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CROSS-POINT MEMORY AND METHODS FOR FABRICATION OF SAME

BACKGROUND OF THE INVENTION
Ficld of the Invention
001 ] Subject matter disclosed herein generally relates to mtegrated cireutt

devices, and 1o parficular to cross-point roemory arrays and methods for fabricating the same.

Description of the Related Art

Liiiing Generally, a cross-point memory array refers {0 a memory array baving
memory ciements disposed and clectrically connected at cross-junctions between a first s¢t of
conductive lines {e.g., word lines} and a second set of conductive lines {e.g., bit lines)
overlapping and crossing the first set of conductive hines. Sorne Cross-point memory arrays
incorporate materials whose resistance can be changed by a signal applied across the
memory eiements. Examples of resistance change maternals include phase change materials.

LHILINY Fabrication of cross~-point memory arrays can nclude patterning the
memory elements having multiple elements 1 a stacked configuration.  Patferning the
memory elements, which often mvoive eiching at least portions ¢f a stack of materials 1o
form a stacked structure, tor example a stack of lings, can result i undesirable etffects such
as damaging and contanunating sidewalls of the stacked structure being etched. Thus, there

18 a need for fabrication methods that can nunimizre such undesirable effects.

BRIEF DESCRIPTION OF THE DRAWINGDS
FHEIEY Claimed subject matter 18 particularly pomted out m the concluding
portion of the specification. However, organization and/or method of operation, together
with certain objects, features, and/or advantages thereof, may be better understood by
refercnce to the following detaded descnption if read with the accompanying drawings in

which:
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HH005] Fi(. 1 s a schematic three-dimensional depiction of a memory cell
according to some embodiments.

LHEIY FIGS. 2A-2N are schematic three-dimensional depictions of intermediate
structures of a memory cell at various stages of {abrication according to some cmbodiments.

it FIGS. 3A-3C arc cross-sectional depictions of structures of memaory cells
according to some embodiments, where the cross-sections are taken in the v-z plance.

03] FiGG. 4 18 a cross~sectional depiction of a structure of memory cells
according to some embodiments, where the cross-sections are taken in the x-z plane.

BUY FIGS. 5A-5C are cross-sectional depictions of structures of memory cells

according to some embodunents, where the cross-sections are taken i the y-z planc

Lt Features 1 the drawings are not necessarnily drawn to scale and may
extend m ditterent directions trom that illustrated, While various axes and directions are

tlustrated to facilitate the discussion hercin, 1t will be appreciated that the features may

extend in difterent directions.

DETAILED DESCRIPTION

HHES As noted above, generally, a cross-point memory array refers {0 a memory
array having memory cells disposed and clectrically connected at cross-junctions between a
first set of conductive hines {e.g., word lines) and a second set of conductive hines {e.g., bit
incs} overlapping and crossing the first s¢t of conductive lines. The memory cells can
change their memory state in responsc o a signal, which can be an cleetrical signal such as a
voltage or a current pulse. Some memory cells, sometimes called the resistance change celis,
incorporate resistance change materials whose ¢lectrical resistance can be changed by the
ciectrical signals provided through the first and second conductive lines connected to the
resistance change matenals. One category of such resistance change matenials 1s that of
phase change malterials, such as but not himited to chalcogenide matenals.,

tHi v The memory cclls 1 a cross-point memory array can inciude multinle
clements arranged i a stacked configuration. For example, a memory cell can include a
storage clement and a sclector clement, and can also nclude electrodes connecting the

storage and sciector clements and further conncecting the storage and sclector clements to

.
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conductive hnes. Such clectrodes may be empioyed to prevent reaction or nterdiffusion
between neighborng functional clements, but mayv not be eraployved depending upon the
sgiccted matertals., FPatterning the memory cell having the multiple clements, which often
imvolves ctching at least portions of a stack of matenals fo form a stacked structure, for
example a stack of lines, can result wn undesirable effects such as damaging and/or ¢ross-
contaminating sidewalls of the stacked structure bemg eiched. For example, duning etching,
sidewalls of one of the storage or sclector clements can become damaged chemically and/or
physically. Cross-contamination can occur from redeposition of one of the ctched materials
and/or eich by-products onto another clement. For cxample, clements from a sclector
material can contamunate stdewalls of a storage matenial, or vice versa.,  Sumlar damage
and/or cross confamunation can occur among one or more of matceriais of the storage or
selector clements, electrode materials, conductive hine materials, or any other material that
may be etched as part of the stack etch process. In addition, contarnmants can be thermally
“driven-in’ i subscquent processes, thereby causing unintended and undesirable cffects on
the final device characteristics as well as fabrication vield. Thus, there 18 a need for
fabrication methods that can munumize such undesirable effects.

(01 3] A method of fabricating a memory device according to some embodiments
comprises forming a memory cell material stack and patterning the memory cell matenal
stack. Forming the memory cell matenal stack mcludes forming, ¢.g., depositing, a furst
active roatenial and a second active maternal over the first active maternial, o some
cmbodiments, onc of the first and second active materials comprises a storage material and
the other of the first and second active materials comprises a seiector material. Patterming the
memory celi material stack can mclude etching through a portion of the memory cell material
stack, such as through at least one of the first and sccond active maternials of the memory cell
matertal stack, and forming protective hiners on the sidewalis prior to complction of the
ctching of the cntire memory cell material stack. After formung the protective hiners, the cell
material stack can be further etched to complete the cell stack etch. Thus, the portion of the
roemory cell stack whose sidewalls are covered with the protective liners are protecied
during further ctchung of the cell stack such that ctch products that may be liberated during

further etching of the cell stack are provented from contaminating the portion whose
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sidewails are covered with the protective hiner. Etiching can be dry etching, including
physical etching, chemical eiching, or a combination of the two as 1m a reactive on cich.

tHUEY Fi(s. | depiets a memory ccll 10 1 a cross-point memory array according
to one embodiment. The memory cell 10 i FIG. 1 1s a resistance change memory cell
arranged n a stacked configuration between a column line 20 extending in a v direction and
a row line 22 extending in an x direction. While a single memory cell 10 micrposed between
onc column hine 20 and one row ling 22 1s itHustrated, 1t will be understood that a memory
array can include additional memory cells formed at a plurality of crossings between a
plurality of column hines 20 and a plurality of row lines 22, Column lines 20 can aiternately
be referred to as bit hines or digit lines, or more gencrally as access lines, and row hines 22
can alternately be referred to as word hines, or also more generally as access lings, by
convention i the mdustry, although these designations can also be reversed. The row and
column hines 22 and 20 are conductive bines conligured to carry electrical signals such as, for
cxample, a voltage or a current puise, between cells 1o an array and driver circuttry.,  The
memory cell 18 mmcludes a memory cell stack 30 mcluding a selector clement 38 and a
storage element 34, and in the illustrated embodiment these clernents arg separated by a
middie clectrode 36, The memory cell stack 30 additionally includes a first clectrode 40
between the selector clement 38 and the row hine 22 and a second electrode 32 between the
column hine 20 and the storage element 34,

tHHERY Embodiments moditicd from the illusirated cmbodiments of FIG. | are
possibic. For exampie, while the iilustrated embodiment in FEG. 1 shows the first electrode
4( configured as a hne structure laterally contined n one dimension and extending in the x-
direction above the column bing 22 and the second clectrode 32 configured as a structure
laterally contined n two dimensions, the opposiie configuration is possibic, where the first
clectrode 440 15 configured as a structure laterally confined in two dimensions and the second
clectrode 32 1s configured as a hine structure laterally counfined in one dumension and
extending i the y-direction below the row hine 20. In other erobodiments, both the first and
second electrodes 40 and 32 can be laterally confined in one or two dimensions. In addition,
in other embodiments, the positions of the storage clement 34 and the selector clement 38
within a stack configuration may be nterchanged with one another. In vet other

cobodunents, the selector element 38 may be omutted. In vet other embodiments, any one of
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the first, second, and muddle electrodes may be omutted, depending upon compatibility or
reactivity of adjacent storage, selector and conductive ine matenials. Additionally, the “row”
and “column’ designations arc intcrchangeable, and the rows and columns arc gencrally
perpendicular but may cross onc another at other than 90°.

GG Examples of the storage clement 34 mmclude a chalcogenide-based phase
change storage ciement, a resistive random access memory (RKAM) storage clement {¢.g.,
Ni1O, HfOG,, 21y, CwO, Ta,, Ta0s5, T10,, 5160, AL}, a conductive bridge random
access memory {CBRAM) storage element {¢.g., metal-doped chalcogenide), and/or a spin
transier torque random access memory (ST T-RAM) storage clement, among other types of
storage clements,

317 Examples of the selector clement 38 mcelude a two termunal device {e.g., a
switch), such as a diode, an ovonuc threshold switch (OT5), a tunnel junction, or 2 mixed
wonic  electronic  conduction switch (MIEC), among other two  termunal  devices.
Alternatively, examples of the sclector clement 38 mmclude a three terminal device {€.g., a
swiich), such as a ficld effect transistor (FET) or a bipolar junction transistor (BJT), among
other switching elements.

R B In some embodiments, onc or both of the storage and selector clemenis 34
and 38 can comprise chalcogemde materials, When both storage and sclector elements 34
and 38 comprise chalcogenide maternials, the storage clement 34 can comprise a chalcogenide
material that can undergo a phase change that i1s nonvolatile at room temperature. On the
other hand, the sciector clement 38 can comprise a chaicogenide material that does not
undergo a suvitlar nonvolatile phase change.

O 9] In some cmbodiments, the storage clement 34 includes a phase change
matertal that includes chalcogenide compositions such as an alioy mnchuding at least two of
the elements within the mdivm{In}-antimony{Shi-tellurmum{T¢) (IS8T} alloy system, e.g.,
roSboTes, IngSbaTey, InyShyfes, cte., or an alloy including at least two of the elements
within the germamum{Gel-antimony{Sbi-tcllurium{te) (GST) alloy system, ¢.g., GepSbsTes,
eaShyTes, GerShyTes, GerSbhyTer, GesSbiTes, cte., among other chalcogenide alloy
systems.  The hyphenated chemical composition notation, as used herein, indicates the
clements included 1n a particular mixture or compound, and is intended to represent all

stoichiometries involving the indicated elements. Other chalcogentde alioy systcms that can
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be used i phase change storage elements mcluade Ge-Te, In-Se¢, Sb-Te, Ga-5b, In-Sb, As-Te,
Al-Te, In-Ge-Te, Ge-Sb-Te, Te-Ge-As, In-Sh-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-Sh, Ga-Se-Te,
Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-0O, Te-Ge-Sn-Au, Pd-Te-(Ge-Sn, In-Se-T1-Co,
Ge-Sbh-Te-Pd, Ge-5b-Te-Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-5Se-Te, Ge-Sn-Sb-Te, Ge-
Te-5n-Ni, Ge-Te-5n-Pd, and Ge-Te-5n-Pt, for example.

0201 In some cmbodiments, the sclector clement 38 includes a chalcogenide
material clectrically coupled to the storage clement 34 through the nuddie electrode 36 on
one side and clectrically connected to the row hine 22 through the lirst clectrode 40 on the
other side. A selector device having a chalcogenide matenal can somctimes be referred to as
an Ovonie Threshold Switch {(OT8). An OTS may include a chalcogenide composifion
inciuding any one of the chalcogenide alloy systems described above for the storage clement
34, In addition, the selector clement may frther comprise an element {0 suppress
crystallization, such as arsenic {As). Examples of OTS matenals include Te-As-Ge-51, Ge-
Tc-Pb, Ge-Se-Te, Al-As-Te, Se-As-Ge-S1, Se-As-Ge-C, Se-Te-Ge-Si, Ge-Sb-Te-Se, Ge-Bi-
Te-5S¢, Ge-As-Sb-5Se, Ge-As-Bi-Te, and (Ge-As-Bi-NSe, among others.

LAl The electrodes 32, 36 and 40 can comprise matenals that electncally
conncet the opcrational clements of the memory cell but prevent reactions among the
matertals. For example, where the storage clement 34 and the sclector element 38 comprise
chalcogenide materials, it may be advantageous to place non-reactive conductors between
these clements to prevent interdiffusion of their materials, and also between these clements
and thewr respective ncighboring conductive hines, particularly conductive lines formed of
metalitc matenial. Examples of suitable clectrode matersals include one or more conductive
and semiconductive roatentals such as, for example, carbon (C); n-doped polysilicon and p-
doped polysilicon; metals mcluding, Al Cu, N1, Cr, Co, Ru, Rh, Pd, Az, Pt Ay, Ir, Ta, and
W conductive metal mitrides including TiN, TaN, WN, and Tal’N; conductive metal stlicides
including tantalum sihicides, tungsten silicides, nickel sitlicides, cobalt silicides and titanium
silicides; and conductive metal oxides meluding RuOy,

221 In addifion, row hines 22 and column lines 2{ can comprise any
condictive and/or semiconductive material suitable for forming conductive lines to carry
clectrical current for accessing the memory cells within the memory array. Examples of

conductive/semiconductive materials suitable for forming row hines 22 and column hines 20
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include n-doped or p-doped polysilicon; metals mcluding Al Cu, and W, conductive metal
nitrides mcluding TiN, TaN, and TaCN; and other conductive materials. In embodiments
where onc of elcctrodes 32 or 40 1s omitied, the row line 22 or column line 20 can serve as
cell clectrodes in addition to carrving clectrical signals.

LAY In the following, it will be understood that while some erobodiments of
memory celis may be described as having certain featurcs perfaining to storage clements and
sclector clements that include chalcogenide matertals, the embodiments are not hmited o
stich storage and selector matenals. For example, in some embodiments, a memory cell can
include a storage element mcluding a chalcogenide phase change matenal, while including a
sclector clement that does not include a chalcogemide matenal, such as a bipolar junction
transistor or a diode. In some other embodiments, another material with similar electrical
behavior as a chalcogenide phase change matenal may be used. In some other embodiments,
a memory cell can melude a selector element mcluding an Ovonic threshold switching
material, while mcluding a storage clement that does not mnclude a chalcogenide material,
such an oxide-based resistance change oxide material. In vet other embodiments, a memory
cell can mnclude a chalcogenide phase change material having both storage and selector
functionalitics without scparate seicctor elcments for these functions.

OG241 FIGS. 2A-2ZN are schematic three-dimensional depictions of intermediaic
memoery array structures tlustrating structures and methods of fabricating a memory devige
according to vartous cmbodiments. In an ilustrated embodiment, fabrication includes
partially etching a memory cell material stack and protecting the exposed sidewalls of the
partially etched memory cell matenial stack prior to completing the eich to form stacked
roemory cell structures, such memory cell ine stacks. The etch can be part of a patterming
process m which a conductive line 18 commonly paticrnecd with a memory cell stack., In the
iHiustrated process, a lower row hine and an upper column hine are paticrned using two mask
patterns, and an mitervening memory cell stack 1s partially patterned by cach of the two mask
patierns.,

LHIPAY While not shown for clanty and easc of illustration, it will be understood
that the itlustrated array structures are {formed over a substrate, which can nclude, among
other things, various pentpheral and supporting circuifry, for mstance CMON transistors that

form a part of column and row driver circutfry and sensc amplifier circuitry, as well as
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sockets and wiring that connect such circuttry to the memory array through the column lines
and row lines descnibed above. In addition, the subsirate may include one or more memory
arrays, or “decks’ of arravs. As used hercin, the term substrate can includes a bulk
semiconductor substrate as well as integrated structures formed thercover.

H026] As used heremn and throughout the specilication, “subtractive paticrming’”
refers o a process scquence where structures to be defined are paticrned by the removal of
materital. For exampie, a “subiractive patterning proeess’ may include first hithographically
providing etch mask structures overlapping arcas to be patterned, followed by efching, such
that materials m arcas masked by the mask structures are proiected while matenals in
cxposcd arcas arc removed by the ctch removal process. The set of process steps for
subtractive-paticrning a stack of lavers, can include, for example, providing an c¢tch mask
paticrn that ¢an comprise at one or more of a resist, a hard mask and anti-reflective coating,
The resist may be patterned by a photolithography process, and that paticrn can be
transicrred into lower hard mask and/or antirctiective layers. Other lithographic technigues
arc also possible, mcluding proeesses without hard mask lavers. If hard mask layer(s} arc
meluded, the resist can be removed prior to using hard mask duning etch of underlying
materials. Thus the etch mask pattern can be provided by resist and/or hard mask lavers at
the time of transierring the pattern mmto the materials of interest. The etch mask pattern blocks
arcas covered by the mask paticm to protect the underiving material from being etched (e.g.,
wet or drv), while the etch mask patiern exposes arcas not covered by the mask patiern to
ctch the exposed region of the material{s) to be ciched.

27 Referning to intermediate array structure 100a of FH3. 2A, according to
some embodiments, a method of fabnicating a memory device includes formung a lower
conductive maternial 22a over a substrate (not shown), forming a memory cell material stack
3(a over the lower conductive material 22a, and formuing a first hard mask material 42a over
the celi matenal stack 30a. Forming the memory cell matenal stack 30a m turn includes
forming a lower elecirode material 40a on the lower conductive matenal 22a, forming a
sgicctor clement material 38a on the lower clectrode muaterial 40a, forming a miuddie
cicctrode material 36a on the storage clement material 38a, forming a storage clement
material 34a on the middle electrode matertal 36a, forming an upper clectrode material 32a

on the storage clement matenal 34a, and formuing a first hard mask material 42a on the upper
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clectrode matenal 32a. Each of the matenials can be formed by blanket depositing a layer on
the substrate, such as by sputtering or chenucal vapor deposition. It will be understood that
memory cell stacks may omuit or add materials in other embodiments,

30281 Relferring to mtermediate array structure 100b of FIG. 2B, according to
some embodiments, the method of fabricating the memory device mcludes subtractive
patterning the memory ccll material stack of the mtermediate array structure 100a of FIG. 2A
to form a partially ciched lower hine stack 44a cxtending i the x-direction. After a mask 1s
patterned over if, the subsirate with the imtermediate array structure 100a can be loaded nfo a
dry eteh tool. In one embodument, the processes described below with respect to FIGS, 2B-
2E can be conducted m the dry eich tool.

329 Nubtractive patterning o form the partially ctched lower line stack 44a
mmcludes forming an cich mask hne pattern {¢.g., photoresist pattern) comprising Linegs
cxicnding in the x-direction and ctching the exposed regions between the cich mask pattern
ltncs. At lcast the upper active material 1s etched. In the illustrated embodiment of FIG. 2B,
ciching the hard mask material 42a, the upper electrode matental 32a, and the storage element
material 34a, forms the partially etched lower hine stack 444 including a storage element hine
34b on the middle electrode material 36a, an upper clectrode hne 32b on the storage clement
iine 34b, and a hardmask line 42Zb on the upper electrode hine 32b.  The resulting
mtermediate structure 100b ncludes partially etched lower hine stacks 44a separated by
shallow trenches.

FHIRTH it will be appreciated that, while 1n the Hhustrated embodiment of FIG. 2B,
the ctch process removes part of the storage clement matersal 34a to gxpose its sidewalls,
simtlar etch process can remove part of the sclector element matenal 38a in embodiments
where the vertical positions of the storage clement material 34a and the scleetor element
material 43a are switched according to some embodiments.

0031 ] In addition, 1t will be appreciated that, while 1 the diustrated embodiment
of FI(. 2B the ctch extends to at least the upper surface of the muddie electrode material 36a
such that the exposed sidewalls of the storage matenal 34b and of the upper electrode 32b
can subsequently be protected using a protective hiner, the ¢fch process can stop at other
depths depending on which material{s) of the intermediate array structure 100a of FIG. 2ZA 15

sought to be protected during subscquent processing. For example, in some embodiments,
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the elch process can subscguently proceed to remove one or more of the muddie electrode
material 36a, the selector element material 344, bottom electrode material 4804 and the lower
clectrode material 22a, as will be understood from the description below of FIGS. 3A-3C.

3032 ] Still referring to FUG. 2B, it will be further appreciated that, forming the
partially etched lower hine stack 44a can mnclude at least partially etching into the material
that underhics the storage material line 34b, in this case the middie electrode material 364, in
order to ensure exposure of sidewalls through the full thickness of the storage material for
subsequent protection, which can result in exposure of sidewalls through part of the thickness
of the nuddie clectrode matenial 364,

0033 fn general, dry etch processes may ufilize chemical reactions by
eruploving various etchants comprising, {or example, at least one of a halide, such as a
fluonne-, chlonne-, bromune- or i1oding-contaming vapor compound o form a volahile
chemical compound with the material being removed. Some other dry etch processcs may
uftiize physical encrgy by emploving acceleration of charged species which may be ctchants
themselves, or a combmation of the ctchants and other species such as nert 1ons. Yet some
other dry etch processes, such as reactive i1on etching, mayv utilize a combmnation of both
chemucal reactions and physical encrgy for optimized ciching performance.

30341 ft will be appreciated that some dry ctch processes for patterming the
partially eiched lower hine stack 44a of FIG. 2B includes multiple sub-processes to enhance
the etch rate and/or profile. However, a sub-process tailored for removing a particular
matertal within the various materials of the intermediate structure 100a of FIG. 2A can result
n undesirable consequences. For example, after removing materials up to and including the
storage element material 34a, i the etech process continues to further remove the middie
clectrode material 26a and the selector clement material 3€a, atoms, molecules, or clusters of
etch byproducts from additional materials removed, such as the selector element material
38a, can be released and re-deposiied elsewhere, for example on sidewalls of the storage
clement line 34b.  Materals reicased from the secicctor material can contaminatc the
sidewalls or the bulk material of the storage ¢lement hine 34b, resulting in unintended
changes m clectrical performance of the resulting memory cells, such as a shift wn the
threshold/swiiching voltage of the memory cells, fo name one cxample. Examples of

materials refcascd from the sclector maternial 38a that can be subscquently be incorporated

-1 {3



WO 2015/130455 PCT/US2015/015023

into the storage clement matenial 34a {o undesirably alter its clectnical behavior include Te,
As, Ge, Si, Pb, Se, Al C, By, and Sb among others. As and Se, 1o particular, can alier the
behavior of a chalcogemide storage material, such as GST.

HB035] (31 course, other cross-contamunation can occur by any of the materials
removed, or byproducts of etching, being redeposited on existing sidewalls any of the
materials that have been alrcady etched. Such confamination can occur during ctching, or
during subscquent processes, such as a wet-clean process or a gap fill process.

LHIRDY To avoid such uniniended changes in the clectrical performance of the
memory cells that can result from the dry ctch processes, i can be advantageous fo form
protective hners on sidewalls of ctched lavers after partially etching, for example, to form a
partially etched lower hine stack 44a of FIG. 2B, prior to contimung to ctch the stack of the
imtermediate structure 100b,  Thus, mn the descriptions that follow, a method of fornung
protective liners on sidewalls of partially ciched lower ling stack 44a such as in FIG, 2B will
be described.

G837 ] Referring to mtermediate array structure 100¢ of FIG. 2C, according 1o
some cmbodiments, the mcthod of fabricating the memory device includes forming a
protective liner 46a on the surfaces of the partially ctched lower line stack 44a of FiIG. 2B,
inclpding the sidewalls, to form a partially eiched iower ling stack 44b having sidewalls
covercd with the protective hiner 46a. The resulting intermediate structure 00¢ ncludes
partially ctched lower line stacks 44a (F1G. 2B) separated by shallow trenches {onc shownj),
and the protective liner 46a formed on sidewall and bottom surfaces of the shaliow trenches.

U3 In some embodiments, the protective iner 46a can include a fluorocarbon
matertal. As used herein, a fluorocarbon material mciudes any matenal having carbon and
fluorine that may or may not have long range order, and inciudes polymeric chams and
amorphous maitertals.  Such fluorocarbon materials can be deposited 1 process chambers
configured for at least omne of deposition and eich processes. Advantageously, the
fluorocarbon material can be deposited in-sity in the same dry etch chamber used to form the
partially etched lower line stack 44a of FIG. 2B, as well as to perform subsequent etch
processes for defvung the lower bine stack., By deposifing the protective liner in-situ,

additional processing time, cquipment and materials can be reduced. For cxample, the
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fluoroccarbon matenial deposited using plasma and fivorocarbon reactant gas species that
melude C and F, such as CHLOF,, CF, CF,, CFy, Cils, Calg, COF3 and CHY:, to name a few.

391 In some embodiments, forming the protective liner 46a includes
depositing a conformal hiner material which umformly and substantialiy covers all exposed
surfaces of the miermediate structure 100b of FIG. 2B, mcluding the sidewalls of the
partially etched fower hine stack 44a and inter-line stack regions between adjacent partially
ctched lower hine stacks 44a. At icast stdewalls of the upper active material are covered. In
the ilustrated embodiment, sidewalls of the hard mask lines 42b, upper clectrode ines 32b,
storage clement hines 34b, and any cxposed sidewalls of the nuddie clectrode matenal 36a
arc covercd. As used hercin, a conformal material has thicknesses on various portions of
deposited surfaces that arc substantially the same. Thus, when conformal, the protective
iner 46a has substantiaily the same thicknesses on top surface and sidewalls of the partially
ctched lower hine stack 44b, as well as on the muddle electrode material 36a between adyacent
partiaily ctched lower line stacks 44b.

3040 ft will be appreciated that conformal protective liner 46a can
advantageously enable a subsequent spacer structure formation {(descrnibed further below).
Some process conditions, such as a lower substrate bias during deposition and /or higher
process chamber pressure compared to the conditions used for the vertical etch resuiting
FiG. 2B can facilitate formation of a conformal protective hiner 46a. Without being bound to
any theory, such process conditions can retard acceleration of the ctchant specics toward the
substrate. For example, if dry etch conditions for ctching to define the storage material lings
34b mclade lower pressures of about 1-20 mTorr and a high substrate bias of about -200 V to
-500 V), the pressures can be increased to about 30-50 mTorr and substrate bias reduced fo -
30 V 1o +50 'V, particularly O V {(no substrate bias} for greater 1sotropic processing and more
conformal deposition of the protective hiner 46a.

30411 In other erabodiments, the conformal protective liner 46a can be deposited
ex sifu, i which casc an inorganic material such as silicon nitride can be employed.

342 It will be appreciated that the thickness of the protective liner 46a can be
tatlored for cttective protection from ¢ross contamination, as well as controlling the resuliing
variations in the widths of the lavers above and below the interface between the storage

clement {ine 34b and the middie clectrode layer 36a in FIG. 2C. {n some embodiments, the
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protective liners can have a thickness between about 5% and about 23% of a width of the cell
Une stack 30b measured at the same vertical height, or between about 10% and 20%, for
instance about 15%. In some emboduments, the protective liners can have a thickness
between about 1 nm and about 20 nm, or between about 1 nm and about 10 nm, for instance
about 5 nm.

0431 Ketferring to intermediate array structure 100d of FIG. 2D, the method of
fabricating the memory device additionally includes, according to some embodiments,
anisotropically removing honzontal portions of the protective hiner 46a of FIG 2C to expose
the upper surtaces of the bhard mask hines 42b and upper surfaces of the nuddle electrode
material 36a between the partially etched lower hne stacks 44¢. The remaimng profective
itngr 46b covers the sidewalls of the partially etched lower line stack 44c¢, including the
sidewalils of the storage lines 34b. Such amisofropic removal may be referred to as “spacer
etch process” in the mdustry, which refers to a directional efch process designed 1o remove
materials predominantly in a vertical direction (z-dircction) such that the protective hiner 46a
of FI(G. 2C 15 substantially or complctely removed from horizontal surfaces {¢.g., surfaces
formed 10 the x-v plane}, while the protective Iiner 46b remains over vertical surfaces {(e.g.,
surtaces formed in the x-z and v-z planes), and can be referred to as a profective spacer.
After anisotropicaliy ctehing to remove the protective liner material from the bottom surfaces
ot the shallow trenches, the resulting mtermediate stracture 100d mcludes partially etched
lower ling stacks 44a separated by shallow trenches, and the protective hiners 46b formed on
sidewall surfaces of the shallow trench.

44 The spacer etch can be conducted 1o the same dry etch chamber as
subsequent ctching descnibed with respect to FIG, 2E below. In embodiments 1 which the
protective hiner 46a 1s formed im sity within a dry ctch tool, the same tool can be employed
for the sequence of FIGS. 2B-2E.

0045] Refermng to mtermediate array structure 100e of FIG. 2E, according 1o
some embaodiments, once the protective liner 46a of FIG. 2O 18 amisotropically etched to
cxpose the upper surfaces of the hard mask hine 42b and the upper surfaces of the middle
clectrode material 36a between the partially etched lower line stacks 44c¢, the mtermediale
array structure of 1004 of FIG. 2D, wmcluding remaiing thickness of the muddie electrode

material 36a that may have been partially etched m the prior step, is further efched to define

13-



WO 2015/130455 PCT/US2015/015023

fully etched lower hine stacks 44d as shown 1 FIG. 2E. The fully etched lower line stacks
44d include, starting {rom the boftom, a lower conductive line 22 on the substrate, a cell hne
stack 3{c on the lower conductive line 22 and any remaining first hard mask hne 42b on the
cell hine stack 30c. The ccll line stack 30¢ mnchades a lower ¢lectrode line 40 on the lower
conductive hne 22, a sclector element line 38b on the tower clectrode hine 46, a nuddle
clectrode hine 36b on the sclector element ling 38b, a storage element hine 34b on the mddie
clectrode hine 36b, and an upper electrode hine 32b on the storage element line 34b. 1 will be
appreciated that under some circumstances, the first hard mask material 42a may be
substantially removed near the completion of the subtractive patterning process that forms
the lower ling stack 44d. The protective liners 46b protect sidewalls of the upper or second
active matenal, which i the illustrated embodiment 18 represented by the storage clement
ine 34b, during the further ctch. In particular, the storage element line 34b, the upper
clectrode line 32b and any remamning bard mask line 42b above the maddle electrode ling 36b
have sidewalls covered by the protective liners 46b while the remainder of the stack 1s wider
because it 1s etched under the shadow of the protective hiners 460 to form the fully eiched
lower line stack 44d of FIG. 2E. Any ctch byproducts that may be released or resputtered
during ¢ichung to form structures below the protective lingrs 46b, meluding the mddie

clectrode line 36b, the sclector element hine 28h, the lower electrode line 40 and the lower

O

conductive line 22, may be formed on the sidewalls of the protective liners 46b while being
prevenied from directly redepositing on sidewalls of the structures covergd by the profective
Uners 460, including the storage element hine 34b and the upper ¢lectrode Iine 32b,

{461 Reterming Fi(G. 2F, according to some ombodiments, the method of
fabricating the memory device additionally mchudes removing the protective hiners 46b to
expose sidewalls of the storage element bine 34b, the upper clectrode line 32b and any
remaining hard mask line 42b. By doing so, the protective liner 46b, whose surfaces may
have byvproducts from etching lavers below the spacer-shaped protective liners 46b
redeposited thercon as described above, mcluding atoms, molecules, or clusters of the
selecior element material {e.g., As, S¢), can be removed without duectly exposing the
sidewails of the storage line 34b to the byproducts. In vanous cmbodiments, cleaning to
remove the protective liner 46b can be performed using any switable wet and/or dry cleaning

processes known i the art for cleaning dry-ctched surfaces. For example, one such cleaning
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process may include wet and/or vapor cleaning using a solution mcluding ditute hydrofiuoric
acid (HF) at a concentration between about 0% and 10%, or hetween about 0% and 3%.
Another such cleaning process may include wet and/or vapor cleaning using a solution
including carboxyviic acid at a concentration between about 8% and about 2%, or between
about (% and about 1%, or between about (% and about §.5%. In other embodiments.
where an ex situ deposited morganic spacer 1s emploved, the protective hiners may remain
placc through subsequent processing and may remain in the final product.

iz N referring to FIG, 2F, it will be appreciated that as a result of removing
the protective liner 46b, different portions of the fully etched lower line stack 44¢ can have
different widths depending on whether the portion was ctched before or afier forming the
profective liners 46b. In the illustrated embodiment, because the protective liners 46h were
formed alter etching to form the storage clement hine 34b, the widths of the portions of the
fully etched lower line stack 44¢ above and below the exposed fop surface of the nuddle
clectrode line 36b can be diffcrent by an amount corresponding to the thickness of the
protective liners 46b 1n FIG. 2E. {n some embodiments, the difference in widths between the
wider and narrower portions of the cell lineg stack can be between about 10% and about 50%
of the width of the cell line stack 30b measured immediately above the same vertical fevel, or
between about 20% and 40%, for mstance about 33%. In some embodiments, the protective
liners can have a thickness between about T nm and about 20 nm, or between about 1 nm and
apout 10 nm, {or mstance about 5 nm.

30481 Referring FI1G. 2{, according to some cmbodiments, the method of
fabricating the memory device additionally includes forming a sealing dielectric 47a on
exposed surfaces of the fully etched lower hine stack 44de, alier removing the protective hners
46b as described with respect to FIG. 2F, to form the mnicrmediate array structure 00g.
{Initke the protective hiners 46b formed i situ 10 the dry cich tool, the sealing diclectric 47a
can remain permanently on at least some surfaces of the fully etched lower line stack 441 In
some embodiments, the sealing dieleciric 47a can mnclude a sutfable diclectric to protect at
lcast portions of the lower line stack 444 from subsequcnt processes such as subseguent
ctching to confine the stack n the vy dimension {sce FIGS. 2ZH-ZN)}, cicaning, gapfill and
thermal processes. The sealing diglectric 47a can mclude oxide materials, such as silicon

oxide {e.2., Si() and aluminum oxade {¢.g., AbQOz), mitride maternals, such as sihicon mitride
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{c.o., S1:N4), or combinations thereof, among others.  In gencral, the sealing diciectnic 47a
can be formed by a suitable conformal deposition techmique such as chenmucal vapor
deposition {CVD) and atomic laver deposifion (ALD), including thermal and plasma
deposition technigues.

0G4Y ] Referning to FIG. 2ZH, according fo sormne embodiments, the method of
fabricating the memory device additionally mncludes filling spaces between adjacent lower
ing stacks 441 of FIG. 20 with an solation diclectric matenal to form first isolation
diclectric regions 48a. Sutable diclectne materials to fill the spaces can wnclude, for
cxample, silicon oxide, which may be deposited by suitable gap-filling processes such as
high-density plasma (HDP) processes, spin-on-diclectric (SOD) processes, sub-atmospheric
chenmucal vapor deposition {(SACVD)} processes, and atomic layer deposition {ALD)
processes, among others. Once the mter-ling spaces between adiacent lower line stacks 44g
are filled with the diclectne material to form the wsolation diclectric regions 4R8a, the
intermediate array structure can be chemical-mechanically polished to remove overiving gap
fill dielectric and any remaining portions of the hard mask and exposc a substantially planar
surface compnsing alicrnating surfaces of the upper electrode hine 32b  nterposed by
1solation diclectric regions 48a and scaling dielectrics 47b to complete formation of the lower
iing stack 44g of the intermediate structure 1{{h.

LHIR Referning now to intermediate array structure 1001 of FIG. 2, according to
some cmbodiments, the method of fabricating the memory device additionally mciudes
depostiing an upper conductive material 2(a on the planar surface of the intermediate array
structure 100h.  The upper conductive material 20a can comprise substantially sumiiar
roatenials and can be formed using substantially simiar processes as discussed above for
lower conductive maierial 22a of FIG. ZA.

LHINE S Retferring to wmtermediate array structure 108y of FIG. 21, accordmg {o
some embodiments, the method of fabricating the memory device additionally mcludes
subtractively patterning to form a partially ctched wall structure 50a including the upper
conductive line 20. Formung the partially ctched wall structure 50a mcludes, i a sumilar
manner as described above for paticrning the lower iine stack 44a (FIG. 2B}, forming an eich
mask pattern comprising hines {¢.g. photoresist linegs, not shown for clanty) that cross with

the underiying lower linc stacks 44g, in the iHustrated embodiment extending orthogonallv in
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the yv-direction, and etching the exposed regions to form the partially eiched wall structures
S50a. Each partially etched wall structure 50a inciudes an upper conductive line 20 and
further includes fornung an upper material stack confined in X and v dircctions, including an
upper clectrode 32 and a storage clement 34, In the ilustrated embodiment of FIG. 2B,
simidar o FIG. 2B, etchung the wall structure 302 includes stopping the etch process on or
within the middie electrode hine 36b, to forrn the partially etched wall structure 50a.  As
discussed in FIG. 2B, stopping the ctch at the nuddic clectrode line 36b as shown mn FIG. 2]
18 for thiustrative purposes only, and the ctch can stop at any suitable vertical position above
and below the exposed surtace of the middle electrode fine 26b as shown i FiG. 21,

BG5S 2] Referring to mtermediate array structure 100k of FIG. 2K, according to
some embodiments, the method of fabricating the memory device additionally inchudes, mnn a
manner similar to that described with respect to FIG. 2C for forming the protective liner 46a,
forming a second protective biner 52a over the partially etched wall structure 50a of FIG. 21
to form the partially etched wall structure 50b of FIG. 2K, Parameters and conditions for
forming the sccond protective liner 52a can be simlar {o that described with respect to FIG.
2C for forming the protective liner 46a4.

53] Referring to intermediate array structure 1001 of FIG. 2L, according to
some embodiments, the method of tabricating the memory device additionally includes, in a
manner simyar to that described with respect FIG, 2D for formung the first protective hiners
460, amsotropically ciching the second protective liner 52a of FIG. 2K o form second
protective hiners 3Zb having spacer profiies. Paramcters and condifions for forming the
sgcond protective liners 52b are simutlar o that described with respect to FIG. 2D for forming
the first protective hiners 46b.

FHY] Referring to mifermediate array structure 100m of FlG. ZM, according to
some embodiments, the method of {abricating the memory device additionally mciudes, 1 a
roanner sirotlar to that described with respect to FIG. 2E for {urther etching to form the fully
ciched lower line stack 44d, further ciching the mtermediate structure 1001 of FIG. 2L to
form the fully etched wall structure 50d of FIG. 2ZM. Except for the differcnce in maicrials
bemg eciched and stopping on the upper surfaces of the lower clectrode lines 44, the
pararpeters and conditions for further ctching o form the fully etched wall structure 58d can

be smmular to FIG. 2E. Becausc the cell line stack 30c¢ (FIG. 2F) 18 alrcady patierned o
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crossing hines, the tully eiched wall structure 30d imncludes the column hine 20 overlying
piliars of the memory cell stack that aliernate with iselation matenal 48, In other words, the
ctch separates the cell hine stack into pillars,

LHUSK) During the further etch, the second protective hiners 52b protect sidewalls
it the z-v plane of the underlyving upper or second active matenal, which in the illustrated
cmbodiment 1s represented by the storage element 34 (FIG. 2J). The remainder of the stack
18 wider because it 18 efched under the shadow of the sgcond protective hiners 52b to form the
fully etched upper hine stack 44d of FIG. 2E

LHIRTY As noted above with respect to FIGS. 2B-2E, 1in onc embodiment the
sequence of FIGS. 21-2M 1s conducted in situ within dry cich tool without removing the
substrate until after the fully etched wall structure 30d 15 formed. As described above,
conditions for vertical drv etching (ncluding high negative substraie bias and relatively low
pressure for anisotropic etching) can be altered to be more conducive to conformal
deposition (including lower or no substrate bias and relatively hmigher pressures), and an
orgamc second protective liner S2a of FI(G. 2K can be plasma deposited as a polyvmer with
the supply of fluorocarbon precursors. Conditions can then be returned to those conducive to
anisotropic dry etching and

LU In another embodiment, the substrate can be removed between etching
steps and an morganic second protective hner 52a of FIG. 2K can be deposiied in a separate
tool. In this casc the resultant second protective hners 52b of FIG. 2M can optionally remain
in the final product, in contrast to the process described below with respect to FlG. 2N
below.

BG5S Retferring to intermediate array structure [00n of FIG. 2N, according {0
some embodiments, the method of tabricating the memory device additionally inciudes, in a
manner simtlar to that described with respect to FIG. 2F for removing the first protective
liners 46b, cleaning to remove the a second protective hners 52b from the sidewalls of the
wall structure 58d and leave a wall structure 5. Except for the fact that the second
profective hiners 52b are removed from the sidewalls of the storage element 34, the upper
clectrode 32 and the upper conductive ine 20, the parameters and condifions for clcaning fo
remove the second protective hiners 52b can be similar to that desceribed with respect to FIG.

2F for cleaning to remove the first protective hiners 46b.
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3059 Stmilar to FIGS, 2F-24, any etch byproducts that may be released during
ctching to form structures below the sccond protective liners SZ2b in FIG. 2M, including the
middie clectrode 36 and the sclector element 38, can redeposit on the sidewalls of the sccond
protective liners 32b while bemng prevented from directly redepositing on sidewalls of the
structures covered by the second protective liners 52b, mchuding the upper or second active
material in the form of the storage clement 34, {n embodiments where the second protective
iners 520 are to remain m the final product, such ctch byproducts can be removed with the
removal of the second protective hiners 52b such that the byproducts do not come mnto direct
contact with the storage element 34 and the upper electrode 32.

L it will be appreciated that, as a result of removing the second protective
ingrs S2b, different portions of the wall structure 50¢ can have different widths at different
portions, depending on whether the portion 1s formed before or affer the second protective
incrs 52a have been formed, mn a manner described with respect to FIG. ZF. In some

cmbodiments, due to the shadowing cifect of spacers on both sides, the difference in widths

f1e

of the wall structure 50 measured immediately above and below the vertical level of the
exposed top surface of the middle electrode 36 can be between about 18% and about 50% of
the width of the wall structure 50 measurcd immediately above the exposed top surface of the
middic clectrode 36, or between about 209% and 4(%. tor instance about 30%.

061 ] In addition, although not dlustrated, alter removing the sccond protective
Itners 5Z2b as ilustrated in FIG. 2N, the mmtermediate structure 100n can be further processed
to form a second sealing diclectric {(not shown) on exposed surtaces of intermediate structure
FO0m, mn a sumular manner as described mn FIG, 26 for forming the sealing dielectric 47a. In
addition, the spaces between adjacent wall structures 50 lined with the sccond scaling
diclectric can be filled with a filler dielectric to form second isolation diclectric regions {(not
shown) and polished (not shown), in suomiar manner as deseribed i FIG. 2ZH to expose
alternating upper conductive hnes 20 {or hard mask lines or etch stop materials thereover)
micrposed by second isolation diclectric regions and second scaling diclectrics.

U6 2] FIG. 3A dlustrates a cross-sectional view ¢f an array structure 20{a
fabricated according to the ilustrated embodiments of FIGS. 2A-2N. The cross~section
Fi(5. 3A 18 taken mn the v-z planc corresponding to the v-z plane of FIGS. 2ZA-ZN. As

described above, i this embodiment, the protective liners 46b {not shown) having spacer
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structures are formed and removed trom sidewalls of the partially etched lower ling stack 44c¢
(F1G. 2D) including sidewalls of the storage element 34 and the upper electrode 32, After
removing the protective liners 46b {not shown) and further ciching to form the fully ctched
lower line stack 44e (FiG. 2F), a sealing diclectric 47 1s formed to cover the x-z sidewalls of
the ontire stack below the upper conductive line 20 as shown m FIG. 3A. As described
above, the cross section of the array structure 200a shows, a8 a result of the protective liner
46b formation, steps form latcral platcau regions on an upper surface of the nuddic clectrode
36 {(which may be partially through the thickness of the upper clecirode material} such that
the width of the cell stack smmediately below the upper surface of the muddie electrode 36 1s
greater compared the width of the cell stack mumediately above the upper surface of the
middie clectrode 36, As described above, such process flow can be desirable, for cxampice,
when materials above the step, such as upper active material i the form of the illustrated
storage clement 34, are sought to be protected from the etching processes of the layers below
the step. Other configurations are possible, as iHustrated m FIGS. 3B and 3C, in which
simitiar parts arc referenced by like reference numerals.

HULR] FIG. 3B sllustrates a cross-sectional view of an array structure 300a
according to another embodiment. Similar to FIG. 3A, the cross-section in FIG. 3A s taken
i the y-z plane. In this cmbodiment, mstead of inifially stopping the etch removal process
on the nuddie clectrode maternal 36a as iHustrated m FIG. 2B prior to formation of the
profective liner 46b, the eich process 1s stopped on or within the lower electrode material 40a
of FIG. 2B, and the subsequent protective liner {not shown) having a spacer structure is
formed thergover. After removing the protective liner {(not shown) and {further ctching {o
form the {ully ctched lower hine stack, a sealing diclectric 47 15 formed to cover the x-7
sidewalls of the entire stack below the upper conductive ling 20 as shown m FiIG. 3B, Asa
result of the formation and removal of the protective spacer (not shown), steps form lateral
platcau regions are on an upper surface of the lower electrode 40 (which may be partially
through the thickness of the lower electrode material) such that the width of the cell stack
immediately below the step 18 greater compared the width of the cell stack ummediately
above the step, as ilustrated in the resulfing cross section of the array structure 300a o FiG
3B, Such process flow can be desirable, for example, when materials above the step are

sought to be protected from the etching processes of the lower electrode 40 or the lower
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conductive hne 22, but the matenals of the two active matenals {storage clement 34 and
selector element 38) are compatible.

HILEY Fi(3. 3C illustrates a cross-sectional view of a fully fabricated array
structure 4800a according to vet another embodiment. Sumilar to FIGS. 3A and 3B, the cross-
section mn FIG. 3C 15 taken n the yv-z plane. In this embodiment, in addition to stopping the
ctch removal process once on or within the nuddic electrode material 36a as i FIG. 3A. to
form the proteciive hiners 46b, 1in this embodiment the ctch removal proeess stopped a second
time on or within the lower clectrode maternial 40a, and the protective hiners having spacer
structures (not shown) are formed thercover twice at both locations.  After removing the
protective liners after forming them at cach location {(not shown) and further etching fo form
the tully etched fower line stack, a sealing diclectric 47 1s formed to cover the x-z sidewalls
of the entire stack below the upper conductive hine 20 as shown in FIG. 30, The resulting
cross section of the array structure m FIGs 3C has steps forming lateral plateau regions on
upper surfaces of the nuddie and lower clecirodes 36 and 40 such that a width of the ccll
stack mmmediately below the lower step 1s larger compared to a width of the cell stack
unmediately above the lower step, and a width of the cell stack immediately below the upper
step 18 larger than a width of the ccll stack mmmediately above the upper step. Such process
flow can bc desirable, for example, when materials above the upper step are sought to be
protected from ctching processes of the middle electrode 36 and the selector element 38, and
i addifion, matenals above the lower step arg sought 1o be protected from the clchung
processes of the lower electrode 40 or the lower conductive hine 22.

HULRS FIG. 4 dlustrates a cross-sectional view of an array structure 200b
corresponding to array structures 200a, 300a or 400a of FIGH. 3A-3C, according to some
cmbodiments. The cross-section 1in Fi(. 4 1s taken in the x-z planc corresponding to the x-z
plane of FIGS. ZA-ZN. The array structure of FiIG. 4 can be fabricated using similar
processes as described with respect to FIGS. 2ZA-2ZN. However, it will be appreciated that
spacer process used to protect the upper active material during column bine etching, per
FIGS, 2E-2N and FI1G. 4, and the spacer process{es) use to protect the upper active material
during row hnc ctching, per FIGS. 2A-ZH and 3A-3B, can be emploved mmdependently of
cach other or combined. In this dimension alse the step can be formed on or within the

rmiddie electrode material, as shown.,
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8O0 FIGS. 5A-5C llustrate cross-sectional views simular to those of FIGS. 3A-
3C, except that the protective spacers 46 have not been removed. The protective spacers of
the illustrated embodiments can be inorganic to minimize risk of mnteraction with the active
matertals {¢.g., storage and selector clements) of the memory cell stack., Examples include
silicon nitnide and silicon oxyvmitride. I will be understood that the protective spacers on the
orthogonal walls of the memory ccli piliar (the dimension shown in FIG. 4) can similarly be
maintained in the final produet.

HULY Although this mvention has been described mn ferms of  cortamn
cmbodunents, other embodiments that arc apparcnt to thosc of ordinary skill in the art,
including embodiments that do not provide all of the features and advantages set forth herein,
arc also within the scope of this mvention. Morcover, the vartous embodiments described
above can be combined to provide further embodirnents. In addition, certain features shown
it the context of one embodiment can be ncorporated into other embodiments as well.
Accordingly, the scope of the present invention i1s defined only by reference to the appended

claims.



Claims

WHAT IS CLAIMED IS:

1. A method of fabricating a memory device, comprising:

providing a substrate;

forming a memory cell material stack over the substrate, the memory cell

material stack including a first active material and a second active material over the first

active material, wherein one of the first and second active materials comprises a storage

material and the other of the first and second active materials comprises a selector material,

patterning the memory cell material stack, wherein patterning includes:
etching through the one of the first and second active materials of the
memory cell material stack in a dry etch chamber;
forming protective liners on sidewalls of the one of the first and
second active materials after etching through the one of the first and second active
materials, wherein forming the protective liners comprises depositing in the dry etch
chamber using plasma, and wherein the protective liners comprise a conformal liner
material deposited on the sidewalls and inter-line stack regions between adjacent
partially etched lower line stacks;
further etching through the other of the first and second active
materials of the memory cell material stack after forming the protective liners;
and
after further etching the memory cell material stack, removing the
protective liners from the sidewalls of the one of the first and second active materials;
wherein patterning the memory cell material stack comprises forming
a lower line stack extending in a first direction, the lower line stack comprising a
first active material line over the substrate and a second active material line over the

first active material line.

2. The method of Claim 1, wherein forming the protective liners

comprises forming liners formed of fluorocarbons.

3. The method of Claim 1, wherein forming the protective liners

comprises depositing fluorocarbons using plasma and fluorocarbon reactants including C
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and F.

4. The method of Claim 1, wherein forming the protective liners

comprises depositing and etching fluorocarbons using plasma to form a spacer structure.

5. The method of Claim 1, wherein depositing the protective liners is

performed without applying an external bias to the substrate.

6. The method of Claim 1, wherein etching through the one of the first
and second active materials and forming the protective liners are performed in-situ in the dry
etch chamber.

7. A method of fabricating a memory device, comprising:
providing a substrate;
forming a memory cell material stack over the substrate, the memory cell
material stack including a first active material and a second active material over the first
active material, wherein one of the first and second active materials comprises a storage
material and the other of the first and second active materials comprises a selector material;
patterning the memory cell material stack, wherein patterning includes:
etching through the one of the first and second active materials of the
memory cell material stack in a dry etch chamber;
forming protective liners on sidewalls of the one of the first and
second active materials after etching through the one of the first and second active
materials, wherein forming the protective liners comprises depositing in the dry etch
chamber using plasma, and wherein the protective liners comprise a conformal liner
material deposited on the sidewalls and inter-line stack regions between adjacent
partially etched lower line stacks, and
further etching through the other of the first and second active
materials of the memory cell material stack after forming the protective liners,
wherein etching through the one of the first and second active
materials defines a plurality of partially etched lines, and forming the protective
liners comprises depositing a thickness between about 5% and about 25% of a width

of the partially etched lines at the same vertical height.
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8. The method of Claim 1, wherein further etching through the other of
the first and second active materials comprises spacer-etching the protective liners to leave
protective liner spacers on the sidewalls of the one of the first and second active materials.

9. The method of Claim 1, further comprising, after further etching the
memory cell material stack, forming a dielectric sealing liner on sidewalls of the one of the
first and second active materials and on sidewalls of the other of the first and second active

materials.

10. The method of Claim 1, further comprising, after further etching the
memory cell material stack, filling a gap adjacent the memory cell material stack with a gap

fill dielectric.

11. The method of Claim 1, wherein the memory device is a phase change
memory device, and wherein the first active material comprises a first chalcogenide

composition and the second active material comprises a second chalcogenide composition.

12. The method of Claim 11, wherein the one of the first and second
active materials comprises a storage element and the other of the first and second active
materials comprises a selector element, wherein the selector element comprises at least one
of As and Se.

13. The method of Claim 1,

wherein the memory cell material stack further includes a lower electrode
material, a middle electrode material, and an upper electrode material, wherein the first
active material is interposed between the lower electrode material and the middle electrode
material, and wherein the second active material is interposed between the upper electrode
material and the middle electrode material,

wherein etching through the one of the first and second active materials
further includes stopping in the middle electrode material to expose at least a portion of
sidewalls of the middle electrode material,

wherein forming the protective liners further includes forming the protective
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liners on the at least the portion of sidewalls of the middle electrode material, and

wherein further etching further includes etching a remaining portion of the
middle electrode material after forming the protective liners and further includes etching the
lower electrode material after etching through the other of the first and second active

materials and stopping on a conductive material.

14. The method of Claim 1, further comprising:

after further etching through the other of the first and second active materials
to form the lower line stack, further patterning the memory cell material stack to form an
upper wall structure extending in a second direction crossing the first direction, further
patterning comprising:

etching through the one of the first and second active material lines of the
lower line stack,

forming second protective liners on sidewalls of the one of the first and
second active material lines after etching through the one of the first and second active
material lines, and

further etching through the other of the first and second active material lines

of the memory cell material stack after forming the second protective liners.

15. A method of fabricating a memory device, comprising:
providing a substrate;
forming a memory cell material stack, the memory cell material stack
including a first active material and a second active material over the first active material,
patterning the memory cell material stack to form a memory cell structure
stack, comprising:
partially etching the memory cell material stack to form a shallow
trench separating upper portions of the memory cell material stack in a dry etch
chamber,
forming a protective liner material on two opposing sidewalls of the
second active material and bottom surfaces of the shallow trench, wherein forming
the protective liners comprises depositing in the dry etch chamber using plasma, and
wherein the protective liner material comprises a conformal liner material deposited

on the sidewalls and the bottom surfaces of the shallow trench,
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anisotropically etching the protective liner material to remove the
protective liner material from the bottom surfaces of the shallow trench to form a
protective liner spacer on sidewall surfaces of the upper portion, and

further etching the memory cell material stack to separate the memory
cell material stack into memory cell line stacks after forming the protective liner
spacer, wherein the memory device is a phase change memory device comprising a
middle electrode in contact with a top surface of the first active material and a bottom

surface of the second active material.

16. The method of Claim 15, wherein forming the memory cell material
stack comprises:

forming a conductive material over the substrate;

forming a selector material over the conductive material; and forming a
storage material over the selector material,

wherein partially etching etches through the storage material without etching

through the conductive material, and further etching etches through the conductive material.

17. The method of Claim 16, wherein partially etching etches stops on or
in an electrode material separating the selector material from the storage material; and
further etching etches through a remainder of the electrode material and the

selector material.

18. The method of Claim 16, wherein patterning the memory cell
material stack includes patterning a cell material line stack extending in a first direction, the
method further comprising further patterning the memory cell material stack to form a wall
structure extending in a second direction crossing the first direction, the wall structure

including a column line above the storage material.

19. The method of Claim 18, wherein further patterning comprises:
partially etching the cell material line stack to form a second shallow trench

separating upper portions of the wall structure,

forming a protective liner material on sidewall and bottom surfaces of the

second shallow trench,
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anisotropically etching the protective liner material to remove the protective
liner material from the bottom surface of the second shallow trench to form a second
protective liner spacer on sidewall surfaces of the upper portion, and

further etching the cell material line stack to separate the memory cell
material stack into a memory cell pillar stack after forming the second protective liner

spacer.
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