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CHALCOGENIDE MEMORY DEVICE COMPONENTSAND COMPOSITION

BACKGROUND

[0001] The following relates generally to memory deviced enore specifically to
chalcogenide memory device components and chemistry

[0002] Memory devices are widely used to store informatiovmarious electronic devices
such as computers, wireless communication devoegseras, digital displays, and the like.
Information is stored by programing different ssabé a memory device. For example, binary
devices have two states, often denoted by a Idgiof‘a logic “0.” In other systems, more
than two states may be stored. To access the stdoethation, a component of the
electronic device may read, or sense, the stoetd st the memory device. To store
information, a component of the electronic deviagymrite, or program, the state in the

memory device.

[0003] Multiple types of memory devices exist, includinggnetic hard disks, random
access memory (RAM), dynamic RAM (DRAM), synchroaalynamic RAM (SDRAM),
ferroelectric RAM (FeERAM), magnetic RAM (MRAM), restive RAM (RRAM), read only
memory (ROM), flash memory, phase change memoryR@nd others. Memory devices
may be volatile or non-volatile. Non-volatile mempe.g., FeERAM, may maintain their
stored logic state for extended periods of timenawehe absence of an external power
source. Volatile memory devices, e.g., DRAM, maseltheir stored state over time unless
they are periodically refreshed by an external paseerrce. Improving memory devices may
include increasing memory cell density, increasead/write speeds, increasing reliability,
increasing data retention, reducing power conswmnpbr reducing manufacturing costs,

among other metrics.

[0004] Chalcogenide material compositions may be usednmponents or elements of
PCM devices. These compositions may have a thréstodlage at which they become
conductive (i.e. they switch on to allow curremivf). The threshold voltage may change over
time, which may be referred to as drift. Composisithat have a higher tendency for voltage

drift may limit the usefulness and performance @fides employing those compositions.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates an example of a memory array si@ports or employs
chalcogenide memory device components in accordaitheembodiments of the present

disclosure.

[0006] FIG. 2 illustrates an example memory array thapsus or employs chalcogenide
memory device components in accordance with embaaisrof the present disclosure.

[0007] FIG. 3 illustrates a plot of characteristics of Iclhgenide memory device

components and compositions in accordance with dimemnts of the present disclosure.

[0008] FIG. 4 illustrates a plot of characteristics of clhgenide memory device

components and compositions in accordance with dimemnts of the present disclosure.

[0009] FIG. 5 illustrates a system, including a memorwawrthat supports or employs
chalcogenide memory device components in accordaitheembodiments of the present

disclosure.

DETAILED DESCRIPTION

[0010] The effects of voltage drift in a selector devi€@aanemory cell may be mitigated
by introducing an element into the compositionhaf selector device that increases stability.
For example, an element from Group Il of the paicdable (also referred to as the Boron
Group and Group 13) may stabilize or limit the agk drift the selector device relative to
compositions that do not include such elementsuitt (or Boron Group) elements include
boron (B), aluminum (Al), gallium (Ga), indium (lrand thallium (TI).

[0011] By way of example, a chalcogenide material compmsiior a selector device (or
other memory element) may include selenium (Segrac (As), and germanium (Ge). This
combination or elements may be referred to as SAiBin a memory cell, which may
include a memory storage element and a selectaceless chalcogenide composition or
chalcogenide material may be used for either theong storage element or the selector
device, or both. The selector device may have a 8&@position, which may have a stable
threshold voltage and relatively desirable leakarggerties. In some cases, Silicon (Si) may
be introduced into the SAG composition to enhaheethhermal stability of the selector
device without compromising the drift and the tined voltage leakage. However, the
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implementation of Si into the SAG system may nqgpriave the drift enough to be able to
scale the technology.

[0012] A higher concentration of Ge in the selector deway increase the threshold
voltage and compromise the selector device stabitidr example, Ge atoms may transition
from a pyramidal bond configuration to a tetrahétoand configuration. This transition may
promote a widening of the band gap and may incréesthreshold voltage of the selector

device.

[0013] As described herein, a Group Il element may beduced into the chalcogenide
material composition to limit the presence of Géhia selector device. For example, a Group
Il element may replace some or all of the Ge en¢bmposition of the selector device. In
some cases, a Group Il element may form a st&bleyp Il element-centered tetrahedral
bond structure with the preexisting elements 8&.As, and/or Si). Incorporating a Group lll
element into the chalcogenide material compositiary stabilize the selector device to allow
for technology scaling and increased cross poatirtelogy development (e.g., three-
dimensional cross point architectures, RAM deployteestorage deployments, or the like).

[0014] Features and techniques introduced above are fudéseribed below in the
context of a memory array. Specific examples age thescribed for chalcogenide memory
device components and compositions that providéfeer voltage drift relative to other
devices or compositions. These and other featdrdwealisclosure are further illustrated by
and described with reference to apparatus diagrsystem diagrams, and flowcharts that

relate to reading or writing non-volatile memoryise

[0015] FIG. 1lillustrates an example memory array 100 in aceurdavith various
embodiments of the present disclosure. Memory ar@fymay also be referred to as an
electronic memory apparatus. Memory array 100 setumemory cells 105 that are
programmable to store different states. Each memeltyl05 may be programmable to store
two states, denoted a logic 0 and a logic 1. Inesoases, memory cell 105 is configured to
store more than two logic states. A memory cell a2y store charge representative of the
programmable states in a capacitor; for examptbaaged and uncharged capacitor may
represent two logic states, respectively. DRAM #dedtures may commonly use such a
design, and the capacitor employed may includelkeciric material with linear or para-
electric electric polarization properties as thgulator. By contrast, a ferroelectric memory

cell may include a capacitor with a ferroelectsctlae insulating material. Different levels of
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charge of a ferroelectric capacitor may repres#fdrdnt logic states. Ferroelectric materials
have non-linear polarization properties; some tetaid advantages of a ferroelectric
memory cell 105 are discussed below. Or in somes;ahalcogenide-based and/or PCM
may be employed. Chalcogenides described hereirbmaged for PCM memory storage
elements or selector devices or both.

[0016] Memory array 100 may be a three-dimensional (3Dnory array, where two-
dimensional (2D) memory arrays are formed on topn& another. This may increase the
number of memory cells that may formed on a sidgeor substrate as compared with 2D
arrays, which in turn may reduce production costs@ease the performance of the memory
array, or both. According to the example depicte#liG. 1, memory array 100 includes two
levels of memory cells 105 and may thus be constlarthree-dimensional memory array;
however, the number of levels is not limited to t&ach level may be aligned or positioned
so that memory cells 105 may be approximately aligwith one another across each level,
forming a memory cell stack 145. Memory array 108yrmclude a composition of Se, As,

Ge, Si, B, Al, Ga, In, or Tl, or some combinatidrtfiese elements.

[0017] Each row of memory cells 105 is connected to aesxtnel10, and each column
of memory cells 105 is connected to a bit line JA&cess lines 110 may also be known as
word lines 110, and bit lines 115 may also be kndgit lines 115. References to word lines
and bit lines, or their analogues, are interchablgeaithout loss of understanding or
operation. Word lines 110 and bit lines 115 magestantially perpendicular to one another
to create an array. The two memory cells 105 ireanory cell stack 145 may share a
common conductive line such as a digit line 115tT$, a digit line 115 may be in electronic
communication with the bottom electrode of the uppemory cell 105 and the top electrode
of the lower memory cell 105. Other configurationgy be possible, for example, a third

layer may share a word line 110 with a lower layer.

[0018] In general, one memory cell 105 may be locatetiatritersection of two
conductive lines such as a word line 110 and Arat115. This intersection may be referred
to as a memory cell’s address. A target memoryld@8imay be a memory cell 105 located at
the intersection of an energized word line 110 laibdne 115; that is, a word line 110 and bit
line 115 may be energized in order to read or vaiteemory cell 105 at their intersection.
Other memory cells 105 that are in electronic comigcation with (e.g., connected to) the

same word line 110 or bit line 115 may be refeteeds untargeted memory cells 105.
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[0019] As discussed above, electrodes may be couplednenzory cell 105 and a word
line 110 or a bit line 115. The term electrode mefgr to an electrical conductor, and in
some cases, may be employed as an electrical ¢dat@aenemory cell 105. An electrode
may include a trace, wire, conductive line, contkclayer, or the like that provides a

conductive path between elements or componentseofory array 100.

[0020] Operations such as reading and writing may be pedd on memory cells 105

by activating or selecting a word line 110 andibi¢ 115, which may include applying a
voltage or a current to the respective line. Wardd 110 and bit lines 115 may be made of
conductive materials, such as metals (e.g., cofgpey, aluminum (Al), gold (Au), tungsten
(W), titanium (Ti), etc.), metal alloys, carbonnctuctively doped semiconductors, or other
conductive materials, alloys, or compounds. Updecseg a memory cell 105, the resulting
signal may be used to determine the stored logie stFor example, a voltage may be
applied and the resulting current may be usedfterdntiate between the resistive states of
the phase change material. A cell 105 may be sglaghen a selector device is biased. The
selection of cell 105 may be a function of the shi@d voltage of the selector device, which,
in turn, may have a more predictable value whers#ébector device has a composition that
includes a Group lll element. That this, the vadtalgift of a selector device of a cell 105 may
be less if the selector device has a compositiahititludes a Group Il element than if the

selector device has a purely SAG composition ar@A&5 composition.

[0021] Accessing memory cells 105 may be controlled thihoaigow decoder 120 and a
column decoder 130. For example, a row decodeni®Preceive a row address from the
memory controller 140 and activate the appropmaied line 110 based on the received row
address. Similarly, a column decoder 130 receivasdiann address from the memory
controller 140 and activates the appropriate b& L15. Thus, by activating a word line 110

and a bit line 115, a memory cell 105 may be aszkss

[0022] Upon accessing, a memory cell 105 may be readrwesl, by sense component
125. For example, sense component 125 may begewatl to determine the stored logic
state of memory cell 105 based on a signal gereelat@ccessing memory cell 105. The
signal may include a voltage or electrical currant] sense component 125 may include
voltage sense amplifiers, current sense amplif@rboth. For example, a voltage may be
applied to a memory cell 105 (using the correspogeiord line 110 and bit line 115) and

the magnitude of the resulting current may depenthe electrical resistance of the memory
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cell 105. Likewise, a current may be applied taemory cell 105 and the magnitude of the
voltage to create the current may depend on tlwtriglal resistance of the memory cell 105.
Sense component 125 may include various transistamplifiers in order to detect and
amplify a signal, which may be referred to as latgh The detected logic state of memory
cell 105 may then be output as output 135. In scases, sense component 125 may be a
part of column decoder 130 or row decoder 120.s@mse component 125 may connected to

or in electronic communication with column decod@® or row decoder 120.

[0023] A memory cell 105 may be set, or written, by simhjlactivating the relevant
word line 110 and bit line 115—i.e., a logic valmay be stored in the memory cell 105.
Column decoder 130 or row decoder 120 may accegf fita example input/output 135, to
be written to the memory cells 105. In the casphafse change memory, a memory cell 105
is written by heating the memory element, for exkmipy passing a current through the
memory element. This process is discussed in ohetagl below.

[0024] Memory cells 105 may each have a memory elemenaaatector device,
wherein each selector device comprises a chalcdgenaterial having a composition of
selenium, arsenic, and at least one of B, Al, Baahd TI. In some cases, the composition of

the chalcogenide material comprises germaniumlicosj or both.

[0025] In some memory architectures, accessing the meoair05 may degrade or
destroy the stored logic state and re-write oredfroperations may be performed to return
the original logic state to memory cell 105. In AR, for example, the logic-storing
capacitor may be partially or completely dischardedng a sense operation, corrupting the
stored logic state. So the logic state may beritten after a sense operation. Additionally,
activating a single word line 110 may result in th&charge of all memory cells in the row;
thus, all memory cells 105 in the row may needdadswritten. But in non-volatile memory,
such as chalcogenide-based or PCM, accessing tm@meell 105 may not destroy the
logic state and, thus, the memory cell 105 mayeqgtire re-writing after accessing.

[0026] Some memory architectures, including DRAM, may lther stored state over
time unless they are periodically refreshed byxdaraeal power source. For example, a
charged capacitor may become discharged over himegh leakage currents, resulting in
the loss of the stored information. The refresh od these so-called volatile memory
devices may be relatively high, e.g., tens of s#freperations per second for DRAM, which

may result in significant power consumption. Withreasingly larger memory arrays,
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increased power consumption may inhibit the depleyinor operation of memory arrays
(e.q., power supplies, heat generation, matenatdi etc.), especially for mobile devices that
rely on a finite power source, such as a batté&ydiscussed below, non-volatile
chalcogenide-based or PCM cells may have beneficiglerties that may result in improved
performance relative to other memory architectufésr example, chalcogenide-based or
PCM may offer comparable read/write speeds as DRWMmay be non-volatile and allow

for increased cell density.

[0027] The memory controller 140 may control the operatiead, write, re-write,

refresh, discharge, etc.) of memory cells 105 thhoilne various components, for example,
row decoder 120, column decoder 130, and senseawnpl25. In some cases, one or more
of the row decoder 120, column decoder 130, angeseomponent 125 may be co-located
with the memory controller 140. Memory controlléOlmay generate row and column
address signals in order to activate the desirad Wure 110 and bit line 115. Memory
controller 140 may also generate and control varimitage potentials or currents used
during the operation of memory array 100. For exampmay apply discharge voltages to a

word line 110 or bit line 115 after accessing onenore memory cells 105.

[0028] In general, the amplitude, shape, or duration cdgplied voltage or current
discussed herein may be adjusted or varied andomalffferent for the various operations
discussed in operating memory array 100. Furthezpare, multiple, or all memory cells
105 within memory array 100 may be accessed simettasly; for example, multiple or all
cells of memory array 100 may be accessed simuteshe during a reset operation in which
all memory cells 105, or a group of memory cell§,1&re set to a single logic state. The
reliability with which the memory controller 140 snaccess cells 105 may increase as the
threshold voltage drift of a selector device focteaell 105 decreases because the voltage

necessary to access the cell 105 may remain reliatbonstant over the life of the cell 105.

[0029] FIG. 2illustrates an example memory array 200 that supmhalcogenide
memory device components and compositions in aac@a@ with various embodiments of
the present disclosure. Memory array 200 may bexample of memory array 100 described

with reference to FIG. 1.

[0030] Memory array 200 includes memory cell 105-a, fastess line 110-a (e.g. word
line 110-a), and second access line 115-a (e.ginbitl15-a), which may be examples of a

memory cell 105, word line 110, and bit line 11% described with reference to FIG. 1.
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Memory cell 105-a includes electrode 205, elect@@&-a, and memory element 220, which
may be a ferroelectric material. Electrode 205-mefmory cell 105-a may be referred to as
middle electrode 205-a. Memory array 200 may aistude bottom electrode 210 and
selector device 215, which may also be referregsta selection component. In some cases, a
three-dimensional (3D) memory array may be formgdtacking multiple memory arrays

200 on one another. The two stacked arrays magnme examples, have common

conductive lines such that each level may sharel Woes 110 or bit lines 115 as described

with reference to FIG. 1. Memory cell 105-a mayaltarget memory cell.

[0031] Memory array 200 may be referred to as a crosstoamitecture. It may also be
referred to as a pillar structure. For exampleshasvn in FIG. 2, a pillar may be in contact
with a first conductive line (first access line 1d0and a second conductive line (second
access line 115-a), where the pillar comprisessadiectrode (bottom electrode 210),
selector device 215, and ferroelectric memory b@H-a, where ferroelectric memory cell
105-a includes a second electrode (electrode 20Banory element 220, and a third
electrode (electrode 205). In some cases, elec08& may be referred to as a middle
electrode. In some cases, the first access linealh@y be in electronic communication with
the second access line 115-a via the memory cBlal@irst access line 110-a and second
access line 115-a may be arranged in a three-diorelsross-point configuration and may

be in electronic communication with the pluralifynoemory cells 105-a.

[0032] Such a pillar architecture may offer relativelytnidensity data storage with lower
production costs compared to other memory architest For example, the cross-point
architecture may have memory cells with a reduced and, resultantly, an increased
memory cell density compared to other architectUfes example, the architecture may have
a 4F memory cell area, where F is the smallest featines compared to other architectures
with a 6% memory cell area, such as those with a three-tetinsielection. For example,
DRAM may use a transistor, which is a three-terindlevice, as the selection component for
each memory cell and may have a larger memoryaocedl compared to the pillar
architecture.

[0033] Selector device 215 may, in some cases, be corthiecseries between a memory
cell 105 and a conductive line, for example, betwaemory cell 105-a and at least one of
first access line 110-a or second access line 1Fsraexample, as depicted in FIG. 2,

selector device 215 may be located between elex2068-a and bottom electrode 210; thus,
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selector device 215 is located in series betweenangcell 105-a and first access line 110-a.
Other configurations are possible. For examplesctet device 215 may be located in series
between memory cell 105-a and second access Iii@.1The selection component may aid
in selecting a particular memory cell 105-a or rhalp prevent stray currents from flowing
through non-selected memory cells 105-a adjacestexted memory cell 105-a. For
example, selector device 215 may have a threshaitdge such that a current flows through

selector device 215 when the threshold voltagegsanexceeded.

[0034] Selector device 215 may be coupled with the mermetament 220. The selector
device 215 and the memory element 220 may be ardaimga series configuration between
the first access line 110-a and the second acices$15-a. A selector device 215 may
include a first chalcogenide material comprisingpenposition of Se, As, and at least one of
B, Al, Ga, In, and TI. In some cases, a selectoroge215 may comprise a first chalcogenide
material and a memory element 220 may compriséfereint composition (e.g., a second
chalcogenide material) than the selector device &ltBough not shown, in some cases, a
cell 105 may not use a separate memory elemengeladtor device. This type of memory
architecture may be referred to as self-selectiegiory (SSM), and the selector device 215
may serve as the memory storage element. A menamig@lmay therefore include a
memory cell that comprises a self-selecting mendemjce. For example, a single element
that includes a chalcogenide material may senlm#sa memory element and a selector
device such that a separate selector device mawreessary. In some cases, the memory
element 220 may comprise a ferroelectric capaort@ memristor rather than a phase change

material.

[0035] Selector device 215 may be separated from mememezit 220 by middle
electrode 205-a. As such, middle electrode 205-+aetextrically float—that is, charge may
accumulate because it may not be directly conndotad electrical ground or a component
capable of being electrically grounded. Memory edatr220 may be accessed via selector
device 215. For example, when a voltage acrossteeldevice 215 reaches a threshold
value, current may flow between access lines 1a0ea115-a through memory element 220.
This flow of current may be used to read a logiueatored at memory element 220. The
threshold voltage across selector device 215 attwtuirrent begins to flow may be a
function of the composition of selector device 2llikewise, the composition of selector
device 215 may affect whether and the extent tehvthe threshold voltage of selector

device 215 may change over time.
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[0036] As discussed elsewhere herein, a change in thigesbtihge over time may be
referred to as a threshold voltage drift. Threshaldage drift may be undesirable because as
the threshold voltage of a selector device charthespperationdg., the application of

voltage necessary to cause current to flow thrabgtselector device) may change. This may
complicate reading or writing of the device, magdeo inaccurate reading or writing, may
cause increases in power necessary to read ortovi@enemory element, and the like. So as
described herein, employing compositions of mdtteselector device 215 that limit the
likelihood or extent of threshold voltage drift msgrve to improve device performance.
Selector device 215 may thus comprise a compoditianincludes one or more Group IlI
elements, which, as discussed below, may limitsthoéd voltage drift.

[0037] Memory array 200 may be made by various combinatadmaterial formation

and removal. For example, layers of material magldygsited that correspond to the first
access linel110-a, bottom electrode 210, selectocel@215, electrode 205-a, memory
element 220, and electrode 205. Material may kecteély removed to then create the
desired features, such as the pillar structurectiesghin FIG. 2. For example, features may be
defined using photolithography to pattern a phatisteand then material may be removed by
techniques such as etching. Second access linea iy then be formed, for example, by
depositing a layer of material and selectively etgho form the line structure depicted in
FIG. 2. In some cases, electrically insulating oegior layers may be formed or deposited.
The electrically insulating regions may includedexor nitride materials, such as silicon
oxide, silicon nitride, or other electrically instihg materials.

[0038] Various techniques may be used to form materiat®orponents of memory
array 200. These may include, for example, chemnvigpbr deposition (CVD), metal-organic
chemical vapor deposition (MOCVD), physical vapepdsition (PVD), sputter deposition,
atomic layer deposition (ALD), or molecular beanitaepy (MBE), among other thin film
growth techniques. Material may be removed usingraber of techniques, which may
include, for example, chemical etching (also refdno as “wet etching”), plasma etching
(also referred to as “dry etching”), or chemicalemanical planarization.

[0039] FIG. 3illustrates a plot 300 of characteristics of chgknide memory device
components and compositions in accordance with dmiants of the present disclosure. As
described herein, FIG. 3 depicts a comparison alcolgenide material compositions,

including a composition that includes a Group ldneent. FIG. 3 thus illustrates the
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relatively lower voltage drift of a composition &, As, and a Group lll element, which is
depicted as composition 3 (Comp. 3).

[0040] By way of example, composition 3 may be approxetya@b3% Se by weight,
approximately 23% As by weight, approximately 13% &y weight, and approximately 11%
In by weight, relative to the total weight of thengposition. Composition 3 at point 305 may

have a voltage drift of less than 250 millivoltseaf3 days at 90 degrees Celsius.

[0041] The voltage drift of composition 3 may allow forpnoved performance of the
selector device because there may be less totalgeotrift over a period of time. Thus, the
addition of In (or another Group lll element) intee chalcogenide composition may result in
minimizing the voltage drift when compared to othkalcogenide material compositions.
For example, compositions 1 and 2 may be pure S#@ositions (i.e. including only Se,
As, Ge). Compositions 4 and 5 may be pure Si-Shgys(i.e. including only Se, As, Ge,
Si). In some examples, compositions 4 and 5 mag bae amount of approximately 30% As
by weight, approximately 12% Ge by weight, and agpnately 8% Si by weight, relative to
the total weight of the composition. In some ca#ieschalcogenide material compositions
(i.e. composition 1 at point 310, composition paint 315, composition 4 at point 320,
composition 5 at point 325) may drift more than 5@0ivolts after 3 days at 90 degrees

Celsius.

[0042] As described herein, the addition of In (or anotBevup III element) into the
chalcogenide mixture may increase the stabilitthefselector device. A chalcogenide

material composition (e.g. composition 3) may yieddults identified in TABLE 1.

Vth_FF| Vth_SF| Vform | Vth_1000| | @ 0.85 Vt STDrift
[V] [V] [V] V] (@ 1e3) [nA] [mV/dec]
WT<1s
5.00 4.77 0.06 4.25 35 0
Tablel

[0043] As shown in TABLE 1, the Vth_FF and Vth_SF coluneatlings may represent
the threshold voltage read at the first activafian, a “first fire”) and a subsequent activation
(i.e., “second fire”) of a selector device havirmgrposition 3, respectively. The Vform
column heading may represent the threshold vold#tgrence between the first fire and the

second fire. In some examples, the Vth_1000 colbeading may represent the threshold
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voltage after 1000 cycles. The | @ 0.84 Vt colureading may represent the sub threshold
voltage leakage current in the selector device. hBrift column heading may represent the
drift of the selector device. So as shown in Tahla chalcogenide composition that include
In or another Group IIl element (e.g. compositigmtay result in stable threshold voltages

during cycling and a low drift over a period of #m

[0044] FIG. 4 illustrates a plot 400 of characteristics of cbglenide memory device
components and compositions in accordance with dimiemnts of the present disclosure. For
example, region 405 illustrates compositions ofAg,and Ge that may be doped with a

Group IIl element. Dotted line 410 illustrates #®Se-GeSe composition line.

As described herein, compositions with low voltdgé may be useful for selector devices
or other memory elements and may include some amatibn of Se, As, Ge, Si, or Group Il
elements. A chalcogenide material composition neaylt in the general formula
SeAs,GeSiwXy, where X is one of the Group Il elements. Forregke, a chalcogenide
material composition may result in the formula/SeGeSiln, where In is one of the Group
lIl elements. In other examples, a chalcogenideermatcomposition may result in the
formula SeAs,GeSpB, where B is one of the Group IIl elements. Chgérdde material
compositions may be comprised of the compositidestified in TABLE 2, which may

provide composition ranges by weight percentage&deofAs, Ge, Si, and a Group Il element.

Se As Ge Si group Il element
First (%) >40| 10-35 1-20 1-15 0.15-35
Second (%)| >45 12-32 1-201-15 0.15-24
Table2
[0045] In some cases, Se may be in an amount greateothequal to 40% by weight,

relative to a total weight of the composition. bnge cases, the amount of Se may be greater
than or equal to 45% by weight, relative to thalteteight of the composition. Arsenic may
be in an amount ranging from 10% to 35% by weigkgtive to the total weight of the
composition. In some cases, the amount of As rafiges12% to 32% by weight, relative to
the total weight of the composition. In some exaapGe may be in an amount ranging from

1% to 20% by weight, relative to the total weighttee composition.

[0046] In some examples, Si may be in an amount rangorg % to 15% by weight,

relative to the total weight of the composition.eTdombination of Si, Ge, and at least one
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element selected from the group consisting of BG4, In, and Tl may be an amount greater
than or equal to 20% by weight, relative to thalteteight of the composition.

[0047] A Group lll element may be at least one elemergctet from a group consisting
of B, Al, Ga, In, and Tl in an amount ranging fr@15% to 35% by weight, relative to the
total weight of the composition. In some cases ahleast one element selected from the
group consisting of B, Al, Ga, In, and Tl in an ambranging from 0.15% to 24% by
weight, relative to the total weight of the compias.

[0048] The chalcogenide material compositions of TABLE &rhave a threshold
voltage drift of less than or equal to 250 millisgohfter three days at a temperature of 90
degrees Celsius. In some examples, the chalcogaratkrial compositions of TABLE 2 may
have the glass transition temperature greater2BaArdegrees Celsius. Glass transition
temperature and glass processing conditions mag &@vmpact upon a composition

selection within the ranges provided by TABLE 2.

[0049] As described herein, a Group Il element may benparated into a composition
of matter, such as a composition of Se and As d& $ASI-SAG to mitigate various
problems associated with the selector device have PAG or Si-SAG compositions. In
some cases, too little Ge may compromise the tHestakility of the chalcogenide material
composition. On the other hand, a SAG system wiBeaomposition greater than 15% may
be too thermally unstable to be integrated intesnooint arrays. In some examples, a high
composition of Se may result in a high band gapgnthat may sustain a high threshold

voltage and leakage trade off.

[0050] As mentioned above, a Group Ill element may in@estector device stability
through the formation of strong and stable bornasoime examples, Group Ill elements may
form tetrahedral bonds that may not degrade dkifawer voltage drift, as depicted in FIG.

3, may be directly related to the bond structuce.éxample, the Al-Se bond dissociation
energy may be 318 kJ mol-1, and the In-Se bonddiaton energy may be 245 kJ mol-1. A

higher bond dissociation energy may correlatests@ger and more stable bond.

[0051] A Group Il element may also provide increasedniarstability in the selector
device. For example, A5e; may have a band gap energy of 3.1 eV, ap8dymay have a
band gap energy of 2.1 eV. A wider band gap marease the threshold voltage over time

and may allow the selector device to operate dtdritemperatures. For example;3d;
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may have a melting temperature of 1220 K, an8énmay have a melting temperature of
933 K. A high melting temperature may increasettieemal stability of the selector device.
In some examples, the transition temperature ofliaécogenide material composition may

also increase.

[0052] As described herein, the addition of a Group Kine&nt to chalcogenide material
composition in the selector device may provide @oldial benefits. For example, the
introduction of B into a selector device may semgean insulator. Therefore, a selector device
comprising a B-SAG system may prevent leakage ssdnesome examples, introduction of

Al may facilitate integration into cross-point aysaln other examples, introduction of In

may minimize voltage drift. Introduction of a grollpelement (e.g. B, Al, Ga, In, Tl) into

the chalcogenide material composition may incresasector device stability.

[0053] FIG. 5illustrates a system 500, including a memory aritagt supports or
employs chalcogenide memory device componentsdardance with embodiments of the
present disclosure. System 500 may include a dé&@dbewhich may be or include a printed
circuit board to connect or physically support gas components. Device 505 may include
a memory array 100-a, which may be an example ofiong array 100 described in FIG. 1.
Memory array 100-a may contain memory controlléd-adand memory cell(s) 105-b, which
may be examples of memory controller 140 descriadd reference to FIG. 1 and memory
cells 105 described with reference to FIGs. 1 and 2

[0054] Memory array 100-a may include a plurality of meynoells 105-a each having a
memory element and a selector device, and eacttsetievice may comprise a
chalcogenide material having a composition of selanarsenic, and at least one of boron,
aluminum, gallium, indium, or thallium. In some exales, the composition of the
chalcogenide material comprises germanium or sijico both. In some cases, composition
of the chalcogenide material comprises a combinaifdhe silicon, the germanium, and the
at least one of the boron, aluminum, gallium, imdiwr thallium in an amount greater than or
equal to 20% by weight, relative to a total weighthe composition. Memory array 100-a
may also include a plurality of access lines areahig a three-dimensional cross-point

configuration and in electronic communication wiitle plurality of memory cells 105-a.

[0055] Device 505 may also include a processor 510, Bl@8ponent 515, peripheral
component(s) 520, and input/output control compbb&s. The components of device 505

may be in electronic communication with one anothesugh bus 530.
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[0056] Processor 510 may be configured to operate menmoay &400-a through memory
controller 140-a. In some cases, processor 5¥0rpes the functions of memory controller
140 described with reference to FIGs. 1. In otases, memory controller 140-a may be
integrated into processor 510. Processor 510 raaydeneral-purpose processor, a digital
signal processor (DSP), an application-specifiegraited circuit (ASIC), a field-
programmable gate array (FPGA) or other programenfalglic device, discrete gate or
transistor logic, discrete hardware componentg, ey be a combination of these types of
components, and processor 510 may perform varioudibns described herein. Processor
510 may, for example, be configured to execute adgerpreadable instructions stored in
memory array 100-a to cause device 505 perfornouariunctions or tasks.

[0057] BIOS component 515 may be a software componentirblaides a basic
input/output system (BIOS) operated as firmwareagctvimay initialize and run various
hardware components of system 500. BIOS compd@iEnmay also manage data flow
between processor 510 and the various componegtsperipheral components 520,
input/output control component 525, etc. BIOS comgnt 515 may include a program or
software stored in read-only memory (ROM), flashmoey, or any other non-volatile

memory.

[0058] Peripheral component(s) 520 may be any input gruwdevice, or an interface
for such devices, that is integrated into devicg. 5Bxamples may include disk controllers,
sound controller, graphics controller, Ethernettoaler, modem, universal serial bus (USB)
controller, a serial or parallel port, or peripHexard slots, such as peripheral component

interconnect (PCI) or accelerated graphics portRPASlots.

[0059] Input/output control component 525 may manage datamunication between
processor 510 and peripheral component(s) 520t bgfudevices, or output 540 devices.
Input/output control component 525 may also marpeggherals not integrated into device
505. In some cases, input/output control compoB2htmay represent a physical connection

or port to the external peripheral.

[0060] Input 535 may represent a device or signal extemdévice 505 that provides
input to device 505 or its components. This mayude a user interface or interface with or
between other devices. In some cases, input 5§%ma peripheral that interfaces with
device 505 via peripheral component(s) 520 or negnbnaged by input/output control

component 525.
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[0061] Output 540 may represent a device or signal extéordevice 505 configured to
receive output from device 505 or any of its comgda. Examples of output 540 may
include data or signals sent to a display, audeakers, a printing device, another processor
or printed circuit board, etc. In some cases, wlbd0 may be a peripheral that interfaces
with device 505 via peripheral component(s) 52thay be managed by input/output control
component 525.

[0062] The components of memory controller 140-a, devid® and memory array 100-
a may be made up of circuitry designed to carrytioeir functions. This may include various
circuit elements, for example, conductive lineansistors, capacitors, inductors, resistors,
amplifiers, or other active or inactive elementsfegured to carry out the functions

described herein.

[0063] The description herein provides examples, andtisimaing of the scope,
applicability, or examples set forth in the clain@@hanges may be made in the function and
arrangement of elements discussed without depdrang the scope of the disclosure.
Various examples may omit, substitute, or add verforocedures or components as
appropriate. Also, features described with resfiesbme examples may be combined in

other examples.

[0064] The description set forth herein, in connectiorhwiite appended drawings,
describes example configurations and does notseptall the examples that may be

implemented or that are within the scope of thenda The terms “example,” “exemplary,”
and “embodiment,” as used herein, mean “servirgnasxample, instance, or illustration,”
and not “preferred” or “advantageous over othengXas.” The detailed description
includes specific details for the purpose of prowjdan understanding of the described
techniques. These techniques, however, may béaqedavithout these specific details. In
some instances, well-known structures and devieeshkown in block diagram form in order

to avoid obscuring the concepts of the describeanges.

[0065] In the appended figures, similar components oufeatmay have the same
reference label. Further, various components®ttme type may be distinguished by
following the reference label by a dash and a sgtalmel that distinguishes among the
similar components. When the first reference l&beaked in the specification, the
description is applicable to any one of the simil@mponents having the same first reference

label irrespective of the second reference label.
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[0066] As used herein, ‘coupled to’ indicates componems &re substantially in contact
with one another. In some cases, two componenysbmaoupled even if a third material or
component physically separates them. This thirdpgamment may not substantially alter the
two components or their functions. Instead, thisdtcomponent may aid or enable the
connection of the first two components. For exangbme materials may not strongly
adhere when deposited on a substrate materiah (€hg., on the order of a few nanometers
or less) layers, such as lamina layers, may be liseeeen two materials to enhance their
formation or connection. In other cases, a thiedanal may act as a buffer to chemically

isolate two components.

[0067] The term “layer” used herein refers to a straturslaet of a geometrical
structure. each layer may have three dimensiags {eight, width, and depth) and may
cover some or all of a surface. For example, arlayay be a three-dimensional structure
where two dimensions are greater than a third, @.dnin-film. Layers may include different
elements, components, and/or materials. In sosescane layer may be composed of two
or more sublayers. In some of the appended figtnesdimensions of a three-dimensional
layer are depicted for purposes of illustratiorho3e skilled in the art will, however,
recognize that the layers are three-dimensionaatare

[0068] As used herein, the term “substantially” means tihatmodified characteristic
(e.g., a verb or adjective modified by the termssabtially) need not be absolute but is close

enough so as to achieve the advantages of thectbastc.

[0069] As used herein, the term “electrode” may refemelkectrical conductor, and in
some cases, may be employed as an electrical toaataenemory cell or other component of
a memory array. An electrode may include a trawes, conductive line, conductive layer,

or the like that provides a conductive path betwalements or components of memory array
100.

[0070] The term “photolithography,” as used herein, mdgrr&o the process of
patterning using photoresist materials and expasiretp materials using electromagnetic
radiation. For example, a photoresist material im&ayormed on a base material by, for
example, spin-coating the photoresist on the bagemal. A pattern may be created in the
photoresist by exposing the photoresist to radiatibhe pattern may be defined by, for
example, a photo mask that spatially delineategevtine radiation exposes the photoresist.

Exposed photoresist areas may then be removedx&mnple, by chemical treatment, leaving
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behind the desired pattern. In some cases, thesegpegions may remain and the

unexposed regions may be removed.

[0071] Information and signals described herein may beesgmted using any of a

variety of different technologies and techniquEsr example, data, instructions, commands,
information, signals, bits, symbols, and chips thaly be referenced throughout the above
description may be represented by voltages, cugrefgctromagnetic waves, magnetic fields
or particles, optical fields or particles, or amyrbination thereof. Some drawings may
illustrate signals as a single signal; howevewilitbe understood by a person of ordinary

skill in the art that the signal may represent s tiusignals, where the bus may have a variety
of bit widths.

[0072] The term “electronic communication” refers to atnship between components
that supports electron flow between the componenitss may include a direct connection
between components or may include intermediate coemts. Components in electronic
communication may be actively exchanging electmmsignals (e.g., in an energized circuit)
or may not be actively exchanging electrons orag(e.g., in a de-energized circuit) but
may be configured and operable to exchange electorignals upon a circuit being
energized. By way of example, two components maylsi connected via a switch (e.g., a
transistor) are in electronic communication regasdlof the state of the switch (i.e., open or

closed).

[0073] The devices discussed herein, including memoryd@8, may be formed on a
semiconductor substrate, such as silicon (Si), gamam, silicon-germanium alloy, gallium
arsenide (GaAs), gallium nitride (GaN), etc. Im&ocases, the substrate is a semiconductor
wafer. In other cases, the substrate may becasibn-insulator (SOI) substrate, such as
silicon-on-glass (SOG) or silicon-on-sapphire (SQP)epitaxial layers of semiconductor
materials on another substrate. The conductiVith® substrate, or sub-regions of the
substrate, may be controlled through doping usargpus chemical species including, but not
limited to, phosphorous, boron, or arsenic. Dopimay be performed during the initial
formation or growth of the substrate, by ion-impédion, or by any other doping means. A

portion or cut of a substrate containing a memargyaor circuit may be referred to as a die.

[0074] Chalcogenide materials may be materials or allogsihclude at least one of the
elements S, Se, and Te. Phase change materielssksl herein may be chalcogenide

materials. Chalcogenide materials may includeyaltf S, Se, Te, Ge, As, Al, Sb, Au,
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indium (In), gallium (Ga), tin (Sn), bismuth (Bpalladium (Pd), cobalt (Co), oxygen (O),
silver (Ag), nickel (Ni), platinum (Pt). Examplé&alcogenide materials and alloys may
include, but are not limited to, Ge-Te, In-Se, Sh-Ga-Sb, In-Sb, As-Te, Al-Te, Ge-Sb-Te,
Te-Ge-As, In-Sb-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-8S&Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-
Sb-S, Te-Ge-Sn-O, Te-Ge-Sn-Au, Pd-Te-Ge-Sn, Ini8@e] Ge-Sb-Te-Pd, Ge-Sb-Te-Co,
Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te, Ge-Sn-SbSkeTe-Sn-Ni, Ge-Te-Sn-Pd, or Ge-
Te-Sn-Pt.

[0075] The hyphenated chemical composition notation, ad hgrein, indicates the
elements included in a particular compound or adlog is intended to represent all
stoichiometries involving the indicated elemerftar example, Ge-Te may include,&e,
where x and y may be any positive integer. Otlxan®les of variable resistance materials
may include binary metal oxide materials or mixatence oxide including two or more
metals, e.g., transition metals, alkaline earthaflsetind/or rare earth metals. Embodiments
are not limited to a particular variable resistanwgerial or materials associated with the
memory elements of the memory cells. For exangtleer examples of variable resistance
materials can be used to form memory elements aydimelude chalcogenide materials,
colossal magnetoresistive materials, or polymeetiasaterials, among others.

[0076] Transistors discussed herein may represent adiédt transistor (FET) and
comprise a three terminal device including a squicain, and gate. The terminals may be
connected to other electronic elements through woinge materials, e.g., metals. The source
and drain may be conductive and may comprise ailljedoped, e.g., degenerate,
semiconductor region. The source and drain maseparated by a lightly-doped
semiconductor region or channel. If the channaligpe (i.e., majority carriers are
electrons), then the FET may be referred to astgpenFET. Likewise, if the channel is p-
type (i.e., majority carriers are holes), thenE may be referred to as a p-type FET. The
channel may be capped by an insulating gate oxithe. channel conductivity may be
controlled by applying a voltage to the gate. &ample, applying a positive voltage or
negative voltage to an n-type FET or a p-type RE&3pectively, may result in the channel
becoming conductive. A transistor may be “on” activated” when a voltage greater than or
eqgual to the transistor’s threshold voltage is igpoio the transistor gate. The transistor may
be “off” or “deactivated” when a voltage less thhe transistor’s threshold voltage is applied
to the transistor gate.
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[0077] The various illustrative blocks, components, andlades described in connection
with the disclosure herein may be implemented oiopmed with a general-purpose
processor, a DSP, an ASIC, an FPGA or other progante logic device, discrete gate or
transistor logic, discrete hardware componentangrcombination thereof designed to
perform the functions described herein. A genptaipose processor may be a
microprocessor, but in the alternative, the promessy be any conventional processor,
controller, microcontroller, or state machine. Wgessor may also be implemented as a
combination of computing devices (e.g., a combaratf a DSP and a microprocessor,
multiple microprocessors, one or more microprocesssoconjunction with a DSP core, or

any other such configuration).

[0078] The functions described herein may be implememdtdhrdware, software
executed by a processor, firmware, or any comhmndtiereof. If implemented in software
executed by a processor, the functions may bedstorer transmitted over as one or more
instructions or code on a computer-readable mediGmhner examples and implementations
are within the scope of the disclosure and appeot#ahs. For example, due to the nature of
software, functions described above can be impléedenmsing software executed by a
processor, hardware, firmware, hardwiring, or carabons of any of these. Features
implementing functions may also be physically lecgat various positions, including being
distributed such that portions of functions are lenpented at different physical locations.
Also, as used herein, including in the claims, “as’used in a list of items (for example, a list
of items prefaced by a phrase such as “at leasbtira “one or more of”) indicates an
inclusive list such that, for example, a list ofesst one of A, B, or C means A or B or C or
AB or AC or BC or ABC (i.e., Aand B and C).

[0079] Computer-readable media includes both non-trarys@omputer storage media
and communication media including any medium theilitates transfer of a computer
program from one place to another. A non-trangisdorage medium may be any available
medium that can be accessed by a general purpepedcal purpose computer. By way of
example, and not limitation, non-transitory computsadable media can comprise RAM,
ROM, electrically erasable programmable read orgymory (EEPROM), compact disk (CD)
ROM or other optical disk storage, magnetic diskaje or other magnetic storage devices,
or any other non-transitory medium that can be ws@arry or store desired program code
means in the form of instructions or data structumed that can be accessed by a general-

purpose or special-purpose computer, or a genergbpe or special-purpose processor.
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[0080] Also, any connection is properly termed a compuwadable medium. For
example, if the software is transmitted from a viiehserver, or other remote source using a
coaxial cable, fiber optic cable, twisted pair,iigsubscriber line (DSL), or wireless
technologies such as infrared, radio, and microwtinen the coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or eless technologies such as infrared, radio,
and microwave are included in the definition of mieal Disk and disc, as used herein,
include CD, laser disc, optical disc, digital veilsadisc (DVD), floppy disk and Blu-ray disc
where disks usually reproduce data magneticallyiewdiscs reproduce data optically with
lasers. Combinations of the above are also indwdthin the scope of computer-readable

media.

[0081] The description herein is provided to enable agreskilled in the art to make or
use the disclosure. Various modifications to tiseldsure will be readily apparent to those
skilled in the art, and the generic principles dedl herein may be applied to other variations
without departing from the scope of the disclosuraus, the disclosure is not to be limited
to the examples and designs described herein batis accorded the broadest scope

consistent with the principles and novel featuiiesldsed herein.
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CLAIMS

1. A composition of matter, comprising:

selenium in an amount greater than or equal to 40% by weight, relative to a
total weight of the composition;

arsenic in an amount ranging from 10% to 35% by weight, relative to the total
weight of the composition; and

at least one element selected from a group consisting of boron, aluminum,
gallium, indium, and thallium in an amount ranging from 0.15% to 35% by weight, relative to
the total weight of the composition,

wherein the composition comprises a combination of germanium, silicon, and
the at least one element selected from the group consisting of boron, aluminum, gallium,
indium, and thallium in an amount greater than or equal to 20% by weight, relative to the
total weight of the composition, and

wherein the germanium is in an amount ranging from 1% to 20% by weight,

relative to the total weight of the composition.

2. The composition of claim 1, further comprising:
silicon in an amount ranging from 1% to 15% by weight, relative to the total

weight of the composition.

3. The composition of claim 1, wherein the amount of selenium is greater

than or equal to 45% by weight, relative to the total weight of the composition.

4. The composition of claim 1, wherein the amount of arsenic ranges

from 12% to 32% by weight, relative to the total weight of the composition.

5. The composition of claim 1, wherein the at least one element selected
from the group consisting of boron, aluminum, gallium, indium, and thallium is in an amount

ranging from 0.15% to 24% by weight, relative to the total weight of the composition.

6. The composition of claim 1, wherein a threshold voltage drift of the

composition is less than or equal to 250 millivolts after three days at a temperature of 90
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degrees Celsius.

7. The composition of claim 1, wherein a glass transition temperature of

the composition is greater than 280 degrees Celsius.

8. An apparatus, comprising:
a memory element; and
a selector device coupled with the memory element, wherein the selector
device has a composition comprising:
selenium in an amount greater than or equal to 40% by weight,
relative to a total weight of the composition;
arsenic in an amount ranging from 10% to 35% by weight,
relative to the total weight of the composition; and
at least one element selected from a group consisting of boron,
aluminum, gallium, indium, and thallium in an amount ranging from 0.15% to
35% by weight, relative to the total weight of the composition,
wherein the composition of the selector device comprises a combination of
germanium, silicon, and the at least one element selected from the group consisting of boron,
aluminum, gallium, indium, and thallium in an amount greater than or equal to 20% by
weight, relative to the total weight of the composition, and
wherein the germanium is in an amount ranging from 1% to 20% by weight,

relative to the total weight of the composition.

0. The apparatus of claim 8, wherein the composition of the selector
device comprises:
the silicon in an amount ranging from 1% to 15% by weight, relative to the

otal weight of the composition.

10.  An apparatus, comprising:

a first access line;

a second access line; and

a memory cell that includes a first chalcogenide material comprising a

;omposition of selenium, arsenic, and at least one of boron, aluminum, gallium, indium, or
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thallium, wherein the first access line is in electronic communication with the second access
line via the memory cell,
wherein the selenium is in an amount greater than or equal to
40% by weight, relative to a total weight of the composition,
wherein the arsenic is in an amount ranging from 10% to 35%
by weight, relative to the total weight of the composition;
wherein at least one element selected from a group consisting
of boron, aluminum, gallium, indium, and thallium is in an amount ranging
from 0.15% to 35% by weight, relative to the total weight of the composition,
wherein the composition comprises a combination of
germanium, silicon, and the at least one of the boron, aluminum, gallium,
indium, or thallium in an amount greater than or equal to 20% by weight,
relative to a total weight of the composition, and
wherein the germanium is an amount ranging from 1% to 20%

by weight, relative to the total weight of the composition.

11. The apparatus of claim 10, wherein the composition of the first
chalcogenide material comprises:
the silicon in an amount ranging from 1% to 15% by weight, relative to the

total weight of the composition.

12. The apparatus of claim 10, wherein the memory cell comprises a self-

selecting memory device.

13. The apparatus of claim 10, wherein the memory cell comprises:
a selector device that comprises the first chalcogenide material; and
a memory element that comprises a different composition than the selector

device.

14.  The apparatus of claim 13, wherein the selector device and the memory
element are arranged in a series configuration between the first access line and the second

access line.
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15. The apparatus of claim 13, wherein the memory element comprises a
second chalcogenide material having a different composition than the first chalcogenide

material.

16. The apparatus of claim 13, wherein the memory element comprises a

ferroelectric capacitor.

17.  The apparatus of claim 13, wherein the memory element comprises a

memristor.

18.  An apparatus, comprising:

a plurality of memory cells each having a memory element and a selector
device, wherein each selector device comprises a chalcogenide material having a composition
of selenium, arsenic, and at least one of boron, aluminum, gallium, indium, or thallium,

wherein the selenium is in an amount greater than or equal to

40% by weight, relative to a total weight of the composition,

wherein the arsenic is in an amount ranging from 10% to 35%
by weight, relative to the total weight of the composition,

wherein at least one element selected from a group consisting
of boron, aluminum, gallium, indium, and thallium is in an amount ranging
from 0.15% to 35% by weight, relative to the total weight of the composition,

wherein the composition of the chalcogenide material
comprises a combination of germanium, silicon, and the at least one of the
boron, aluminum, gallium, indium, or thallium in an amount greater than or
equal to 20% by weight, relative to a total weight of the composition, and

wherein the germanium is in an amount ranging from 1% to

20% by weight, relative to the total weight of the composition; and

a plurality of access lines arranged in a three-dimensional cross-point

configuration and in electronic communication with the plurality of memory cells.



