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RESISTIVE MEMORY CELL STRUCTURES AND METHODS

Technical Field
16001} The present disclosure relates generally 1o semiconductor

memory devices and methods, and more particularly, to resistive memory cell

structures and methods.

Background
{6002} Memory devices are typically provided as internal,

semiconductor, tnegrated circaits m computers or other electronic devices.
There are many different types of memory, including randome-access memory
{RAM), read only memory (ROM), dynamic random access memory
{DRAM), synchronous dynamic random access memory (SDRAM), flash
memory, resistive memory, such as phase change random access memory
(PCRAM) and resistive random access memory (RRAM), and maguetic
random access memory (MR AM), such as spin torque transter random access
memory {STT RAM), among others.

{6003} Memory devices are utilized as non-volatile memory for a wide
range of electrome applications in need of high memory densities, high
reliability, and data retention without power, Non-volatile memory may be
used i, for example, personal computers, portable memory sticks, solid state
drives (8SDs), digital cameras, cellular telephones, portable music players
such as MP3 players, movie plavers, and other electronic devices.

[0004] Resistive memory devices, such as PORAM devices, can
melude a resistance variable material such as a phase change material, for
instance, which can be programmed into different resistance states to store
data. The particular data stored in a phase change memory cell can be read by
sensing the cell's resistance, e g, by sensing current and/or voltage variations

based on the resistance of the phase change material.

Briaf Description of the Drawines

{6005} Figure 1 is a schematic diagram of a portion of a resistive
memory array in accordance with a number of embodiments of the present

disclosure.
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{0006] Figures 2A-2E illustrate various process stages associated with
forming an array of resistive memory cells in accordance with a number of
embodiments of the present disclosure.

{0007} Figures 3A-3F illustrate various process stages assoctated with
forming an arway of resistive memory cells in accordance with a number of
embodiments of the present disclosure.

{6008] Figures 4A-41 llustrate various process stages associated with
forming an array of resistive memory cells n accordance with a number of
embodiments of the present disclosuwre,

{06009] Figures SA-5E illustrate various process stages associated with
forming an array of resistive memory cells m accordance with a number of

embodiments of the present disclosure.

Detatled Description

{0010} Resistive memory cell structures and methods are described
herem. As an examiple, an array of resistive memory cells can include a first
resistive memory cell comprising a first resistance variable material and a
second resistive memory cell comprising a second resistance variable material
that is different than the first resistance variable material,

6011} In a number of embodiments, an array of resistive memory cells
includes a first region, ez, portion, comprising memory cells formed to
provide increased speed, e g, program throughput, and longer endurance, e.g.,
increased cycling ability, as compared to a second, e.g., different, region of the
array. The second region of the array can comprise cells formed to provide an
mereased reliability, e g., temperature retention capability, as compared to the
cells of the first region of the array.  As an example, the first region of the
array may be more suitable for data manipulation, while the second region may
be more suitable for code storage, e.g., storage of sensitive data, or for data
backup.

{0012} A region with increased retention capability, as compared to a
different region, can also include the region specified to retain data at a higher
temperatare at a given tume than the different region, as well as the region
specified to retain data at a give temperature for an increased time period than

the different region.

b2
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{0013 In a number of embodiments, the cells of the first region of the
arvay can comprise a different resistance vanable matenial, e.g, a different
chalcogenide alloy, than the cells of the second region. For mstance, the cells
of the first region may coraprise a phase change material, such as, GegSbsTex,
which may be more suited 10 a higher retention than the cells of the second
region, which may comprise a phase change material, such as GexShaTeg,
which may be more suited to increased throughput, e.g.. faster set-ability.
{0014} In a number of embodiments, the memory cells of the first region
and of the second region can comprise the same resistance variable material,
in some such embodiments, ditferent reaciant materials can be formed on the
resistance variable materials of the cells of the respective first and second
regions, which can provide for different cell characteristics, e.g., retention
capability andfor cveling ability, between the cells of the respective first and
second regions. in a number of embodiments, the cell charactenstics between
the cells of the respective first and second regions of the array can be different
due to forming a particular reactant material to a different thackness on the
cells of the first region as compared to the cells of the second region.

{0015] In one or more embodiments in which the same resistance
variable material is used to form the memory cells of the first and second
regions of the array, the electrothermal properties of the resistance variable
materials of the first and/or second regions can be modified, e.g., via ion
implantation, such that the cell characteristics of the cells of the respective first
and second regions are different. As sach, embodiments of the present
disclosure can provide benefits such as providing the ability to tailor the cell
characteristics of different regions of a memuory array to achieve desired cell
characteristies, among other benefits.

joo1s] In the following detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and
in which is shown by way of illustration how one or more embodiments of the
disclosure may be practiced. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to practice the embodiments of
this disclosure, and it i3 to be understood that other embodiments may be
utifized and that process, electrical, andfor structural changes may be made

without departing from the scope of the present disclosure.

]
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{6017} The figures herein follow a numbering convention in which the
first digit or digits corvespond to the drawing figure number and the remaining
digits identify an slement or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 102 may reference element “027 in Figure 1, and a
simvilar element may be referenced as 202 in Figure 2. As will be appreciated,
elements shown in the varions embodiments herein can be added, exchanged,
andfor eliminated 5o as to provide a number of additional embodiments of the
present disclosure. In addition, the proportion and the relative scale of the
elements provided 1a the figures are intended to illustrate various embodiments
of the present disclosure and are not to be used in a limiting sense.

{0018} Figure 1 is a schematic diagram of a portion of a resistive
memory array 102 in accordance with one or more embodiments of the present
disclosure. The resistive memory array 102 includes a number of memory
cells 104, each including a select device 132 coupled to a resistive storage
element 112, The memory cells 104 can be formed in accordance with
embodiments descnibed herem.

{0019 The resistive storage elements 112 can include a resistance
variable material, e.g., a phase change material. The phase change material can
be a chalcogenide, e.2., a Ge-Sh-Te {GST) material such as GexSbsTeg,
GerSbhyTes, GeyShaTes, GeyShyTes, ete., among other resistance variable
materials. The hyphenated chemical composition notation, as used herein,
mdicates the elements included in a particular mixiure or compound, and s
iitended to represent all stoichiometries involving the indicated elements.
Other phase change watenals can mcluade Ge-Te, In-Se, Sb-Te, Ga-Sb, In-Sb,
As-Te, Al-Te, Ge-Sh-Te, Te-Ge-As, In-Sb-Te, Te-Sun-Se, Ge-Se-Ga, Bi-Se-8b,
Ga-Se-Te, 8n-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-0, Te-Ge-Sn-Aq, Pd-
Te-Ge-Sn, In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-Bi-Se, Ag-In-Sh-
Te, Ge-Sb-Se-Te, Ge-Sn-Sh-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, and Ge-Te-Sn-
P, for example.

{0020} The select devices 132 may be field effect wransistors, e.g., metal
onaide seaconductor field effect transistors {MOSFETS), ovonic threshold
switches (OTS), bipolar junction transistors {(BJTs) or diodes, among other

types of select devices. Although the select device 132 shown in Figare 1 is a
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three terminal select device, the select devices can be two terminal select
devices, for instance.

{0021} In the example illustrated in Figare 1, the select device 132 15 a
gated three ternunal field effect transistor. As shown in Figure 1, a gate of
each select device 132 is coupled to one of a number of access Hnes 1051,
105-2. . ., 105-N_ 1.e., each access ling 105-1, 105-2, .. ., 10&-Nis conpled to a
row of memory cells 104, The access lines 105-1, 1052, ., 105-N may be
referred to herein as “word lines.” The designator “N” 15 used to indicate that
the resistive memory array 102 can wclode a nomber of word hues.

{0822] In the example illustrated i Figure 1, each resistive storage

.t

element 112 is coupled to one of a number of data/sense hines 107-1, 1072, .

L 107-M, ie, each data line 107-1, 107-2, . . 107-M 15 couplad to a column
of memory cells 104, The data lines 107-1, 107-2, .. | 107-M may be referred

o

to herein as “bit lines.” The designator "M 15 used to indicate that the
resistive memory array 102 can include a number of bit lines. The designators
M and N can have various values. For instance, M and N can be 64, 128, or
256. In some embodiments, a bit line direction is perpendicular to a word line
direction, e.g., the rows of memory cells 104 and the columns of memory cells
104 are perpendicular to one another,

{6023} I a number of embodiments, data hines 107-1 and 107-2 can be
groaped into a sub-array 136, and other data lines (e.g., data line 107-M} can
be grouped into a sub-array 134, In the example illustrated in Figure 1, a
memory cell coupled to bit line 107-1 is adjacent to a memory cell conpled to
bit Hine 107-2, Embodiments are not limited to a particular number of word
Hines andfor bit lines or a particular nomber of sub-arrays.

{8024} The select devices 132 can be operated, e g, turned on/oft, to
select/deselect the memory cells 104 in order to perform operations such as
data programming, ... writing, and/or data reading operations. in operation,
appropriate voltage andfor current signals, e g, pulses, can be applied to the bit
fines and word lines in order to program data to and/or read data from the
memory cells 104, As an example, the daa stored by a memory cell 104 of
array 102 can be deternuned by tuming on a select device 132, and sensing a
current through the resistive storage element 112, The current sensed on the

bit ine comesponding to the memory cell 104 being read corresponds to a
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resistance level of the resistance variable matenial of resistive storage element
112, which in turn mayv correspond to a particular data state, e.g., a binary
value. The resistive memeory array 102 can have an architectare other than that
Hlustrated m Figure 1, as will be understood by one of ordinary skill i the ant
{0025 Figures 2A-2E illustrate various process stages associated with
forming an array 202 of resistive memory cells in accordance with a number of
embodiments of the present disclosure. In a number of embodiments, the
resistive memory cells mayv be coupled 1o a same bt line. The memory cells of
array 202 can be resistive memory cells such as resistive menory cells 104, as
described above. As an example, the array 202 can be an amay of phase
change memory cells.

{0026} Figure 2A illustrates a first region 234 and a second region 236 of
array 202, In the example shown in Figore 2A, regions 234 and 236 mchde
conductive plugs 230-1,... 230-4 formed between a heater material 210, ez, a
conductive material, and a substrate 232. The conductive plugs 230-1,...,230-
4 are separated by a dielectric material 222 formed on substrate 232, The
diglectric material 222 can be a material such as silicon dioxide or silicon
nitride, for instance. The substrate 232 can be a silicon substrate, silicon on
insulator {SOI) substrate, or silicon on sapphire (SOS) substrate, for instance,
and can nclude vatous doped andfor undoped semiconductor materials,

{6027} Although not shown in Figure 24, select devices corresponding
o the memory cells of regions 234 and 236 can be fonmed in substrate 232

As described further heren, resistive memory cells of region 234 can be
formed so as 1o exhubit different cell characteristics as compared to the
resistive memory cells of region 236, For instance, the cells of the respective
regions 234 and 236 may comprise resistance vanable materials having
different characteristics, e g, different electrothermal properties, such that cell
characteristics of the cells of the respective regions 234 and 236 are different,
10028} The heater material 210 is formed on plugs 230-1,... . 230-4 and
can be various conductive materials such as a metal nitride, e.g., tungsten
nitride andfor titantum nitride, among other conductive materials. In a number
of embodiments, heater material 210 is imited 1 a direction perpendicular to
the rows of memory cells (not shown} prior to a material, e.g., a resistance

vartable material, being formed on the heater material 210, As used heren, a
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miaterial bemg “formed on”™ another matenial 1s not imited to the miaterials
being formed directly on each other. For instance, a number of intervening
materials can be formed between a first material formed on a second material,
n various embodiments,

{0029 Figure 2B illustrates a process stage subsequent fo that shown in
Figare 2A and associated with forming array 202, A resistance variable
material 212, e.g., a phase change material, is formed on heater material 210,
That is, the heater material 210 of regions 234 and 236 mcludes resistance
vartable matertal 212 formed thereon,

{0030] As iflustrated in Figore 2B, a reactant material 214 is formed on
the resistance variable material 212 m regions 234 and 236, The reactant
material 214 can be a metal reactant, such as, for example, a reactant
comprising titanium, cobalt, and/or tungsten, for instance. Regctant material
214 can serve as a portion of a cap formed on resistance variable material 212.
{0031} Figure 2C illustrates a portion of reactant material 214 removed
from region 234 of arvay 202, The reactant material 214 can be removed from
region 234 via an etch process, for instance, without removing the reactant
material 214 from region 236

{0032} Figure 2D illustrates a process stage subsequent o that shown in
Figare 2C and associated with forming arvay 202, Figwee 2D tlustrates g
reactant matertal 216 formed on regions 234 and 236, Ax such, reactant
material 216 is formed on resistance variable material 212 in region 234 and
on reactant material 214 in region 236, Reactant material 2106 can be a metal
reactant, such as, for example, a reactant comprising titanium, cobalt, and/or
tungsten, among others. Reactant material 216 can be the same matenial as
reaciant matertal 214, or it can be a different reactant material. Also, reactanis
214 and 216 may be formed to the same or different thicknesses.

{0033} Providing different reactant materials, e.g., reactant materials 214
and 216, in different regions, e.g., regions 234 and 236, of an array can be used
1o form memory cells having different cell characteristics, e.g., electrothermal
properties, within the respective array regions. For instance, reactant material
214 can react with resistance variable material 212 inregion 236, and a
different reactant material 216 can react with resistance variable material 212

i region 234, In a number of embodiments, the reactions are thermally
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activated. The reactants 214 and 216 react ditferently with the resistance
variable material 212 i the respective regions 236 and 234, As such, the
electrothermal properties of the resistance variable material 212 in regions 234
and 236 can be modified with respect to each other. Therefore, resistive
memory cells formed in region 234 can exhibit different cell characteristics as
compared 1o the cell characteristics of cells formed in vegion 236.

{6034 In a number of embodiments, the reactant materials 214 and 216
can be the same material. In such embodiments, a thickness of the reactant
material 214/216 formed in the respective regions 234 and 236 can be
different. Providing different thickness of a same reactant material 214/216 in
different regions of an array can also affect the cell characteristics within the
respective regions, e.g., regions 234 and 236. For instance, cells formed in a
region, e.g., region 236, having g thicker reactant material may exhibit g higher
retention as compared to cells formed In a region, e.g., reglon 234, having a
thinner reactant material. Cells formed in a region, e.g., region 234, having a
thinner reactant material may exhibit a higher programmuinyg throughput as
compared to cells formed in a region, e.g., region 236, having a thicker
reactant material,

{0035] Figure 2D also tllustrates a cap material 218, e g, a conductive
material, formed on reactant material 216 in regions 234 and 236, The cap
material 218 can comprise a metal nitride such as titanium nitride andfor
tungsten nitride, among various other cap materials,

{0036} Figure 2E llustrates a process stage subsequent to that shown in
Figure 2D and associated with forming arrav 202, As shown in Figure 2E,
mdividual resistive memory cells 213-1 and 21322 can be defined by removing
portions of materials 210, 212, 214, 216, and 218, In a number of
embodiments, resistance variable matertal 212 is between two conductive
elements, e.g., between a condoctive cap material 218 and a heater material
210, In this example, the memory cells 213-1 and 213-2 are self-aligned and
can be formed via a number of masking and etching processes, for mstance.
{0037} Although the example shown in Figures 2A-2E is for an array of
phase change memory cells, embodunents are not so fimited. For instance, in

a number of embodiments, the array 202 can be an array of RRAM cells or
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ather resistive memory cells having separate regions with different cell
characteristics
{0038} Figures 3A-3F illustrate various process stages associated with
forming array 302 of resistive memory cells in accordance with a number of
embodiments of the present disclosure. The memory cells of array 302 can be
resistive memory cells such as resistive memory cells 104, as described above.
As an exampie, the array 302 can be an arrayv of phase change memory cells.
{0039} Figure 3A illustrates a first region 334 and a second region 336 of
array 302, In the example showa in Figare 34, regions 334 and 336 mclade
conductive plugs 330-1,. . 330-4 formed between a heater material 310, e.p, a
conductive material, and a substrate 332, In a nuwmber of embodiments, heater
material 310 is imited in a direction perpendicular to the rows of memory cells
{not shown) prior to a material, e.g., @ resistance variable material, being
formed on the heater material 310
{0040] The conductive plugs 330-1,... 330-4 are separated by a dielectric
material 322 formed on substrate 332, The drelectric material 322 can be a
material such as silicon dioxide or silicon miride, for instance. The substrate
332 can be a silicon substrate, silicon on msulator (SOD) substrate, silicon on
sapphire (SOS) substrate, for instance, and can include varions doped and/or
undoped semiconductor materials. A heater material 310 1s formed on plugs
330~1,...,330-4 and can be various conductive materials, such as metal nitride,
e.g., titanium nitride, tungsten nittide, among other conductive materials.
{0041} Figure 3B illustrates a process stage subsequent to thai shown in
Figure 3A and associated with forming arrav 302, A resistance variable
material 312-1, e.g., a phase change material, 18 formed on heater matertal 310.
That 15, the heater material 310 of regions 334 and 336 meludes resistance

variable material 312-1 formed thereon. As s further iHustrated 1o Figwe 3B,
a cap material 318-1 is formed on resistance variable material 312-1 in regions
334 and 336.
{0042} Figure 3C illustrates a portion of resistance variable material 312~
! and cap material 318-1 removed from region 334 of array 302, The portions
of materials 312-1 and 318-1 can be removed from region 334 via an eich
process, for instance, without removing portions of materials 312-1 and 318-1

i region 336 of artay 302

Q
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{0043] Figure 3D ilustrates a process stage subsequent to that shown in
Figare 3C and associnted with forming arvay 302, Figure 3D iflustrates
resistance variable material 312-2 formed on heater material 310 in region 334

and cap material 318-1 in region 336 of array 302. Figure 3D also lustrates
cap material 318-2, e g, a conductive material, formed on resistance variable
material 312-2 inregions 334 and 336

{6044} Figure 3E illustrates & portion of resistance variable maierial 312-
2 and cap material 318-2 removed from region 336 of array 302, Removing
resistance variable material 312-2 from region 336 of array 302 canresult in a
siooth region, mchuding heater material 310, resistance variable material 312-
{, and cap material 318-1 in region 336 of array 302. Region 334 of example
array 302 can also be a smooth region, including heater material 310,
resistance variable material 312-2, and cap material 318-2, In a number of
emnbodunents, cap materials 31&-1 and 318-2 can serve as bit lmes for the
resistive memory cells.

[0045] Providing different materials, e g., resistance variable materials
312~1 and 3122, m different regions, e.g., regions 334 and 336, of an array
can be used to form memory cells having different cell charactenstics, e.g.,
electrothermal properties, within the respective array regions. For example,
resistance variable material 312-1 can act differently within region 336 of
array 302 than 312-2 acts within regron 334 of array 302. As such, properties
of the resistance variable materials 312-1 and 312-2 in regions 336 and 334
may be different, and resistive memory cells formed in region 334 can exhibit
different cell characteristics as compared to the cell charactenistics of cells
formed i region 336,

{8046}

-~y

Figure 3F illustrates a process stage subsequent to that shown in
Figure 3E and associated with forming array 302, As shown i Figure 3F,
individual resistive memory cells 313-1 and 313-2, e.p., separate celi stacks,
¢an be defined by removing portions of materials 310, 312-1, 318-1, 312-2,
and 318-2. In a number of embodiments, resistance variable matenials 312-1
and 312-2 are between two conductive elements, e.g., between a conductive
cap material 318-1 and/or 318-2 and a heater matental 310, In this example,
the memory cells 313-1 and 313-2 are self-aligned and can be formed via a

number of masking and etching processes, for instance.

10
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{0047} Although the example shown i Figures 3A-3F is for an aray of
phase change materials, embodiments are not so hmited. For instance, in a
number of embodiments, the array 302 can be an array of RRAM cells or other
resistive memory cells having separate regions with different cell
charactenstics.

{0048] Figures 4A-41 illustrate various process stages associated with
forming an array 402 of resistive memory cells in accordance with a number of
embodiments of the present disclosure. The memory cells of array 402 can be
resistive memory cells such gs resistive memory cells 104, as described above
with respect to Figure I, As an example, the array 402 can be an array of
phase change memory cells, but is not so himited.

{0049} Figure 4A illustrates a first region 434 and a second region 436 of
array 402, In the example shown in Figore 44, regions 434 and 436 of array
402 melude conductive plugs 430-1,... 430-4 separated by a dielectric material
422 formed on a substrate material 432, The dielectric material 422 canbe a
material such as stlicon dioxide or silicon nride, for instance. The substrate
432 can be a sificon subsirate, silicon on insulator {(SOT) substrate, silicon on
sapphire {SOS) substrate, for instance, and can mclude various doped and/or
undoped semiconductor materials.

10030} Figure 4B tllustrates a process stage subsequent to that shown
Figure 4A and associated with formiing array 402, A via 420-1 s formed in a
portion of region 436, within dielectric material 422, Via 420-1 can be aligned
with a conductive plag in region 436, e g, plug 4303

{6051} Figure 4C tllustrates a process stage subsequent to that shown i
Figure 4B and associated with forming arvay 4082, A resistance variable
material 412-1 is formed on dielectric 422 in region 434 and regron 436 of
array 402, As further iltastrated in Figare 4C, resistance vartable material 412~
I fills via 420-1. A cap material 418-1, e.g., a conductive material, is formed
on resistance variable material 412-1 and can comprise @ number of conductive
materials, including, for example, tungsten.

{0052} Figure 4D illustrates a portion of resistance variable material 412-
I and a portion of cap material 418-1 removed from region 434 of array 402

The materials 412-1 and 418-1 can be removed from region 434 via an etch
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process, for instance, without removing materials 412-1 and 4181 from region
436.

{0053} Figure 4E illustrates a process stage subsequent to that shown in
Figure 4D and associated with forming array 402, A via 420-2 s formed in g
portion of region 434, within dielectric material 422, Via 420-2 can be aligned
with a conductive plug in region 434, e.g., plug 430-1.

{6054 Figure 4F iHlustrates a process stage snhsequent to that shown in
Figure 4E and associated with forming array 402, A resistance vanable
material $13-2 15 formed on diclectric 422 in regions 434 and on cap matenial
418-1 i region 436 of arvay 402, As further iflustrated in Figere 4F,
resistance variable material 412- fills via 420-2. A cap material 418-2 is
formed on resistance vartable material 412-2 in regions 436 and 434 and can
comprise a number of conductive materials, including, for example, tungsten.
{0055] Figure 4G 1llustrates a portion of resistance variable material 412-
2 and a portion of cap material 418-2 removed from region 436 of array 402,
The materials 412-2 and 418-2 can be removed from region 436 via an eich
process, for instance, without removing matertals 412-2 and 418-2 from region
434,

{0056} Figure 4H illustrates a portion of resistance variable material 412-
2 and & portion of cap material 418-2 removed from regton 434 of array 402
and a portion of resistance variable matenal 412-1 and a portion of cap
material 418-1 removed from region 436 of array 402, Materials 412-1, 412-2,
418-1, and 418-2 can be removed from regions 434 and 436 via an etch
process, such that a portion of resistance vartable material 412-1 is confined to
and pot removed from via 420-1, and a portion of resistance variable material
412-2 s confined to and not removed from via 428-2,

{6057} Providing different resistance variable matenials, e g, materials
412-1 and 412-2, in different regions, e.g., regions 434 and 436, of an array
¢an be used to form memory cells having different cell characteristics, e.g.,
electrothermal properties, within the respective array regions. For instance, the
performance characteristics of resistance variable material 412-1 in via 420-1
of region 436 may be difterent than the performance characteristics of

resistance variable material 412-2 i via 420-1 of region 434, As such,
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resistive memory cells formed in region 434 can exhibit different cell
characteristics as compared 1o cells formed in region 436
{0058} Figure 41 ilustrates a process stage subsequent to that shown in
Figure 4H and associated with forming array 202, A metal matenial 424, e.g.,
a copper material, is formed on resistance variable material 412-1 and
resistance variable material 412-2. Metal material 424 can be formed using 2
damascene process, and in a namber of embodiments, metal material 424 can
serve as a cap matenal, an electrode, and/or a bit line. In a number of
embodiments, resistance variable materials 412-1 and 412-2 are between two
conductive elements, e.g., between a conductive cap material 318-1 and/or
318-2 and a conductive plug 430-1 and/or 430-2.

{0059} Although not shown n Figure 41, metal material 424 may also
interact with a separate bit line. In a mumber of embodiments, a barrier
material (not shown) can be formed between resistance variable materials 412~
1 and 412-2 and metal material 424. The barrier can comprise, for example, a
metal nitride, sach as, for example, ttantum mitnde and/or tantalom mtride.
{0060} Although the example shown in Figures 4A-4H s for an aray of
phase change menmory cells, embodiments are not so linited. For instance,
a number of embodiments, the array 402 can be an array of RRAM cells or
other resistive memory cells having separate regions with different cell
characteristies. In the example shown in Figures 4A-4H, resistance vanable
materials 412-1 and 412-2 can comprise phase change materials formed on the
conductive plags, e.g., plogs 430-3 and 430-1. As such, the conductive plugs
can serve as heaters for array 402.

{8061} Flgures SASE Hlustrate various process stages associated with
forming an array 502 of resistive memory cells in accordance with a number of
embodiments of the present disclosure. The memory cells of array 502 can be
resistive memory cells such as resistive memory cells 104, as described above.
As an example, the array 502 can be an array of phase change memory cells.
{0062} Figure SA illustrates a first region 334 and a second region 5336 of
array 502, In the example shown in Figure SA, regions 534 and 536 inchude
conductive plags 530-1,.. . 530-4 formed between a heater material 510, ez a
conductive material, and a substrate 332, In a number of emboduments, heater

material $10 s Hinuted 1 a direction perpendicular to the rows of memory cells
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{not shown) prior to a material, e.g., a resistance variable material, being
formed on the heater matenial 510,

{0063} The conductive plugs 530-1, ., 530-4 are separated by a dieleciric
material 322 fornmed on substrate 532, The dielectric waterial 522 can be s
material such as silicon dioxide or stlicon nitride, for instance. The substrate
532 can be a silicon substrate, silicon on insulator {(SOI) substrate, silicon on
sapphire (SOS) sabstrate, for istance, and can include vatious doped andior
wdoped semiconductor materials, The heater matenial 510 i formed on plugs
530-1,...,5330-4 and can be varous conductive materials such as metal niride,
e.%., tungsten nitride andéor ttanium nitride, among other conductive
materials,

[0064] Figure 5B illustrates a process stage sabsequent to that shown
Figure SA and associated with forming array 502, A resistance variable
material 512, e.g., a phase change material, is formed on heater matenial 510.
That is, the heater material 310 of regions 534 and 336 includes resistance
variable material 312 formed therson.

{B0065] As iHlustrated in Figure 5B, a cap matertal 518, e g, a conductive
material, 1s formed on the resistance variable material 512 in regions 234 and
236. The cap material 518 can comprise, for example, a metal nitride such as
titanium niride andfor tungsten niride, among vartons other cap materials.
{8066} Figure SC tlustrates a process stage subsequent to that shown in
Figure 3B and associated with forming array 502, Arrows 526 represent ion
mmplantation on at least a portion of region 336, In a number of embodiments,
as a result of the ion implantation, an electrothermal property of resistance
variable material 312 is modified in at least a portion of region 536,

{8067} Figure 5D iHlustrates 3 process stage subsequent to that shown in
Figure SC and associated with forming array 502, Arrows 528 represent ton
implantation on at least a portion of region 334, In a number of embodiments,
as a result of the ion implantation, an electrothermal property of resistance
variable material 312 is modified m at least a portion of region 334, H may be
sufficient, in various embodiments, to perform ion implantation on at least a
portion of region 336, but not region 334, (and vice versa) to differentiate
electrothermal properties between resistance variable material 512 in each of

regions 534 and 536.

14
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{0068] In a number of embodiments, ion implantation processes, e.g., as
represented by arrows 5326 andfor 528, can include implantation of different
types of 1ons in the respective regions 536 and 534, The ions can be
mplanted through cap material 518, for example, and can include inplantation
of ions such as arsenic, phosphorus, and/or boron, among other fons. Ina
wumber of embodiments, the implanted 1ons can be metal ions. The
nuplantation processes 326 and 328 can have difterent associated ton
concentrations, different associated ion energies, and/or different numbers of
10ns.
{0869] As such, although the same resistance variable material 512
formed in regions 534 and 5336, the ion implantation processes 526 andfor 528
can be used to modify the electrothermal properties of the material 512 within
the respective regions 336 and 534, Therefore, the memory cells formed in
regions 536 and 334 can have different cell characteristics associated
therewith. In a number of embodiments, modifving the electrothermal
properties of the material 512 can include thermal activation to modify the
electrothermal properties of the resistance variable material 512 within regions
536 and 534, The thermal activation can apply to ion implantation proces
526 anddor 528, and thermal activation can also apply to a reactant material
Processes.
{6076 Figure SE ilfustrates a process stage subseguent to that shown in
Figure 3D and associated with forming array 502, As shown in Figore SE,
mdividual resistive memory cells 513-1 and 513-2 can be defived by removing
portions of materials 510, 512, and 518, In a number of embodiments,
resistance vartable material S12 18 between two conductive elements, e.g |
between a conductive cap material S18 and a heater material 310
{6071} Although specific embodiments have been llustrated and
described herein, those of ordinary skill in the art will appreciate that an
arrangement calculated to achieve the same results can be substitnted for the
specific embodiments shown. This disclosure 1s intended to cover adaptations
or variations of various embodiments of the present disclosure. It is to be
understood that the above descaption has been made in an illustrative fashion,
and not a restrictive one. Combination of the above embodiments, and other

embodiments not specifically described herein will be apparent to those of skill
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in the art upon reviewing the above description. The scope of the various
embodiments of the present disclosure includes other applications in which the
above structures and methods are nsed. Therefore, the scope of varions
embodiments of the present disclosuwe should be determined with reference to
the appended claims, along with the full range of Equivalents to which such
claims are entitled,

{6072} In the foregoing Detatled Description, various features are
grouped together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure i not to be nterpreted as reflecting an
intention that the disclosed embodiments of the present disclosure have to use
more features than are expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than all features of a single
disclosed embodiment. Thus, the following claims are hereby mcorporated into
the Detaded Description, with each claim standing on s own as a separate

embodiment.
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What 1s claiowed 1%

1. An array of resistive memory cells, comprising

a first resistive meemory cell comprising a first resistance vanahle
material; and

a second resistive memory cell comprising a second resistance variable
material that is different than the first resistance variable material.
2. The array of claim 1, wheremn first and second resistance vanable
materials include phase change materials.
3 The array of claim 1, wherem the first and second resistive memory cells
each include a heater material formed on a conductive plug conpled to a select

device.

4. The array of claim 1, wherein the first and second resistive memory cells
each include a self-aligned structure comprising the respective first and second
resistance variable matenals formed between respective first and second

conductive elements.

3. The array of claim 4, wherein the first conductive glement is a heater and

the first and second resistance variable materials are phase change matenials.

6, The grrav of any one of clapns 1 10 §, wherein the first resistive memaory
cell belongs to a first sub-array and the second resistive memory cell belongs to

a second sub-array.

7. The array of claim 1, wherein a first region of the array including the first
resistance varigble material is configured to store a first type of data, and a
second region of the array including the second resistance variable matenal 1s

configured to store a second type of data.

8. The array of claim 7, wherein the first region of the array has a lugher

associated retention capability than the second region of the array
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g, The array of claim 7, wherein the first region of the arrav has a higher

associated programming throughput than the second region of the array.

18, An amay of resistive memory cells, comprising

a frst number of resistive memory cells in a first region of the array and
comprising a resistance variable material having a particular electrothermal
property associated therewith; and

a second number of resistive memory cells 1n a second region of the
array and comprising a resistance variable material having a different

electrothermal propenty associated therewith.

11, The array of ¢laim 10, wherein at least one of the resistance variable
material of the first number of cells and the resistance variable material of the

second number of cells is implanted with an ion..

12, The array of claim 10, whersin the array includes a reactant material
formed on the resistance variable material in the first and second regions, a
thickness of the reactant material formed on the first region being different than

a thickness of the regctant material formed on the second region.

13, The array of claim 10, wherein the array includes a first reactant material
formed on the resistance variable material in the first region of the array and a
second reactant material formed on the resistance variable matenial in the second
region of the array, wherein the second reactant material is different than the first

reactant material.

14, The arrav of any one of claims 10 1o 13, wherein the first and second

resistive memory cells are coupled to 3 same bit line,

15, A method of forming an array of resistive memory cells, the method

COMPrISINg:
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formung a first number of resistive memory cells w a first region of the
array, the first number of cells comprising a first resistance variable material;
and
forming g second number of resistive memory cells 0 4 second region of
the array, the second number of cells comprising a second resistance variable

material that is different than the first resistance variable material.

16, The method of claim 13, wherem forming the array includes:

forming the first resistance variable material on a fivst conductive
material formead on the first and second region;

forming a first cap material on the {irst resistance variable matenial;

removing the first resistance variable material and the first cap material
from the second region;

forming the second resistance variable matenial on the first cap material
of the first region and on the conductive material of the second region;

forming a second cap matenal on the second resistance variable material;

removing the second resistance variable material and the second cap
material from the first region; and

forming separate cell stacks corresponding to the respective first and

second rumber of resistive memory cells,

17, The method of claim 16, wherein the first conductive material is formed
on a number of conductive plugs coupled to respective select devices
corresponding to the first number of resistive memory cells and to the second

number of resistive memory cells,

18, The method of claim 16, wherein the first and second cap materials serve

as bit lines for the respective first and second number of resistive memory cells.

19, The method of any one of claims 15 to 18, wherein the first and second

resistance variable matenals include different chalcogenide allovs.

200 The method of claim 15, wherein formung the array includes:

19



WO 2013/109920 PCT/US2013/022189

forming a first via n a dielectric formed on a first region and a second
region of the array;

forming a first resistance variable material on the first and the second
region of the array, the first resistance variable material filling the first vig;

forming a first cap material on the first resistance variable material;

removing a portion of the first resistance variable material and a portion
of the first cap material from the second region of the array;

forming 4 second via i the dielectric formed oun the second region of the
array,

formiing a sevomd resistance variable material on the first and second
region of the array, the second resistance variable material filling the second via;

forming a second cap material on the second resistance variable material;

removing the second resistance variable material and the second cap
material from the first region of the array;

performing an etch process such that the first resistance variable material
is confined to the first via and the second resistance variable material 15 confined
to the second via; and

forming a metal material on the first resistance vaniable material formed
in the first via and on the second resistance variable material formed in the

second via.

21 The method of claim 20, wherein forming the metal matenal includes

forming the metal material nsing a damascene process.

22, The method of any one of claims 20 10 21, wherem fonming the artay
includes forming a metal pitride barrier matenal between the first and second

resisiance vanable matenals and the metal material,

23, A method of forming an arrav of resistive memory cells, the method
COMPriSIng:

forming a first number of resistive memory cells in a first region of the
array and a second number of resistive memory cells in a second region of the

array; and
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modifving an electrothernmal property of a resistance variable material in

at least one of the first region of the array and the second region of the array.

24, The method of claim 23, wherein modifyving the elecirothermal property
of the resistance variable material in the at least one of the first and second

regions includes at {east one of performing a first ion implantation process on at
least a portion of the first region and performing a second ion implantation on at

least a portion of the second region,

25, The method of clatm 24, wherein performing the at least one of the first
implantation process and the second ion mmplantation process includes
implanting ions through a cap material formed on the resistance vanable

material.

26.  The method of claim 23, wherein modifyving the electrothermal property
of the resistance variable material in the at least one of the first and second
regions includes:

forming a first reactant matenial on the resuustance variable material in the
first region; and

forming a second reactant material on the resistance variable material in

the second region.

27, The method of claim 23, wherein modifying the electrothermal property
of the resistance variable material in the at least one of the first and second
regions includes thermal activation to modity the electrothermal properties of the

resistance vanable matenal in the first and second regions of the array.

28, The method of claim 23, wherein modifymg the electrothermal property
of the resistance variable material in the at least one of the first and second
reglons includes:

forming a reactant material of a first thickness on the resistance variable
material in the first region; and

forming the reactant material of a different thickness on the resistance

ariable material in the second region.

| S
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29, The method of claim 26, wherein modifying the electrothermal property
of the resistance variable material in the at least one of the first and second
regions ncludes;

removing a portion of the first reactant material;

forming the second reactant material where the portion of the fust
reactant material was removed and on the resistance variable material in the
second region;

formng a cap material on the second reactant material; and

formiing separate cell stacks corresponding to the respective first and

second resistive memaory cells.

30 The method of claim 23, wherein modifying the electrothenmal property
of the resistance variable material in the at least one of the first and second
regions includes:

performing a first 1on implantation process using an ion of a first
concentration on at least a portion of the first region; and

performing a second ion unplantation using an 1on of a second
concentration on at least a portion of the second region,

wherein the first ton concentration is different than the second fon

concentration.
31, A method of forming an array of resistive memory cells, the method
comprising

forming a {irst conductive material in a first region and a second region
of the array;

fonming a resistance variable material on the first condoctive material;

forming a second conductive material on the resistance variable material;

removing a portion of the second conductive material from the second
region of the array;

forming a third conductive material on the second conductive material in
the first region and on the resistance variable material in the second region of the

array;

|
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forming a fourth conductive material on the third conductive material;
and
defining mdividual resistive memory cells by removing portions of the
first and second resistance variable materials and portions of the first, second,

third, and fourth conductive materials

32. The method of claim 31, wherein the second conductive material reacis
with the resistance vaniable matenial in the fivst region and the third conductive
matertal reacts with the resistance vartable material in the second region to

muocify an electrothenmal property of the resistance variable material.
33, The method of claim 32, wherein the reactions arg thermally activated.
34, The method of any one of clatms 31 o 33, wherein the second

conductive material and the third conductive material are the same conductive

material.

]
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