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CROSS-POINT MEMORY AND METHODS EOR FABRICATION OF SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] Subject matter disclosed herein generally relates to integrated circuit 

devices, and in particular to cross-point memory arrays and methods for fabricating the same. 

Description of the Related Art 

[0002] Generally, a cross-point memory array refers to a memory array having 

memory elements disposed and electrically connected at cross-junctions between a first set 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 lines. Some cross-point memory arrays 

incorporate materials whose resistance can be changed by a signal applied across the 

memory elements. Examples of resistance change materials include phase change materials. 

[0003] Fabrication of cross-point memory arrays can include patterning the 

memory elements having multiple elements in a stacked configuration. Patterning the 

memory elements, which often involve etching at least portions of a stack of materials to 

form a stacked structure, for example a stack of lines, can result in undesirable effects such 

as damaging and contaminating sidewalls of the stacked structure being etched. Thus, there 

is a need for fabrication methods that can minimize such undesirable effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Claimed subject matter is particularly pointed out in 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 

reference to the following detailed description if read with the accompanying drawings in 

which: 
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[0005] FIG. 1 is a schematic three-dimensional depiction of a memory cell 

according to some embodiments. 

[0006] FIGS. 2A-2N are schematic three-dimensional depictions of intermediate 

structures of a memory cell at various stages of fabrication according to some embodiments. 

[0007] FIGS. 3A-3C are cross-sectional depictions of structures of memory cells 

according to some embodiments, where the cross-sections are taken in the y-z plane. 

[0008] FIG. 4 is 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. 

[0009] FIGS. 5A-5C are cross-sectional depictions of structures of memory cells 

according to some embodiments, where the cross-sections are taken in the y-z plane 

[0010] Features in the drawings are not necessarily drawn to scale and may 

extend in different directions from that, illustrated. While various axes and directions are 

illustrated to facilitate the discussion herein, it will be appreciated that the features may 

extend in different directions. 

DETAILED DESCRIPTION 

[0011] As noted above, generally, a cross-point memory array refers to a memory 

array having memory cells disposed and electrically connected at cross-junctions between a 

first set 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 lines. The memory cells can 

change their memory state in response to a signal, which can be an electrical signal such as a 

voltage or a current pulse. Some memory cells, sometimes called the resistance change cells, 

incorporate resistance change materials whose electrical resistance can be changed by the 

electrical signals provided through the first and second conductive lines connected to the 

resistance change materials. One category of such resistance change materials is that of 

phase change materials, such as but not limited to chalcogenide materials. 

[0012] The memory cells in a cross-point memory array can include multiple 

elements arranged in a stacked configuration. For example, a memory cell can include a 

storage element, and a selector element, and can also include electrodes connecting the 

storage and selector elements and further connecting the storage and selector elements to 
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conductive lines. Such electrodes may be employed to prevent reaction or interdiffusion 

between neighboring functional elements, but may not be employed depending upon the 

selected materials. Patterning the memory cell having the multiple elements, which often 

involves etching at least portions of a stack of materials to form a stacked structure, for 

example a stack of lines, can result in undesirable effects such as damaging and/or cross-

contaminating sidewalls of the stacked structure being etched. For example, during etching, 

sidewalls of one of the storage or selector elements can become damaged chemically and/or 

physically. Cross-contamination can occur from redeposition of one of the etched materials 

and''or etch by-products onto another element. For example, elements from a selector 

material can contaminate sidewalls of a storage material, or vice versa. Similar damage 

and/or cross contamination can occur among one or more of materials of the storage or 

selector elements, electrode materials, conductive line materials, or any other material that 

may be etched as part of the stack etch process. In addition, contaminants can be thermally 

"driven-in" in subsequent processes, thereby causing unintended and undesirable effects on 

the final device characteristics as well as fabrication yield. Thus, there is a need for 

fabrication methods that can minimize such undesirable effects. 

[0013] A method of fabricating a memory device according to some embodiments 

comprises forming a memory cell material stack and patterning the memory cell material 

stack. Forming the memory cell material stack includes forming, e.g., depositing, a first 

active material and a second active material over the first active material. In some 

embodiments, 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 can include etching through a portion of the memory cell material 

stack, such as through at least one of the first and second active materials of the memory cell 

material stack, and forming protective liners on the sidewalls prior to completion of the 

etching of the entire memory cell material stack. After forming the protective liners, the cell 

material stack can be further etched to complete the cell stack etch. Thus, the portion of the 

memory cell stack whose sidewalls are covered with the protective liners are protected 

during further etching of the cell stack such that etch products that may be liberated during 

further etching of the cell stack are prevented from contaminating the portion whose 
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sidewalls are covered with the protective liner. Etching can be dry etching, including 

physical etching, chemical etching, or a combination of the two as in a reactive ion etch. 

[0014] FIG. 1 depicts a memory cell 10 in a cross-point memory array according 

to one embodiment. The memory cell 10 in FIG. 1 is a resistance change memory cell 

arranged in a stacked configuration between a column line 20 extending in a y direction and 

a row line 22 extending in an x direction. While a single memory cell 10 interposed between 

one column line 20 and one row line 22 is illustrated, it will be understood that a memory 

array can include additional memory cells formed at a plurality of crossings between a 

plurality of column lines 20 and a plurality of row lines 22, Column lines 20 can alternately 

be referred to as bit lines or digit lines, or more generally as access lines, and row lines 22 

can alternately be referred to as word lines, or also more generally as access lines, by 

convention in the industry, although these designations can also be reversed. The row and 

column lines 22 and 20 are conductive lines configured to cany electrical signals such as, for 

example, a voltage or a. current pulse, between cells in an array and driver circuitry. The 

memory ceil 10 includes a memory cell stack 30 including a selector element 38 and a 

storage element 34, and in the illustrated embodiment these elements are separated by a 

middle electrode 36. The memory ceil stack 30 additionally includes a first electrode 40 

between the selector element 38 and the row line 22 and a second electrode 32 between the 

column line 20 and the storage element 34. 

[0015] Embodiments modified from the illustrated embodiments of FIG. 1 are 

possible. For example, while the illustrated embodiment in FIG. 1 shows the first electrode 

40 configured as a line structure laterally confined in one dimension and extending in the x-

direction above the column line 22 and the second electrode 32 configured as a structure 

laterally confined in two dimensions, the opposite configuration is possible, where the first 

electrode 40 is configured as a structure laterally confined in two dimensions and the second 

electrode 32 is configured as a line structure laterally confined in one dimension and 

extending in the y-direetion below the row line 20. In other embodiments, 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 element 34 and the selector element 38 

within a stack configuration may be interchanged with one another. In yet other 

embodiments, the selector element 38 may be omitted. In yet other embodiments, any one of 
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the first, second, and middle electrodes may be omitted, depending upon compatibility or 

reactivity of adjacent storage, selector and conductive line materials. Additionally, the "row" 

and "column" designations are interchangeable, and the rowrs and columns are generally 

perpendicular but may cross one another at other than 90°. 

[0016] Examples of the storage element 34 include a chalcogenide-based phase 

change storage element, a resistive random access memory (RRAM) storage element (e.g., 

NiO, HfO?, ZrC>2, Cu?0, TaC)2, I^Os, TiO?, SiO?, AI2O3), a conductive bridge random 

access memory (CBRAM) storage element (e.g., metal-doped chalcogenide), and/or a spin 

transfer torque random access memory (STT-RAM) storage element, among other types of 

storage elements. 

[0017] Examples of the selector element 38 include a two terminal device (e.g., a 

switch), such as a diode, an ovonic threshold switch (OTS), a tunnel junction, or a mixed 

ionic electronic conduction switch (MIEC), among other two terminal devices. 

Alternatively, examples of the selector element 38 include a three terminal device (e.g., a 

switch), such as a field effect transistor (FET) or a bipolar junction transistor (BJT), among 

other switching elements. 

[0018] In some embodiments, one or both of the storage and selector elements 34 

and 38 can comprise chalcogenide materials. When both storage and selector elements 34 

and 38 comprise chalcogenide materials, the storage element, 34 can comprise a chalcogenide 

material that can undergo a phase change that is nonvolatile at room temperature. On the 

other hand, the selector element 38 can comprise a chalcogenide material that does not 

undergo a similar nonvolatile phase change. 

[0019] In some embodiments, the storage element 34 includes a phase change 

material that includes chalcogenide compositions such as an alloy including at least two of 

the elements within the mdium(In)-antimony(Sb)-tellurium(Te) (1ST) alloy system, e.g., 

In?Sb2Te5, IniSb?Te4, InjSb^e?, etc., or an alloy including at least two of the elements 

within the germanium(Ge)-antimony(Sb)-tellurium(Te) (GST) alloy system, e.g., GegSbsTeg, 

Ge2Sb2Te5, GeiSb2Te4, GeiSb^e?, Ge4Sb4Te?, etc., among other chalcogenide alloy 

systems. The hyphenated chemical composition notation, as used herein, indicates the 

elements included in a particular mixture or compound, and is intended to represent all 

stoichiometrics involving the indicated elements. Other chalcogenide alloy systems that can 
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be used in phase change storage elements include Ge-Te, In-Se, Sb-Te, Ga-Sb, In-Sb, As-Te, 

Al-Te, In-Ge-Te, Ge-Sb-Te, Te-Ge-As, In-Sb-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-Sb, Ga-Se-Te, 

Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-O, Te-Ge-Sn-Au, Pd-Te-Ge-Sn, In-Se-Ti-Co, 

Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te, Ge-Sn-Sb-Te, Ge-

Te-Sn-Ni, Ge-Te-Sn-Pd, and Ge-Te-Sn-Pt, for example, 

[0020] In some embodiments, the selector element 38 includes a chalcogenide 

material electrically coupled to the storage element 34 through the middle electrode 36 on 

one side and electrically connected to the row line 22 through the first electrode 40 on the 

other side. A selector device having a chalcogenide material can sometimes be referred to as 

an Ovonic Threshold Switch (OTS). An GTS may include a chalcogenide composition 

including any one of the chalcogenide alloy systems described above for the storage element 

34. In addition, the selector element may further comprise an element to suppress 

crystallization, such as arsenic (As). Examples of OTS materials include Te-As-Ge-Si, Ge-

Te-Pb, Ge-Se-Te, Al-As-Te, Se-As-Ge-Si, Se-As-Ge-C, Se-Te-Ge-Si, Ge-Sb-Te-Se, Ge-Bi-

Te-Se, Ge-As-Sb-Se, Ge-As-Bi-Te, and Ge-As-Bi-Se, among others. 

[0021] The electrodes 32, 36 and 40 can comprise materials that electrically 

connect the operational elements of the memory cell but prevent reactions among the 

materials. For example, where the storage element 34 and the selector element 38 comprise 

chalcogenide materials, it may be advantageous to place non-reactive conductors between 

these elements to prevent interdiffusion of their materials, and also between these elements 

and their respective neighboring conductive lines, particularly conductive lines formed of 

metallic material. Examples of suitable electrode materials include one or more conductive 

and semiconductive materials such as, for example, carbon (C); n-doped polysilicon and p-

doped polysilicon; metals including, Al, Cu, Ni, Cr, Co, Ru, Rh, Pd, Ag, Pt, Au, Ir, Ta, and 

W: conductive metal nitrides including TiN, TaN, WN, and TaCN; conductive metal silicides 

including tantalum silicides, tungsten silicides, nickel silicides, cobalt silicides and titanium 

silicides; and conductive metal oxides including RuOa. 

[0022] In addition, row lines 22 and column lines 20 can comprise any 

conductive and'or semiconductive material suitable for forming conductive lines to carry 

electrical current for accessing the memory cells within the memory array. Examples of 

conductive/semiconductive materials suitable for forming row lines 22 and column lines 20 
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include n-doped or p-doped polysilicon; metals including Al, Cu, and W; conductive metal 

nitrides including TiN, TaN, and TaCN; and other conductive materials. In embodiments 

where one of electrodes 32 or 40 is omitted, the row line 22 or column line 20 can serve as 

cell electrodes in addition to carrying electrical signals. 

[0023] In the following, it will be understood that while some embodiments of 

memory cells may be described as having certain features pertaining to storage elements and 

selector elements that include chalcogenide materials, the embodiments are not limited to 

such storage and selector materials. For example, in some embodiments, a memory cell can 

include a storage element including a chalcogenide phase change material, while including a 

selector element that does not include a chalcogenide material, such as a bipolar junction 

transistor or a diode. In some other embodiments, another material with similar electrical 

behavior as a chalcogenide phase change material may be used. In some other embodiments, 

a memory cell can include a selector element including an Ovonic threshold switching 

material, while including a storage element that does not include a. chalcogenide material, 

such an oxide-based resistance change oxide material. In yet other embodiments, a memory 

cell can include a chalcogenide phase change material having both storage and selector 

functionalities without separate selector elements for these functions. 

[0024] FIGS. 2A-2N are schematic three-dimensional depictions of intermediate 

memory array structures illustrating structures and methods of fabricating a memory device 

according to various embodiments. In an illustrated embodiment, fabrication includes 

partially etching a memory cell material stack and protecting the exposed sidewalls of the 

partially etched memory cell material stack prior to completing the etch to form stacked 

memory cell structures, such memory cell line stacks. The etch can be part of a patterning 

process in which a. conductive line is commonly patterned with a memory cell stack. In the 

illustrated process, a lower row line and an upper column line are patterned using two mask 

patterns, and an intervening memory cell stack is partially patterned by each of the two mask 

patterns. 

[0025] While not shown for clarity and ease of illustration, it will be understood 

that the illustrated array structures are formed over a substrate, which can include, among 

other things, various peripheral and supporting circuitry, for instance CMOS transistors that 

form a part of column and row driver circuitry and sense amplifier circuitry, as well as 
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sockets and wiring that connect such circuitry to the memory array through the column lines 

and row lines described above. In addition, the substrate may include one or more memory 

arrays, or "decks" of arrays. As used herein, the term substrate can includes a bulk 

semiconductor substrate as well as integrated structures formed thereover. 

[0026] As used herein and throughout the specification, "subtractive patterning" 

refers to a process sequence where structures to be defined are patterned by the removal of 

material. For example, a "subtractive patterning process" may include first lithographically 

providing etch mask structures overlapping areas to be patterned, followed by etching, such 

that materials in areas masked by the mask structures are protected while materials in 

exposed areas are removed by the etch removal process. The set of process steps for 

subtractive-patterning a stack of layers, can include, for example, providing an etch mask 

pattern that can 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 pattern can be 

transferred into lower hard mask and/or antirefiective layers. Other lithographic techniques 

are also possible, including processes without hard mask layers. If hard mask layer(s) are 

included, the resist, can be removed prior to using hard mask during etch of underlying 

materials. Thus the etch mask pattern can be provided by resist and/or hard mask layers at 

the time of transferring the pattern into the materials of interest. The etch mask pattern blocks 

areas covered by the mask pattern to protect the underlying material from being etched (e.g., 

wet or dry), while the etch mask pattern exposes areas not covered by the mask pattern to 

etch the exposed region of the material(s) to be etched. 

[0027] Referring to intermediate array structure 100a of FIG. 2A, according to 

some embodiments, a method of fabricating a memory device includes forming a lower 

conductive material 22a. over a substrate (not shown), forming a memory cell material stack 

30a over the lower conductive material 22a, and forming a first hard mask material 42a over 

the cell material stack 30a. Forming the memory cell material stack 30a in turn includes 

forming a lower electrode material 40a on the lower conductive material 22a, forming a 

selector element material 38a on the lower electrode material 40a, forming a middle 

electrode material 36a on the storage element material 38a, forming a storage element 

material 34a on the middle electrode material 36a, forming an upper electrode material 32a 

on the storage element material 34a, and forming a first hard mask material 42a on the upper 
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electrode material 32a. Each of the materials can be formed by blanket depositing a layer on 

the substrate, such as by sputtering or chemical vapor deposition. It will be understood that 

memory cell stacks may omit or add materials in other embodiments. 

[0028] Referring to intermediate array structure 300b of FIG. 2B, according to 

some embodiments, the method of fabricating the memory device includes subtractive 

patterning the memory cell material stack of the intermediate array structure 100a of FIG. 2A 

to form a partially etched lower line stack 44a extending in the x-direction. After a mask is 

patterned over it, the substrate with the intermediate array structure 100a can be loaded into a 

dry etch tool. In one embodiment, the processes described below with respect to FIGS. 2B-

2E can be conducted in the dry etch tool. 

[0029] Subtractive patterning to form the partially etched lower line stack 44a 

includes forming an etch mask line pattern (e.g., photoresist pattern) comprising lines 

extending in the x-direction and etching the exposed regions between the etch mask pattern 

lines. At least the upper active material is etched. In the illustrated embodiment of FIG. 2B, 

etching the hard mask material 42a, the upper electrode material 32a, and the storage element 

material 34a, forms the partially etched lower line stack 44a including a storage element line 

34b on the middle electrode material 36a, an upper electrode line 32b on the storage element 

line 34b, and a hardmask line 42b on the upper electrode line 32b. The resulting 

intermediate structure 5 00b includes partially etched lower line stacks 44a separated by 

shallow trenches. 

[0030] It will be appreciated that, while in the illustrated embodiment of FIG. 2B, 

the etch process removes part of the storage element material 34a to expose its sidewalls, 

similar etch process can remove part of the selector element material 38a in embodiments 

where the vertical positions of the storage element material 34a and the selector element 

material 48a are switched according to some embodiments. 

[0031] In addition, it will be appreciated that, while in the illustrated embodiment, 

of FIG. 2B the etch extends to at least the upper surface of the middle electrode material 36a 

such that the exposed sidewalls of the storage material 34b and of the upper electrode 32b 

can subsequently be protected using a protective liner, the etch process can stop at, other 

depths depending on which material(s) of the intermediate array structure 100a of FIG. 2A is 

sought to be protected during subsequent processing. For example, in some embodiments, 
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the etch process can subsequently proceed to remove one or more of the middle electrode 

material 36a, the selector element material 34a, bottom electrode material 40a and the lower 

electrode material 22a, as will be understood from the description below of FIGS. 3A-3C. 

[0032] Still referring to FIG. 2B, it will be farther appreciated that, forming the 

partially etched lower line stack 44a can include at least partially etching into the material 

that underlies the storage material line 34b, in this case the middle electrode material 36a, 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 middle electrode material 36a. 

[0033] in general, dry etch processes may utilize chemical reactions by 

employing various etchants comprising, for example, at least one of a halide, such as a 

fluorine-, chlorine-, bromine- or iodine-containing vapor compound to form a volatile 

chemical compound with the material being removed. Some other dry etch processes may 

utilize physical energy by employing acceleration of charged species which may be etchants 

themselves, or a combination of the etchants and other species such as inert ions. Yet some 

other dry etch processes, such as reactive ion etching, may utilize a combination of both 

chemical reactions and physical energy for optimized etching performance. 

[0034] It will be appreciated that some dry etch processes for patterning the 

partially etched lower line 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 

material within the various materials of the intermediate structure 100a of FIG. 2A can result 

in undesirable consequences. For example, after removing materials up to and including the 

storage element material 34a, if the etch process continues to further remove the middle 

electrode material 36a and the selector element material 38a, atoms, molecules, or clusters of 

etch byproducts from additional materials removed, such as the selector element material 

38a, can be released and re-deposited elsewhere, for example on sidewalls of the storage 

element line 34b. Materials released from the selector material can contaminate the 

sidewalls or the bulk material of the storage element line 34b, resulting in unintended 

changes in electrical performance of the resulting memory cells, such as a shift in the 

threshold/switching voltage of the memory cells, to name one example. Examples of 

materials released from the selector material 38a. that can be subsequently be incorporated 
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into the storage element materia] 34a to undesirably alter its electrical behavior include Te, 

As, Ge, Si, Pb, Se, Al, C, Bi, and Sb among others. As and Se, in particular, can alter the 

behavior of a chalcogenide storage material, such as GST. 

[0035] Of course, other cross-contamination can occur by any of the materials 

removed, or byproducts of etching, being redeposited on existing sidewalls any of the 

materials that have been already etched. Such contamination can occur during etching, or 

during subsequent processes, such as a wet-clean process or a gap fill process. 

[0036] To avoid such unintended changes in the electrical performance of the 

memory cells that can result from the dry etch processes, it can be advantageous to form 

protective liners on sidewalls of etched layers after partially etching, for example, to form a 

partially etched lower line stack 44a of FIG. 2B, prior to continuing to etch the stack of the 

intermediate structure 100b. Thus, in the descriptions that follow, a method of forming 

protective liners on sidewalls of partially etched lower line stack 44a such as in FIG. 2B will 

be described. 

[0037] Referring to intermediate array structure 100c of FIG, 2C, according to 

some embodiments, the method of fabricating the memory device includes forming a 

protective liner 46a on the surfaces of the partially etched lower line stack 44a of FIG. 2B, 

including the sidewalls, to form a partially etched lower line stack 44b having sidewalls 

covered with the protective liner 46a. The resulting intermediate structure 100c includes 

partially etched lower line stacks 44a (FIG. 2B) separated by shallow trenches (one shown), 

and the protective liner 46a formed on sidewall and bottom surfaces of the shallow trenches. 

[0038] In some embodiments, the protective liner 46a can include a fluorocarbon 

material. As used herein, a fluorocarbon material includes any material having carbon and 

fluorine that may or may not have long range order, and includes polymeric chains and 

amorphous materials. Such fluorocarbon materials can be deposited in process chambers 

configured for at least one of deposition and etch processes. Advantageously, the 

fluorocarbon material can be deposited in-situ 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 defining the lower line stack. By depositing the protective liner in-situ, 

additional processing time, equipment and materials can be reduced. For example, the 
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fluorocarbon material deposited using plasma and fluorocarbon reactant gas species that 

include C and F, such as CH2F2, CF, CF2, CF4, C4F6, C4F8, COF3 and CHF3, to name a few. 

[0039] In some embodiments, forming the protective liner 46a includes 

depositing a conformal liner material which uniformly and substantially covers all exposed 

surfaces of the intermediate structure 100b of FIG. 2B, including the sidewalls of the 

partially etched lower line stack 44a and inter-line stack regions between adjacent partially 

etched lower line stacks 44a. At least sidewalls of the upper active material are covered. In 

the illustrated embodiment, sidewalls of the hard mask lines 42b, upper electrode lines 32b, 

storage element lines 34b, and any exposed sidewalls of the middle electrode material 36a 

are covered. As used herein, a conformal material has thicknesses on various portions of 

deposited surfaces that are substantially the same. Thus, when conformal, the protective 

liner 46a has substantially the same thicknesses on top surface and sidewalls of the partially 

etched lower line stack 44b, as well as on the middle electrode material 36a between adjacent 

partially etched lower line stacks 44b. 

[0040] It will be appreciated that conformal protective liner 46a can 

advantageously enable a subsequent spacer structure formation (described 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 resulting in 

FIG. 2B can facilitate formation of a conformal protective liner 46a, Without being bound to 

any theory, such process conditions can retard acceleration of the etchant species toward the 

substrate. For example, if dry etch conditions for etching to define the storage material lines 

34b include 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 to -

50 V to +50 V, particularly 0 V (no substrate bias) for greater isotropic processing and more 

conformal deposition of the protective liner 46a. 

[0041] In other embodiments, the conformal protective liner 46a. can be deposited 

ex situ, in which case an inorganic material such as silicon nitride can be employed. 

[0042] It will be appreciated that the thickness of the protective liner 46a can be 

tailored for effective protection from cross contamination, as well as controlling the resulting 

variations in the widths of the layers above and below the interface between the storage 

element line 34b and the middle electrode layer 36a in FIG. 2C. In some embodiments, the 
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protective liners can have a thickness between about 5% and about 25% of a width of the cell 

line stack 30b measured at the same vertical height, or between about 10% and 20%, for 

instance about 15%, In some embodiments, 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. 

[0043] Referring to intermediate array structure lOOd of FIG. 2D, the method of 

fabricating the memory device additionally includes, according to some embodiments, 

anisotropically removing horizontal portions of the protective liner 46a of FIG 2C to expose 

the upper surfaces of the hard mask lines 42b and upper surfaces of the middle electrode 

material 36a between the partially etched lower line stacks 44c, The remaining protective 

liner 46b covers the sidewalls of the partially etched lower line stack 44c, including the 

sidewalls of the storage lines 34b. Such anisotropic removal may be referred to as "spacer 

etch process" in the industry, which refers to a directional etch process designed to remove 

materials predominantly in a vertical direction (z-direction) such that the protective liner 46a 

of FIG. 2C is substantially or completely removed from horizontal surfaces (e.g., surfaces 

formed in the x-y plane), while the protective liner 46b remains over vertical surfaces (e.g., 

surfaces formed in the x-z and y-z planes), and can be referred to as a. protective spacer. 

After anisotropically etching to remove the protective liner material from the bottom surfaces 

of the shallow trenches, the resulting intermediate structure lOOd includes partially etched 

lower line stacks 44a separated by shallow trenches, and the protective liners 46b formed on 

sidewall surfaces of the shallow^ trench. 

[0044] The spacer etch can be conducted in the same dry etch chamber as 

subsequent etching described with respect to FIG, 2E below. In embodiments in which the 

protective liner 46a is formed in situ within a dry etch tool, the same tool can be employed 

for the sequence of FIGS. 2B-2E. 

[0045] Referring to intermediate array structure 1 OOe of FIG. 2E, according to 

some embodiments, once the protective liner 46a of FIG. 2C is anisotropically etched to 

expose the upper surfaces of the hard mask line 42b and the upper surfaces of the middle 

electrode material 36a between the partially etched lower line stacks 44c, the intermediate 

array structure of lOOd of FIG. 2D, including remaining thickness of the middle electrode 

material 36a that may have been partially etched in the prior step, is further etched to define 
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fully etched lower line stacks 44d as shown in FIG, 2E. The fully etched lower line stacks 

44d include, starting from the bottom, a lower conductive line 22 on the substrate, a cell line 

stack 30c on the lower conductive line 22 and any remaining first hard mask line 42b on the 

cell line stack 30c. The ceil line stack 30c includes a lower electrode line 40 on the lower 

conductive line 22, a selector element line 38b on the lower electrode line 40, a middle 

electrode line 36b on the selector element line 38b, a storage element line 34b on the middle 

electrode line 36b, and an upper electrode line 32b on the storage element line 34b. It 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 line stack 44d. The protective liners 46b protect sidewalls of the upper or second 

active material, which in the illustrated embodiment is represented by the storage element 

line 34b, during the further etch. In particular, the storage element line 34b, the upper 

electrode line 32b and any remaining hard mask line 42b above the middle electrode line 36b 

have sidewalls covered by the protective liners 46b while the remainder of the stack is wider 

because it is etched under the shadow of the protective liners 46b to form the fully etched 

lower line stack 44d of FIG. 2E. Any etch byproducts that may be released or resputtered 

during etching to form structures below the protective liners 46b, including the middle 

electrode line 36b, the selector element line 38b, the lower electrode line 40 and the lower 

conductive line 22, may be formed on the sidewalls of the protective liners 46b while being 

prevented from directly redepositing on sidewalls of the structures covered by the protective 

liners 46b, including the storage element line 34b and the upper electrode line 32b, 

[0046] Referring FIG. 2F, according to some embodiments, the method of 

fabricating the memory device additionally includes removing the protective liners 46b to 

expose sidewalls of the storage element line 34b, the upper electrode line 32b and any 

remaining hard mask line 42b. By doing so, the protective liner 46b, whose surfaces may-

have byproducts from etching layers below the spacer-shaped protective liners 46b 

redeposited thereon as described above, including atoms, molecules, or clusters of the 

selector element material (e.g., As, Se), can be removed without directly exposing the 

sidewalls of the storage line 34b to the byproducts. In various embodiments, cleaning to 

remove the protective liner 46b can be performed using any suitable wet and/or dry cleaning 

processes known in the art for cleaning dry-etched surfaces. For example, one such cleaning 
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process may include wet and/or vapor cleaning using a solution including dilute hydrofluoric 

acid (HF) at a concentration between about 0% and 10%, or between about 0% and 5%. 

Another such cleaning process may include wet and/or vapor cleaning using a solution 

including carboxylic acid at a concentration between about 0% and about 2%, or between 

about 0% and about 1%, or between about 0% and about 0.5%, In other embodiments, 

where an ex situ deposited inorganic spacer is employed, the protective liners may remain in 

place through subsequent processing and may remain in the final product, 

[0047] Still 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 44e can have 

different widths depending on whether the portion was etched before or after forming the 

protective liners 46b. In the illustrated embodiment, because the protective liners 46b were 

formed after etching to form the storage element line 34b, the widths of the portions of the 

fully etched lower line stack 44e above and below the exposed top surface of the middle 

electrode line 36b can be different by an amount corresponding to the thickness of the 

protective liners 46b in FIG. 2E. In some embodiments, the difference in widths between the 

wider and narrower portions of the cell line stack can be between about, 10% and about 50% 

of the width of the cell line stack 30b measured immediately above the same vertical level, or 

between about 20% and 40%, for instance about 30%. In some embodiments, the protective 

liners can have a thickness between about 1 nm and about 20 nm, or between about I nm and 

about 10 nm, for instance about 5 nm. 

[0048] Referring FIG. 2G, according to some embodiments, the method of 

fabricating the memory device additionally includes forming a sealing dielectric 47a on 

exposed surfaces of the fully etched lower line stack 44e, after removing the protective liners 

46b as described with respect to FIG. 2F, to form the intermediate array structure lOOg. 

Unlike the protective liners 46b formed in situ in the dry etch tool, the sealing dielectric 47a 

can remain permanently on at least some surfaces of the fully etched lower line stack 44f. In 

some embodiments, the sealing dielectric 47a. can include a suitable dielectric to protect, at 

least portions of the lower line stack 44f from subsequent processes such as subsequent 

etching to confine the stack in the y dimension (see FIGS. 2H-2N), cleaning, gapfill and 

thermal processes. The sealing dielectric 47a can include oxide materials, such as silicon 

oxide (e.g., SiC>2) and aluminum oxide (e.g., .\\ -0 -.}. nitride materials, such as silicon nitride 
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(e.g., Si3N4), or combinations thereof, among others. In general, the sealing dielectric 47a 

can he formed by a suitable conformal deposition technique such as chemical vapor 

deposition (CVD) and atomic layer deposition (ALD), including thermal and plasma 

deposition techniques. 

[0049] Referring to FIG. 2H, according to some embodiments, the method of 

fabricating the memory device additionally includes filling spaces between adjacent lower 

line stacks 44f of FIG. 2G with an isolation dielectric material to form first isolation 

dielectric regions 48a. Suitable dielectric materials to fill the spaces can include, for 

example, silicon oxide, which may be deposited by suitable gap-filling processes such as 

high-density plasma (HDP) processes, spin-on-dielectric (SOD) processes, sub-atmospheric 

chemical vapor deposition (SACVD) processes, and atomic layer deposition (ALD) 

processes, among others. Once the inter-line spaces between adjacent lower line stacks 44g 

are filled with the dielectric material to form the isolation dielectric regions 48a, the 

intermediate array structure can be chemical-mechanically polished to remove overlying gap 

fill dielectric and any remaining portions of the hard mask and expose a substantially planar 

surface comprising alternating surfaces of the upper electrode line 32b interposed by 

isolation dielectric regions 48a and sealing dielectrics 47b to complete formation of the lowrer 

line stack 44g of the intermediate structure lOOh. 

[0050] Referring now to intermediate array structure lOOi of FIG. 21, according to 

some embodiments, the method of fabricating the memory device additionally includes 

depositing an upper conductive material 20a on the planar surface of the intermediate array 

structure lOOh. The upper conductive material 20a can comprise substantially similar 

materials and can be formed using substantially similar processes as discussed above for 

lower conductive material 22a of FIG. 2A. 

[0051] Referring to intermediate array structure lOOj of FIG. 2,1, according to 

some embodiments, the method of fabricating the memory device additionally includes 

subtractively patterning to form a partially etched wall structure 50a including the upper 

conductive line 20. Forming the partially etched wall structure 50a includes, in a similar 

manner as described above for patterning the lower line stack 44a (FIG. 2B), forming an etch 

mask pattern comprising lines (e.g. photoresist lines, not shown for clarity) that cross with 

the underlying lower line stacks 44g, in the illustrated embodiment extending orthogonally in 
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the y-direction, and etching the exposed regions to form the partially etched wall structures 

50a. Each partially etched wall structure 50a includes an upper conductive line 20 and 

further includes forming an upper material stack confined in x and y directions, including an 

upper electrode 32 and a storage element 34. In the illustrated embodiment of FIG. 2B, 

similar to FIG. 2B, etching the wall structure 50a includes stopping the etch process on or 

within the middle electrode line 36b, to form, the partially etched wall structure 50a, As 

discussed in FIG. 2B, stopping the etch at the middle electrode line 36b as shown in FIG. 2J 

is for illustrative purposes only, and the etch can stop at any suitable vertical position above 

and below the exposed surface of the middle electrode line 36b as shown in FIG. 2,1. 

[0052] Referring to intermediate array structure 100k of FIG. 2K, according to 

some embodiments, the method of fabricating the memory device additionally includes, in a 

manner similar to that described with respect to FIG. 2C for forming the protective liner 46a, 

forming a second protective liner 52a over the partially etched wall structure 50a of FIG, 2J 

to form the partially etched wail structure 50b of FIG. 2K. Parameters and conditions for 

forming the second protective liner 52a can be similar to that described with respect to FIG. 

2C for forming the protective liner 46a. 

[0053] Referring to intermediate array structure 1001 of FIG. 2L, according to 

some embodiments, the method of fabricating the memory device additionally includes, in a 

manner similar to that described with respect FIG. 2D for forming the first protective liners 

46b, anisotropically etching the second protective liner 52a of FIG. 2K to form second 

protective liners 52b having spacer profiles. Parameters and conditions for forming the 

second protective liners 52b are similar to that described with respect to FIG. 2D for forming 

the first protective liners 46b. 

[0054] Referring to intermediate array structure 100m of FIG. 2M, according to 

some embodiments, the method of fabricating the memory device additionally includes, in a 

manner similar to that described with respect to FIG, 2E for further etching to form the fully 

etched lower line stack 44d, further etching the intermediate structure 1001 of FIG, 2L to 

form the fully etched wall structure 50d of FIG. 2M. Except for the difference in materials 

being etched and stopping on the upper surfaces of the lower electrode lines 40, the 

parameters and conditions for further etching to form the fully etched wall structure 50d can 

be similar to FIG, 2E, Because the cell line stack 30c (FIG. 2F) is already patterned in 
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crossing lines, the fully etched wall structure 50d includes the column line 20 overlying 

pillars of the memory cell stack that alternate with isolation material 48, In other words, the 

etch separates the cell line stack into pillars, 

[0055] During the further etch, the second protective liners 52b protect sidewalls 

in the z-y plane of the underlying upper or second active material, which in the illustrated 

embodiment is represented by the storage element 34 (FIG. 21). The remainder of the stack 

is wider because it is etched under the shadow of the second protective liners 52b to form the 

fully etched upper line stack 44d of FIG. 2E 

[0056] As noted above with respect to FIGS. 2B-2E, in one embodiment the 

sequence of FIGS. 2J-2M is conducted in situ within dry etch tool without removing the 

substrate until after the fully etched wall structure 50d is formed. As described above, 

conditions for vertical dry etching (including high negative substrate 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 higher pressures), and an 

organic second protective liner 52a of FIG. 2K can be plasma deposited as a polymer with 

the supply of fluorocarbon precursors. Conditions can then be returned to those conducive to 

anisotropic dry etching and 

[0057] In another embodiment, the substrate can be removed between etching 

steps and an inorganic second protective liner 52a of FIG. 2K can be deposited in a separate 

tool. In this case the resultant second protective liners 52b of FIG, 2M can optionally remain 

in the final product, in contrast to the process described below with respect to FIG. 2N 

below. 

[0058] Referring to intermediate array structure lOOn of FIG, 2N, according to 

some embodiments, the method of fabricating the memory device additionally includes, in a 

manner similar to that described with respect to FIG. 2F for removing the first protective 

liners 46b, cleaning to remove the a second protective liners 52b from the sidewalls of the 

wall structure 50d and leave a wall structure 50. Except for the fact that the second 

protective liners 52b are removed from the sidewalls of the storage element 34, the upper 

electrode 32 and the upper conductive line 20, the parameters and conditions for cleaning to 

remove the second protective liners 52b can be similar to that described with respect to FIG. 

2F for cleaning to remove the first protective liners 46b. 
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[0059] Similar to FIGS. 2F-2G, any etch byproducts that may be released during 

etching to form structures below the second protective liners 52b in FIG, 2M, including the 

middle electrode 36 and the selector element 38, can redeposit on the sidewalls of the second 

protective liners 52b while being prevented from directly redepositing on sidewalls of the 

structures covered by the second protective liners 52b, including the upper or second active 

material in the form of the storage element 34. In embodiments where the second protective 

liners 52b are to remain in the final product, such etch byproducts can be removed with the 

removal of the second protective liners 52b such that the byproducts do not come into direct 

contact with the storage element 34 and the upper electrode 32. 

[0060] It will be appreciated that, as a result of removing the second protective 

liners 52b, different portions of the wall structure 50c can have different widths at different 

portions, depending on whether the portion is formed before or after the second protective 

liners 52a. have been formed, in a manner described with respect to FIG. 2F, In some 

embodiments, due to the shadowing effect of spacers on both sides, the difference in widths 

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 10% and about 50% of 

the width of the wall structure 50 measured immediately above the exposed top surface of the 

middle electrode 36, or between about 20% and 40%, for instance about 30%. 

[0061] In addition, although not illustrated, after removing the second protective 

liners 52b as illustrated in FIG. 2N, the intermediate structure lQQn can be further processed 

to form a second sealing dielectric (not shown) on exposed surfaces of intermediate structure 

100m, in a similar manner as described in FIG. 2G for forming the sealing dielectric 47a. In 

addition, the spaces between adjacent wall structures 50 lined with the second sealing 

dielectric can be filled with a filler dielectric to form second isolation dielectric regions (not 

shown) and polished (not shown), in similar manner as described in FIG. 2H to expose 

alternating upper conductive lines 20 (or hard mask lines or etch stop materials thereover) 

interposed by second isolation dielectric regions and second sealing dielectrics. 

[0062] FIG. 3A illustrates a cross-sectional view of an array structure 200a 

fabricated according to the illustrated embodiments of FIGS. 2A-2N. The cross-section in 

FIG. 3A is taken in the y-z plane corresponding to the y-z plane of FIGS, 2A-2N, As 

described above, in this embodiment, the protective liners 46b (not shown) having spacer 
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structures are formed and removed from sidewalls of the partially etched lower line stack 44c 

(FIG. 2D) including sidewalls of the storage element 34 and the upper electrode 32. After 

removing the protective liners 46b (not shown) and further etching to form the fully etched 

lower line stack 44e (FIG. 2F), a sealing dielectric 47 is formed to cover the x-z sidewalls of 

the entire stack below the upper conductive line 20 as shown in FIG. 3A. As described 

above, the cross section of the array structure 200a shows, as a result of the protective liner 

46b formation, steps form lateral plateau regions on an upper surface of the middle electrode 

36 (which may be partially through the thickness of the upper electrode material) such that 

the width of the cell stack immediately below the upper surface of the middle electrode 36 is 

greater compared the width of the cell stack immediately above the upper surface of the 

middle electrode 36. As described above, such process flowr can be desirable, for example, 

when materials above the step, such as upper active material in the form of the illustrated 

storage element 34, are sought to be protected from the etching processes of the layers below 

the step. Other configurations are possible, as illustrated in FIGS. 3B and 3C, in which 

similar parts are referenced by like reference numerals. 

[0063] FIG. 3B illustrates a cross-sectional view of an array structure 300a 

according to another embodiment. Similar to FIG. 3A, the cross-section in FIG. 3A is taken 

in the y-z plane. In this embodiment, instead of initially stopping the etch removal process 

on the middle electrode material 36a as illustrated in FIG, 2B prior to formation of the 

protective liner 46b, the etch process is 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 thereover. After removing the protective liner (not shown) and further etching to 

form the fully etched lower line stack, a sealing dielectric 47 is formed to cover the x-z. 

sidewalls of the entire stack below the upper conductive line 20 as shown in FIG. 3B. As a 

result of the formation and removal of the protective spacer (not shown), steps form lateral 

plateau 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 is greater compared the width of the cell stack immediately 

above the step, as illustrated in the resulting cross section of the array structure 300a in 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 line 22, but the materials of the two active materials (storage element 34 and 

selector element 38) are compatible. 

[0064] FIG. 3C illustrates a cross-sectional view of a fully fabricated array 

structure 400a according to yet another embodiment. Similar to FIGS, 3A and 3B, the cross-

section in FIG. 3C is taken in the y-z plane. In this embodiment, in addition to stopping the 

etch removal process once on or within the middle electrode material 36a as in FIG. 3A, to 

form the protective liners 46b, in this embodiment the etch removal process stopped a second 

time on or within the lower electrode material 40a, and the protective liners having spacer 

structures (not shown) are formed thereover twice at both locations. After removing the 

protective liners after forming them at each location (not shown) and further etching to form 

the fully etched lower line stack, a sealing dielectric 47 is formed to cover the x-z sidewalls 

of the entire stack below the upper conductive line 20 as shown in FIG. 3C. The resulting 

cross section of the array structure in FIGs 3C has steps forming lateral plateau regions on 

upper surfaces of the middle and lower electrodes 36 and 40 such that a width of the cell 

stack immediately below the lower step is larger compared to a width of the cell stack 

immediately above the lower step, and a width of the cell stack immediately below the upper 

step is larger than a width of the cell stack immediately above the upper step. Such process 

flow can be desirable, for example, when materials above the upper step are sought to be 

protected from etching processes of the middle electrode 36 and the selector element 38, and 

in addition, materials above the lower step are sought to be protected from the etching 

processes of the lower electrode 40 or the lower conductive line 22, 

[0065] FIG. 4 illustrates a cross-sectional view of an array structure 200b 

corresponding to array structures 200a, 300a or 400a of FIGS. 3A-3C, according to some 

embodiments. The cross-section in FIG. 4 is taken in the x-z plane corresponding to the x-z 

plane of FIGS. 2A-2N. The array structure of FIG. 4 can be fabricated using similar 

processes as described with respect to FIGS. 2A-2N. However, it will be appreciated that 

spacer process used to protect, the upper active material during column line etching, per 

FIGS. 2I-2N and FIG. 4, and the spacer process(es) use to protect the upper active material 

during row line etching, per FIGS. 2A-2H and 3A-3B, can be employed independently of 

each other or combined. In this dimension also the step can be formed on or within the 

middle electrode material, as shown. 
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[0066] FIGS. 5A-5C illustrate cross-sectional views similar 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 interaction with the active 

materials (e.g., storage and selector elements) of the memory cell stack. Examples include 

silicon nitride and silicon oxymtride. It will be understood that the protective spacers on the 

orthogonal walls of the memory cell pillar (the dimension shown in FIG. 4) can similarly be 

maintained in the final product. 

[0067] Although this invention has been described in terms of certain 

embodiments, other embodiments that are apparent to those of ordinary skill in the art, 

including embodiments that do not provide all of the features and advantages set forth herein, 

are also within the scope of this invention. Moreover, the various embodiments described 

above can be combined to provide further embodiments. In addition, certain features shown 

in the context of one embodiment can be incorporated into other embodiments as well. 

Accordingly, the scope of the present invention is defined only by reference to the appended 
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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 

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 at least 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 first and second active materials;  

wherein patterning the memory cell 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 

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 at least 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 

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 at least 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 at least one of first and second active 

material 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 side walls of the one of 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 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 first and second active 

materials comprises the storage element and the other of the first and second active 

materials comprises the 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 at least 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 protective liners further includes forming the protective 



 

-26- 

 

liners on the at least a 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 at least 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 surface 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 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. 

 

 


