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fourth junction, wherein the first junction and the fourth junction are Schottky contacts, and the second junction and the third
junction are ohmic contacts.
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SCHOTTKY DIODE SWITCH AND MEMORY UNITS CONTAINING THE SAME
BACKGROUND

New types of memory have demonstrated significant potential to compete with commonly
utilized types of memory. For example, non-volatile spin-transfer torque random access
memory (referred to herein as “STRAM?”) and resistive random access memory (referred to
herein as “RRAM”) are both considered good candidates for the next generation of memory.
The ability of STRAM and RRAM to more effectively compete with established memory
types, such as FLASH memory (NAND or NOR) can be maximized by increasing the density
at which memory units (a memory cell and its associated driving device) can be formed on a

chip.
BRIEF SUMMARY

Disclosed herein is a switching element that includes a first semiconductor layer, the first
semiconductor layer having a first portion and a second portion; a second semiconductor
layer, the second semiconductor layer having a first portion and a second portion; an
insulating layer disposed between the first semiconductor layer and the second semiconductor
layer; a first metal contact in contact with the first portion of the first semiconductor layer
forming a first junction and in contact with the first portion of the second semiconductor layer
forming a second junction; a second metal contact in contact with the second portion of the
first semiconductor layer forming a third junction and in contact with the second portion of
the second semiconductor layer forming a fourth junction, wherein the first junction and the
fourth junction are Schottky contacts, and the second junction and the third junction are ohmic

contacts.

Also disclosed herein is a non volatile memory element that includes a switching device
having a first semiconductor layer, the first semiconductor layer having a first portion and a

second portion; a second semiconductor layer, the second semiconductor layer having a first
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portion and a second portion; an insulating layer disposed between the first semiconductor
layer and the second semiconductor layer; a first metal contact in contact with the first portion
of the first semiconductor layer forming a first junction and in contact with the first portion of
the second semiconductor layer forming a second junction; a second metal contact in contact
with the second portion of the first semiconductor layer forming a third junction and in

contact with the second portion of the second semiconductor layer forming a fourth junction,

" wherein the first junction and the fourth junction are Schottky contacts, and the second

junction and the third junction are ohmic contacts; and a non volatile memory cell, wherein

the switching device is electrically connected in series with the non volatile memory cell

Also disclosed herein is a method of forming a switching element that includes the steps of:
providing a layered article, the layered article including a first semiconductor layer, an
insulating layer, and a second semiconductor layer; forming a first mask region, wherein the
first mask region protects only a first portion of the layered article; doping only a first portion
of the second semiconductor layer using a first energy level; forming a second mask region,
wherein the second mask region protects only a second portion of the layered article, wherein
the first portion and the second portion of the layered article only partially overlap; doping
only a second portion of the first semiconductor layer using a second energy level, wherein
the first energy level and the second energy level are different, thereby forming a doped
layered article; forrﬁing a contact mask on only a portion of the doped layered article; etching
a portion of at least the second semiconductor layer, the insulatihg layer, and the first
semiconductor layer; forming a first and a second metal contact in the etched regions of the

second semiconductor layer, the insulating layer, and the first semiconductor layer.

These and various other features and advantages will be apparent from a reading of the

following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the following detailed
description of various embodiments of the disclosure in connection with the accompanying

drawings, in which:
FIG. 1A is a schematic diagram of an embodiment of a switching element disclosed herein;

FIG. 1B is a circuit diagram depicting the functioning of a switching element disclosed

herein;

FIG. 1C is a current-voltage (1-V) curve of a hypothetical switching element disclosed herein;
FIGs. 2A and 2B are schematic diagrams of switching elements disclosed herein;

FIG. 3'i.s a flow chaft ciepicting an exemplary method of forming a switching element;

FIGs. 4A though 4G depict a switching element at various stages of fabrication;

FIGs. 5A through 5C are schematic diagrams of various types of resistive sense fnemory
(RSM) cells (FIGs. 5A and 5B depict STRAM; and FIG. 5C depict RRAM) that can be

utilized in non volatile memory elements disclosed herein;
FIG. 6A is a schematic diagram of a non volatile memory clement as disclosed herein;
FIG. 6B is a circuit diagram of a non volatile meinory element as disclosed herein;

FIGs. 7A through 7C are perspective views (FIGs. 7A and 7B) and a diagrammatic view
(FIG. 7C) of portions of crossbar memory arrays that can incorporate non volatile memory

units as disclosed herein.

The figures are not necessarily to scale. Like numbers used in the figures refer to like
components. However, it will be understood that the use of a number to refer to a component
in a given figure is not intended to limit the component in another figure labeled with the

same number.
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DETAILED DESCRIPTION

In the following description, reference is made to the accompanying set of drawings that form -
a part hereof and in which are shown by way of illustration several specific embodiments. It is
to be understood that other embodiments are contemplated and may be made without
departing from the scope or spirit of the present disclosure. The following detailed

description, therefore, is not to be taken in a limiting sense.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties used in the specification and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the foregoing specification and attached claims are approximations that
can vary depending upon the desired properties sought to be obtained by those skilled in the

art utilizing the teachings disclosed herein.

The recitation of numerical ranges by endpoints includes all numbers subsumed within that

range (e.g. 1 to 5 includes 1, 1;5, 2,2.75, 3, 3.80, 4, and 5) and any range within that range.

€€ (¢
a

As used in this specification and the appended claims, the singular forms an”, and “the”
encompass embodiments having plural referents, unless the content clearly dictates otherwise.
As used in this specification and the appended claims, the term “or” is generally employed in

its sense including “and/or” unless the content clearly dictates otherwise.

2 I 11

Spatially related terms, including but not limited to, “lower”, “upper”, “beneath”, “below”,
“above”, and “on top”, if used herein, are utilized for ease of description to describe spatial
relationships of an element(s) to another. Such spatially related terms encompass different
orientations of the device in use or operation in addition to the particular orientations depicted
in the figures and described herein. For example, if a cell depicted in the figures is turned '
over or flipped over, portions previously described as below or beneath other elements would

then be above those other elements.
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As used herein, when an element, component or layer for example is described as being “on”
“connected to”, “coupled with” or “in contact with” another element, component or layer, it
can be directly on, directly connected to, directly coupled with, in direct contact with, or
intervening elements, components or layers may be on, connected, coupled or in contact with
the particular element, component or layer, for example. When an element, component or
layer for example is referred to as begin “directly on”, “directly connected to”, “directly
coupled with”, or “directly in contact with” another element, there are no intervening

elements, components or layers for example.

Disclosed herein are electronic devices that can be utilized as switches. The disclosed
electronic devices can also be referred to as switching devices or switching elements.
Generally, a switch is an electrical component that can break an electrical circuit, interrupting
the current or diveﬁing it from one conductor to another. Switches.as disclosed herein can
also be referred to as bi-directional switches. A bi-directional switch can break an electrical
circuit and can also direct current through the switch either way. The switching devices can
be utilized in applications which previously utilized or would have utilized a diode, as well as
other applications. Switching devices disclosed herein can also withstand high driving

currents.

An embodiment of a switching device as disclosed herein can be seen in FIG. 1A. The
exemplary switching device includes a first semiconductor layer 130, an insulating layer 140,
a second semiconductor layer 150, a first metal contact 160, and a second metal contact 170.
As seen in FIG. 1A, the insulating layer 140 (which can also be referred to in embodiments as
the first insulating layer 140) can be positioned between the first semiconductor layer 130 and
the second semiconductor layer 150. In embodiments, the insulating layer 140 can be
positioned directly between the first semiconductor layer 130 and the second semiconductor
layer 150 and is in contact with both the first semiconductor layer 130 and the second

semiconductor layer 150.

In embodiments, the first metal contact 160 is adjacent to the first semiconductor layer 130,

the insulating layer 140, and the second semiconductor layer 150. In embodiments, the first
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metal contact 160 is adjacent to first portions 131, 141, and 151 respectively of the first
semiconductor layer 130, the insulating layer 140, and the second semiconductor layer 150.
In embodiments, the first metal contact 160 is in contact with the first portions 131, 141, and
151 of the ﬁrst'semiconduc_tor layer 130, the insulating layer 140, and the second
semiconductor layer 150. In embodiments, the first metal contact 160 is in direct contact with
the first portions 131, 141, and 151 of the first semiconductor laye;r 130, the insulating layer

140, and the second semiconductor layer 150.

In embodiments, the second metal contact 170 is adjacent to the first semiconductor layer
130, the insulating layer 140, and the second semiconductor layer 150. In embodiments, the
second metal contact 170 is adjacent to second portions 133, 143, and 153 respectively of the
first semiconductor layer 130, the insulating layer 140, and the second semiconductor 1éyer
150. In embodiments, the second metal contact 170 is in contact with the second portions
133, 143, and 153 of the first semiconductor layer 130, the insulating layer 140, and the
second semiconductor layer 150. In embodiments, the second metal contact 170 is in direct -

contact with the second portions 133, 143, and 153 of the first semiconductor layer 130, the

. insulating layer 140, and the second semiconductor layer 150.

The first portion 131 of the first semiconductor layer 130 contacts the first metal contact 160
at a first junction 162; the first portion 151 of the second semiconductor layer 150 contacts the
first metal contact 160 at a second junction 164; the second portion 133 of the first
semiconductor layer 130 contacts the second metal contact 170 at a third junction 172; and the
second portion 153 of the second semiconductor layer 150 contacts the second metal contact
170 at a fourth junction 174. The first, second, third, and fourth junctions 162, 164, 172, and

174 are either ohmic or Schottky junctions.

Whenever a metal and a semiconductor are in intimate contact, there exists a potential barrier
between the two materials that prevents most charge carriers (electrons or holes) from passing
from one material to the other material. Only a small number of carriers have enough energy
to get over the barrier and cross to the other material. When a bias is applied to the junction,

it can have one of two effects: it can make the barrier appear lower from the semiconductor
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side, or it can make it appear higher from the semiconductor side. The bias does not change
the barrier height from the metal side. The result of this is a Schottky Barrier, which can also
be referred to as a Schottky junction, or a rectifying contact, where the junction conducts for
one bias polarity, but not the other. Ohmic contacts on the other hand, conduct the same for
both polarities. An ohmic contact or an ohmic junction has a linear and symmetric current-
voltage (I-V) curve; a Schottky contact or a Schottky junction has a non-linear and

asymmetric current-voltage (I-V) curve.

Whether a particular metal-semiconductor junction will be an ohmic junction or a Schottky

junction can depend at least in part on the work function of the metal, the band gap of the

-semiconductor, the type and concentration of dopants in the semiconductor, and other factors.

In general, a junction of a heavily doped semiconductor and a metal forms a thinner energy
barrier (the heavier the dopant level, the thinner the barrier will be). At reverse bias
conditions, charge will ﬂow'through the barrier due to quantum mechanical tunneling. In
embodiments, a junction of a heavily doped semiconductor material and a metal will form an
ohmic junction (the current will flow in either direction: forward biased current in one
direction, tunneling in the other (reverse) direction) and a junction of an undoped or lightly

doped semiconductor material and a metal will form a Schottky junction.

In embodiments of switching elements disclosed herein, the first semiconductor layer 130 will
have one ohmic contact and one Schottky contact and the second semiconductor layer 150
will have one ohmic contact and one Schottky contact. The orientation of the Schottky
contact and the ohmic contact within the first semiconductor layer 130 will generally be
opposite of the orientation of the Schottky contact and the ohmic contact within the second
semiconductor layer 150. In embodiments, the first junction 162 can be a Schottky junction,
the second junction 164 can be an ohmic junction, the third junction 172 can be an ohmic
junction, and the fourth junction 174 can be a Schottky junction. In embodiments, the first
junction 162 can be an ohmic junction, the second junction 164 can be a Schottky junction,
the third junction 172 can be a Schottky junction, and the fourth junction 174 can be an ohmic

junction.
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The opposite orientation of the Schottky contacts and ohmic contacts within the first and
second semiconductor layers 130 and 150 render switching elements having such a
configuration a bidirectional switch. A bidirectional switch allows current to flow in a first
direction when a current having a first polarity is applied and allows current to flow in a
second direction (opposite the first direction) when a current having a second polarity
(opposite the first polarity) is applied. FIG. 1B depicts a circuit diagram that illuétrates the
bidirectional nature of the switching elements disclosed herein. As seen in the circuit diagram
of FIG. 1B, the first semiconductor layer and the second semiconductor layer provide the
function of a first diode 180 and a second diode 185 respectively that are in parallel. The first
diode 180 allows current to flow in an opposite direction than does the second diode 18S.
FIG. 1C shows a current-voltage (I-V) curve for a hypothetical disclosed switching element.
As seen in FIG. 1C, the first diode 180 has a threshold voltage V11 at which a substantial
current begins to flow in a first direction; and the second diode 185 has a threshold voltage
V12 at which a substantial current begins to flow in a second direction. As shown in F 1G. 1C,
the polarity of Vr; and Vr; are bpposite, as is the current that flows from the switching
element at the two voltages.A This provides a switching element that essentially blocks current
between the voltages Vr; and Vr; and allows current having a first polarity to flow at voltages

below Vr; and a second polarity to flow at voltages above V.

In functioning as a switch, this means that if a voltage of less than Vr; is applied to the
switching element, a current will flow in a first direction; whereas if a voltage of greater than
V1 is applied to the switchin-g element, a current will flow in a second direction. The
switching element can therefore be utilized to control the direction in which current flows

through an electrically connected component, such as for example a non volatile memory cell.

Switching elements as disclosed herein can advantageously provide the combination of bi-
directional switching and the ability to withstand high driving current. The switching
elements disclosed herein can be used where high driving curfent is necessary because of the
relatively larger (as compared with conventional MOS transistors) cross-section of the current
path of the disclosed switching element which makes it capable of flowing a relatively large

amount of current. The ability to handle high driving currents can be advantageous because
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the switch can then be utilized with components where a high driving current is necessary, or

desired, an example of which is spin torque transfer random access memory (STRAM).

FIG. 2A illustrates another embodiment of a switching element disclosed herein. The
switching element in FIG. 2A includes the components discussed above and also includes
other components. For example, adjacent the first semiconductor layer 230 can be another
insulating layer 220, which can also be referred to as the second insulating layer 220. In
embodiments, the second insulating layer 220 can be directly adjacent to the first
semiconductor layer 230. The second insulating layer 220 can function to electrically insulate
the first semiconductor layer 230 from the substrate 210. The substrate can be an electrically
conductive, or a semiconductive material. The substrate 210 can function to provide the
switching element structural stability and can aid in the formation process of the switching

element.

The hypothetical I-V curve that is illustrated in FIG. 1C is symmetrical. Generally, in order

for the I-V curve of a disclosed switching element to be symmetrical, the path lengths across

the first semiconductor layer and the second semiconductor layer have to be at least
substantially the same and the surface area of the metal/semiconductor junctions (e.g., 162,
164, 172, and 174), have to be at least substantially the same. A switching e]emeﬁt that does
not have symmetrical first and second semiconductor layers and/or substantially the same
surface areas can be modified to become less asymmetrical. This can be accomplished for
example, by modifying the components that make up the switching element, by altering the
dopants (either the identity or the amount), by altering one or both of the metal contacts, by
changing other factors not discussed herein, or by altering a combination of these factors. A
switching element that has a symmetrical I-V curve can be advantageous in some
applications. For example, it can be advantageous for a switching element that is to be used

in combination with memory elements to have a symmetrical [-V curve.

The exemplary switching element illustrated in FIG. 2A can be relatively easily manufactured
to have a symmetrical I-V curve because it is generally a relatively simple matter to make the

thicknesses of the first and second semiconductor layers substantially the same. In

-9.-
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embodiments, a switching element that has a first semiconductor layer and a second
semiconductor layer having substantially the same thickness will most likely have a

symmetrical I-V curve.

The exemplary switching element illustrated in FIG. 2B will most likely not have a
symmetrical [-V curve. As seen in FIG. 2B, the illustrated switching element has a first
semiconductor layer 230 that is significantly thicker than the second semiconductor layer 250;
and the first junction 262 and the third junction 274, which are those of the ﬁrst
semiconductor layer 230 have significantly more surface area than the junctions of the second
semiconductor layer 250 (namely second junction 264 and fourth junction 272 with first metal
contact 260 and second metal contact 270). This will most likely lead to the first
semiconductor layer 230 having a higher threshold voltage than the second semiconductor
layer 250. Such a switching element would therefore most likely have an asymmetric I-V -

curve.

The first semiconductor layer and the second semiconductor layer can include any
semiconductive material. The first semiconductor layer and the second semiconductor blayer
can be, but need not be the same material. Exemplary semiconductors that can be utiliied for
the first semiconductor layer, the second semiconductor layer, or both include, but are not
limited to, silicon, silicon containing compounds, germanium, germanium containing
compounds, aluminium containing compounds, boron containing compounds, gallium
containing compounds, indium containing compounds, cadmium containing compounds, zinc

containing compounds, lead containing compounds, tin containing compounds. Exemplary

elemental and compound semiconductors include, but are not limited to, Silicon, for example

crystalline silicon, Germanium, Silicon carbide (SiC), Silicon germanium (SiGe), Aluminium
anfimonide (AISb), Aluminium arsenide (AlAs), Aluminium nitride (AIN), Aluminium
phosphide (AIP), Boron nitride (BN), Boron phosphide (BP), Boron arsenide (BAs), Gallium
antimonide (GaSb), Gallium arsenide (GaAs), Gallium nitride (GaN), Gallium phosphide
(GaP), Indium antimonide (InSb), Indium arsenide (InAs), Indium nitride (InN), Indium
phosphide (InP), Aluminium gallium arsenide (AlGaAs, AlxGal-xAs), Indium gallium
arsenide (InGaAs, InxGal-xAs), Indium gallium phosphide (InGaP), Aluminium indium

-10 -
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arsenide (AllnAs), Aluminium indium antimonide (AlInSb), Gallium arsenide nitride
(GaAsN), Gallium arsenide phosphide (GaAsP), Aluminium gallium nitride (AlGaN),
Aluminium gallium phosphide (AlGaP), Indium gallium nitride (InGaN), Indium arsenide
antimonide (InAsSb), Indium gallium antimonide (InGaSb), Aluminium gallium indium
phosphide (AlGalnP, also InAlGaP, InGaAlP, AlInGaP), Aluminium gallium arsenide
phosphide (AlGaAsP), Indium gallium arsenide phosphide (InGaAsP), Aluminium indium
arsenide phosphide (AllnAsP), Aluminium gallium arsenide nitride (AlGaAsN), Indium
gallium arsenide nitride (InGaAsN), Indium aluminium arsenide nitride (InAlAsN), Gallium
arsenide antimonide nitride (GaAsSbN), Gallium indium nitride arsenide antimonide
(GalnNAsSb), Gallium indium arsenide antimonide phosphide (GalnAsSbP), Cadmium
selenide (CdSe), Cadmium sulfide (CdS), Cadmium telluride (CdTe), Zinc oxide (ZnO), Zinc
selenide (ZnSe), Zinc sulfide (ZnS), Zinc telluride (ZnTe), Cadmium zinc telluride (CdZnTe,
CZT), Mercury cadmium telluride (HgCdTe), Mercury zinc telluride (HgZnTe), Mercury zinc
selenide (HgZnSe), Cuprous chloride (CuCl), Lead sel.enide (PbSe), Lead sulfide (PbS), Lead
telluride (PbTe), Tin sulfide (SnS), Tin telluride (SnTe), Lead tin telluride (PbSnTe),
Thallium tin telluride (T1;SnTes), Thallium germanium telluride (T1.GeTes), Bismuth
telluride (Bi,Te3), Cadmium phosphide (Cd;P,), Cadmium arsenide (Cd;As;), Cadmium
antimonide (Cd3Sby), Zinc phosphide (Zn;P,), Zinc arsenide (Zn3As;), and Zinc antimonide
(Zn3Sby)..

A portion of both the first semiconductor layer and the second semiconductor layer are doped.
Doping is the process of intentionally introducing impurities into a semiconductor to change
its electrical properties. The particular dopant that is chosen can depend at least in part on the
particular properties that are desired in the final switching element, the identity of the
semiconductor material to be doped, other factors not discussed herein, or a combination
thereof. Exemplary dopants can include, but are not limited to Group 11 and Group V
elements. In embodiments where the semiconductor materials are Group IV materials (for
example, silicon, germanium, and silicon carbide), Group III or Group V elements can be
utilized as dopants. Specific exemplary dopants can include, but are not limited to boron (B),

arsenic (As), phosphorus (P), and gallium (Ga).

-11-
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The first insulating layer and the optional second insulating layer can be made of any material
that is electrically insulating. The first insulating layer and the optioﬁal second insulating
layer can be, but need not be the same material. Exemplary insulating materials include, but
are not limited to, oxides, such as alumina (Al,O3), silicon oxide (SiO3), and magnesium

oxide (MgO) for.example.

The metal contacts can be made of any metallic material that is electrically conductive. The
first metal contact and the second metal contact can be, but need not be the same material.
Exemplary metal electrically conductive materials include, but are not limited to tungsten (W)
or a noble metal such as gold (Au), platinum (Pt), palladium (Pd), rhodium (Rh), copper
(Cu), Nickel (Ni), Silver (Ag), Cobalt (Co), Iron (Fe), or their silicides.

In embodiments, the first and second semiconductor layers both are made of crystalline
silicon. In embodiments, the first and second semiconductor layers are doped with boron,
phosphorus, or arsenic. In embodiments, the first insulating layer and the second insulating
layer if present are made.of silicon oxide (SiO;). In embodiments, the metal contacts are

tungsten (W), a nickel silicide, or a cobalt silicide.

An exemplary method of fabrication for a switching element, such as that depicted in FIG.
2A is provided in FIG. 3 and is demonstrated stepwise in FIGs. 4A through 4G. Generally,
such fabrication schemes can include semiconductor fabrication methods including
phdtolithography techniques and other removal techniques such as etching, and chemical
mechanical planarization (CMP). Deposition methods, including but not limited to, plasma
vapor deposition (PVD), ionized plasma based sputtering, long throw sputtering, chemical
vapor deposition (CVD), atomic layer deposition (ALD), and metal organic chemical vapor
deposition (MOCVD) can be utilized to deposit the various layers deposited in the exemplary
method. The steps depicted in FIG. 3 and the depiction thereof in FIGs. 4A to 4G in no way
limit the way in which a switching element as disclosed herein can be fabricated. It should
also be noted that FIGs. 4A through 4G are not necessarily to scale and do not necessarily
depict the article at every state of preparation, i.e. some intermediate stages of the article may

not be illustrated in the sequence of figures. The materials and processes discussed with
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respect to FIGs. 4A to 4G also in no way limit materials or processes that can be utilized

herein.

The exemplary method illustrated in FIG. 3 and FIGs. 4A through 4G depict the use of a
substrate. One of skill in the art, having read this specification, will understand that use of a
substrate is not necessary, switching elements as disclosed herein can be fabricated without
use of a substrate, the switching element can be placed on a support after fabrication, a
substrate can be utilized and then removed either during or after fabrication of the switching
element, or a substrate does not need to be utilized at all. The substrate, if utilized, can
include materials such as silicon, a mixture of silicon and germaniﬁm, or other similar

materials.

A flowchart depicting an exemplary method of fabricating a switching element disclosed.
herein is shown in FIG. 3. The first step in the exemplary method is step 310, providing a
layered article. The layered article includes at least a first semiconductor layer, an insulating
layer (which can also be referred to as a first insulating layer) and a second semiconductor
layer, and has the insulating layer positioned between the first semiconductor layer and the
second semiconductor layer. An exemplary layered article 402 can be seen in FIG. 4B and
includes a substrate 410, a second insulating layer 420, a first semiconductor layer 430, a first
insulating layer 440, and a second semiconductor layer 450. It should be understood, having
read this specification, that a layered article could have more or less layers than that depicted
in FIG. 4B. The layered article can be fabricated or obtained, for example through

commercially available sources.

Exemplary optional steps that can be utilized to fabricate the layered article are seen in steps
302, 304, and 306. Step 302 includes providing a first layered structure. The first layered
structure can include at least a first substrate, a second insulating layer and the first
semiconductor layer, and has the second insulating layer positioned between the first substrate
and the first semiconductor layer. An example of a first layered structure can include a
substrate (for example a silicon wafer), having an insulating layer disposed thereon and the

first semiconductor layer disposed on the insulating layer. The insulating layer of the first
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layered structure ( the second insulating layer) can be formed by depositing an insulating
material or by oxidizing a portion of the substrate to form an insulating material from a
portion of the substrate (for éxample Si0;). An exemplary first layered structure 405 is shown
in FIG. 4A and includes the substrate 410, the second insulating layer 420 and the first

semiconductor layer 430.

Step 304 includes providing a second layered structure. The second layered structure can
include at least an insulating layer (which can be referred to as the first insulating layer) and a
second semiconductor layer, and has the insulating layer disposed on the second
semiconductor layer (or vice versa). An example of a second layered structure can include an
oxidized substrate (for example a silicon wafer), where the oxidized portion becomes the
insulating layer and the un-oxidized portion becomes the second semiconductor layer.
Alternatively, a semiconductor material (such as a silicon wafer) can have an insulating

material deposited thereon to form the insulating layer on the second semiconductor layer. In '

embodiments where a substrate, such as a silicon wafer, is utilized to form the second layered

structure, a portion of the silicon wafer can be removed to adjust the thickness of the second
semiconductor layer. This can be accomplished using techniques such as chemical
mechanical planning (CMP) for example. An exemplary second layered structure 407 is
shown in FIG. 4A and includes the insulating layer 440 and the second semiconductor layer

450.

Step 306 includes placing the first layered structure in contact with the second layered
structure (or vice versa). The first and second layered structures are configured so that the
insulating layer of the second layered structure is adjacent the first semiconductor layer of the
first layered structure to form the layered article. In embodiments, the first semiconductor
layer of the first layered structure is directly adjacent to or in direct contact with the insulating
layer of the second layered structure. The first and second layered structures can then be
bonded together using wafer bonding techniques. Completion of this step forms the layered

article 402 that is seen in FIG. 4B.
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However the layered article is provided (whether via steps 302, 304, and 306 or otherwise),
the next step in a method of forming a switching element is step 320, doping the layered
article. The step of doping the layered article functions to dope a portion of the first
semiconductor layer and a portion of the second semiconductor layer. More specifically, the
step of doping the layered article functions to dope a first portion of the second serniconductor
layer and a second portion of the first semiconductor layer (or vice versa). Exemplary
optional steps that can be undertaken to dope the layered article are shown in steps 322, 324,
326, and 328.

Step 322 includes forming a first mask region. The mask regions (both the first mask region
and the second mask region that will be discussed below) are made of materials that prevent
the implantation of dopants into materials positioned below them (above and below in this
context are defined by the location of the dopant source, with the dopant source being
positioned above all of the layers of the layered article and the mask regions). Exemplary
materials that can be utilized as mask regions include, but are not limited to, oxide materials,
silicon nitrides, or photoresist. The first mask region protects only a portion of the layered

article from implantation. - The article depicted in FIG. 4C includes a first mask region 411.

The next step, step 324, includes doping a portion of the layered article. The first mask region
(formed in-step 322) allows doping of only a portion, for example a first portion, of the
layered article. As seenin F IG. 4C, implantation (depicted by the arrows) is prevented under
the first mask region and is allowed where the first mask region is not covering the layered'
article. Doping the first portion of the layered article is accomplished using a first energy
level. In embodiments, doping the first portion results in the second semiconductor layer 450
being heavily doped and the first semiconductor layer 430 being only lightly doped or
substantially not doped at all. Differential doping levels (or doping and substantially no

doping) can be accomplished by using different energy levels.

Step 324, as depicted herein accomplishes preferential doping of the second semiconductor
layer 450 (which is the upper layer of the layered article as depicted in this embodiment).

Preferential doping of only an upper layer or layers of a layered structure can be accomplished
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by doping using a lower implantation energy. Doping using lower energy can afford the
dopant only enough energy to penetrate to a certain depth. FIG. 4D depicts the dopants 451

that are present in the second semiconductor layer 450 after completion of step 324.

Step 326, includes forming a second mask region. The second mask region protects only a
portion of the layered article from implantation. The article depicted in FIG. 4D includes a
second mask region 413. The location of the first mask region 411 and the second mask
region 413 can at least partially overlap. In embodiments, the first mask region 411 and the
second mask region 413 do not fully overlap and only partially overlap. The second mask
region 413 generally protects at least the portion of the second semiconductor layer 450 that
was doped iﬁ step 324. In embodiments, the second mask regibn 413 generally protects the
portion of the second semiconductor layer 450 that was doped in step 324 as well as a portion

of the second semiconductor layer 450 that was not doped in step 324.

The next step, step 328, includes doping a portion of the layered article. The second mask
region (formed in step 326) allows doping of only a portion, for example a second portion, of
the layered article. As seen in FIG. 4D, implantation (depicted by the arrows) is prevented
under the second mask region and is allowed where the second mask region is not covering
the layered article. Doping the second portion of the layered article is accomplished using a
second energy level. The second energy level is different than the first energy level (used for
doping the first portion). In embodimenfs, doping the second portion results in the first
semiconductor layer 430 being heavily doped and the second semiconductor layer 450 Being
only lightly doped or substantially not doped at all. Doping using a higher energy implants
the dopants deeper into the layered article. Higher energy level doping also generally does
not deposit dopants or at least not a substantial amount of dopants in the upper layers of the
layered article. FIG. 4E depicts the dopants 431 that are present in the first semiconductor
layer 430 after completion of step 328.

The effect of step 320, or the optional steps 322, 324, 326, and 328, is to dope or heavily dope
only a first portion of the second semiconductor layer 450 and dope or heavily dope only a

second portion of the first semiconductor layer 430. This opposite configuration of doped or
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heavily doped regions in the first and second semiconductor layers 430 and 450 form the
oppositely aligned ohmic and Schottky junctions (after formation of the metal contacts) in the
first and second semiconductor layer 430 and 450. The effect of step 320 is to form what is

referred to herein as a doped layered article, which is seen in FIG. 4, and is designated as 409.

The next step in the method depicted in FIG. 3 is step 330, formation of the metal contacts.

~ Generally, formation of the metal contacts can be accomplished using etching and deposition

techniques. Exemplary specific optional steps that can be undertaken to form the metal
contacts are shown in steps 332, 334 .and 336. The first step in this optional method of
forming the metal contacts is step 332, forming a contact mask. The contact mask 452, which
is depicted in FIG. 4F generally only masks a portion of the doped layered article. In
embodiments, the contact mask 452 masks a region of the doped layered article that is not
doped in either the first semiconductor layer 450 or the second semiconductor layer 430. It
can also be said that the contact mask 452 masks at least the portion of the doped layeréd
article where the first mask region 411 and the second mask region 413 provided protection
from doping. Generally, the contact mask is located in the middle of the doped layered
article. In embodiments, the contact mask 452 is located such that once the doped layered
article is etched, at least a portion of the doped first semiconductor layer and the doped second

semiconductor layer will remain.

The next step, step 334 includes etching the doped layered article using the contact mask 452.

- This step functions to remove a portion or portions of the doped layered article. The portions

not protected by the contact mask 452 are removed from the doped layered article. Etching

can be said to form first and second metal contact regions 461 and 471. The first and second

‘metal contact regions 461 and 471 will eventually be filled in with metal to form the metal

contacts. Etching can be carried out using known etching techniques and methods.

The next step, step 336 includes depositing metal in the first and second metal contact regions
461 and 471. In embodiments, metal can be deposited in more than just the first and second
metal contact regions 461 and 471. In embodiments, metal can be deposited on the entire

doped layered article to a depth that fills the first and second metal contact regions 461 and

-17-



[60]

[61]

[62]

WO 2011/008650 PCT/US2010/041539

471 and also provides a layer on the region that was previously masked by the contact mask
452. The extra metal can then be removed via CMP for example so that the only location that
metal remains is the first and second metal contact regions 461 and 471 to form the first and
second metal contacts 460 and 470. FIG. 4G depicts the layered article after formation of the

first and second metal contacts 460 and 470, forming the switching element.

Other optional fabrication steps not depicted or discussed herein can also be carried out
before, after, during, or a combination thereof, the steps discussed and exemplified herein.

The method can also be carried out to fabricate more than one switching element at one time.

Switching elements as disclosed herein can be utilized along with a non volatile memory cell
as a selective element for the non volatile memory cell; A non volatile memory cell utilized
in a memory device as described herein can include many different types of memory. An
exemplary type of non volatile memory cell that can be utilized in electronic devices
disclosed herein includes, but is not limited to resistivé sense memory (RSM) cells. *
Exemplary RSM cells include, but are not.limited to, ferroelectric RAM (FeERAM or FRAM);
magnetoresistive RAM (MRAM); resistive RAM (RRAM); phase change memory (PCM)
which is also referred to as PRAM,'PCRAM and C-RAM; programmable metallization cell
(PMC) which is also referred to as conductive-bridging RAM or CBRAM; and spin torque
transfer RAM, which is also referred to as STRAM.

In embodiments, the RS