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Seed Layer for a p+ Silicon Germanium Material for a Non-Volatile Memory
Device and Method

BACKGROUND

[0001] The present invention is generally related to resistive switching devices. More

particularly, embodiments according to the present invention provide a method and a structure to

form a low temperature crystalline silicon material for a resistive switching device.

Embodiments according to the present invention can be applied to non-volatile memory devices

but it should be recognized that the present invention can have a much broader range of

applicability.

[0002] From the above, a new semiconductor device structure and integration is desirable.

BRIEF SUMMARY OF THE PRESENT INVENTION

[0003] The present invention is generally related to resistive switching devices. More

particularly, embodiments according to the present invention provide a method and a structure to

form a low temperature crystalline silicon material for a resistive switching device.

Embodiments according to the present invention can be applied to non-volatile memory devices

but it should be recognized that the present invention can have a much broader range of

applicability.

[0004] In a specific embodiment, a method for forming a resistive switching device is

provided. The method includes providing a substrate having a surface region and depositing a

first dielectric material overlying the surface region of the substrate. A first wiring structure is

formed overlying the first dielectric material. The first wiring structure is elongated in shape and

spatially configured to extend in a first direction in a specific embodiment. The method includes

depositing a silicon material overlying the first wiring structure. In a specific embodiment, the

silicon layer is characterized by a thickness of no greater than about 60 Angstroms. A silicon

germanium material is deposited at a depositing temperature raging from about 400 Degree

Celsius to about 490 Degree Celsius overlying the first wiring structure using the silicon material

as a seed layer. The silicon germanium material is substantially free of voids and has a

crystalline characteristic in a specific embodiment. The method includes depositing a resistive



switching material overlying the silicon germanium material. In a specific embodiment, the

resistive switching material comprising an amorphous silicon material. A conductive material is

formed overlying at least the resistive material and a second wiring structure is formed overlying

at least the conductive material.

[0005] In a specific embodiment, a resistive switching device is provided. The device

includes a first wiring structure. The first wiring structure is elongated in shape and spatially

configured to extend in a first direction in a specific embodiment. The device includes a junction

layer comprising a silicon germanium material overlying the first wiring structure. In a specific

embodiment, the silicon germanium material has a p+ impurity characteristic and a crystalline

characteristic. In a specific embodiment, the device includes a resistive switching material

comprising an amorphous silicon material overlying the junction layer and a second wiring

structure overlying the resistive switching material. In a specific embodiment, the second wiring

structure is elongated in shape and spatially configured to extend in a second direction

orthogonal to the first direction. In some embodiments, the resistive switching device is

disposed in an N by M crossbar array in a specific embodiment, where N and M are integers

(N>1, M>1).

[0006] Many benefits can be achieved by ways of the present invention over conventional

techniques. For example, embodiments according to the present invention provide a method to

form a silicon germanium material at a low temperature for fabrication of a non-volatile memory

device. The low temperature is compatible with thermal budget of conventional CMOS

processes (e.g. back-end CMOS process) and provide easy integration to the process flow.

Additionally, the silicon germanium material may be doped using impurity species (for example

a boron species) to provide for a suitable conductivity for proper operation of the non-volatile

memory device in a specific embodiment. Moreover, embodiments of the methods use

conventional semiconductor processing techniques without modification to the equipments.

Depending upon the embodiment, one or more of these benefits may be achieved. One skilled in

the art would recognize other modifications, variations, and alternatives.

[0007] In various embodiments, the resistive memory described herein may provide many

benefits, including low power consumption memories, non-volatile memories, and the like. In

various embodiments, devices including processors, communications interfaces, and the like may

incorporate such resistive memory devices. Such devices may include computers, computing



tablets, portable phones, e-readers, or the like. Accordingly, such devices may be considered

within the scope of the present inventions.

[0008] According to one aspect of the invention, a method of forming a non-volatile memory

device, is described. One technique includes providing a substrate having a surface region,

depositing a first dielectric material overlying the surface region of the substrate, and forming a

first wiring structure overlying the first dielectric material. A process includes depositing a

silicon material overlying the first wiring structure, the silicon layer being characterized by a

thickness of no greater than about 100 Angstroms, and depositing a silicon germanium material

at a depositing temperature raging from about 400 Degree Celsius to about 490 Degree Celsius

overlying the first wiring structure using the silicon material as a seed layer, the silicon

germanium material being substantially free of voids and having a polycrystalline characteristic.

A method includes depositing a resistive switching material comprising an amorphous silicon

material overlying the silicon germanium material, depositing a conductive material overlying

the resistive material, and forming a second wiring structure overlying the conductive material.

[0009] According to another aspect of the invention, a resistive switching device, comprising

is described. One product includes a first wiring structure, spatially configured to extend in a

first direction, and a junction layer overlying the first wiring structure comprising a silicon

germanium material having a p+ impurity characteristic and a polycrystalline characteristic. A

device includes a resistive switching material comprising an amorphous silicon material

overlying the junction layer, and a second wiring structure, spatially configured to extend in a

second direction orthogonal to the first direction.

[0010] According to yet another aspect of the invention, a device is manufactured according

to various processes. One process includes providing a substrate having a surface region,

depositing a first dielectric material overlying the surface region of the substrate, and forming a

first wiring structure overlying the first dielectric material. A technique includes depositing a

silicon material overlying the first wiring structure, the silicon layer being characterized by a

thickness of no greater than about 100 Angstroms, and depositing a silicon germanium material

at a depositing temperature raging from about 400 Degree Celsius to about 490 Degree Celsius

overlying the first wiring structure using the silicon material as a seed layer, the silicon

germanium material being substantially free of voids and having a polycrystalline characteristic.

A method includes depositing a resistive switching material comprising an amorphous silicon



material overlying the silicon germanium material, depositing a conductive material overlying

the resistive material, and forming a second wiring structure overlying the conductive material.

SUMMARY OF THE DRAWINGS

[0011] Figure 1-1 1 are simplified diagrams illustrating a method of forming a non-volatile

memory device according to an embodiment of the present invention.

[0012] Figure 12 is a simplified plot illustrating a crystalline temperature of a silicon

germanium material as a function of germanium composition according to an embodiment of the

present invention.

[0013] Figure 13 illustrates transmission electron microscope images of the silicon

germanium material formed under different experiment conditions according to embodiments of

the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0014] The present invention is generally related to resistive switching devices. More

particularly, embodiments according to the present invention provide a method and a structure to

form a low temperature crystalline silicon material for a resistive switching device.

Embodiments according to the present invention can be applied to non-volatile memory devices

but it should be recognized that the present invention can have a much broader range of

applicability.

[0015] Resistive switching behavior has been observed and studied in micrometer-scale

amorphous silicon (a-Si) devices since the 1980s. A typical device consists of a pair of metal

electrodes sandwiching an amorphous silicon layer in a so-called Metal/a-Si/Metal (M/a-Si/M)

structure, in which the voltage applied across the pair of metal electrodes causes changes in the

resistance of the a-Si material. These conventional M/a-Si/M based switching devices can have

the advantages of high Ion/Ioff ratios, and can be fabricated with a CMOS compatible fabrication

process and materials. However, these devices usually require high voltage for operation, have

poor endurance characteristics, and cannot be scaled to nanometers, as demanded by present

consumer electronics application.

[0016] To further decrease cost per bit, device shrinking and process simplification is

necessary. To achieve proper switching of the device, defect level in an interface region formed

between the amorphous silicon switching material and a metal electrode would have to be



controlled. The defect level can be controlled by using a suitable silicon material disposed

between the electrode material and the amorphous silicon switching material. Embodiments

according to the present invention provide a method to form a silicon germanium material and a

structure to form a non-volatile memory with desirable switching characteristic and device

reliability.

[0017] The terms "bottom" and "top" are for references and illustration only and not meant

to be limiting.

[0018] Figure 1-1 1 are simplified diagrams illustrating a method for forming a resistive

switching device for a non-volatile memory device according to an embodiment of the present

invention. As shown in Figure 1, a semiconductor substrate 102 having a surface region 104 is

provided. The semiconductor substrate can be a single crystal silicon wafer, a silicon germanium

material, a silicon on insulator (commonly called SOI) depending on the embodiment. In certain

embodiments, the semiconductor substrate can have one or more MOS devices formed thereon.

The one or more MOS devices can be controlling circuitry for the resistive switching device in a

specific embodiment.

[0019] As illustrated in Figure 2, the method includes depositing a first dielectric material

202 overlying the semiconductor substrate. The first dielectric material can be silicon oxide,

silicon nitride, a dielectric stack of alternating layers of silicon oxide and silicon nitride (for

example, an ONO stack), a low K dielectric, a high K dielectric, or a combination, and others,

depending on the application. The first dielectric material 202 can be deposited using techniques

such as chemical vapor deposition, including low pressure chemical vapor deposition, plasma

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

including any combination of these, and others

[0020] Referring to Figure 3, the method includes depositing a first wiring material overlying

the first dielectric material. The first wiring material can be a suitable metal material including

alloy materials, or a semiconductor material having a suitable conductivity characteristic. The

metal material can be tungsten, aluminum, copper or silver, and others. Additionally, the first

wiring metal may be a combination of conductive materials. In various embodiments, these

metal materials may be deposited using a physical vapor deposition process, chemical vapor

deposition process, electroplating, or electrodeless deposition process, including any



combinations of these, and others. The semiconductor material can be, for example, a suitably

doped silicon material in certain embodiments.

[0021] In certain embodiments, a first adhesion material 304 is first formed overlying the

first dielectric material before deposition of the first wiring material to promote adhesion of the

first wiring material to the first dielectric material. A diffusion barrier material 306 may also be

formed overlying the metal material to prevent the metal material to contaminate other portions

of the device in a specific embodiment.

[0022] The method subjects the first wiring material to a first pattern and etching process to

form a first wiring structure 402 in a specific embodiment. As shown in Figure 4, the first wiring

structure includes a plurality of first elongated structures that may extend in a first direction 404

in a specific embodiment.

[0023] In a specific embodiment, the method deposits a second dielectric material 502

overlying the first wiring structure. The second dielectric material can be silicon oxide, silicon

nitride, a dielectric stack of alternating layers of silicon oxide and silicon nitride (for example, an

ONO stack), a low K dielectric, a high K dielectric, or a combination, and others, depending on

the application. The second dielectric material can be subjected to a planarizing process to

isolate the first wiring structure in a specific embodiment. As shown in Figure 5, a surface

region 504 of the diffusion barrier material may be exposed after chemical or mechanical

planarizing.

[0024] Referring to Figure 6, the method includes forming a first silicon material 602

overlying at least the first wiring structure and the exposed surface of the second dielectric

material. The first silicon material can be formed using a deposition process such as a low

pressure chemical vapor deposition process a plasma enhanced chemical vapor deposition

process using silane (SiH4) or disilane (Si2H ), or a suitable chlorosilane depending on the

application. Alternatively, the first silicon material can be deposited using a physical vapor

deposition process from a suitable silicon target. Deposition temperature can range from about

380 Degree Celsius to about 450 Degree Celsius, and preferably not higher than 440 Degree

Celsius. In a preferred embodiment, the first silicon material is deposited using a low pressure

chemical vapor deposition process using disilane at a deposition temperature ranging from about

400 Degree Celsius to about 460 Degree Celsius. The first silicon material layer is further



characterized by a thickness of no greater than about 100 Angstroms and in some cases less than

about 50 Angstrom in a specific embodiment.

[0025] Referring again to Figure 6, embodiments of the method deposit a junction material

604 overlying the first wiring structure using the first silicon material as a seed layer for junction

material 604. The junction material can be a suitable semiconductor material in a specific

embodiment. In a specific embodiment, the semiconductor material can be a polycrystalline

silicon germanium (poly-SiGe) material. In various embodiments, the polycrystalline silicon

germanium material can be doped with a suitable impurity species to have a desirable

conductivity. The polycrystalline silicon germanium material can be deposited using a chemical

vapor deposition process such as a low pressure chemical vapor deposition process, a plasma

enhanced chemical vapor deposition process, atomic layer deposition (ALD) and others.

Depending on the application, precursors such as silane and germane in a suitable carrier gas

may be used. In a specific embodiment, the polycrystalline silicon germanium material can have

a p+ impurity characteristic.

[0026] In various embodiments, the p+ impurity characteristic can be provided using a boron

species, an aluminum species or a gallium species and the likes, depending on the application. In

a specific embodiment, the p+ impurity species is provided by a boron species co-deposited with

silane and germane. The boron species can be provided the using diborane in a specific

embodiment. Ex-situ deposition may also be used, depending on the embodiment. Deposition

temperature ranges from about 380 Degree Celsius to about 460 Degree Celsius and in some

cases ranges from about 400 Degree Celsius to about 440 Degree Celsius. In a specific

embodiment, the as deposited p+ silicon germanium material has a crystalline characteristic

without further anneal. In a specific embodiment, the boron doped silicon germanium material

has a lower crystalline temperature than an undoped silicon germanium material. Additionally,

the p+ silicon germanium material is typically characterized by a sheet resistance of no greater

than 0.1 ohm-cm in a specific embodiment.

[0027] Referring to Figure 7, the method deposits a resistive switching material 702

overlying the junction layer. The resistive switching material can be a second silicon material.

The second silicon material can be an amorphous silicon material or a polycrystalline silicon

material, and others, depending on the embodiment. In a specific embodiment, the resistive

switching material comprises an amorphous silicon material. Deposition techniques can include



a chemical vapor deposition process CVD), physical vapor deposition (PVD) process, an atomic

layer deposition (ALD) process, and others. The chemical vapor process can be a low pressure

chemical vapor deposition process, plasma enhanced chemical vapor deposition process,

deposited using precursors such as silane, disilane, a suitable chlorosilane in a reducing

environment, a combination, and others. Deposition temperature can range from 250 Degree

Celsius to about 500 Degree Celsius. In some cases, deposition temperature ranges from about

400 Degree Celsius to about 440 Degree Celsius and no greater than about 450 Degree Celsius.

[0028] As shown in Figure 8, the method includes depositing a second conductive material

overlying the resistive switching material. The second conductive material 802 can be a metal

material such as copper, silver, gold, platinum, palladium, nickel, zinc or others. The second

conductive metal material is characterized by a suitable diffusivity in the resistive switching

material in a presence of an electric field in a specific embodiment. For amorphous silicon

material as the resistive switching material, the metal material can be silver or an alloy of silver.

The alloy of silver comprises at least 80 percent of silver in a specific embodiment.

[0029] In various embodiments, the silver material forms a silver region in a portion of the

amorphous silicon material upon application of the electric filed. The silver region comprises a

plurality of silver particles, including silver ions, silver clusters, silver atoms and a combination.

The plurality of silver particles may be formed in defect sites of the amorphous silicon material

in a specific embodiment. The silver region further comprises a silver filament structure

extending towards the first wiring structure. The filament structure can be characterized by a

length, a distance between the silver particles, and a distance between the filament structure and

the first electrode structure. In a specific embodiment, the resistive switching material (for

example, the amorphous silicon material) is characterized by a resistance depending at least on a

length, a distance between the silver particles, and a distance between the filament structure and

the first electrode structure. Due to material mismatch, defect density is higher at an interface

region formed between the amorphous silicon material 702, and junction material layer 604, and

may cause a short. In various embodiments, the junction layer (for example, p+ polycrystalline

silicon germanium material) controls an interfacial defect density for proper switching behavior

of the resistive switching device in a specific embodiment.

[0030] Depending on the embodiment, the method can deposit an adhesion material and a

diffusion barrier material overlying the second conductive material. The adhesion material can



be a titanium material, tungsten material, or the like, in various embodiments. The diffusion

barrier material can include titanium nitride, titanium tungsten, tantalum nitride, and others

depending on the application. The adhesion material and the diffusion barrier material can be

deposited using a chemical vapor deposition process, a physical vapor deposition process, atomic,

including a combination of these, and others.

[0031] Various embodiments of the present invention then subjects the junction material 604

including the seed layer 602, the resistive switching material 702, the second conductive material

802, including the adhesion material and the diffusion barrier material to a pattern and etching

process to form one or more pillar structures 902 overlying a respective first wiring structure

302-306, as shown in Figure 9 .

[0032] A third dielectric material 1002 is deposited overlying the one or more pillar

structures and to fill the gaps between the pillar structures to isolate the pillar structures in a

specific embodiment, and the third dielectric material 1002 may be planarized as shown in

Figure 10. In various embodiments, the third dielectric material can be silicon oxide, silicon

nitride, a dielectric stack comprising alternative layers of silicon oxide and silicon nitride (for

example, an ONO), a high K dielectric, a low K dielectric, or a combination, and others

depending on the application. When the third dielectric material is subjected to one or more

mechanical or chemical planarizing processes a top surface region 1004 of the diffusion barrier

material may be exposed, and isolate each of the pillar structure in a specific embodiment. In

various embodiments, the planarizing process can be a chemical mechanical polishing process

using the diffusion barrier material as a polish stop layer in a specific embodiment. Alternatively,

an etch back process or a combination of etch back process and chemical mechanical polishing

process may be used.

[0033] As shown in Figure 11, the method includes depositing a second wiring material 1102

overlying the one or more pillar structures and the third dielectric material. The second wiring

material can be aluminum, copper, tungsten, silver or a semiconductor material having a suitable

conductivity. In a specific embodiment, the second wiring material can include at least one

adhesion material and at least one diffusion barrier material in a specific embodiment. For

example, titanium can be formed overlying the pillar structure and the third dielectric material

and titanium nitride can formed overlying titanium for adhesion/diffusion barrier material. In

various embodiments, the second wiring material is subjected to a pattern and etch process to



form a second wiring structure overlying the structure illustrated in Figure 11. The second

wiring structure may be locally elongated in shape and spatially configured to extend in a second

direction. The second direction is at an angle with respect to the first direction of the first wiring

structure. In a specific embodiment, the second direction is orthogonal to the first direction in a

specific embodiment.

[0034] In various embodiments, a third dielectric material overlying the second wiring

structure may be applied to isolate each of the second wiring structures. The method may then

include formation of one or more passivation layers and global wiring structures and others

depending on the application.

[0035] Depending on the embodiment, there can be other variations. For example, the seed

layer can be optional for certain embodiments while the p+ silicon germanium material deposited

has the desirable crystalline and conductive characteristics at a deposition temperature not higher

than 450 Degree Celsius. Additionally, the active metal material (for example, the silver

material can be formed in a via structure to further reduce an effective size of the device. Of

course one skilled in the art would recognize other variations, modifications, and alternatives.

[0036] Referring now to Figure 12. A simplified plot of deposition temperature of

crystalline silicon germanium material as a function of germanium composition. As illustrated,

deposited silicon germanium material may be polycrystalline without further anneal. As shown,

the minimum deposition temperature for a polycrystalline silicon germanium material decreases

monotonically (dotted line) as the germanium concentration increases.

[0037] In various embodiments, CMOS processes typically use copper and aluminum as

interconnects, accordingly, the deposition temperature for silicon germanium may be limited as a

CMOS process. As illustrated, when a process uses copper interconnects, the temperature of

subsequent processes should not be higher than about 400 Degree Celsius; and when the process

uses aluminum interconnects, the process temperature should not be higher than about 480

Degree Celsius.

[0038] Referring back to Figure 12, in some embodiments, one germanium composition in

the germanium material is greater than about x=0.65 when the process uses copper interconnects.

In such a case, the deposition temperature of the germanium material should be no higher than

about 400 degrees C. As the ratio of germanium increases, the deposition temperature may be

lowered. For example, at x=0.8 germanium, the deposition temperature may range from about



380 degrees C to no higher than about 400 degrees C. In other embodiments, a composition of

about x=0.4 or greater of germanium may be used when the process uses aluminum

interconnects. In such a case, the deposition temperature of the germanium material should be

about 480-490 degrees C. As the ratio of germanium increases, the deposition temperature may

be lowered. For example, at x=0.5 germanium, the deposition temperature may range from

about 450 degrees C to no higher than about 490 degrees C; at x=0.65 germanium, the deposition

temperature may range from about 400 degrees C to no higher than about 490 degrees C; and the

like. As indicated above, a useful end deposition temperature for the germanium material may

range from about 400 degrees C to about 450 degrees C.

[0039] As shown in Figure 12, impurity material such as a boron species provides a dopant

source to increase conductivity of the silicon germanium material and does not affect the

polycrystalline characteristic but can further lower the crystallization temperature.

[0040] Referring to Figure 13, transmission electron microscope (TEM) images are shown.

As shown in image 1302, p+ silicon germanium material layer 1306 is formed overlying a

silicon seed layer 1308. P+ silicon germanium material layer 1306 is substantially amorphous,

only irregular and non-continuous crystals are formed resulting in a rough surface. Due to lack

of crystallization, the p+ silicon germanium material has a high sheet resistance.

[0041] In contrast, image 1304 is obtained from a p+ silicon germanium material 1310

deposited overlying a silicon seed layer 1312. P+ silicon germanium material layer 1310 has

polycrystalline grains extending continuously throughout and has a low sheet resistance (about

0.02 ohm-cm). Additionally, in this example, P+ silicon germanium material layer 1310 is free

of voids and exhibits desirable conductivity. As shown, seed layer 1308 is at least twice as thick

as seed layer 1312. From the experiment results, the silicon seed layer should have an optimized

thickness and in some cases no greater than 100 Angstroms in a specific embodiment.

[0042] In one example, p+ silicon germanium material has a measured thickness of about

59.5 nm overlying a silicon seed layer of a measured thickness of about 6.9 nm. In various

examples, the p+ silicon germanium material is continuous, free of voids, and exhibits desirable

conductivity. The process parameters is summarized as follow:

Parameter Si Seed SiGe
Temperature (°C) 425 425 °C

Pressure (mTorr) 300 300 mTorr



Time (minute) 1-3 1 min (6 min POR)

Flow Rates
Si2H 150 seem 0 seem

SiH4 0 seem 200 seem
GeH4 0 seem 100 seem

BC13 0 seem 10 seem

[0043] In various embodiments, the memory structures illustrated in Figures 1-11 may be

performed as part of a back-end CMOS process. Structures underlying these memory structures

may include memory control circuitry, processing circuitry (e.g. CPU, GPU), logic structures

(e.g. FPGA), or the like. In various embodiments, a component or device including the memory

structures may be combined with one or more components upon a common chip substrate, upon

a common circuit board, or the like. The other components may include processing components

(e.g. CPU, GPU), communications components (e.g. RF, WiFi), output display and display

controllers, and the like. A resulting device may include a computer, a hand-held device (e.g.

cell phone, tablet device), or the like. Such devices, and others are contemplated to be within the

scope of the present invention.

[0044] Though the present invention has been described using various examples and

embodiments, it is also understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or alternatives in light thereof will be

suggested to persons skilled in the art and are to be included within the spirit and purview of this

application and scope of the appended claims.



WHAT IS CLAIMED IS:

1. A method of forming a non-volatile memory device, comprising:

providing a substrate having a surface region;

depositing a first dielectric material overlying the surface region of the substrate;

forming a first wiring structure overlying the first dielectric material;

depositing a silicon material overlying the first wiring structure, the silicon layer

being characterized by a thickness of no greater than about 100 Angstroms;

depositing a silicon germanium material at a depositing temperature raging from

about 400 Degree Celsius to about 490 Degree Celsius overlying the first wiring structure using

the silicon material as a seed layer, the silicon germanium material being substantially free of

voids and having a polycrystalline characteristic;

depositing a resistive switching material comprising an amorphous silicon

material overlying the silicon germanium material;

depositing a conductive material overlying the resistive material; and

forming a second wiring structure overlying the conductive material.

2 . The method of claim 1 wherein depositing the silicon material comprises

depositing the silicon material using a process selected from a group consisting of: low pressure

chemical vapor deposition process, a plasma enhanced chemical vapor deposition process, a

physical vapor deposition process, and combination thereof.

3 . The method of claim 1 wherein depositing the silicon material comprises

depositing the silicon material using a low pressure chemical vapor deposition process at a

deposition temperature ranging from about 400 Degree Celsius to about 450 Degree Celsius

using at least disilane (Si2H ) as precursor.

4 . The method of claim 1 wherein the silicon germanium material has a p+

impurity characteristic.

5 . The method of claim 4 wherein the p+ impurity species is provided by a

species selected from a group consisting of: boron species, an aluminum species, and a gallium

species.

6 . The method of claim 4 wherein the silicon germanium material having the

p+ impurity characteristic is characterized by a sheet resistance of less than about 0 .1 ohm-cm.



7 . The method of claim 5 wherein the p+ impurity species in the silicon

germanium material is activated free from an anneal process.

8. The method of claim 1 wherein the silicon germanium material has a

composition Sii_xGex, where x ranges from about 0.0 to about 0.7.

9 . The method of claim 1 wherein depositing the resistive switching material

comprises depositing the amorphous silicon material using a process selected from a group

consisting of: a low pressure chemical vapor deposition process, a plasma enhanced chemical

vapor deposition process, a physical vapor deposition process, or a combination thereof.

10. The method of claim 9 wherein depositing the amorphous silicon material

comprises depositing the amorphous silicon material at a deposition temperature ranging from

about 4000 Degree Celsius to about 450 Degree Celsius.

11. The method of claim 1 wherein the substrate comprises one or more

CMOS devices formed thereon, and wherein the one or more CMOS devices comprise

controlling circuitry for the non-volatile memory device.

12. The method of claim 1 wherein forming the first wiring structure

comprises depositing a first conductive material selected from a group consisting of: a doped

polysilicon material, a copper material, a aluminum material, a tungsten material, and a

combination thereof.

13. The method of claim 1 wherein forming the first wiring structure further

comprises etching the first conductive material to form the first wiring structure, wherein the first

wiring structure is elongated in shape and configured to spatially extend in a first direction

14. The method of claim 1 wherein forming the second wiring structure

comprises:

depositing a metal material in physical and electrical contact with the switching

material; and

etching the metal material to form the second wiring structure, wherein the second

wiring structure is elongated in shape and configured to spatially extend in a

second direction orthogonal to the first direction.

15. A resistive switching device, comprising:

a first wiring structure, spatially configured to extend in a first direction;

a junction layer overlying the first wiring structure comprising a silicon

germanium material having a p+ impurity characteristic and a polycrystalline characteristic;



a resistive switching material comprising an amorphous silicon material overlying

the junction layer; and

a second wiring structure, spatially configured to extend in a second direction

orthogonal to the first direction.

16. The device of claim 15 wherein the resistive switching device is disposed

in an N by M crossbar array.

17. The device of claim 15 wherein the silicon germanium material having the

p+ impurity characteristic is characterized by a sheet resistance no greater than about 0 .1 ohm-

cm.

18. The device of claim 15 wherein the p+ impurity characteristic is provided

by a species selected from a group consisting of: boron species, an aluminum species, or a

gallium species.

19. The device of claim 15 wherein the first wiring structure having a first

conductor material selected from a group consisting of: doped polysilicon material, copper,

aluminum, tungsten, silver, or a combination thereof.

20. The device of claim 15 wherein the first wiring structure further comprises

at least an adhesion material and a diffusion barrier material.

2 1. The device of claim 15 wherein the adhesion material comprises a

titanium material.

22. The device of claim 15 wherein the diffusion barrier material is selected

from a group consisting of: titanium nitride, titanium tungsten, and tantalum nitride.

23. The device of claim 15 wherein the junction layer further comprises a

silicon seed material overlying the first wiring material, wherein the silicon material is

characterized by a thickness of no greater than about 100 Angstroms.

24. The device of claim 15 wherein the second wiring structure comprises a

portion comprising at least a metal material in electric contact and physical contact with the

resistive switching material.

25. The device of claim 24 wherein the metal material is selected from a

group consisting of: silver, gold, platinum, palladium, nickel, or aluminum, an alloy material,

and a combination thereof.

26. The device of claim 24 wherein the metal material is selected from a

group consisting of: silver, an alloy of silver comprising at least 90 percent silver.



27. The device of claim 24 wherein the metal material forms a filament

structure in a portion of the resistive switching material upon application of a positive bias

voltage to the second wiring structure.

28. The device of claim 24 wherein the filament structure is characterized by a

length, a first distance between metal particles, and a second distance between the metal particles

and the junction material.

29. The device of claim 28 wherein the length depends at least on the electric

field applied to the resistive switching material.

30. A device formed according to the method described in claim 1.
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