 illustrates a flowchart of an example
method 500 for fabricating a two-terminal memory cell
according to still other embodiments of the subject dis-
closure. At 502, method 500 can comprise providing a
semiconductor substrate comprising at least one CMOS
device formed on or at least in part within the semicon-
ductor substrate. Additionally, at 504, method 500 can
comprise forming a conductive wire on or in the semi-
conductor substrate. In some embodiments, the conduc-
tive wire can serve as a bitline, wordline, data line, source
line, or the like, or a memory array device. At 506, method
500 can comprise forming a first electrode over the sub-
strate and in contact with the conductive wire. At 508,
method 500 can comprise forming a switching medium
above the first electrode. The switching medium can be
an electrically resistive material at least in part permeable
to ions of at least one noble metal, in some embodiments.
At 510, method 500 can comprise forming a barrier layer
above the switching medium. The barrier layer can be
formed to have a thickness in a range of about 3nm to
about 10nm in further embodiments. In addition to the
foregoing, at 512, method 500 can comprise forming a
second electrode comprising the at least one noble metal
over the barrier layer. At 514, method 500 can comprise
forming a passivation layer above the second electrode.
The passivation layer can be formed of a non-noble met-
al, for example. In various embodiments, the passivation
layer can be formed to have a thickness in a range of
about 10nm to about 50nm. Further to the above, method
500 can comprise forming a second conductive wire
(e.g., a metal hardmask) in contact with the passivation
layer.
[0046] In various embodiments, similar to the discus-
sion above at Figure 4, a wafer subject to the above proc-
ess may have a controlled environment (e.g. vacuum,
inert gas) between steps 508 and 514. In other embod-
iments, the elapsed time between steps 508 and 514
may be controlled, e.g. between about 30 minutes to
about 4 hours, between about 1 to about 8 hours, or the
like, if subject to the ambient air. In still other embodi-
ments, a combination of maximum elapsed times and
controlled environments may be used to reduce undesir-
able changes to switching medium, or the like.
[0047] Figure 6 illustrates a block diagram of an exam-
ple electronic device 600 for implementing one or more
aspects of the subject disclosure. In various embodi-
ments, electronic device 600 can be configured for fab-
ricating or facilitating fabrication of a two-terminal mem-
ory cell. For instance, electronic device 600 can reside
at least partially within a fabrication equipment, a mem-
ory, a memory module, a handheld computer, a personal
computer, a networked computer, or the like. It is to be
appreciated that apparatus 600 is represented as includ-
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ing functional blocks, which can be functional blocks that
represent functions implemented by a hardware, soft-
ware, or combination thereof (e.g., firmware). In some
aspects, the functional blocks can represent non-transi-
tory computer-readable media. In other aspects, the
functional blocks can represent transitory computer-
readable media.
[0048] Electronic device 600 can comprise an elec-
tronically executable component 602 comprising stored
operations that, once executed, facilitate the fabricating
of a two-terminal memory cell having resistance to diffu-
sion of external material within at least a subset of the
two-terminal memory cell. Electronically executable
component 602 can be operated, executed or accessed
over a data communication interface 604. Data commu-
nication interface 604 can include a data bus, a dataline,
a bitline, a wired or wireless communication interface, a
network or network interface, or the like, or a suitable
combination thereof. In at least one aspect of the subject
disclosure, a subset of the stored operations for facilitat-
ing fabrication of the two-terminal memory cell can in-
clude computer-executable instructions stored in an op-
erating memory(ies) 608 or executed by a processor(s)
606 to facilitate functionality of electronic device 600. In
another aspect, one or more of the stored operations can
be replaced by one or more electrically, mechanical, or
electro-mechanical means for executing the operations,
in response to activation by a processor means or a me-
chanical automation means.
[0049] As depicted, electronically executable compo-
nent 602 can comprise operations 610 for forming a first
electrode layer over a substrate. In various embodi-
ments, the substrate can be a semiconductor substrate
comprising at least one CMOS device formed thereon or
at least in part therein. Additionally, electronically exe-
cutable component 602 can comprise operations 612 for
forming a switching medium above the first electrode lay-
er, and operations 614 for forming a barrier layer over
the switching medium. In some embodiments, operations
614 can be configured to form the barrier layer with a
thickness in a range of about 3nm to about 10nm. In
addition to the foregoing, electronically executable com-
ponent 602 can comprise operations 616 for forming a
second electrode layer over the barrier layer. The second
electrode layer can be selected to be a noble metal,
wherein ions of the noble metal are at least in part mobile
within the switching medium. In further embodiments,
electronically executable component 602 can comprise
operations 618 for forming a passivation layer over the
second electrode layer. The passivation layer can com-
prise a material selected from a non-noble metal, as one
example, that resist or avoid mitigation of reactive mate-
rials (e.g., oxygen, etc.). Moreover, electronically execut-
able component 602 can comprise operations 620 for
forming a metal hardmask in contact with the passivation
layer. The metal hardmask can be formed to provide a
control wire for facilitating, at least in part, control oper-
ations with respect to the two-terminal memory cell.

[0050] In various embodiments of the subject disclo-
sure, disclosed memory architectures can be employed
as a standalone or integrated embedded memory device
with a CPU or microcomputer. Some embodiments can
be implemented, for instance, as part of a computer mem-
ory (e.g., random access memory, cache memory, read-
only memory, storage memory, or the like). Other em-
bodiments can be implemented, for instance, as a port-
able memory device. Examples of suitable portable
memory devices can include removable memory, such
as a secure digital (SD) card, a universal serial bus (USB)
memory stick, a compact flash (CF) card, or the like, or
suitable combinations of the foregoing. (See, e.g., Fig-
ures 7 and 8, infra).
[0051] NAND FLASH is employed for compact FLASH
devices, USB devices, SD cards, solid state drives
(SSDs), and storage class memory, as well as other form-
factors. Although NAND has proven a successful tech-
nology in fueling the drive to scale down to smaller de-
vices and higher chip densities over the past decade, as
technology scaled down past 25 nanometer (nm) mem-
ory cell technology, several structural, performance, and
reliability problems became evident. Two-terminal mem-
ory, such as resistive-switching memory, can alleviate
many problems observed by NAND FLASH at or below
25nm technology. Aspects of the subject disclosure pro-
vide for improved endurance and longevity for two-ter-
minal memory, mitigating or avoiding diffusion of external
material such as oxygen or other reactive elements or
compounds within at least a portion of the two-terminal
memory.
[0052] In order to provide a context for the various as-
pects of the disclosed subject matter, Figure 7, as well
as the following discussion, is intended to provide a brief,
general description of a suitable environment in which
various aspects of the disclosed subject matter can be
implemented or processed. While the subject matter has
been described above in the general context of two-ter-
minal memory and process methodologies for fabricating
or operating such memory, those skilled in the art will
recognize that the subject disclosure also can be imple-
mented in combination with other memory cells, arrays
of memory cells or process methodologies. Moreover,
those skilled in the art will appreciate that the disclosed
processes can be practiced with a processing system or
a computer processor, either alone or in conjunction with
a host computer (e.g., computer 802 of Figure 8, infra),
which can include single-processor or multiprocessor
computer systems, mini-computing devices, mainframe
computers, as well as personal computers, hand-held
computing devices (e.g., PDA, smart phone, watch), mi-
croprocessor-based or programmable consumer or in-
dustrial electronics, and the like. The illustrated aspects
may also be practiced in distributed computing environ-
ments where tasks are performed by remote processing
devices that are linked through a communications net-
work. However, some, if not all aspects of the subject
innovation can be practiced on stand-alone electronic
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devices, such as a memory card, Flash memory module,
removable memory, or the like. In a distributed computing
environment, program modules can be located in both
local and remote memory storage modules or devices.
[0053] Figure 7 illustrates a block diagram of an exam-
ple operating and control environment 700 for a memory
cell array 702 according to aspects of the subject disclo-
sure. In at least one aspect of the subject disclosure,
memory cell array 702 can comprise a variety of memory
cell technology, including two-terminal memory cell. Par-
ticularly, memory cell array can comprise resistive
switching two-terminal memory cells resistant to diffusion
of external material, as described herein.
[0054] A column controller 706 can be formed adjacent
to memory cell array 702. Moreover, column controller
706 can be electrically coupled with bit lines of memory
cell array 702. Column controller 706 can control respec-
tive bitlines, applying suitable program, erase or read
voltages to selected bitlines.
[0055] In addition, operating and control environment
700 can comprise a row controller 704. Row controller
704 can be formed adjacent to column controller 706,
and electrically connected with word lines of memory cell
array 702. Row controller 704 can select particular rows
of memory cells with a suitable selection voltage. More-
over, row controller 704 can facilitate program, erase or
read operations by applying suitable voltages at selected
word lines.
[0056] A clock source(s) 708 can provide respective
clock pulses to facilitate timing for read, write, and pro-
gram operations of row controller 704 and column con-
troller 706. Clock source(s) 708 can further facilitate se-
lection of word lines or bit lines in response to external
or internal commands received by operating and control
environment 700. An input/output buffer 712 can be con-
nected to an external host apparatus, such as a computer
or other processing device (not depicted, but see e.g.,
computer 802 of Figure 8, infra) by way of an I/O buffer
or other I/O communication interface. Input/output buffer
712 can be configured to receive write data, receive an
erase instruction, output readout data, and receive ad-
dress data and command data, as well as address data
for respective instructions. Address data can be trans-
ferred to row controller 704 and column controller 706 by
an address register 710. In addition, input data is trans-
mitted to memory cell array 702 via signal input lines,
and output data is received from memory cell array 702
via signal output lines. Input data can be received from
the host apparatus, and output data can be delivered to
the host apparatus via the I/O buffer.
[0057] Commands received from the host apparatus
can be provided to a command interface 714. Command
interface 714 can be configured to receive external con-
trol signals from the host apparatus, and determine
whether data input to the input/output buffer 712 is write
data, a command, or an address. Input commands can
be transferred to a state machine 716.
[0058] State machine 716 can be configured to man-

age programming and reprogramming of memory cell
array 702. State machine 716 receives commands from
the host apparatus via input/output buffer 712 and com-
mand interface 714, and manages read, write, erase, da-
ta input, data output, and similar functionality associated
with memory cell array 702. In some aspects, state ma-
chine 716 can send and receive acknowledgments and
negative acknowledgments regarding successful receipt
or execution of various commands.
[0059] To implement read, write, erase, input, output,
etc., functionality, state machine 716 can control clock
source(s) 708. Control of clock source(s) 708 can cause
output pulses configured to facilitate row controller 704
and column controller 706 implementing the particular
functionality. Output pulses can be transferred to select-
ed bit lines by column controller 706, for instance, or word
lines by row controller 704, for instance.
[0060] In connection with Figure 8, the systems and
processes described below can be embodied within
hardware, such as a single integrated circuit (IC) chip,
multiple ICs, an application specific integrated circuit
(ASIC), or the like. Further, the order in which some or
all of the process blocks appear in each process should
not be deemed limiting. Rather, it should be understood
that some of the process blocks can be executed in a
variety of orders, not all of which may be explicitly illus-
trated herein.
[0061] With reference to Figure 8, a suitable operating
environment 800 for implementing various aspects of the
claimed subject matter includes a computer 802. The
computer 802 includes a processing unit 804, a system
memory 806, a codec 835, and a system bus 808. The
system bus 808 couples system components including,
but not limited to, the system memory 806 to the process-
ing unit 804. The processing unit 804 can be any of var-
ious available processors. Dual microprocessors and
other multiprocessor architectures also can be employed
as the processing unit 804.
[0062] The system bus 808 can be any of several types
of bus structure(s) including the memory bus or memory
controller, a peripheral bus or external bus, and/or a local
bus using any variety of available bus architectures in-
cluding, but not limited to, Industrial Standard Architec-
ture (ISA), Micro-Channel Architecture (MSA), Extended
ISA (EISA), Intelligent Drive Electronics (IDE), VESA Lo-
cal Bus (VLB), Peripheral Component Interconnect
(PCI), Card Bus, Universal Serial Bus (USB), Advanced
Graphics Port (AGP), Personal Computer Memory Card
International Association bus (PCMCIA), Firewire (IEEE
1394), and Small Computer Systems Interface (SCSI).
[0063] The system memory 806 includes volatile mem-
ory 810 and non-volatile memory 812, which can employ
one or more of the disclosed memory architectures,
memory cells, memory processes, or the like, in various
embodiments. The basic input/output system (BIOS),
containing the basic routines to transfer information be-
tween elements within the computer 802, such as during
start-up, is stored in non-volatile memory 812. In addition,
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according to present innovations, codec 835 may include
at least one of an encoder or decoder, wherein the at
least one of an encoder or decoder may consist of hard-
ware, software, or a combination of hardware and soft-
ware. Although, codec 835 is depicted as a separate
component, codec 835 may be contained within non-vol-
atile memory 812. By way of illustration, and not limita-
tion, non-volatile memory 812 can include read only
memory (ROM), programmable ROM (PROM), electri-
cally programmable ROM (EPROM), electrically erasa-
ble programmable ROM (EEPROM), or Flash memory.
Non-volatile memory 812 can employ one or more of the
disclosed memory architectures, in at least some dis-
closed embodiments. Moreover, non-volatile memory
812 can be computer memory (e.g., physically integrated
with computer 802 or a mainboard thereof), or removable
memory. Examples of suitable removable memory with
which disclosed embodiments can be implemented can
include a secure digital (SD) card, a compact Flash (CF)
card, a universal serial bus (USB) memory stick, or the
like. Volatile memory 810 includes random access mem-
ory (RAM), which acts as external cache memory, and
can also employ one or more disclosed memory archi-
tectures in various embodiments. By way of illustration
and not limitation, RAM is available in many forms such
as static RAM (SRAM), dynamic RAM (DRAM), synchro-
nous DRAM (SDRAM), double data rate SDRAM (DDR
SDRAM), and enhanced SDRAM (ESDRAM), and so
forth.
[0064] Computer 802 may also include remova-
ble/non-removable, volatile/non-volatile computer stor-
age medium. Figure 8 illustrates, for example, disk stor-
age 814. Disk storage 814 includes, but is not limited to,
devices such as a magnetic disk drive, solid state disk
(SSD) floppy disk drive, tape drive, Jaz drive, Zip drive,
LS-100 drive, flash memory card, or memory stick. In
addition, disk storage 814 can include storage medium
separately or in combination with other storage medium
including, but not limited to, an optical disk drive such as
a compact disk ROM device (CD-ROM), CD recordable
drive (CD-R Drive), CD rewritable drive (CD-RW Drive)
or a digital versatile disk ROM drive (DVD-ROM). To fa-
cilitate connection of the disk storage 814 to the system
bus 808, a removable or non-removable interface is typ-
ically used, such as interface 816. It is appreciated that
disk storage 814 can store information related to a user.
Such information might be stored at or provided to a serv-
er or to an application running on a user device. In one
embodiment, the user can be notified (e.g., by way of
output device(s) 836) of the types of information that are
stored to disk storage 814 and/or transmitted to the server
or application. The user can be provided the opportunity
to opt-in or opt-out of having such information collected
and/or shared with the server or application (e.g., by way
of input from input device(s) 828).
[0065] It is to be appreciated that Figure 8 describes
software that acts as an intermediary between users and
the basic computer resources described in the suitable

operating environment 800. Such software includes an
operating system 818. Operating system 818, which can
be stored on disk storage 814, acts to control and allocate
resources of the computer 802. Applications 820 take
advantage of the management of resources by operating
system 818 through program modules 824, and program
data 826, such as the boot/shutdown transaction table
and the like, stored either in system memory 806 or on
disk storage 814. It is to be appreciated that the claimed
subject matter can be implemented with various operat-
ing systems or combinations of operating systems.
[0066] A user enters commands or information into the
computer 802 through input device(s) 828. Input devices
828 include, but are not limited to, a pointing device such
as a mouse, trackball, stylus, touch pad, keyboard, mi-
crophone, joystick, game pad, satellite dish, scanner, TV
tuner card, digital camera, digital video camera, web
camera, and the like. These and other input devices con-
nect to the processing unit 804 through the system bus
808 via interface port(s) 830. Interface port(s) 830 in-
clude, for example, a serial port, a parallel port, a game
port, and a universal serial bus (USB). Output device(s)
836 use some of the same type of ports as input device(s)
828. Thus, for example, a USB port may be used to pro-
vide input to computer 802 and to output information from
computer 802 to an output device 836. Output adapter
834 is provided to illustrate that there are some output
devices, such as monitors, speakers, and printers,
among other output devices, which require special adapt-
ers. The output adapter 834 can include, by way of illus-
tration and not limitation, video and sound cards that pro-
vide a means of connection between the output device
836 and the system bus 808. It should be noted that other
devices and/or systems of devices provide both input and
output capabilities such as remote computer(s) 838.
[0067] Computer 802 can operate in a networked en-
vironment using logical connections to one or more re-
mote computers, such as remote computer(s) 838. The
remote computer(s) 838 can be a personal computer, a
server, a router, a network PC, a workstation, a micro-
processor based appliance, a peer device, a smart
phone, a tablet, or other network node, and typically in-
cludes many of the elements described relative to com-
puter 802. For purposes of brevity, only a memory stor-
age device 840 is illustrated with remote computer(s)
838. Remote computer(s) 838 is logically connected to
computer 802 through a network interface 842 and then
connected via communication connection(s) 844. Net-
work interface 842 encompasses wire and/or wireless
communication networks such as local-area networks
(LAN) and wide-area networks (WAN) and cellular net-
works. LAN technologies include Fiber Distributed Data
Interface (FDDI), Copper Distributed Data Interface (CD-
DI), Ethernet, Token Ring and the like. WAN technologies
include, but are not limited to, point-to-point links, circuit
switching networks such as Integrated Services Digital
Networks (ISDN) and variations thereon, packet switch-
ing networks, and Digital Subscriber Lines (DSL).

19 20 



EP 2 779 240 A2

12

5

10

15

20

25

30

35

40

45

50

55

[0068] Communication connection(s) 844 refers to the
hardware/software employed to connect the network in-
terface 842 to the system bus 808. While communication
connection 844 is shown for illustrative clarity inside com-
puter 802, it can also be external to computer 802. The
hardware/software necessary for connection to the net-
work interface 842 includes, for exemplary purposes on-
ly, internal and external technologies such as, modems
including regular telephone grade modems, cable mo-
dems and DSL modems, ISDN adapters, and wired and
wireless Ethernet cards, hubs, and routers.
[0069] The illustrated aspects of the disclosure may
also be practiced in distributed computing environments
where certain tasks are performed by remote processing
devices that are linked through a communications net-
work. In a distributed computing environment, program
modules or stored information, instructions, or the like
can be located in local or remote memory storage devic-
es.
[0070] Moreover, it is to be appreciated that various
components described herein can include electrical cir-
cuit(s) that can include components and circuitry ele-
ments of suitable value in order to implement the embod-
iments of the subject disclosure. Furthermore, it can be
appreciated that many of the various components can
be implemented on one or more IC chips. For example,
in one embodiment, a set of components can be imple-
mented in a single IC chip. In other embodiments, one
or more of respective components are fabricated or im-
plemented on separate IC chips.
[0071] As utilized herein, terms "component," "sys-
tem," "architecture" and the like are intended to refer to
a computer or electronic-related entity, either hardware,
a combination of hardware and software, software (e.g.,
in execution), or firmware. For example, a component
can be one or more transistors, a memory cell, an ar-
rangement of transistors or memory cells, a gate array,
a programmable gate array, an application specific inte-
grated circuit, a controller, a processor, a process running
on the processor, an object, executable, program or ap-
plication accessing or interfacing with semiconductor
memory, a computer, or the like, or a suitable combina-
tion thereof. The component can include erasable pro-
gramming (e.g., process instructions at least in part
stored in erasable memory) or hard programming (e.g.,
process instructions burned into non-erasable memory
at manufacture).
[0072] By way of illustration, both a process executed
from memory and the processor can be a component.
As another example, an architecture can include an ar-
rangement of electronic hardware (e.g., parallel or serial
transistors), processing instructions and a processor,
which implement the processing instructions in a manner
suitable to the arrangement of electronic hardware. In
addition, an architecture can include a single component
(e.g., a transistor, a gate array, ...) or an arrangement of
components (e.g., a series or parallel arrangement of
transistors, a gate array connected with program circuit-

ry, power leads, electrical ground, input signal lines and
output signal lines, and so on). A system can include one
or more components as well as one or more architec-
tures. One example system can include a switching block
architecture comprising crossed input/output lines and
pass gate transistors, as well as power source(s), signal
generator(s), communication bus(ses), controllers, I/O
interface, address registers, and so on. It is to be appre-
ciated that some overlap in definitions is anticipated, and
an architecture or a system can be a stand-alone com-
ponent, or a component of another architecture, system,
etc.
[0073] In addition to the foregoing, the disclosed sub-
ject matter can be implemented as a method, apparatus,
or article of manufacture using typical manufacturing,
programming or engineering techniques to produce
hardware, firmware, software, or any suitable combina-
tion thereof to control an electronic device to implement
the disclosed subject matter. The terms "apparatus" and
"article of manufacture" where used herein are intended
to encompass an electronic device, a semiconductor de-
vice, a computer, or a computer program accessible from
any computer-readable device, carrier, or media. Com-
puter-readable media can include hardware media, or
software media. In addition, the media can include non-
transitory media, or transport media. In one example,
non-transitory media can include computer readable
hardware media. Specific examples of computer reada-
ble hardware media can include but are not limited to
magnetic storage devices (e.g., hard disk, floppy disk,
magnetic strips...), optical disks (e.g., compact disk (CD),
digital versatile disk (DVD)...), smart cards, and flash
memory devices (e.g., card, stick, key drive...). Compu-
ter-readable transport media can include carrier waves,
or the like. Of course, those skilled in the art will recognize
many modifications can be made to this configuration
without departing from the scope or spirit of the disclosed
subject matter.
[0074] What has been described above includes ex-
amples of the subject innovation. It is, of course, not pos-
sible to describe every conceivable combination of com-
ponents or methodologies for purposes of describing the
subject innovation, but one of ordinary skill in the art can
recognize that many further combinations and permuta-
tions of the subject innovation are possible. Accordingly,
the disclosed subject matter is intended to embrace all
such alterations, modifications and variations that fall
within the spirit and scope of the disclosure. Furthermore,
to the extent that a term "includes", "including", "has" or
"having" and variants thereof is used in either the detailed
description or the claims, such term is intended to be
inclusive in a manner similar to the term "comprising" as
"comprising" is interpreted when employed as a transi-
tional word in a claim.
[0075] Moreover, the word "exemplary" is used herein
to mean serving as an example, instance, or illustration.
Any aspect or design described herein as "exemplary" is
not necessarily to be construed as preferred or advanta-
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geous over other aspects or designs. Rather, use of the
word exemplary is intended to present concepts in a con-
crete fashion. As used in this application, the term "or" is
intended to mean an inclusive "or" rather than an exclu-
sive "or". That is, unless specified otherwise, or clear from
context, "X employs A or B" is intended to mean any of
the natural inclusive permutations. That is, if X employs
A; X employs B; or X employs both A and B, then "X
employs A or B" is satisfied under any of the foregoing
instances. In addition, the articles "a" and "an" as used
in this application and the appended claims should gen-
erally be construed to mean "one or more" unless spec-
ified otherwise or clear from context to be directed to a
singular form.
[0076] Additionally, some portions of the detailed de-
scription have been presented in terms of algorithms or
process operations on data bits within electronic memo-
ry. These process descriptions or representations are
mechanisms employed by those cognizant in the art to
effectively convey the substance of their work to others
equally skilled. A process is here, generally, conceived
to be a self-consistent sequence of acts leading to a de-
sired result. The acts are those requiring physical ma-
nipulations of physical quantities. Typically, though not
necessarily, these quantities take the form of electrical
and/or magnetic signals capable of being stored, trans-
ferred, combined, compared, and/or otherwise manipu-
lated.
[0077] It has proven convenient, principally for reasons
of common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the
like. It should be borne in mind, however, that all of these
and similar terms are to be associated with the appropri-
ate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated oth-
erwise or apparent from the foregoing discussion, it is
appreciated that throughout the disclosed subject matter,
discussions utilizing terms such as processing, comput-
ing, replicating, mimicking, determining, or transmitting,
and the like, refer to the action and processes of process-
ing systems, and/or similar consumer or industrial elec-
tronic devices or machines, that manipulate or transform
data or signals represented as physical (electrical or elec-
tronic) quantities within the circuits, registers or memo-
ries of the electronic device(s), into other data or signals
similarly represented as physical quantities within the
machine or computer system memories or registers or
other such information storage, transmission and/or dis-
play devices.
[0078] In regard to the various functions performed by
the above described components, architectures, circuits,
processes and the like, the terms (including a reference
to a "means") used to describe such components are
intended to correspond, unless otherwise indicated, to
any component which performs the specified function of
the described component (e.g., a functional equivalent),
even though not structurally equivalent to the disclosed
structure, which performs the function in the herein illus-

trated exemplary aspects of the embodiments. In addi-
tion, while a particular feature may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features
of the other implementations as may be desired and ad-
vantageous for any given or particular application. It will
also be recognized that the embodiments include a sys-
tem as well as a computer-readable medium having com-
puter-executable instructions for performing the acts
and/or events of the various processes.

Claims

1. A memory cell arranged in a monolithic stack, com-
prising:

a bottom electrode comprising an electrically
conductive material;
a switching medium comprising an electrically
resistive material;
a top electrode comprising a noble metal that
produces ions at a boundary of the top electrode
and the switching medium in response to an
electric field applied to the memory cell, wherein
the switching medium is at least in part perme-
able to the ions; and
a passivation layer comprising a non-noble met-
al disposed at an opposite side of the top elec-
trode from the switching medium, wherein the
passivation layer reduces diffusion of one or
more atmospheric gasses into the top electrode.

2. The memory cell of claim 1, wherein the passivation
layer is in immediate contact with the top electrode.

3. The memory cell of claim 1, wherein the non-noble
metal of the passivation layer is selected from a
group consisting of : W, tungsten nitride, Ti, TiW, Al,
Cu and TiN.

4. The memory cell of claim 1, wherein the passivation
layer is deposited above the top electrode in an ox-
ygen-free environment.

5. The memory cell of claim 1, wherein the noble metal
of the top electrode is Ag.

6. The memory cell of claim 1, wherein the electrically
conductive material of the bottom electrode compris-
es a conductive metal and a doped silicon material.

7. The memory cell of claim 1, further comprising a bar-
rier layer disposed between the switching medium
and the top electrode selected from a group consist-
ing of: Ti, TiN and TiO.

8. The memory cell of claim 1, further comprising:
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a semiconductor substrate upon which the
memory cell is disposed, the semiconductor
substrate comprising at least one complemen-
tary metal oxide semiconductor device;
a first metal conductor built on the semiconduc-
tor substrate and in electrical contact with the
bottom electrode; and
a second metal conductor formed at least in part
as a metal hardmask in contact with the passi-
vation layer, wherein the first metal wire and the
second metal wire facilitate application of a sig-
nal to the memory cell.

9. A method of fabricating a memory cell, comprising:

forming a first electrically conductive electrode
layer above a substrate material;
forming an electrically resistive switching medi-
um above the first conductive electrode layer
that is permeable to ions of at least one noble
metal;
forming a second electrically conductive elec-
trode layer comprising the at least one noble
metal above the electrically resistive switching
medium; and
forming a diffusion mitigation layer comprising
a non-noble metal above the second electrically
conductive electrode layer; and
wherein:the second electrically conductive elec-
trode layer is configured to generate ions at least
at a surface closest to the electrically resistive
switching medium in response to an electric
field,
wherein the fabricating is performed in a re-
duced oxygen environment, and
wherein the non-noble metal is configured to mit-
igate exposure of the second electrically con-
ductive electrode layer to oxygen.

10. The method of claim 9, further comprising selecting
for the non-noble metal of the diffusion mitigation
layer is selected from a group consisting of W, Ti,
TiN, Al, Cu, WN, and TiW.

11. The method of claim 9, wherein the forming the dif-
fusion mitigation layer is performed within a amount
of time after the forming the electrically resistive
switching layer, wherein the amount of time is within
a range of about 1 hour to about 8 hours.

12. The method of claim 9, further comprising forming a
barrier layer that is selected from a group consisting
of: Ti, TiN and TiO disposed between the electrically
resistive switching medium and the second electri-
cally conductive electrode layer, wherein the barrier
layer has a thickness about 10 nanometers (nm) or
less, and the diffusion mitigation layer has a thick-
ness within a range of about 10nm to about 50nm.

13. An electronic device, comprising:

an array of memory cells comprising a substrate
having a complementary semiconductor metal
oxide device and a two-terminal memory cell,
both formed at least in part on or above the sub-
strate, wherein the memory is configured to
store instructions related to operating the elec-
tronic device;
a command interface configured to receive an
instruction pertaining to performing a memory
operation with respect to the array of memory
cells; and
a controller configured to execute the memory
operation on the at least one two-terminal mem-
ory cell via one or more signal inputs in response
to receipt of the instruction at the command in-
terface and processing of the command, where-
in the two-terminal memory cell further compris-
es:

a bottom electrode, a switching medium, a
top electrode comprising a noble metal and
a passivation layer comprising a non-noble
metal in immediate contact with the top elec-
trode, wherein the passivation layer is con-
figured to mitigate exposure of the top elec-
trode to oxygen.

14. The electronic device of claim 13, wherein:

the noble metal of the top electrode is one of Ag,
Pt or Pd; and
the non-noble metal of the passivation layer is
one of W, Ti, TiN, Al, Cu, WN, or TiW.

15. The electronic device of claim 13, wherein the pas-
sivation layer has a thickness in a range of about 10
nanometers (nm) to about 50nm.
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