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ELECTRODES FOR RESISTANCE CHANGE MEMORY DEVICES

Field

Embodiments of the present disclosure generally relate to the field of

integrated circuits, and more particularly, to techniques and configurations for

increasing thermal insulation in a resistance change memory device, also known

as a phase change memory (PCM) device.

Background

Presently, a phase change memory (PCM) device may include one or more

memory cells disposed between a word-line and a bit-line. The one or more

memory cells may include electrically conductive materials that couple a

chalcogenide material to the word-line and the bit-line. Generally, the electrically

conductive materials do not provide thermal insulation for heat generated in the

PCM device, which may degrade a write efficiency of the PCM device. For

example, when heat generated in the chalcogenide material is allowed to

propagate through the electrically conductive materials, a greater programming

current may need to be used to program the PCM device, resulting in reduced

write efficiency in the PCM device.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed

description in conjunction with the accompanying drawings. To facilitate this

description, like reference numerals designate like structural elements.

Embodiments are illustrated by way of example and not by way of limitation in the

figures of the accompanying drawings.

FIG. 1 schematically illustrates an example cross-section of a phase

change memory (PCM) device in accordance with some embodiments.

FIGS. 2A-I schematically illustrate some example configurations for

portions of a PCM device including a dielectric film in accordance with some

embodiments.

FIG. 3 is a flow diagram for a method of fabricating a portion of a PCM

device in accordance with some embodiments.

FIG. 4 schematically illustrates an example system that may include a PCM

device described herein in accordance with some embodiments.



Detailed Description

Embodiments of the present disclosure provide techniques and

configurations for increasing thermal insulation in a resistance change memory

device, also known as a phase change memory (PCM) device. In the following

detailed description, reference is made to the accompanying drawings which form

a part hereof, wherein like numerals designate like parts throughout, and in which

is shown by way of illustration embodiments in which the subject matter of the

present disclosure may be practiced. It is to be understood that other

embodiments may be utilized and structural or logical changes may be made

without departing from the scope of the present disclosure. Therefore, the

following detailed description is not to be taken in a limiting sense, and the scope

of embodiments is defined by the appended claims and their equivalents.

Various operations are described as multiple discrete operations in turn, in

a manner that is most helpful in understanding the claimed subject matter.

However, the order of description should not be construed as to imply that these

operations are necessarily order dependent.

For the purposes of the present disclosure, the phrase "A and/or B" means

(A), (B), or (A and B). For the purposes of the present disclosure, the phrase "A,

B, and/or C" means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description may use perspective-based descriptions such as

top/bottom. Such descriptions are merely used to facilitate the discussion and are

not intended to restrict the application of embodiments described herein to any

particular orientation.

The description may use the phrases "in an embodiment," or "in

embodiments," which may each refer to one or more of the same or different

embodiments. Furthermore, the terms "comprising," "including," "having," and the

like, as used with respect to embodiments of the present disclosure, are

synonymous. The term "coupled" may refer to a direct connection, an indirect

connection, or an indirect communication.

As used herein, the term "module" may refer to, be part of, or include an

Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor

(shared, dedicated, or group) and/or memory (shared, dedicated, or group) that

execute one or more software or firmware programs, a combinational logic circuit,

and/or other suitable components that provide the described functionality.



FIG. 1 schematically illustrates an example cross-section of a phase

change memory (PCM) device 100 in accordance with some embodiments. The

PCM device 100 includes a cell 10 1 disposed between a word-line 102 (also

known as "row interconnect") and a bit-line 104 (also known as "column

interconnect") at an intersection of the word-line 102 and the bit-line 104. For

example, in the depicted embodiment, the word-line 102 extends in a direction

from left to right across the page and the bit-line 104 extends in a direction in and

out of the page. The PCM device 100 may include multiple word-lines that extend

in a direction that is parallel to the word-line 102, multiple bit-lines that extend in a

direction that is parallel to the bit-line 104, and multiple cells similar to cell 10 1

disposed at intersections of the bit-lines and word-lines.

The cell 10 1 is part of an electrical pathway between the word-line 102 and

the bit-line 104. For example, current may be applied to the cell 10 1 during

read/write operations using the word-line 102 and the bit-line 104. The cell 10 1

generally includes a phase change material such as a chalcogenide material (e.g.,

glass) that can be switched between crystalline and amorphous states with the

application of heat produced by an electric current. The state (e.g.,

crystalline/amorphous) of the phase change material may correspond with a

logical value (e.g., 1 or 0) of the cell 101 .

In the depicted embodiment, the cell 10 1 includes a first structure 100a and

a second structure 100b. In some embodiments, the first structure 100a includes

a memory or storage element and the second structure 100b includes a switch

element. In other embodiments, the first structure 100a includes a switch element

and the second structure 100b includes a memory or storage element.

The first structure 100a includes a first switch or storage (SOS) structure

108, a first bottom electrode 106, and a first top electrode 110, coupled as can be

seen. The second structure 100b includes a second SOS structure 114, a second

bottom electrode 112, and a second top electrode 116, coupled as can be seen.

That is, the first SOS structure 108 may be a switch element or a storage element

and the second SOS structure 114 may be a switch element or a storage element.

Generally, if the first SOS structure 108 is a storage element, then the second

SOS structure 114 is a switch element and, if the second SOS structure 114 is a

storage element, then the first SOS structure 108 is a switch element. In some

embodiments, the first SOS structure 108 is a storage element that may be



composed of a PCM material such as chalcogenide glass and the second SOS

structure 114 is a switch element that may be composed of a chalcogenide alloy.

In other embodiments, the first SOS structure 108 is a switch element that may be

composed of a chalcogenide alloy and the second SOS structure 114 is a storage

element that may be composed of a PCM material such as chalcogenide glass.

The switch element may include, for example, a diode, an Ovonic Threshold

Switch (OTS), a bipolar junction transistor (BJT), or metal-oxide-semiconductor

field-effect transistor (MOSFET). Devices having memory cells with both a

memory or storage element and a switch may be referred to as a phase change

memory and switch (PCMS) device.

The electrodes 106, 110, 112 and 116 are composed of an electrically

conductive material. For example, the electrodes 106, 110, 112 and 116 may

include a metal such as tungsten, a cermet such as titanium nitride (TiN) or

titanium silicon nitride (TiSiN), a doped semiconductor such as silicon (Si) or

germanium (Ge), and/or a semi-metal such as carbon including amorphous and

crystalline carbon. In various embodiments, materials for the electrodes 106, 110,

112 and 116 follow the Wiedemann-Franz constant.

Each of the electrodes 106, 110, 112 and 116 may be composed of a

different or same material (e.g., same chemical composition). In some

embodiments, the first top electrode 110 of the first structure 100a and the second

bottom electrode 112 of the second structure 100b are composed of a same

material and formed during a same deposition operation to provide a single

electrode structure 111 between the first SOS structure 108 and the second SOS

structure 114.

The electrodes 106, 110, 112 and 116 electrically couple the SOS

structures 108, 114 to the word-line 102 and the bit-line 104. Heat may be

generated in or adjacent to the SOS structures 108, 114 when a current is applied

to the cell 10 1 through the word-line 102 and the bit-line 104. According to

various embodiments, the first structure 100a and/or the second structure 100b

includes a dielectric film (e.g., dielectric film 118 of FIGS. 2A-I) to increase thermal

insulation of the SOS structures 108, 114 while still allowing an electrical current

to flow through the cell 10 1 . Various configurations of the dielectric film in the first

structure 100a and/or the second structure 100b is depicted and described in

connection with FIGS. 2A-I.



FIGS. 2A-I schematically illustrate some example configurations for

portions (e.g., first structure 100a and/or second structure 100b) of a PCM device

(e.g., the PCM device 100 of FIG. 1) including a dielectric film 118 in accordance

with some embodiments. Referring to FIGS. 1 and 2A-I, the dielectric film 118

may increase thermal insulation in the cell 10 1 resulting in increased joule heating

efficiency of the cell, which may reduce a programming current of the PCM device

100. The dielectric film 118 may include a variety of materials including polymers

and ceramics, or combinations thereof.

In one embodiment, the dielectric film 118 includes a polymer. Polymers

may be thermally insulative because free electrons are not available for

conduction and weak secondary bonding (e.g., Van der Waals forces) between

molecules of the polymer may make it difficult for phonons to move from one

molecule to another. In some embodiments, the dielectric film 118 may include a

low-k material such as, for example, polyimide, polynorbornene,

benzocyclobutene, polytetrafluoroethylene, and/or epoxy-based photoresist (e.g.,

SU-8 2000 from Microchem), and the like, that can be spun-on to a substrate

(e.g., a wafer) using a spin-on process. In other embodiments, the dielectric film

118 may include a silicone based material such as hydrogen silsesquioxane

and/or methylsilsesquioxane, and the like, that can be spun-on to a substrate

using a spin-on process.

In another embodiment, the dielectric film 118 includes a ceramic.

Ceramics may be more thermally conductive than polymers as a result of ionic

and covalent bonding, which facilitate propagation of phonons. Also, ceramics

may have more mobile electrons or ions than polymers, which may increase

thermal conduction relative to polymers. Ceramics may have a lower

concentration of free electrons compared to a metal, which has free electrons. In

some instances, ceramics may not have any free electrons. Free electrons

generally increase thermal conductivity of a material. Thus, ceramics are more

thermally insulative than metals, cermets, or other electrically conductive

materials. In some embodiments, the dielectric film includes a ceramic such as,

for example, silicon oxide (S1O2), titanium oxide (T1O2), magnesium oxide (MgO),

aluminum oxide (AI2O3) , tungsten oxide (WO), tantalum oxide (Ta2O5) , and/ or

silicon nitride (SiN), and the like, including stoichiometric variations of these

materials (e.g., Si3N ) . The ceramic may be deposited using, for example,



chemical vapor deposition (CVD), atomic layer deposition (ALD), physical vapor

deposition (PVD), sputtering, or other suitable process.

According to various embodiments, the dielectric film 118 includes a

thickness that allows electron transport by direct tunneling through the dielectric

film 118 . That is, the dielectric film 118 is part of an electrical pathway between

the word-line 102 and the bit-line 104. In some embodiments, the dielectric film

118 is part of an electrical pathway between the word-line 102 or the bit-line 104

and the first SOS structure 108 or the second SOS structure 114.

In an embodiment where the dielectric film 118 includes a polymer, a

thickness of the dielectric film 118 may be 2 nanometers or less. In an

embodiment where the dielectric film 118 includes a ceramic, a thickness of the

dielectric film 118 may be 1 nanometer or less. Other thicknesses may be used in

other embodiments.

Referring to FIGS. 1 and 2A, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with the first top

electrode 110 and/or the second top electrode 116. As can be seen in the

depicted embodiment, a first surface of the top electrode 110 or 116 is directly

coupled with the SOS structure 108 or 114 and the dielectric film 118 is directly

coupled with a second surface of the top electrode 110 or 116, the second surface

being disposed opposite to the first surface.

In an embodiment where the dielectric film 118 is part of the first structure

100a, the dielectric film 118 may be directly coupled with the second bottom

electrode 112 of the second structure 100b of PCM device 100 or directly coupled

with the second SOS structure 114 of PCM device 100 in a case where the single

electrode structure 111 is used. In an embodiment where the dielectric film 118 is

part of the second structure 100b, the dielectric film 118 may be directly coupled

with the bit-line 104 of PCM device 100.

Referring to FIGS. 1 and 2B, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with the first bottom

electrode 106 and/or the second bottom electrode 112 . As can be seen in the

depicted embodiment, a first surface of the bottom electrode 106 or 112 is directly

coupled with the SOS structure 108 or 114 and the dielectric film 118 is directly

coupled with a second surface of the bottom electrode 106 or 112, the second

surface being disposed opposite to the first surface.



In an embodiment where the dielectric film 118 is part of the first structure

100a, the dielectric film 118 may be directly coupled with the word-line 102 of

PCM device 100. In an embodiment where the dielectric film 118 is part of the

second structure 100b, the dielectric film 118 may be directly coupled with the first

top electrode 110 of PCM device 100 or directly coupled with the first SOS

structure 108 of PCM device 100 in a case where the single electrode structure

111 is used.

Referring to FIGS. 1 and 2C, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with the top electrode

110 or 116 and the bottom electrode 106 or 112 . The dielectric film 118 of FIG.

2C may be coupled with components of the PCM device 100 of FIG. 1 according

to embodiments described in connection with FIGS. 2A and 2B.

Referring to FIGS. 1 and 2D, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with a first surface of

the SOS structure 108 or 114, as can be seen. The bottom electrode 106 or 112

may be directly coupled with a second surface of the SOS structure 108 or 114,

the second surface being disposed opposite to the first surface.

In an embodiment where the dielectric film 118 is part of the first structure

100a, the dielectric film 118 may be directly coupled with the second bottom

electrode 112 of PCM device 100. In an embodiment where the dielectric film 118

is part of the second structure 100b, the dielectric film 118 may be directly coupled

with the bit-line 104 of PCM device 100.

Referring to FIGS. 1 and 2E, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with a surface of the

SOS structure 108 or 114, as can be seen. The top electrode 110 or 116 may be

directly coupled with an opposite surface of the SOS structure 108 or 114.

In an embodiment where the dielectric film 118 is part of the first structure

100a, the dielectric film 118 may be directly coupled with the word-line 102 of

PCM device 100. In an embodiment where the dielectric film 118 is part of the

second structure 100b, the dielectric film 118 may be directly coupled with the first

top electrode 110 of PCM device 100.

Referring to FIGS. 1 and 2F, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with opposite

surfaces of the SOS structure 108 or 114, as can be seen. In an embodiment



where the dielectric film 118 is part of the first structure 100a, the dielectric film

118 on the bottom of the first SOS structure 108 may be directly coupled with

word-line 102 of PCM device 100 the dielectric film 118 on the top of the first SOS

structure 108 may be directly coupled with the second bottom electrode 112 of

PCM device 100. In an embodiment, where the dielectric film 118 is part of the

second structure 100b, the dielectric film 118 on the bottom of the first SOS

structure 108 may be directly coupled with first top electrode 110 of PCM device

100 and the dielectric film 118 on the top of the first SOS structure 108 may be

directly coupled with the bit-line 104.

Referring to FIGS. 1 and 2G, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with the top electrode

110 or 116 . The dielectric film 118 is disposed between a portion of the top

electrode 110 or 116 and another portion of the top electrode 110 or 116, as can

be seen. In one embodiment, after an electrically conductive material is deposited

on the SOS structure 108 or 114 to form the top electrode 110 or 116, a dielectric

material is deposited to form the dielectric film 118 . Subsequent to depositing the

dielectric film 118, electrically conductive material may be deposited on the

dielectric film 118 to encapsulate the dielectric film 118 within the top electrode

110 or 116 .

In an embodiment where the dielectric film 118 is part of the first structure

100a, the first bottom electrode 106 may be directly coupled with the word-line

102 of PCM device 100 and the first top electrode 110 may be directly coupled

with the second bottom electrode 112 of PCM device 100. In an embodiment

where the dielectric film 118 is part of the second structure 100b, the second

bottom electrode 112 may be directly coupled with the first top electrode 110 of

PCM device 100 and the second top electrode 116 may be directly coupled with

the bit-line 104 of PCM device 100.

Referring to FIGS. 1 and 2H, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 directly coupled with the bottom

electrode 106 or 112 . The dielectric film 118 is disposed between a portion of the

bottom electrode 106 or 112 and another portion of the bottom electrode 106 or

112, as can be seen.

In an embodiment where the dielectric film 118 is part of the first structure

100a, the first bottom electrode 106 or 112 may be directly coupled with the word-



line 102 of PCM device 100 and the first top electrode 110 may be directly

coupled with the second bottom electrode 112 of PCM device 100. In an

embodiment where the dielectric film 118 is part of the second structure 100b, the

second bottom electrode 112 may be directly coupled with the first top electrode

110 of PCM device 100 and the second top electrode 116 may be directly coupled

with the bit-line 104 of PCM device 100.

Referring to FIGS. 1 and 2I, the first structure 100a and/or the second

structure 100b includes a dielectric film 118 disposed within the bottom electrode

106 or 112 and the top electrode 110 or 116, as can be seen. The configuration

depicted in FIG. 2 I may comport with embodiments described in connection with

FIGS. 2G and 2H.

In some embodiments, any suitable combination of the configurations

depicted in FIGS. 2A-I can be used in the PCM device 100 of FIG. 1. For

example, more than two dielectric films may be used in the first structure 100a or

the second structure 100b. For another example, an electrode may be formed

such that the electrode is directly coupled with the dielectric film 118 of FIGS. 2D-

F. Other combinations may fall within the scope of the present disclosure.

FIG. 3 is a flow diagram for a method 300 of fabricating a portion of a PCM

device (e.g., the PCM device 100 of FIG. 1) in accordance with some

embodiments. The method 300 includes forming a SOS structure (e.g., the SOS

structure 108 or 114 of FIG. 1) of a PCM device at 302, forming an electrode (e.g.,

the electrode 106, 110, 112, or 116 of FIG. 1) composed of an electrically

conductive material at 304, forming a dielectric film (e.g., the dielectric film 118 of

FIGS. 2A-I) composed of a dielectric material at 306, and forming a word-line

(e.g., the word-line 102 of FIG. 1) or bit-line at 308 (e.g., the bit-line 104 of FIG. 1) .

The SOS structure may be formed at 302 using any suitable process

including deposition processes to deposit a PCM material (e.g., chalcogenide

glass) and patterning processes such as etch and/or lithography to define the

SOS structure. The electrode may be formed at 304 using any suitable process

including deposition processes to deposit an electrically conductive material and a

patterning process such as etch and/or lithography to define the electrode. A

patterning process that defines the electrode may be a shared operation with a

patterning process used to define the SOS structure in some embodiments.



The dielectric film may be formed at 306 using any suitable process

including deposition processes such as spin-on processes for polymer materials

and/or CVD, ALD, PVD, or sputtering processes for ceramic materials. Patterning

processes such as etch/lithography may be used to thin or otherwise define the

dielectric film. In some embodiments, a patterning process that defines the

electrode and/or the SOS structure may be a shared operation with a patterning

process that defines the dielectric film.

The word-line or bit-line may be formed at 308 using any suitable process

including deposition processes to deposit an electrically conductive material and

patterning processes such as etch and/or lithography to define the word-line or bit-

line. The operations of method 300 may not be performed in the order of

presentation. Operations described may be performed in a different order than

the described embodiment. Various additional operations may be performed

and/or described operations may be omitted in additional embodiments.

In one embodiment, a method of fabricating the PCM device 100 of FIG. 1

includes forming a word-line (e.g., the word-line 102 of FIG. 1) , forming an

electrode (e.g., the first bottom electrode 106 of FIG. 1) on the word-line, forming

a SOS structure (e.g., the first SOS structure 108 of FIG. 1) on the electrode,

forming another electrode (e.g., the first top electrode 110 of FIG. 1) on the SOS

structure, forming yet another electrode (e.g., the second bottom electrode 112 of

FIG. 1) on the another electrode, forming another SOS structure (e.g., the second

SOS structure 114 of FIG. 1) on the yet another electrode, forming still yet another

electrode (e.g., the second top electrode 116 of FIG. 1) on the another SOS

structure, and forming a bit-line (e.g., the bit-line 104 of FIG. 1) on the still yet

another electrode. The method further includes forming at least one dielectric film

between at least two of the above operations. For example, the dielectric film can

be deposited to form a PCM device that comports with any of the configurations

described in connection with FIGS. 2A-I.

An article of manufacture is disclosed. In some embodiments, the article of

manufacture includes non-transitory storage such as, for example, the non-volatile

memory (NVM)/storage 4 16 of FIG. 4 . The article of manufacture may have

instructions stored thereon, that if executed by a processor, cause the actions of

method 300 of FIG. 3 or other techniques disclosed herein to be performed.



Embodiments of the present disclosure may be implemented into a system

using any suitable hardware and/or software to configure as desired. FIG. 4

schematically illustrates an example system that may include a PCM device

described herein in accordance with some embodiments. In one embodiment, the

system 400 includes one or more processor(s) 404, system control module 408

coupled with at least one of the processor(s) 404, system memory 412 coupled

with system control module 408, non-volatile memory (NVM)/storage 4 16 coupled

with system control module 408, and one or more communications interface(s)

420 coupled with system control module 408.

System control module 408 for one embodiment may include any suitable

interface controllers to provide for any suitable interface to at least one of the

processor(s) 404 and/or to any suitable device or component in communication

with system control module 408.

System control module 408 may include a memory controller module 4 10

to provide an interface to system memory 4 12 . The memory controller module

4 10 may be a hardware module, a software module, and/or a firmware module.

System memory 4 12 may be used to load and store data and/or

instructions, for example, for system 400. System memory 4 12 for one

embodiment may include any suitable volatile memory, such as suitable DRAM,

for example.

System control module 408 for one embodiment may include one or more

input/output (I/O) controller(s) to provide an interface to NVM/storage 416 and

communications interface(s) 420.

The NVM/storage 4 16 may be used to store data and/or instructions, for

example. NVM/storage 4 16 may include any suitable non-volatile memory, such

as PCM or flash memory, for example, and/or may include any suitable non

volatile storage device(s), such as one or more hard disk drive(s) (HDD(s)), one or

more compact disc (CD) drive(s), and/or one or more digital versatile disc (DVD)

drive(s) for example. According to various embodiments, the NVM/storage 4 16

includes a PCM device 100 as described herein.

The NVM/storage 4 16 may include a storage resource physically part of a

device on which the system 400 is installed or it may be accessible by, but not

necessarily a part of, the device. For example, the NVM/storage 4 16 may be

accessed over a network via the communications interface(s) 420.



Communications interface(s) 420 may provide an interface for system 400

to communicate over one or more wired or wireless network(s) and/or with any

other suitable device.

For one embodiment, at least one of the processor(s) 404 may be

packaged together with logic for one or more controller(s) of system control

module 408, e.g., memory controller module 4 10 . For one embodiment, at least

one of the processor(s) 404 may be packaged together with logic for one or more

controllers of system control module 408 to form a System in Package (SiP). For

one embodiment, at least one of the processor(s) 404 may be integrated on the

same die with logic for one or more controller(s) of system control module 408.

For one embodiment, at least one of the processor(s) 404 may be integrated on

the same die with logic for one or more controller(s) of system control module 408

to form a System on Chip (SoC).

In various embodiments, the system 400 may be, but is not limited to, a

server, a workstation, a desktop computing device, or a mobile computing device

(e.g., a laptop computing device, a handheld computing device, a handset, a

tablet, a smartphone, a netbook, etc.). In various embodiments, the system 400

may have more or less components, and/or different architectures.

Although certain embodiments have been illustrated and described herein

for purposes of description, a wide variety of alternate and/or equivalent

embodiments or implementations calculated to achieve the same purposes may

be substituted for the embodiments shown and described without departing from

the scope of the present disclosure. This application is intended to cover any

adaptations or variations of the embodiments discussed herein. Therefore, it is

manifestly intended that embodiments described herein be limited only by the

claims and the equivalents thereof.



Claims

What is claimed is:

1. An apparatus comprising:

a storage structure of a phase change memory (PCM) device, the storage

structure having a chalcogenide material;

an electrode having an electrically conductive material, the electrode

having a first surface that is directly coupled with the storage structure; and

a dielectric film having a dielectric material, the dielectric film being directly

coupled with a second surface of the electrode that is disposed opposite to the

first surface.

2 . The apparatus of claim 1, wherein the electrode is a first electrode having a

first electrically conductive material and the storage structure includes a first

surface that is directly coupled with the first electrode, the apparatus further

comprising:

a second electrode having a second electrically conductive material, the

second electrode being directly coupled with a second surface of the storage

structure that is disposed opposite to the first surface of the storage structure.

3 . The apparatus of claim 2, further comprising:

a third electrode having a third electrically conductive material, the third

electrode being directly coupled with the dielectric film such that the dielectric film

is disposed between the first electrode and the third electrode.

4 . The apparatus of claim 3, wherein the second electrically conductive

material and the third electrically conductive material are a same material.

5 . The apparatus of claim 3, wherein the dielectric film is a first dielectric film

having a first dielectric material, the apparatus further comprising:

a second dielectric film having a second dielectric material, the second

dielectric film being directly coupled with the second electrode.

6 . The apparatus of claim 5, further comprising:

a fourth electrode having a fourth electrically conductive material, the fourth

electrode being directly coupled with the second dielectric film such that the

second dielectric film is disposed between the second electrode and the fourth

electrode.



7 . The apparatus of claim 1, wherein the dielectric film is a first dielectric film

having a first dielectric material and the storage structure includes a first surface

that is directly coupled with the first electrode, the apparatus further comprising:

a second dielectric film having a second dielectric material, the second

dielectric film being directly coupled with a second surface of the storage structure

that is disposed opposite to the first surface of the storage structure.

8 . The apparatus of claim 1, wherein:

the dielectric film includes a ceramic selected from the group consisting of

silicon oxide silicon oxide (S1O2), titanium oxide (T1O2), magnesium oxide (MgO),

aluminum oxide (AI2O3), tungsten oxide (WO), tantalum oxide (Ta2O 5) , and silicon

nitride (SiN); and

the dielectric film has a thickness of 2 nanometers or less.

9 . The apparatus of claim 1, wherein:

the dielectric film includes a polymer selected from the group consisting of

polyimide, polynorbornenes, benzocyclobutene, polytetrafluoroethylene, hydrogen

silsesquioxane, and methylsilsesquioxane; and

the dielectric film has a thickness of 1 nanometer or less.

10 . The apparatus of claim 1, wherein the electrode includes tungsten, TiN,

TiSiN, doped silicon, doped germanium, or carbon.

11. The apparatus of claim 1, further comprising:

a word-line or a bit-line, wherein the electrode is an intervening structure

between the storage structure and the word-line or the bit-line and the dielectric

film is part of an electrical pathway between the word-line or the bit-line and the

storage structure.

12 . A method comprising:

forming a storage structure of a phase change memory (PCM) device, the

storage structure having a chalcogenide material;

forming an electrode having an electrically conductive material, the

electrode having a first surface that is directly coupled with the storage structure;

and

forming a dielectric film having a dielectric material, the dielectric film being

directly coupled with a second surface of the electrode that is disposed opposite

to the first surface.



13 . The method of claim 12, wherein the electrode is a first electrode having a

first electrically conductive material and the storage structure includes a first

surface that is directly coupled with the first electrode, the method further

comprising:

forming a second electrode having a second electrically conductive

material, the second electrode being directly coupled with a second surface of the

storage structure that is disposed opposite to the first surface of the storage

structure.

14. The method of claim 13, further comprising:

forming a third electrode having a third electrically conductive material, the

third electrode being directly coupled with the dielectric film such that the dielectric

film is disposed between the first electrode and the third electrode.

15 . The method of claim 12, wherein the dielectric film is a first dielectric film

having a first dielectric material and the storage structure includes a first surface

that is directly coupled with the first electrode, the method further comprising:

forming a second dielectric film having a second dielectric material, the

second dielectric film being directly coupled with a second surface of the storage

structure that is disposed opposite to the first surface of the storage structure.

16 . The method of claim 12, wherein forming the dielectric film comprises:

depositing a ceramic or a polymer to form the dielectric film, the dielectric

film having a thickness of 2 nanometers or less.

17 . The method of claim 12, further comprising:

forming a word-line or a bit-line, wherein the electrode is an intervening

structure between the storage structure and the word-line or the bit-line and the

dielectric film is part of an electrical pathway between the word-line or the bit-line

and the storage structure.

18 . A system comprising:

a processor; and

a phase change memory (PCM) device coupled to the processor, the PCM

device including:

a storage structure having a chalcogenide material;

an electrode having an electrically conductive material, the electrode

having a first surface that is directly coupled with the storage structure; and



a dielectric film having a dielectric material, the dielectric film being

directly coupled with a second surface of the electrode that is disposed

opposite to the first surface.

19 . The system of claim 18, wherein the electrode is a first electrode having a

first electrically conductive material and the storage structure includes a first

surface that is directly coupled with the first electrode, the PCM device further

including:

a second electrode having a second electrically conductive material, the

second electrode being directly coupled with a second surface of the storage

structure that is disposed opposite to the first surface of the storage structure.

20. The system of claim 18, wherein:

the system is a handheld computing device, a tablet, or a smartphone;

the PCM device is a phase change memory and switch (PCMS) device;

and

the storage structure is a storage element of the PCMS device.
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