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(57) Abstract: In one example, a device includes a first electrode, a second electrode, an insulator layer, and a sidewall anti-ca -
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are situated along a respective one of the anti-cation-diffusion barriers of the first and second electrodes. The sidewall anti-ca -
tion-diftusion barrier may be situated along the sidewall surface of the insulator layer.
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SIDEWALL ANTI-CATION-DIFFUSION BARRIER

BACKGROUND
000117 Memory devices are used {o store data. A memory device may be made
up of multiple memory cells. In some casas, a memory cell may be a semiconducior
device that can have two different slates. The two different states can be associated
wiih a respeclive binary logic value, such as 0 or 1. Data may be slored to a
memory cell by assigning a logic valus to that memory cell, and manipulating the
memory cell o cause it to take the associated state. Further, the logic value of the
memory cell may be queried by determining its state. Dala assignment and query
operations may be referred o as write and read operations, respectively. A group of
memaory cells can be used 1o store a binary dataset by assigning a respective logic

vaiue 1o sach cell in the group such that each csll stores a bit of the dataset.

[0002]  Various technologies have been used in the design and implementation of
memory devices. In some cases, a chip includes mutltiple semiconducior memory
cells that are connecled © a set of driving and measurement lines that can be used
to address individual memory cells or subsets of the memory celis. A control system
can then use those lings to perform read and wrile operations by applying energy fo
the individual cells via the lines. For example, reading data from a memory cell may
involve applving a read voliage to that memory cell while measuring current {or vice
versa) fo defermine the stale of the cell. Similarly, writing data to a memory cell may
involve applying a write voltage {or current) {0 that memory cell which seis the

memory cell’s siate.

BriEF DESCRIPTION OF THE DRAWINGS

{0003]  The foliowing detailed description references the drawings, whereln:

[0004]  FIG. 1Ais a block diagram of an example memory cell including a selector

in series with @ memyristor

[0005] FIG. 1B is a chart of an example cumrent and voltage for an example

memory cell;
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[0006] FIG. 2 is a block diagram of an example crossbar array having muifiple

memory calls that each have a selector in series with 3 memisior;

{00671 FIG. 3Ais a flowchart of an example process for writing dala to a memory

call:

{0008 FIG. 3B is a flowchart of an example process for reading data from a

memory cell;
{0009] FiG. 4Ais a side cross-sectional view of an example selecior;

[0010] FIC. 4B is a lop cross-seclional view of the example selector shown in
FIG. 4A;

{0011}  FIG. 5 is a flowchart of an example process for forming a selecior, and

{00121 FIGS. 8A, 8B, 6C, and 6D are a cross-sectional views of a selector during

stages of an example fabrication process.

DeTan ED DESCRIPTION
{0013]  The following description makes reference o the accompanying drawings,
in which similar symbols identify similar components, unless conlext dictates
otherwise. The descriptions herein, as well as the drawings, present examples of
the subject matier of the present disclosure and are in no way limiting in regard to
the subject matter disclosed herein. Throughout the description, the singular forms
of “a”, "an’, and “the” mean “one or morg”. Thus, various examples in which a
component is described in singular form also apply o examples having multiple of
those components. Morsover, some aspecis of the examples presented herein may
be modified, re-arranged, re-ordered substituted, combined, and/or separated in a
variety of different configurations without departing from the subject matler of the

present disclosure.

[0014] A memory device may include an array of memory cells. A crossbar array
of memory cells may include a grid of control lines amanged in rows and columns.
Memory cells may be siluated at the intersections of the row and column lines such
that a given memory cell can be addressed by a combination of the row and column
lings. One example of @ memory cell that may be used in such a crossbar array is a

menisior.
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{00151 A memyrisior is a passive, non-volaiile device with an elechrical resistance
that depends on the history of current conveyved through the memristor. A
memvristor may be used to siore data using its resistance state. For example, a
low-resistance state of the menisior may be assocciated with a first logical value
and a high-resistance state of the memristor may be associated with a second
logical value. Thus, a memyristor may be used 1o store a bit of data {e.g., a logical
0 or 1). The resistance stale may be modified o write data to the memristor by
applying sufficient energy o the memristor. For example, applying a vollage
pulse may place the memristor in a low-resisiance state and applying a vollage
pulse of a different polarity, or different value, may place the memiistor in a high-
resistance state. In some examples, applying a voltage between about 1-2 voils
(V) may cause a memristor fo swilch its resistance stale. The energy o change
the state of the memristor may aiso be provided by a current source. To
determine the resisiance state of a memristor, a read voliage may be applied fo
the memristor. A current may be coliecied and used o determine the resistance
state of the memristor.  In some examples, the delermination ma involve
comparing the measured current {0 a reference current.  For example, if the
output current is greater than the reference curreni, then the memristor may be
determined {0 be in a low resistance slate. On the other hand, i the oulput
current is less than the reference current, then the menwistor may be determined

o be in a high resistance state.

[0016] Memrisiors may be implementad using a number of different materials
and fabrication technigues. As used herein, the term “memiistor” may refer fo a
passive two-terminal circuit element that changes its electrical resistance under
sufficient electrical bias. A memristor may receive a read vollage to generate a
current that can be measured to determing the resistance state of the menwistor.
A memristor may aiso receive a write voltage that sets the resistance stale of the
memrisior. In one example, a memristor may have two lavers: one that includes
an electrically insulating material and one that includes an electrically conduciive
material. As used herein, the ferms insulating and conductive are relative ferms.
That is, they refer to relative exients of electrical conductivity between the two
materials.  Thus, the two layers of the memyristor include one thal is more

conductive than the other. In operation, a menwisior may transition belween
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states of resistivity via drift of lons or holes between the two layers. For example,
the two layers may be oxide films in which one is more conductive than the cther
due 10 oxygen vacancies providing a conductive channsl through the depleted
layer. Under sufficient bias, oxygen vacancies may form in the non-depleted layer
50 as to effectively decrease the thickness of the conductive layer relative to the
insulating layer. The resistance of the memristor can then be approximated as the
tunneling resistance through the non-depleted oxide layer, which decreases with
the decgreasing thickness of the insulating layer. Other examples of non-volalile,
variable-resistance materials that transition between resistance stales in response
to application of an g¢lectrical bias or other transition energy may also be used {0

implement a memrisior.

{00171 In a crossbar aray of memristors, the term “larget” may refer 10 3
memrisior that is to be wrilten {0 or read from. A target row line and a target
column line may be the row and column lines thal correspond to the target
memristor in a crossbar array. Non-target row lines and non-target column lines
may be row lines and column lines that are not the target row or columin line. The
terms “row lines” and “column lines” may refer {o distinct conductive lines, such as
conductive traces, wires, eto., thal are used to apply voltages to memrisiors in a

crossbar array and/or 10 measure currents through menistors.

{0018} In some examples, row lines and column lines for non-selecled
memristors may be held at a fixed vollage, and the row and column lines for the
target memristor can be set to apply a threshold voltage across the larget
memyristor. However, in applying voltage(s) o the target row line and a targst
column ling, other memyistors coupled o the same row/column lines may also
experience a voltage change. For example, a read vollage Ve may be applied to
a target memristor by setting the target row and target column lings to -2 Vr and
+¥2 Vg, respectively, with the remaining lines set to 0. in such an exampie, the
nor-target memristors on the same column and row as the target may experience
a bias of about half that applied to the targst {e.g., about ¥2 Vr). While the voltage
change is generally less than the vollage applied to the target memristor, the
voltage across these partialiv-selecied, non-targel memristors may induce cumrent

that reaches the farget column line. Such current paths that do not pass through
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the target memrisior are referred to as sneak currents. Sneak currenis may lead
to a number of issues such as inaccurate memristor queries due 1o sneak current
coniributions from neighboring low resistance stale memristors, saturating the
current of driving transistors and increasing power consumption.  In some
examples, noise from sneak currents may cause inaccurate or ineffective memory

reading and wiiting operations.

[0019]  In some examples, a selector may be coupled serially with a memristor.
The selector may be a highly non-linear two-terminal circuit element that becomes
conductive upon application of a threshold vollage. Below the threshold voltags,
current flow through the selector, and the memristor, is minimal. To help mitigate
the effect of sneak currents, the seleclior may have a threshold voltage that is not
activated by the voltages applied o non-target memvristors on the same row or
column as a targst memristor.  As such, while some sneak cument may be
inevitable, series-coupled selectors may help mitigate the sneak current from non-
target memristors described above. In some sysiems, a memory device includes
a crossbar array of row and column lines arranged in a grid. A selector and a
memrisior coupled in series can be situaled at intersections of the row and column

fines,

{00201 The present disclosure relates 1o an arrangement for a selecior that
may be coupled in series with a memristor.  The selector may be a metal-
insuiator-metal semiconductor device. For example, the selector may include
conductive top and bottom electrodes that sandwich an insulaior layer. The
insulator layer may be an oxide film or another material that transitions between a
non-conductive state and a conduclive stale. The insulalor layer becomes
conductive in response o a threshold voltage being applied across the iop and
bottom electrodes. When the applied voltage is less than the threshold voltage,
the insulator layer does not allow current fo flow belween the top and bottom

slectrodes.

00211  In some examples, the selector may include cation metal ions that can
become arranged within the insulator layer 8o as to provide a current path upon
application an activation energy via the electrodes. For instance, the insulator

fayer may include an oxide, nilride, or oxynitride having a latlice structure, and
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cation metal ions may arrange themselives within the latlice to create a condugclive
path upon application of a threshold voltage across the glectrodes. Such cation
metal based seleciors may provide fast switching and recovery times as well as a
relatively high ratio between on and off currents. However, a variety of cation
metals such as silver, copper, gold, nickel, elc., as well as their oxides, are highly
diffusible into dislectric materials used along the sidewalls of such devices for
slectrical and/or thermal insulation. In such circumstances, the cation metal may
diffuse out of the insulator layer and inio the sidewall material, toward the fop or
bottom electrodes. Such diffusion may lead to reduced performance of the device
due o reduced cation metal concentration within the insulator layer. In addition,
upon cation metals reaching the elecirodes via diffusion through the sidewall
material, the cation metals may create connections (e.g., elecirical shoris)

between adjacent elecirodes, conducting lings, efc. in a crossbar array.

{0022] To heip mitigate such problems in the use of calion melal based
selectors, the present disclosure presenis an arrangement for a cation melal
based sslector in which the insulator layer including cations is confined by a
sidewall struciure that resists cation diffusion. The cation confainment enclosure
may include an anti-cation-diffusion barrier along the insulator-facing sides of the
top and boltom electrodes. The electrode barriers may include layer{s) of cation
barrier conductive material, such as cobalt, ruthenium, tantalum, tamtalum nitride,
indium oxide, tungsten nitride, tungsten silicon nitride, tantalum silicon carbide,
tantalum carbide, and/or tilanium nilride, for example. The insulator can be further
enclosed by a sidewall anti-cation-diffusion barrier. The sidewall anti-cation-
diffusion barrier may include fayer(s} of a calion barrier dielectric material, such as
boron carbonitride, silicon oxycarbide, silicon carbide, silicon nitride, and/or

amorphous silicon carbide, for example.

{00231 FiG. 1A is a block diagram of an example memory cell 100 including a
selactor 110 electrically coupled in series with a memristor 120, In some examples,
the memory cell 100 may be coupled between control lines al nodes 102 and 104.
For example, the control lings may be lings in a crossbar array that includss many

additional memory cells, such as at each intersection of the control lines.
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{00241  The selecior 110 includes a first elecirode 112, a selector layer 114, and
a second slectrode 116, The memiistor 120 includes a first eleclrode 122, a
variable resistance layer 124, and a second electrode 126. In some examples,
the first 112, 116 and second electrodes 122, 126 may be referred {0 as top and
bottom eleclrodes, respeciively.  The selector 110 may exhibit 2 nondlinear
change in its conductivity in response to changing an applied voitage. For
instance, the selector layer 114 may be characterized by a high-resistance stale
{low conductivity stale} when the applied voltage is less than a threshold, and a
low-resistance state (high conductivity staie) when the applied vollage exceeds

the threshold.

[0025] The selector layer 114 of the selector 110 includes cation metal ions
that become arranged within the selecior layer 114 to provide conductive
channels through the selector layer 114 between the electrodes 112, 116 upon
application of a threshold voltage. The selector layer 114 may also include an
oxide, nitride, and/or oxynilride that forms a laltice structure.  Calion metals may
ocoupy defects within such lattice or otherwise become arranged within the
material of the seleclor laver. In some cases, the ssieclor laver 114 may be an
insulating malerial that is doped with conductive malerial, for example. Al
voltages less than the threshold vollage, the cation metal ions are distributed
throughout the selector layer and do not create significant conductive channels
through the selector fayer 114, Although in some examples, some current flow
through the selector layer 114 may occur at voltages less than the threshold
voltage of the selector 110, such sub-threshold current flow may be due to fewer
conductive channels and/or channels with less current-carrying capacity than
occurs above the threshold voltage. As a consequence, the selector 110 may be
substantially non-conductive {e.q., have a high resistance) for voltages below iis
threshold voltage and be substantially conductive {e.g., have a low resistance) for

voltages above iis threshold voltage.

[0026] In addition, the calion metal based selector layer 114 may be
encapsulated by anti-cation-diffusion barrier materials. As noted above, while the
cation metals such as Cu, Au, Ag, Ni and/or their oxides may configure

themselves within the selector layer 114 to cause the selector 110 to rapidly

f
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swiich between conductive and non-conductive stales, these malerials are also
susceptible 1o diffusion into adjacent materials during operation. To keep the
cation metal within the selector layer 114, the electrodes 112 and 116 may include
an anti-cation-diffusion barrier at least along faces of those electrodes 112, 116
that are along the seleclor layer 114, Such an anti-cation-diffusion barrier for the
electrodes 112, 116 may include Co, Ru, Ta, TaN, TiN, WN, WSIN, TaSiN, Ta(,
and/or inQ, for example. In addition, the selector layer 114 may include a sidewali
anti-cation-diffusion barrier adjacent the sidewall of the selector layer 114, For
example, the anti-cation-diffusion barrier may be a conformal layer of anti-cation-
diffusion material that extends between the two electrodes 112 and 116 so as to
surround the sidewall surface of the seleclor layer 114, Such a sidewall anti-
cation-diffusion barrier may include BCN, SIOC, 3IiC, and/or a-8IiC, for example.
Additional details of an example arrangement for a sidewall anti-cation-diffusion

barrier are provided in connection with FIGS. 3A and 3B,

[0027]  The memyistor 120 may have a resistance thal depends on the history
of energy applied across its electrodes 122, 126. For instance, the variable
resistance layer 124 may transition belween a high-resisiance state and a low-
resistance slate upon application of state-changing energy, such as a voltage
pulse of sufficient magnitude andior duration. Further, the variable resistance
flaver 124 may remain in its mostrecently established resistance state until
application of a subseguent stale-changing voltage pulse. As such, the resistance
state may be used as for non-volatile information slorage with the two possible

resistance stales corresponding o a binary bit of information.

[0028]  Both the selector 110 and the memristor 120 are two-terminal devices
and they are coupled in series between nodes 102 and 104, As shown in the
block diagram of FIG. 1A, node 102 is electrically coupled to the first elecirode
112 of the selector 110. The second electrode 116 of the seleclor 110 is
slectrically coupled o the first electrode 122 of the memrisior 120. The second
electrode 126 of the memyistor 120 is coupled to the node 104. FIG. 1A illustrales
these electrical couplings schematically as wires, however the electrical couplings
between electrodes and other components may be implemenied in a various ways

depending on fabrication, materials, and other facitors. For instance, in some
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examples, the slectrodes 116 and 122 of the seleclor 110 and memristor 120 may
be implemented as a single layer of conductive material situated between the
selector layer 114 and the variable resistance layer 124, in some examples, the
electrodes 112 and 126 proximate the nodes 102 and 104, respectively, may be
implemenied as confrol lines with mulliple selecior lavers and/or variable

rasistance layers patterned thereon.

[0029] FIG. 1B is a chart of an example current and voltage for an example
memory cell.  The currentvoltage chart of FIG. 1B schematically illustrates an
example relationship between current passed through the memaory cell 100 and the
voitage applied across the memory cell 100, Referring to the positive voltage region
of the charl, right of the axis, it can be ssen thatl the current remains very iow below
a threshold voltage Vv, The threshold voltage Vi may be the threshold voltage of
the selector 110, which exhibits a high electrical resistance for voliages below Vi,
but transitions {0 a conductive stale al voltages above Vy. Moreover, at sub-
threshold voltages, the resistance of the selector 110 may be grealer than the
resistance of the memristor 120 such that the selector 110 dominates the resistance
of the memory celi 100 for voltages below V7. In some examples, the selector 110
may exhibit similar behavior at negative voltages: high resistance for vollages
greater than =V and condugctive for voltages less than -V, which is portrayed in the
example relationship shown in FIG. 1B. The region of the chart in which the
behavior of the memory cell 100 is dominated by the selecior is labelied as the

“Selector Region.”

[0030]  For voltages above Vy {or less than V) the selecitor 110 is conductive,
and so the resistance of the memory cell is dominated by the memrisior 120, As
shown in FIG. 1B, above VT, the IV curve may proceed along two different paths,
depending on whether the memistor 120 is in a high resistance state (HRS) or a low
resistance state (LRES). To distinguish between the two paths in FIG. 1B, the paths
are shown with dashed line for the HRS behavior and a solid line for the LRS
behavior. Thus, if the memristor 120 is in the HRS, current through the memory cell
100 follows the dashed paih at voltages above Vr. On the cther hand, if the
menwistor 120 is in the LRE, current through the memory cell foliows the solid path

at voltages above V.
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{0031]  As noled above, (0 determine the staie of the memrisior 120, a read
voitage Ve may be applied 1o the memory cell 100. As shown in FIG. 1B, if the
menuistor 120 is in HRES {dashed path), then applving Ve resulls in a first current .
On the other hand, if the memristor 120 is in LRS {solid path), then applying VR
rasults in a second current . Reading the resisiance state may be performed by
measuring the current through the memory cell 100 while Vr is applied across the
ferminals 102, 104, For inslance, the resulting current may be coliected and
compared to a threshold value, which threshold may be between |y and I, and the
state of the memory cell 100 may be determined based on the threshold

comparison.

[0032] In some examples, Ve may be applied by setling one terminal of a target
memory cell to about 72 Vk and the other terminal to about -J2 Vr. In a crossbar
array, applying VR in this way using a target row line and target column ling, with all
other row/column lines set o 0 results in all non-target memory cells that share
gither the target row or target column receiving a voltage of 2 Vr. As such, many
memory cells in a crossbar array will regularly receive a voltage of about 2 Ve, To
help mitigate problems of sneak current, noise in the curent measurement, and
excess power consumption, the current al %2 Vs should be al or near zero. In
practice, this may be achieved by selecting Vr {0 be less than 2 V, such that 12 VR
is within the Selector Region shown in FIG. 18, in addition, the value of Vr may be
selected to be greater than Vr by some margin to ensure that the two currents |+ and
[z are measurable and disiinguishable from one another. Balancing these concemns

may result in selecting Vr 1o satisfy the following relation: %2 Ve < V1 < Vr.

[0033] Furiher, 1o set the resistance state of the memrisior 120, a selection
voitage VS may be applied to the memory celi 100, The selection voitage Vs may
be a voliage that causes the menwisior to transition from HRS o LRS, as illustrated
by the arrow in FIG. 1B from the HRE dashed path to the LRS solid path. For
example, the fransition between slates may involve a change in distribution of ions,
holes, and/or defects within the variable resistance layer 124 of the memristor 120.
Applving a pulse at the selection voltage Vs may set the menistor 120 o LRS and

applying a pulse at the negative selection voltage -Vs may set the memiistor 120 to

10
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HRS.  Other sxamples of hysieresis curves are possible in which a given

memrisior's resistance state may be set by application of suitable voliage pulses.

[0034] Note that the -V chart described above in connection with FIG. 1B is
provided for example purposes only o illustrate one example of behavior that may
be exhibited by some memory cells. Other memristor devices may exhibit different
hysteresis curves, including some in which the transition between resistance states
may be initiated by vollages of the same polarity. The chart in FIG. 1B is therefore
provided for example purposes only. Other examples applicable 1o the present
disclosure may include memory celis that exhibit altemative hysteresis curves o that
shown in FIG. 18.

[0035] FiG. 2 is a block diagram of an example crossbar array 200 having
multiple memory celis that each have a selector 110 in series with a memristor 120.
Each of the seleciors 110 include a selector iayer 114 siluated belween two
electrodes. The selecltor layers 114 of the seleciors 110 may be similar to the
selector layer described above in connection with FIGS. 1A-1B. For example, the
selector layers 114 of the selectors 110 may each include cation metal ions that
become arranged within the seleclor layer 114 1o provide conduclive channels
through the selector laver 114 upon application of a threshoid voltage. In addition,
sach selector layer 114 may include a sidewall anti-cation-diffusion barier
adjacent the sidewall of the selecior layer 114, For example, the anti-cation-
diffusion barrier may be a conformal layer of anli-cation-diffusion mailerial that
extends beiween the two elecirodes so as to surround the sidewsall surface of the

selector layer 114.

[0036]  The crossbar array 200 shown in FIG. 2 demonstrates a layout with two
row lines 210, 212 and two column lings 220, 222. iIn some examples, the row lines
210, 212 may be parallel with one another and orthogonal o the conductive lines
220, 222, which are themselves parallel with one ancther. Memory celis are located
at the intersections of the row lings and column lings such that a given memory cell
is connected between one row line and one column ling, which lines may be used o
control that memory cell.  As shown in FIG. 2, memory cell 202 is electrically
coupled between row line 210 and column line 220; memory cell 204 is electrically

coupled between row line 210 and column line 222; memory cell 206 is electrically

11
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coupled between row line 212 and column ling 220; and memory cell 208 is
elecirically coupled between row line 212 and column line 222, Each intersection of
the memory cells 202-208 includes a selector 110 slecirically coupled in series with
a merisior 120, Example operations that may be performed using the crossbar

array are described in connection with FIGS. 3A and 3B.

{00371 FIG. 3A is a flowchart of an examiple process 300 for writing data fo a
memory cell. FIG. 3B is a flowchart of an example process 310 for reading data
from a memory cell. Processes 300 and 310 may be described below as being
executed or performed by a system, for example, the crossbar array 200 of FIG. 2.
Other suillable systems andfor computing devices may be used as well. Processes
300 and 310 may be implemented in the form of executable instructions stored on at
least one machine-readable storage medium of the system and executed by at least
ong processor of the system.  In some examples, processes 300 and 310 may be
implemenied in the form of electronic drcuitry (e.g., hardware). The processes 300
and 310 are depicted with a series of blocks in the flowcharis of FIGS. 3A and 3B.
In some cases, ong or more blocks of processes 300 and/or 310 may be execuled
subsiantially concurrently or in a different order than shown in FIGS. 3A and 3B. In
some cases, processes 300 and 310 may include more or less blocks than are
shown in FIGS. 3A and 3B. In some examples, one or more of the blocks of

processes 300 and/or 310 may, at certain fimes, be ongoing and/or may repeat.

[0038] Referring to FIG. 34, at block 302, an indication may be received o write
data 1o a target memory cell. For example, a confrol system associated with the
crossbar array 200 of FIG. 2 may receive an indication that a data value should be

written o memory cell 202.

[0038] At block 304, a write voltage pulse may be applied to the target memory
cell. The write voitage pulse may cause the memory cell to transition {o a resistance
state associgted with the data to be wrilten © the target memory cell. For exampile,
a control systerm associated with the crossbar array 200 of FIG. 2 may select the row
and column line combination that corresponds to memory cell 202: row line 210 and
columnn fine 220, and apply a wrile voltage pulse across those lines 210, 220 so as

to set to the resistance state of memory celi 202,
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{0040] Referring to FIG. 3B, at block 312, an indication o read data from a target
memory cell may be received. For example, a control system associated with the
crossbar array 200 of FIG. 2 may receive an indication that a data value should be

read from memory cell 202,

[0041] At block 314, a read voltage may be applied 1o the target memory cell.
The read voliage may be greater than a threshold voltage of a selecior in the
memory cell fo allow the resistance state of the memrisior to be delermined. For
example, the row and column lines for the farget memristor row ling 210 and

column line 220 may be set to +12 VR and -2 VR, respectively.

[0042]  Atbiock 316, the current that flows through the farget memory cell may be
measured while the read vollage is applied. For example, current may be collected

along the column line 220.

[0043] Al block 318, the data value of the target memory cell may be determined
based on the measured current. For example, if the current exceseds a threshold,
then the memory cell may be delermined o be in a low resistance siate and

otherwise in a high resistance state.

{0044] FiG. 4A Is a side cross-sectional view of an example sslector 400, The
selector 400 includes a boliom electrode 402, a boltom electrode anti-cation-
diffusion barrier 404, a top electrode 408, g top elecirode anti-cation-diffusion barrier
406, and a selector layer 410. The sslector layer 410 may be an oxids, nitrides,
andfor oxynilride that includes cation metal such as Cu, Au, Ag, Ni, slc. Upon
application of a threshold voltage, the cation melal may become arranged within a
latlice structure of the selector layer 410 so as o create conductive channels
therein. The selector layer 410 is sandwiched belween the ifop and bottom
electrodes 402, 408. The anti-cation-diffusion barriers 404, 406 may be situated
along at least one face of the electrodes 402, 408 that face the selector layer 410.
Thus, the selector layer 410 may have two elecirode-facing surfaces that are each
situated along one of the electrode anti-cation-diffusion bamiers 404, 406, As
described above, the electrode anti-cation-diffusion barriers 404, 406 may include a
material that is electrically conductive and inhibits the diffusion of cation metals, such
as Co, Ry, Ta, TaN, TIN, WN, WSIN, TaSIN, TaC, and/or InQ, for example.

13
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[0045]  In addition to the electrode-facing surfaces of the selector laver 410, the
selector layer 410 also includes a sidewall surface that exiends between the fop
and bottom electrodes 402, 408, A sidewall anti-cation-diffusion barrier 412 may
be situated along the sidewall surface of the selector layer 410, In some cases,
the sidewall anti-cation-diffusion barrier 412 may entirely surround the sidewall
surface of the selector laver 410 such that the selector layer 410 is entirely
encapsulated by a combination of the sidewall anti-cation-diffusion barrier 412 and
the electrode anti-cation-diffusion barriers 404, 406. The sidewall anti-cation-
diffusion barrier may include a dieleciric material that inhibits the diffusion of

cation matals, such as BCN, SIC, SICC, SN, and/or a-8i0C, for exampls.

[0046] In some examples, the sidewall anti-cation-diffusion barrier 412 and/or the
glectrode anti-cation-diffusion barrier(s) 404, 406 may include multiple layers of
barrier materials. For example, a sidewall anti-cation-diffusion barrier may includs
multiple layers of electrically insulaling material{s) that inhibit diffusion of cation
metals and/or cation metal oxides. Similarly, the elecirode anti-cation-diffusion
barrier(s) 404, 406 may include multiple layers of electrically conductive materiai(s)
that inhibit diffusion of cation metals and/or cation metal oxides. Moreover, the
multiple layers thal form each barrler may be formed of similar or dissimilar
maierials.  In some examples, the sidewall anti-cation-diffusion barrier 412 may
include mutltiple layers formed of a common material {e.g., mulliple layers of a-
SI0C), andfor mulliple fayers in which one layer is formed of a first material {(8.g.,
RCN) and ancther laver is formed of a second maleral {e.g., SIC)L In some
examples, the elecirode anti-cation-diffusion barrier(s) 404, 406 may include multiple
lavers formed of a common material (e.g., mulliple layers of TaN), and/or muitiple
layers in which one layer is formed of a first material {(e.g., InO) and ancther layer is

formed of a second material {e.g., WSIN),

{00471 An slectrically insulating sidewali 414 may be disposed around the
sidewall anti-cation-diffusion barrier 412. The elecirically insulating sidewall 414
may include a material such as silicon nitride, for example, which provides an
electrical and thermal barrier between the selector laver 410 and surrounding

regions. in some examples, an inter-layer dielectric (ILD) 420 may be disposed

14
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between the electrodes in regions not occupied by the selector and its adjacent

sidewalls.

[0048] FIG. 4B is a top cross-sectional view of the example selecior 400 shown
in FIG. 4A. As shown in FIG. 48, the selector layer 410 may be entirely surrounded
by the sidewsall anti-cation-diffusion barrier 412 along its sidewall surface. The
sidewall anti-cation-diffusion barrier 412 thus confines cation metal within the
selector layer 410 from diffusing out of the selector layer 410, The electrically
insulating sidewall 414 may be situated to surround the outer sidewall surface of the
sidewall anti-cation-diffusion barrier 412 to thereby insulate the seleclor laver 410
therein from electrical and/or thermal variations. In some examples, the eleclricaily
insulating sidewali 414 may also provide some structural siability o the sandwich
siructure of the selector device 400, In addition, the ILD 420 may be situated around
the outer sidewall of the electrically insulating sidewall 414, which may separate the
selector 400 from adjacent electronics, such as sumrounding selectors in a crossbar
array. In addition, the LD 420 may help separate the top and boltom electrodes
402, 408 from one ancther. In some examples, the LD 420 may be a dielectric
material with a low relative permittivily {e.g,. a low dieleciric constant}, which may

help reduce capacilive coupling between the electrodes 402, 408,

{0048] FIG. 5 is a flowchart of an example procsess 500 for forming a sslector.
Frocess 500 may be described below as being executed or performed by a system,
such as a fabrication system and/or computing device. Process 500 may be
implemented in the form of gxecutiable instructions stored on at least ong machine-
readable slorage medium of the system and executed by al least one processor of
the system. In some sxamples, process 500 may be implemented in the Torm of
glectronic circuilry {e.g., hardware). The process 500 is depicted with a series of
biocks in the flowchart of FIG. 5. In some cases, one or more blocks of process 500
may be execuled substantially concurrently or in a different order than shown in FIG.
5. In some cases, process 500 may include more or less blocks than are shown in
FIG. 5. In some examples, one or more of the blocks of process 500 may, at certain

times, be ongoing and/or may repeat.
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[0050] FIGS. 84, 6B, 86C, and 80 are cross-sectional views of a selecior during
stages of an example Tabrication process. For example purposes, FIGE. 8A-6D are

refergnced in the description of process 500 to illustrate fabrication stages.

005117 At block 502, a calion metal based insulator layer is formed. The insulalor
fayer is bounded by opposing electrode-facing surfaces and a sidewall surface. The
insulator layer may be formed by patterning an insulator material over a first
electrode via masking, phololithography, and/or ancther fabrication technique s0 as
to form a layer of the insulator material at a desired thickness in a desired area.
Moreover, the insulator layer may include cation metal ions. For example, as shown
in FIG. 8A, an insulator layer 610 is formed over a first electrode 602, The first
glectrode 802 includes an electrode anti-cation-diffusion barrier 604 along its top
surface ~ the same surface on which the insulator laver is formed. In some
examples, the elecirode anii-cation-diffusion barder 604 may be a layer of
conductive material that inhibils cation diffusion, such as those desocribed above in
connaction with the electrode anti-cation-diffusion barriers 404, 406 of selector 400.
The insulator layer 810 includes opposing electrode-facing surfaces 612, 614 and a
sidewall surface 618. As shown in FiG. 6A, the slectrode-facing surface 612 is
situated along the electrode anti-cation-diffusion barrier 604 of the first electrode
602. The sidewall surface 616 is approximaiely orthogonal 10 the electrode-facing
surfaces 612, 614 and exiends around the perimeler of the insulator layer 610, The
sidewall surface 616 may include exterior corners, depending on the lavout of the
insulator layer 610. In some cases, the insulator laver 810 may be approximately
rectangular or square in shape, when viewed from the top (similar to the depiction of
the selector 400 in FIG. 4B), in which case the sidewall surface 616 may exiend
around the reclangular shape. In some cases, the insulator layer 610 may be
approximately circular or ancther closed shapse, in which case the sidewall surface

816 may exiend around the perimeter of that shape.

[0052] Al block 504, an anti-cation-diffusion material may be deposited s0 as 1o
be situated along the sidewall surface of the insulator layer. For exampie, the anti-
cation-diffusion material may be deposited fo form a conformal laver over the
insulator layer formed in block 502, In some examples, a dislectric material that

inhibits cation diffusion may be formed in a conformal layer via deposition
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techniques.  For example, the deposition process may involve physical vapor
deposition (PVD), chemical vapor deposiiion {CVD}, atomic layer deposition {ALD,
plasma enhanced chemical vapor deposition (PECVD), and/or plasma assisted
chemical vapor deposition (PACVD), slc. Such materials may include amorphous
silicon carbide, a-SiC; boron carbonitride, BCN; silicon nitride, SiN; and/or silicon
oxycarbide, SIOC; for exampie. As shown in FIG. 6B, a conformal layer of anti-
cation-diffusion material 820 may be formed over the insulator layer 610 and
electrode 802. As such, the anfi-cation-diffusion malerial 620 is formed along the
sidewall surface 616 as well as over the glecirode-facing surface 614 that is siill
exposed. The opposing electrode-facing surface 612 of the insulalor fayer 610,
which is disposed on the first electrode 802 is nol covered by the anti-cation-

diffusion material 620,

{00531 Al block 508, a portion of the anti-cation-diffusion material may be
removed 8o as o expose the insulalor layer while leaving the anti-cation-diffusion
material situated along the sidewsall surface. The remaining anti-cation-diffusion
barrier material forms a sidewall anti-cation-diffusion barrier. The exposed region of
the insulator layer may then be coupled o a second electrode {o complete the
selector.  Moreover, the second electrode may include an anti-calion-diffusion
barrier situated along the insulator layer such that the insulator layer of the
completed device is entirely encapsulated within anti-cation-diffusion barriers along

its electrode-facing surfaces and its sidewall surface.

{00541  As shown in FIG. 8C, a porion of the anti-cation-diffusion material 620 is
removed s0 as o exposs the {top) slectrode-facing surface 614, The sidewali
surface 616 remains covered by anti-cation-diffusion malerial, which material forms
the sidewall anti-cation-diffusion barrier 622. The removal of the anti-cation-diffusion
material 820 so as 1o exposs the electrode-facing surface 614 of the insulator layer
810 may be carried out via an anisolropic elching process, for example, 80 as to

uniformily remove the thickness of the malerial 620 from the top down.

[0055] An example of an assembled selector device is shown in FIG. 6D, A
second electrode 808 having an anti-cation-diffusion barrier 806 may be disposed
over the electrode-facing surface 614 of the insulator layer 610, An electrically

insulating sidewall 630 may be disposed adjacent the sidewall anti-cation-diffusion
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barrier 622. The electrically insulaiing sidewall 630 may form a barrier that provides
electrical and/or thermal insulation for the insulator layer 610, An inter-iaver dielectrc
(LD} 640 may be disposed between the electrodes 602, 608 adjacent the
electrically insulating sidewall 630, Similar to the ILD 420 described in connection
with FIGS. 4A and 4B, the ILD 840 may help to further isclate the insulator laver 610
from the effect of neighboring devices, such as neighboring selectors and/or
memrisiors in a crossbar array. The LD 640 may help lo miligate capacditive
coupling between the opposing electrodes 802, 608. As shown in FIG. 6D, the
insulator laver 610 may be encapsulated by a combination of the elecirode anti-
cation-diffusion barriers 608, 804 and the sidewall anti-cation-diffusion barrier 622.
As such, cation metal within the insulator layer 610 may be contained within the

insulator layer 610.

{0056] Somes sxamples disclosed here relate 0 selgcior devices for being
electrically coupled in series with a memristor device to form a memory cell.
However, the selector devices described herein may be used in other contexis as
well. For instance, in a crosshar array, selectors that include anti-cation-diffusion
barriers may be eleclrically coupled in series with other two-terminal memory
glements o help inhibil application of vollage below a threshold value 1o such
memory slements. Morsover, selectors described herein may be applied in a variety
of elgctrical contexts to help regulate voltage(s) applied o varicus components

and/or current(s) through varicus components.
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CLAIMS

1. A device comprising:

a first electrode having a surface including an anti-cation-diffusion barrier;

a second electrode having a surface including an anti-cation-diffusion
barrier;

an insulator laver bounded by opposing slectrode-facing surfaces and a
sidewall surface, the insulator layer being disposed between the first glecirode
and the second electrode such that each of the opposing electrode-facing
surfaces of the insulator laver are silualed along a respeciive one of the anti-
cation-diffusion barriers of the first and second electrodeas; and

a sidewall anti-cation-diffusion barrier siluated along the sidewall surface of

the insulator layer.

2. The device of claim 1, wherein the insulator layer includes calion metal
ions.
3. The device of claim 2, wherein the insulator layer is to transition from a

high-resisiance state o a low-resistance slale responsive 1o application of a
threshold voltage across the first and second electrodes, wherein the iransition
comprises the cation metal ions becoming arranged within the insulator layer so

as to lower the electrical resistance between the first and second slectrodes.

4. The device of claim 1, wherein the insulator layer is encapsulated by a
combination of the sidewsall anti-cation-diffusion barrier and the anti-cation-

diffusion barriers of the first and second slectrodes.

5. The device of daim 1, whersin the Insulator layer comprises an oxide
material.
8. The device of cdaim 1, further comprising & second sidewall situated

adjacent the sidewall anti-cation-diffusion barrier, wherein the second sidewall

comprises an electrical insulator.
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7. The device of claim 1, wherein the sidewall anii-cation-diffusion barrier

comprises a layer of amorphous silicon carbide.

8. A method comprising:

forming an insulator layer including cation metal ions, wherein the insulator
fayer is bounded by opposing electrode-facing surfaces and a sidewall surface;

forming, on the insulalor layer, an anti-cation-diffusion barrier material such
that the anti-cation-diffusion barrier material is disposed along the sidewall surface
of the insulator layer; and

removing a portion of the anti-cation-diffusion barrier material so as fo
expose the insulator layer while the anti-cation-diffusion barrier malerial disposed

on the sidewall surface of the insulator layer remains.

9. The method of claim &, further comprising:

prior to forming the insulator layer, forming a first electrode, wherein the
first insulator layer is formed on the first electrode;

forming a second electrode on the insulator layer such that the insulator
layer is disposed between the first and second electrode; and

wherein each of the first and second electrodes include an anti-cation-
diffusion barrier that is situated along a respective one of the elecirode-facing

surfaces of the insulator layer.
10, The method of claim 8, wherein the anti-cation-diffusion batter material is
formed as a conformal layer over the insulalor laver via plasma enhanced

chemical vapor deposition.

11.  The method of claim 8, wherein the anti-cation-diffusion barrier comprises

silicon oxycarbide.

12. A sysiem comprising:
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a memristor device having two terminals and a variable resistance layer
disposed between the two lerminais, the variable resistance layer {0 fransition
belween resistance stales responsive o application of a transition energy; and

a selector device electrically coupled in series with the memristor devics,
the seleclor device comprising:

(i a first glectrode having a surface including an anti-cation-diffusion

barrier;

(i) a second electrode having a surface including an anti-cation-

diffusion barrier;

(it}y  an insulator layer bounded by opposing electrode-facing surfaces

and a sidewall surface, the insulalor layer being disposed between the first

glecirode and the second electrode such that each of the opposing

electrode-facing surfaces of the insulator layer are siluated along a

respective ong of the anti-cation-diffusion barriers of the first and second

electrodes; and

{ivi a sidewall anti-cation-diffusion barrier situated along the sidewall

surface of the insulaior fayer.

12, The system of claim 11, wherein the insulator layer includes cation metal

ions.

13. The system of ¢laim 12, wherein the insulator layer is o fransition from a
high-resistance state to a low-resistance state responsive 1o application of a
threshold voltage across the first and second electrodes, wherein the transition
comprises the cation metal ions becoming arranged within the insulator layer so

as to lowsr the electrical resistance between the first and second elecirodes.

14, The system of claim 11, wherein the insulator laver is encapsulated by a
combination of the sidewall anti-cation-diffusion bamier and the anii-cation-

diffusion barriers of the first and second elecirodes.

15, The system of claim 11, wherein the sidewall anti-cation-diffusion barrier

comprisas boron carbonitride.
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