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LAMINATE DIFFUSION BARRIERS AND RELATED DEVICES AND
METHODS

BACKGROUND

Phase change materials are materials that can be repeatedly altered into
distinct physical states that can be utilized for a desired task. More specifically, phase
change memory is a type of non-volatile random-access memory that utilizes a
detectable change in the physical state of the phase change material as an information
storage medium. For example, the change in phase of a material from an amorphous
state to a crystalline state or vice versa, can be induced and then detected in order to
store and then retrieve information. As a simplified example, a chalcogenide material
can be heated and cooled in a manner that solidifies the material in an amorphous
state, or the chalcogenide can be heated and cooled in a manner that solidifies the
material in a crystalline state. Other specific heating and cooling protocols may be
employed to result in solidification of the chalcogenide material at different specific
degrees of crystallinity across the spectrum between completely amorphous and
completely crystalline states.

Once solidified, the phase change material is non-volatile. The phase change
material state, whether solidified to a crystalline, semi-crystalline, amorphous, or
semi-amorphous state, is thus retained until reprogrammed. This is due to the fact

that, once solidified, the state of the material is not dependent upon electrical input.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a series of images of TiN and C:TiN films in accordance with an
invention embodiment;

FIG. 2 is a graphical representation of data in accordance with an invention
embodiment;

FIG. 3 is a graphical representation of data in accordance with an invention
embodiment;

FIG. 4 is a schematic view of a phase change material device in accordance
with an invention embodiment;

FIG. 5A is a schematic view of a phase change memory device in accordance

with an invention embodiment;
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FIG. 5B is a schematic view of a phase change memory device in accordance
with an invention embodiment;

FIG. 6A is a schematic view of a phase change memory device in accordance
with an invention embodiment;

FIG. 6B is a schematic view of a phase change memory device in accordance
with an invention embodiment;

FIG. 7 is a schematic view of a phase change memory device in accordance
with an invention embodiment; and

FIG. 8 is a schematic view of a phase change memory system in accordance

with an invention embodiment.

DESCRIPTION OF EMBODIMENTS

Although the following detailed description contains many specifics for the
purpose of illustration, a person of ordinary skill in the art will appreciate that many
variations and alterations to the following details can be made and are considered to
be included herein.

Accordingly, the following embodiments are set forth without any loss of
generality to, and without imposing limitations upon, any claims set forth. It is also to
be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure
belongs.

As used in this specification and the appended claims, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise.

Thus, for example, reference to “a layer” includes a plurality of such layers.

2% ¢ 2% ¢

In this disclosure, “comprises,” “comprising,” “containing” and “having” and
the like can have the meaning ascribed to them in U.S. Patent law and can mean
“includes,” “including,” and the like, and are generally interpreted to be open ended
terms. The terms “consisting of” or “consists of”” are closed terms, and include only
the components, structures, steps, or the like specifically listed in conjunction with
such terms, as well as that which is in accordance with U.S. Patent law. “Consisting
essentially of” or “consists essentially of” have the meaning generally ascribed to

them by U.S. Patent law. In particular, such terms are generally closed terms, with the
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exception of allowing inclusion of additional items, materials, components, steps, or
clements, that do not materially affect the basic and novel characteristics or function
of the item(s) used in connection therewith. For example, trace elements present in a
composition, but not affecting the compositions nature or characteristics would be
permissible if present under the “consisting essentially of” language, even though not
expressly recited in a list of items following such terminology. When using an open
ended term, like “comprising” or “including,” it is understood that direct support
should be afforded also to “consisting essentially of”” language as well as “consisting
of” language as if stated explicitly and vice versa.

“The terms “first,” “second,” “third,” “fourth,” and the like in the description
and in the claims, if any, are used for distinguishing between similar elements and not
necessarily for describing a particular sequential or chronological order. It is to be
understood that the terms so used are interchangeable under appropriate
circumstances such that the embodiments described herein are, for example, capable
of operation in sequences other than those illustrated or otherwise described herein.
Similarly, if a method is described herein as comprising a series of steps, the order of
such steps as presented herein is not necessarily the only order in which such steps
may be performed, and certain of the stated steps may possibly be omitted and/or
certain other steps not described herein may possibly be added to the method.

The term “coupled,” as used herein, is defined as directly or indirectly
connected in an electrical or nonelectrical manner.

Objects or structures described herein as being “adjacent to” each other may
be in physical contact with each other, in close proximity to each other, or in the same
general region or arca as each other, as appropriate for the context in which the phrase
18 used.

Occurrences of the phrase “in one embodiment,” or “in one aspect,” herein do
not necessarily all refer to the same embodiment or aspect.

As used herein, “enhanced,” “improved,” “performance-enhanced,”
“upgraded,” and the like, when used in connection with the description of a device or
process, refers to a characteristic of the device or process that provides measurably
better form or function as compared to previously known devices or processes. This
applies both to the form and function of individual components in a device or process,

as well as to such devices or processes as a whole.
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As used herein, the term “substantially” refers to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure, item,
or result. For example, an object that is “substantially” enclosed would mean that the
object is either completely enclosed or nearly completely enclosed. The
exact allowable degree of deviation from absolute completeness may in some cases
depend on the specific context. However, generally speaking the nearness of
completion will be so as to have the same overall result as if absolute and total
completion were obtained. The use of “substantially” is equally applicable when used
in a negative connotation to refer to the complete or near complete lack of an action,
characteristic, property, state, structure, item, or result. For example, a composition
that is “substantially free of” particles would either completely lack particles, or so
nearly completely lack particles that the effect would be the same as if it completely
lacked particles. In other words, a composition that is “substantially free of” an
ingredient or element may still actually contain such item as long as there is no
measurable effect thereof.

As used herein, the term “about” is used to provide flexibility to a numerical
range endpoint by providing that a given value may be “a little above” or “a little
below” the endpoint. However, it is to be understood that even when the term
“about” is used in the present specification in connection with a specific numerical
value, that support for the exact numerical value recited apart from the “about”
terminology is also provided.

As used herein, a plurality of items, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.
However, these lists should be construed as though each member of the list is
individually identified as a separate and unique member. Thus, no individual member
of such list should be construed as a de facto equivalent of any other member of the
same list solely based on their presentation in a common group without indications to
the contrary.

Concentrations, amounts, and other numerical data may be expressed or
presented herein in a range format. It is to be understood that such a range format is
used merely for convenience and brevity and thus should be interpreted flexibly to
include not only the numerical values explicitly recited as the limits of the range, but
also to include all the individual numerical values or sub-ranges encompassed within

that range as if each numerical value and sub-range is explicitly recited. As an
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illustration, a numerical range of “about 1 to about 5 should be interpreted to include
not only the explicitly recited values of about 1 to about 5, but also include individual
values and sub-ranges within the indicated range. Thus, included in this numerical
range are individual values such as 2, 3, and 4 and sub-ranges such as from 1-3, from
2-4, and from 3-5, etc., as well as 1, 2, 3, 4, and 5, individually.

This same principle applies to ranges reciting only one numerical value as a
minimum or a maximum. Furthermore, such an interpretation should apply regardless
of the breadth of the range or the characteristics being described.

As used herein, numerical values as applied to the content of C, W, or N in an
electrode, including numerical values relative to one another, such as ratios, can be
considered to be measured in atomic % (i.e. at%).

Reference throughout this specification to “an example” means that a
particular feature, structure, or characteristic described in connection with the
example is included in at least one embodiment. Thus, appearances of the phrases “in
an example” in various places throughout this specification are not necessarily all

referring to the same embodiment.

Example Embodiments

An initial overview of technology embodiments is provided below and
specific technology embodiments are then described in further detail. This initial
summary is intended to aid readers in understanding the technology more quickly but
is not intended to identify key or essential technological features, nor is it intended to
limit the scope of the claimed subject matter.

Various materials having phase change properties can be utilized in a variety
of systems and devices. Such materials are capable of being repeatedly altered into
detectably distinct and stable structural states, and can thus be used in numerous
applications from switching to nonvolatile memory storage. Chalcogenide
(sometimes referred to as chalcogide) materials, for example, can be repeatedly
altered from an amorphous to a crystalline state based on the manner in which the
material was heated and/or cooled to the solidified state. Thus, a programming
current can be used to fix the chalcogenide material into a desired state. This
nonvolatile state of the material is thus maintained until a subsequent programming

current alters the structure of the chalcogenide. Additionally, in some cases
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chalcogenide materials can also be solidified into multiple states along the range from
amorphous to crystalline, and thus are not necessarily limited to binary applications.

In some non-limiting designs, a layer of chalcogenide material can be disposed
between two or more electrodes that can provide the current to alter the structural
state of the material, as well as electrical access used in device functionality. Such
electrical access can include current through a switching element, detection of the
state of the chalcogenide in memory applications, state detection for other binary or
non-binary applications, and the like. One potential problem that can arise, however,
is the diffusion of chalcogenide materials through various electrode materials such as,
for example, carbon. Diffusion can occur during the manufacturing process, as well
as during heating and/or cooling of the device during use. Such diffusion can cause
detrimental effects on performance at the chalcogenide/electrode interface,
undesirable interactions of the diffused chalcogenide with device layers beyond the
electrode, as well as a reduction in performance of a given device as a whole.

As such, the performance and reliability of a device can be enhanced or
improved by limiting, preventing, or substantially preventing diffusion of the
chalcogenide into the electrode material. This can be accomplished using a novel
diffusion barrier between the chalcogenide and the electrode materials. Such barriers
can include materials that provide at least sufficient electrical conductivity for device
functionality, while at the same time limiting chalcogenide diffusion. In one example,
a carbon and titanium nitride (C:TiN) material can be utilized as laminate barrier
between the chalcogenide and an electrode to limit, prevent, or substantially prevent
the diffusion of the chalcogenide through to the electrode.

While TiN lacking a carbon component can be employed as a diffusion
barrier, and in some aspects is considered to be within the present scope, TiN tends to
have a columnar structure with a diameter that can allow significant diffusion into
and/or therethrough. When TiN is formed by, for example, co-sputtering with carbon,
the mean diameter of the C:TiN columns is reduced. This reduction in columnar
grain size and population of the boundaries with carbon results in increased electrical
resistance and improved barrier properties, particularly to the confinement of
chalcogenide diffusion. The increased electrical resistance is generally not
problematic, as traditional carbon electrodes have high electrical resistances. In one
aspect, for example, the present C:TiN materials can have an electrical resistance of

from about 0.5 to about 100 mOhm-cm for a thickness of from about 10 to about 70A.
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In another aspect, C:TiN materials can have an electrical resistance of from about 3 to
about 100 mOhm-cm for a thickness of from about 10 to about 70A. In yet another
aspect, C: TiN materials can have an electrical resistance of from about 3 to about 10
mOhm-cm for a thickness of from about 15 to about 50A.

As one non-limiting example, a TiN material having a columnar grain size of
about 10 nm can allow diffusion of a mobile chalcogenide along the column
boundaries and/or pores. By co-sputtering the TiN material with about 1at% to about
40at% of carbon, the column size is reduced along with the pore size, thus limiting the
diffusion pathways therethrough. In some embodiments, the amount of carbon can be
from about 5 at% to about 20 at%. In some aspects columns can be reduced from
about 5% to about 25% in mean diameter size as compared to a column of TiN only.
In other aspects, column size can be reduced from about 5% to about 10% in mean
diameter size as compared to a column of TiN only. In yet other aspects, the C:TiN
material can have a column grain size that is at least about 5% smaller compared to
un-doped TiN material. In some embodiments, the columnar gran size (i.e. diameter)
reduction can be continuous and can be from about 10 nm to about 2 nm. In other
embodiments the reduction can be from about 8§ nm to about 4 nm.

Additionally, in some aspects the inclusion of carbon causes the TiN material
to become more amorphously arranged which can further limit the diffusion of
chalcogenide through the barrier. FIG. 1 shows a series of AFM and X-SEM images
of TiN (left column) and carbon-doped TiN (middle and right columns) films showing
reductions in TiN columnar grain diameter with the introduction of carbon.
Additionally, the inclusion of carbon in the TiN material reduces the roughness of the
material. As one example, TiN doped to about 10at% carbon can have an RMS
roughness of less than about 5A. In another example, TiN doped to about 10at%
carbon can have an RMS roughness of less than about 3A. In some embodiments, the
roughness can be from about 3A to about 11A. In an additional embodiment, the
roughness can be from about 1A to about 8A.

Furthermore, it is additionally beneficial that the columnar grain size can be
tuned by adjusting the deposition conditions to achieve a C:TiN material having given
desirable properties to be suitable to various device designs. Such controllable
properties can include, without limitation, compressive stress, electrical resistivity,
barrier strength, and the like. In one embodiment, depositions conditions can include

a pressure of from about 0.5 mT to about 10 mT. In another embodiment, the
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pressure can be from about 1 mT to about 5 mT. In yet another embodiment, the
pressure can be from about 4mT to about 8 mT. In addition, the sputtering mode used
can be any one of DC, PDC, or RF.

C:TiN can be formed using a variety of processes, and any such process is
considered to be within the present scope. Non-limiting examples can include a
variety of physical vapor deposition (PVD) and chemical vapor deposition (CVD)
processes, as well as application techniques involving thermal spraying, reactive
growth, and the like. Specific techniques can include cathodic arc deposition,
electron beam deposition, sputtering deposition, laser deposition, and the like. In
some aspects TiN and carbon can be deposited in tandem such as, for example, by co-
sputtering. In other aspect TiN and carbon can be deposited sequentially, by either
the same or distinct processes. One example can include the deposition of a TiN layer
followed by carbon implantation by any capable process, such as ion implantation for
example.

In one specific aspect, C: TiN materials can be formed by a PVD co-sputtering
process. Various co-sputtering techniques and chamber designs are contemplated,
and as such, the following should not be seen as limiting. As a general description of
various PVD system details, one design can utilize a PVD chamber that is maintained
under vacuum. In some cases the PVD chamber can include two primary parts: a
pedestal used to hold a substrate in position, and a source or target made from the
material to be sputtered onto the substrate. The target can be made of a single
element, or an alloy or mixture of elements. Titanium and carbon can be sputtered
from one or more targets in an atmosphere containing nitrogen to form the desired
C:TiN material. Thus, the sputtering targets can be separate titanium and carbon
targets, one or more composite titanium/carbon targets, or any other target material
configuration. An electrical power generator is generally connected between target
(cathode, negative polarity) and ground. Furthermore, a gas such as argon (Ar) is
mixed with the nitrogen in the deposition chamber, although any gas capable of
facilitating a plasma process can be utilized. The carbon composition of the resulting
material can be varied by varying the power to the carbon cathode. Non-limiting
exemplary working pressures for C:TiN materials can be from about 1 x 10 Torr to
about 3 x 10 Torr.

Regarding the general operation of a typical PVD process, the chamber is

filled with Ar, often kept at a low pressure (e.g. 0.1 — 100 mTorr). Upon activation of
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the power generator, some of the Ar atoms inside the chamber are ionized (Ar --> Ar+
/ e-) and form a plasma. The Ar+ ions, (cations) are attracted by the target, which is
negatively charged, and thus move toward and impact the target surface. If the
transferred energy is sufficiently high, the ionized Ar+ breaks the target material into
atoms/clusters and sputters them onto the substrate surface. Depending on the
properties of materials to be sputtered, the power source may be DC
(direct/continuous current), DC-pulsed (a DC current with a periodic polarity
inversion, for example), or RF (radio-frequency). A DC source applies a constant
power to the target, and is often used sputter metals and good conductive alloys onto
the substrate. A DC-pulsed source it is often used for elements/compounds that are
not good electrical conductors (e.g. carbon, chalcogenide alloys). The polarity
inversion of the voltage applied by generator can be used to clear the target surface of
residual electrical charges. RF sources apply a sinusoidal voltage with the typical RF
frequency (e.g. 13.56 MHz). The sinusoidal fluctuation is also used to clear the target
surface of residual charges. RF power sources are often used to sputter insulating
materials on a substrate (e.g. oxides).

Carbon content in the C:TiN barrier material can vary depending on the
desired properties of the resulting material. In one aspect, for example, the carbon
concentration in the C:TiN material is from about 1 to about 30 at%. In another
aspect, the carbon concentration in the C:TiN material is from about 3 to about 20
at%. In yet another aspect, carbon concentration in the C:TiN material is from about
5 to about 15 at%. In yet another aspect, the carbon concentration in the C:TiN
material is about 10 at%. In a further aspect, the carbon concentration can be about
30 at% or less. In an additional aspect, the carbon concentration can be about 40at%
or less.

Given the diversity of manufacturing techniques, the physical structure of the
C:TiN material can vary. It is noted that any form of C:TiN that can be used to form
an effective barrier to diffusion between a chalcogenide material and an electrode or
other adjacent structure is considered to be within the present scope. In some aspects,
for example, the carbon and TiN materials can be a homogenous or substantially
homogenous mixture. In other aspects, the carbon and TiN materials can be distinct
layers or regions of carbon and TiN. For example, TiN and carbon can be formed as a
layered structure provided that such layering provides the desired barrier properties

against diffusion. Superlattice structures are additionally contemplated, such as, for
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example, alternating layers of TiN and carbon. In some aspects C:TiN materials can
also include structures where carbon is formed at discrete regions within the TiN
layer, with the TiN material being substantially free of carbon. One example can
include a TiN layer having carbon impregnated into the columnar pores or spaces, and
the TiN is substantially free of carbon. Other aspects include C:TiN material
structures that are intermediates between a homogenous mixture and discrete regions
of carbon and TiN. For example, a C:TiN material can include concentrated regions
of carbon in the columnar pores or spaces, while the TiN material itself is doped or
mixed with carbon.

C:TiN barrier materials can be formed across entire regions of a substrate, or
across only a portion thereof. Furthermore, C:TiN can be deposited to any thickness
desired to suit a particular application. In many cases, however, barrier layers used
between a chalcogenide and an electrode can be thick enough to provide a diffusion
barrier, but thin enough to avoid negative performance effects on the device. In one
aspect, for example, the C:TiN material can have a thickness of from about 10A to
about 70A. In another aspect, the C:TiN material can have a thickness of from about
15A to about 50A. In yet another aspect, the C:TiN material can have a thickness of
from about 10A to about 100A.

Furthermore, as is shown in FIG. 2, C:TiN materials beneficially exhibit stress
under compressive testing of less than about 650MPa. The various materials shown
in FIG. 2 have a carbon content of from about 3 to about 20 at%. These results
demonstrate that such stress can be modulated through controlling the carbon doping
of the TiN material, thus underscoring one structural benefit of such a material.
Additionally, rapid thermal processing (RTP) treatment of C:TiN materials, in this
case at 350°C for 150 seconds, showed no TiN crystallization as can be seen in FIG.
3. FIG. 3 shows testing of 6 different lots of C:TiN materials having carbon contents
of 3at%, 5at%, and 10at% where no cubic TiN peaks are observed. This cycling
endurance can greatly enhance the longevity and performance of devices
incorporating chalcogenide materials due to the effective C:TiN barriers against
diffusion.

C:TiN barrier materials can be utilized in a number of configurations, and with
a wide variety of systems and devices. As such, any device, system, or method

incorporating such barrier materials is considered to be within the present scope. As
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such, the following provides various examples of implementations of C:TiN barrier
materials, and as such, are not intended to be limiting.

In one aspect, for example, a diffusion barrier system for limiting diffusion of
a phase change material is provided. Such a barrier system can include an electrode, a
phase change material electrically coupled to the electrode, and a C:TiN diffusion
barrier disposed between the electrode and the phase change material, where the
diffusion barrier limits diffusion of the phase change material to the electrode.

In another aspect, a switching device, such as an ovonic threshold switching
(OTS) device is provided. An ovonic threshold switch can include any type or design
of switch that includes at least two electrical contacts separated by a phase change
material. In one example, such a switch is in either an “on” state or an “off” state
depending on the level of voltage potential applied across the electrical contacts.
Thus, when the voltage potential exceeds a given threshold, the phase change material
will alter to the on or conductive state. It is noted that the off state can be a non-
conducting state, a substantially non-conductive state, or a state that is sufficient to be
considered non-conductive from the perspective of device functionality. Ovonic
threshold switches can be used in a variety of non-limiting device and/or system
designs, all of which are considered to be within the present scope. Examples can
include circuit elements, interconnections between circuits, logic processing, selection
switches for phase change memory as well as non-memory applications, filtering,
current suppression, and the like.

As is shown in FIG. 4, such a device can include a first electrode 402, a
second electrode 404, a phase change material 406 disposed between the first
clectrode 402 and the second electrode 404, and a C:TiN diffusion barrier material
408 disposed between the phase change material 406 and at least one of the first or
second electrodes. In some aspects, the C:TiN material 408 can be disposed between
the phase change material 406 and both the first electrode 402 and second electrode
404, as is specifically shown in FIG. 4. Accordingly, the C:TiN material 408 provides
a barrier against the diffusion of the phase change material 406 into either of the first
electrode 402 or the second electrode 404.

As another example, the present C:TiN barrier materials can be utilized in
phase change memory cells, devices, systems, and the like. In one aspect, a phase
change memory cell device is provided. Such a device can include a stacked structure

as is shown in FIGs. 5A-B. Such a stacked structure can include at least three
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electrodes, a first electrode 502, a second electrode 504, and a third electrode 506. A
phase change material 508 is disposed between the first electrode 502 and the second
electrode 504, and a select device material 510 is disposed between the third electrode
506 and the second electrode 504. A C:TiN diffusion barrier material 512 is disposed
in between one or more of the aforementioned structures. FIG. 5A, for example,
shows a C:TiN material 512 between the second electrode 504 and the select device
material 510, while FIG. 5B shows a C:TiN material 512 between the third electrode
506 and the select device material 510. It should be understood that the arrangements
in FIG. 5A and 5B, along with the remaining figures, are merely exemplary, and that
C:TiN materials can be disposed at any location to limit diffusion of a material,
including the phase change material and the select device material. In one aspect,
however, the C:TiN material is disposed between the second electrode and the select
device material only. In another aspect, the C:TiN material is disposed between the
third electrode and the select device material only. In yet another aspect, the C:TiN
material is disposed between the second electrode and the select device material and
between the third electrode and the select device material only. In a further aspect,
the C:TiN material is disposed between the first electrode and the phase change
material and between the second electrode and the phase change material only. In yet
another aspect, the C:TiN material is disposed between the first electrode and the
phase change material, between the second electrode and the phase change material,
between the second electrode and the select device material, and between the third
electrode and the select device material.

FIGs. 6A-B show examples of memory cells having C:TiN materials
positioned around each region containing a phase change material. Specifically, both
FIGs. 6A-B generally show memory stack structures having at least three electrodes, a
first electrode 602, a second electrode 604, and a third electrode 606, a phase change
material 608 disposed between the first electrode 602 and the second electrode 604,
and a select device material 610 disposed between the third electrode 606 and the
second electrode 604. FIG. 6A shows C:TiN material 612 disposed between the
phase change material 608 and both of the first electrode 602 on one side and the
second electrode 604 on the other side. FIG. 6B shows C:TiN material 612 disposed
between the select device material 610 and both of the second electrode 604 on one

side and the third electrode 606 on the other side.
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As yet another example, FIG. 7 shows a memory stack structure having at
least three electrodes, a first electrode 702, a second electrode 704, and a third
electrode 706, a phase change material 708 disposed between the first electrode 702
and the second electrode 704, and a select device material 710 disposed between the
third electrode 706 and the second electrode 704. C:TiN material 712 is disposed
between each of these layers to limit the diffusion of phase change material from
either of the phase change material 708 or the select device material 710 through any
adjacent layer.

As a general matter, the phase change material can include any useful material
having a stable and detectable change in phase. Examples of such a materials include
any of a variety of chalcogenide alloys, including, without limitation, Ge-Te, In-Se,
Sb-Te, Ge-Sb, Ga-Sb, In-Sb, As-Te, Al-Te, Ge-Sb-Te, Te-Ge-As, In-Sb-Te, In-Se-Te,
Te-Sn-Se, Ge-Se-Ga, Bi-Se-Sb, Ga-Se-Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-
Sn-0, Te-Ge-Sn-Au, Pd-Te-Ge-Sn, In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-
Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te, Ge-Sn-Sb-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, and
Ge-Te-Sn-Pt, among others. The hyphenated chemical composition notation, as used
herein, indicates the elements included in a particular mixture or compound, e.g.,
chalcogenide alloy, and is intended to represent all stoichiometries involving the
indicated elements, ¢.g., GexSbyTez having variations in stoichiometries, such as
Ge,SbyTes, Ge,SboTer, GeiSbyTes, GeiSbaTes, etc., to form a gradient.

It is noted that the select device material is generally made of a phase change
material, and as such, the above exemplary chalcogenide materials are applicable as
well. The actual chalcogenide material used in a given memory cell for the phase
change material layer and the select device material layer can be different or the same,
depending on the design of the device.

In another aspect, a phase change memory system is provided, as is shown in
FIG. 8. Such a system can include an array of phase change memory cells 802
arranged in rows and columns. A plurality of word lines 804 and a plurality of bit
lines 806 intersecting the plurality of word lines 804 can be electrically coupled to the
array of phase change memory cells 802 to provide addressing. A read/write
controller 808 can be electrically coupled to the plurality of word lines 804 and the
plurality of bit lines 806 to perform, among other things, read and write operations to
and from the array of phase change memory cells 802 via the plurality of word lines

804 and the plurality of bit lines 806. Switches such as ovonic switches as well as
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capacitors, junctions, or other features or structures (not shown) can be incorporated
into the design of the array of memory cells and/or the overall system. Operation of
the memory array or system proceeds according to standard operation for such a
phase change memory device, by application of current through column and row
lines, etc.

Furthermore, in some aspects the phase change memory system can include
multiple arrays of phase change memory cells. These multiple arrays can be arranged
in a variety of configurations, including stacked arrangements, side-by-side
arrangements, and the like, including combinations thereof.

In yet another aspect, a method of forming a diffusion inhibited phase change
structure 1s provided. Such a method can include forming a first electrode, forming a
second electrode, and forming a phase change material that is disposed between the
first electrode and the second electrode. The method can further include forming a
TiN layer between at least one of the first electrode and the phase change material or
the second electrode and the phase change material, and doping the TiN layer with
carbon to form a C:TiN layer. In one aspect, the C:TiN layer can be disposed
between the first electrode and the phase change material and between the second
electrode and the phase change material. Furthermore, the present method can be
repeated for a select device material with associated electrodes for use in forming
phase change memory cells or devices.

In one aspect, doping of the carbon can be accomplished by co-sputtering
titanium and carbon in a nitrogen environment, as has been described. It is noted,
however, that any technique useful for the formation of C:TiN is considered to be

within the present scope.

Examples

The following examples pertain to further embodiments.

In one embodiment, there is provided an ovonic threshold switching (OTS)
device, comprising:

a first electrode;

a second electrode;

a phase change material disposed between the first electrode and the second

clectrode; and
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a carbon and TiN (C:TiN) diffusion barrier material disposed between the
phase change material and at least one of the first or second electrodes.

In one embodiment, the C:TiN material is disposed between the phase change
material and both the first and second electrodes.

In one embodiment, the C:TiN material has a thickness of from about 10A to
about 70A.

In one embodiment, the C:TiN material has a thickness of from about 15A to
about 50A.

In one embodiment of the switching device, the C:TiN material has an
amorphous structure.

In one embodiment of the switching device, the carbon concentration of the
C:TiN material is from about 3 to about 20 at%.

In one embodiment of the switching device, the carbon concentration of the
C:TiN material is from about 5 to about 15 at%.

In one embodiment of the switching device, the carbon concentration of the
C:TiN material is about 10 at%.

In one embodiment of the switching device, the C:TiN material has an RMS
roughness of less than about 5A.

In one embodiment of the switching device, the C:TiN material has an RMS
roughness of less than about 3A.

In one embodiment of the switching device, the C: TiN material has a column
grain size that is at least about 5% smaller compared to un-doped TiN material.

In one embodiment of the switching device, the C:TiN material has an
electrical resistance of from about 3 to about 100 mOhm-cm for a thickness of from
about 10 to about 70A.

In one embodiment of the switching device, the C:TiN material has an
electrical resistance of from about 3 to about 10 mOhm-cm for a thickness of from
about 15 to about 50A.

In one embodiment, there is provided a diffusion barrier for limiting diffusion
of a phase change material, comprising:

an electrode;

a phase change material electrically coupled to the electrode;
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a carbon and TiN (C:TiN) diffusion barrier disposed between the electrode
and the phase change material, wherein the diffusion barrier limits diffusion of the
phase change material to the electrode.

In one embodiment, the phase change material is chalcogenide.

In one embodiment, there is provided a phase change memory cell device,
comprising:

a stacked structure include;

a first electrode;

a second electrode;

a third electrode;

a phase change material disposed between the first electrode and the second
electrode;

a select device material disposed between the third electrode and the second
clectrode; and

a carbon and TiN (C:TiN) diffusion barrier material disposed at a position
selected from the group consisting of between the first electrode and the phase change
material, between the second electrode and the phase change material, between the
second clectrode and the select device material, between the third electrode and the
select device material, and a combination thereof.

In one embodiment of a phase change memory cell device, the C:TiN material
is disposed between the second electrode and the select device material only.

In one embodiment of a phase change memory cell device, the C:TiN material
is disposed between the third electrode and the select device material only.

In one embodiment of a phase change memory cell device, the C:TiN material
is disposed between the second electrode and the select device material and between
the third electrode and the select device material only.

In one embodiment of a phase change memory cell device, the C:TiN material
is disposed between the first electrode and the phase change material and between the
second electrode and the phase change material only.

In one embodiment of a phase change memory cell device, the C:TiN material
is disposed between the first electrode and the phase change material, between the
second electrode and the phase change material, between the second electrode and the

select device material, and between the third electrode and the select device material.
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In one embodiment of a phase change memory cell device, the C:TiN material
has a thickness of from about 10A to about 70A.

In one embodiment of the phase change memory cell device, the C: TiN
material has a thickness of from about 15A to about 50A.

In one embodiment of a phase change memory cell device, the C: TiN material
has an amorphous structure.

In one embodiment of a phase change memory cell device, the carbon
concentration of the C:TiN material is from about 3 to about 20 at%.

In one embodiment of a phase change memory cell device, the carbon
concentration of the C:TiN material is from about 5 to about 15 at%.

In one embodiment of a phase change memory cell device, the carbon
concentration of the C:TiN material is about 10 at%.

In one embodiment of a phase change memory cell device, the C:TiN material
has an RMS roughness of less than about 3A.

In one embodiment of a phase change memory cell device, the C:TiN material
has a column grain size that is at least about 5% smaller compared to un-doped TiN
material.

In one embodiment of a phase change memory cell device, the C:TiN material
has an electrical resistance of from about 0.5 to about 15 mOhm-cm for a thickness of
from about 10 to about 70A.

In one embodiment of a phase change memory cell device, the C:TiN material
of has an electrical resistance of from about 3 to about 10 mOhm-cm for a thickness
of from about 15 to about 50A.

In one embodiment of a phase change memory cell device, the C:TiN material
has an RMS roughness of less than about 3A.

In one embodiment, there is provided a phase change memory system,
comprising:

an array of phase change memory cells as recited herein arranged in rows and
columns;

a plurality of word lines electrically coupled to the array of phase change
memory cells;

a plurality of bit lines electrically coupled to the array of phase change

memory cells and intersecting the plurality of word lines.
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a read/write controller electrically coupled to the plurality of word lines and
the plurality of bit lines, the read/write controller being operable to perform read and
write operations to and from the array of phase change memory cells via the plurality
of word lines and the plurality of bit lines.

In one embodiment, the system further comprises multiple arrays of phase
change memory cells in a stacked configuration.

In one embodiment, there is provided a method of forming a diffusion
inhibited phase change structure, comprising:

forming a first electrode;

forming a second electrode;

forming a phase change material disposed between the first electrode and the
second electrode;

forming a TiN layer between at least one of the first electrode and the phase
change material or the second electrode and the phase change material; and

doping the TiN layer with carbon to form a C:TiN layer.

In one embodiment of such method, the C:TiN layer is disposed between the
first electrode and the phase change material and between the second electrode and
the phase change material.

In one embodiment of such method, the C:TiN material is formed to a
thickness of from about 10A to about 70A.

In one embodiment of such method, the C:TiN material is formed to a
thickness of from about 15A to about 50A.

While the forgoing examples are illustrative of the principles of various
invention embodiments in one or more particular applications, it will be apparent to
those of ordinary skill in the art that numerous modifications in form, usage and
details of implementation can be made without the exercise of inventive faculty, and

without departing from the principles and concepts of the disclosure.
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CLAIMS

What is claimed is:

1. An ovonic threshold switching (OTS) device, comprising:

a first electrode;

a second electrode;

a phase change material disposed between the first electrode and the second
clectrode; and

a carbon and TiN (C:TiN) diffusion barrier material disposed between the

phase change material and at least one of the first or second electrodes.

2. The OTS device of claim 1, wherein the C:TiN material is disposed between the

phase change material and both the first and second electrodes.

3. The OTS device of claim 1, wherein the C:TiN material has a thickness of from

about 10A to about 70A.

4. The OTS device of claim 1, wherein the C:TiN material has a thickness of from

about 15A to about 50A.

5. The OTS device of claim 1, wherein the C:TiN material has an amorphous

structure.

6. The OTS device of claim 1, wherein the carbon concentration of the C:TiN

material is from about 3 to about 20 at%.

7. The OTS device of claim 1, wherein the carbon concentration of the C:TiN

material is from about 5 to about 15 at%.

8. The OTS device of claim 1, wherein the carbon concentration of the C:TiN

material is about 10 at%.

9. The OTS device of claim 8, wherein the C:TiN material has an RMS roughness of
less than about 5A.
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10. The OTS device of claim 8, wherein the C:TiN material has an RMS roughness
of less than about 3A.

11. The OTS device of claim 1, wherein the C:TiN material has a column grain size

that is at least about 5% smaller compared to un-doped TiN material.

12. The OTS device of claim 1, wherein the C:TiN material has an electrical
resistance of from about 3 to about 100 mOhm-cm for a thickness of from about 10 to

about 70A.

13. The OTS device of claim 1, wherein the C:TiN material has an electrical
resistance of from about 3 to about 10 mOhm-cm for a thickness of from about 15 to

about 50A.

14. The OTS device of claim 1, wherein the C:TiN material has an RMS roughness
of less than about 5A.

15. The OTS device of claim 1, wherein the C:TiN material has an RMS roughness
of less than about 3A.

16. A diffusion barrier for limiting diffusion of a phase change material, comprising:
an electrode;
a phase change material electrically coupled to the electrode;
a carbon and TiN (C:TiN) diffusion barrier disposed between the electrode
and the phase change material, wherein the diffusion barrier limits diffusion of the

phase change material to the electrode.

17. The diffusion barrier of claim 16, wherein the phase change material is

chalcogenide.

18. A phase change memory cell device, comprising:
a stacked structure include;

a first electrode;
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a second electrode;

a third electrode;

a phase change material disposed between the first electrode and the
second electrode;

a select device material disposed between the third electrode and the

second ¢clectrode; and

a carbon and TiN (C:TiN) diffusion barrier material disposed at a
position selected from the group consisting of between the first electrode and
the phase change material, between the second electrode and the phase change
material, between the second electrode and the select device material, between

the third electrode and the select device material, and a combination thereof.

19. The device of claim 18, wherein the C:TiN material is disposed between the

second electrode and the select device material only.

20. The device of claim 18, wherein the C:TiN material is disposed between the third

electrode and the select device material only.

21. The device of claim 18, wherein the C:TiN material is disposed between the
second electrode and the select device material and between the third electrode and

the select device material only.

22. The device of claim 18, wherein the C:TiN material is disposed between the first
electrode and the phase change material and between the second electrode and the

phase change material only.

23. The device of claim 18, wherein the C:TiN material is disposed between the first
electrode and the phase change material, between the second electrode and the phase
change material, between the second electrode and the select device material, and

between the third electrode and the select device material.

24. The device of claim 18, wherein the C:TiN material has a thickness of from about

10A to about 70A.
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25. The device of claim 18, wherein the C:TiN material has a thickness of from about

15A to about 50A.

26. The device of claim 18, wherein the C:TiN material has an amorphous structure.

27. The device of claim 18, wherein the carbon concentration of the C:TiN material

is from about 3 to about 20 at%.

28. The device of claim 18, wherein the carbon concentration of the C:TiN material

is from about 5 to about 15 at%.

29. The device of claim 18, wherein the carbon concentration of the C:TiN material

is about 10 at%.

30. The device of claim 29, wherein the C:TiN material has an RMS roughness of
less than about 3A.

31. The device of claim 18, wherein the C:TiN material has a column grain size that

is at least about 5% smaller compared to un-doped TiN material.

32. The device of claim 18, wherein the C:TiN material has an electrical resistance of

from about 0.5 to about 15 mOhm-cm for a thickness of from about 10 to about 70A.

33. The device of claim 18, wherein the C:TiN material has an electrical resistance of

from about 3 to about 10 mOhm-cm for a thickness of from about 15 to about 50A.

34. The device of claim 18, wherein the C:TiN material has an RMS roughness of
less than about 3A.

35. A phase change memory system, comprising;:

an array of phase change memory cells of claim 18 arranged in rows and
columns;

a plurality of word lines electrically coupled to the array of phase change

memory cells;
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a plurality of bit lines electrically coupled to the array of phase change
memory cells and intersecting the plurality of word lines.

a read/write controller electrically coupled to the plurality of word lines and
the plurality of bit lines, the read/write controller being operable to perform read and
write operations to and from the array of phase change memory cells via the plurality

of word lines and the plurality of bit lines.

36. The system of claim 35, further comprising multiple arrays of phase change

memory cells in a stacked configuration.

37. A method of forming a diffusion inhibited phase change structure, comprising;:

forming a first electrode;

forming a second electrode;

forming a phase change material disposed between the first electrode and the
second electrode;

forming a TiN layer between at least one of the first electrode and the phase
change material or the second electrode and the phase change material; and

doping the TiN layer with carbon to form a C:TiN layer.
38. The method of claim 37, wherein the C:TiN layer is disposed between the first
electrode and the phase change material and between the second electrode and the

phase change material.

39. The method of claim 37, wherein the C:TiN material is formed to a thickness of

from about 10A to about 70A.

40. The method of claim 37, wherein the C:TiN material is formed to a thickness of

from about 15A to about 50A.
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