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(57) ABSTRACT 
The disclosed technology relates to integrate circuits, includ 
ing memory devices. A method of forming an integrated 
circuit comprises providing a surface comprising a first 
region and a second region, wherein the first region is formed 
of a different material than the second region. The method 
additionally comprises forming a seeding material in contact 
with and across the first and second regions. The method 
further comprises forming a metal comprising tungsten on the 
seeding material. 
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METHODS OF FORMING METAL ON 
NHOMOGENEOUS SURFACES AND 

STRUCTURES INCORPORATING METAL, ON 
NHOMOGENEOUS SURFACES 

BACKGROUND 

0001 1. Field 
0002 Disclosed technology relates generally to integrated 
circuits, and more particularly, to methods of forming metal 
on inhomogeneous Surfaces, such as across memory cells. 
0003 2. Description of the Related Art 
0004 Integrated circuits comprising deposited metal, 
Such as tungsten metallization, may be found in a wide range 
of electronic devices, including computers, digital cameras, 
cellular telephones, personal digital assistants, etc. The met 
allization can form portions of the overall metallization 
scheme that are used, for example, to interconnect discrete 
devices, such as transistors or memory cells, with electrical 
input/output pins. As metal interconnects are scaled in dimen 
sions, the resistance of the metal interconnects increases. 
Thus, in order to reduce the increase in the resistance of the 
metal interconnects, there is a need for metal structures whose 
resistance can be lowered by reducing the resistivity of the 
metal structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1A is a schematic cross-sectional depiction of 
a metallization structure formed on a heterogeneous Surface. 
0006 FIG. 1B is a schematic cross-sectional depiction of 
a metallization structure according to Some other embodi 
mentS. 

0007 FIGS. 2A-2D are schematic cross-sectional depic 
tions of memory arrays at various stages of fabrication 
according to some embodiments. 
0008 FIG. 3 is a schematic cross-sectional depiction of a 
memory array according to Some other embodiments. 
0009 FIG. 4 is a graph illustrating experimental resistivity 
of a conductive material as a function of a thickness of a 
seeding material according to some embodiments. 
0010 FIG. 5A is a graph illustrating experimental resis 

tivity of a conductive material as a function of a thickness of 
the conductive material according to Some embodiments. 
0011 FIG. 5B is a graph illustrating an X-ray diffraction 
spectrum of a conductive metal material according to some 
embodiments. 
0012 FIG. 5C is a graph illustrating an X-ray diffraction 
spectrum of a conductive metal material according to some 
other embodiments. 
0013 FIG.5D is a graph illustrating an X-ray diffraction 
spectrum of a conductive metal material according to some 
other embodiments. 
0014 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 

00.15 Metal interconnects of an integrated circuit (IC) 
provide electrical connections between discrete devices. Such 
as transistors, resistors, or memory cells and external electri 
cal inputs and outputs, such as I/O pins. ASIC’s continue to 
miniaturize in size, interconnects can be a bottleneck for 
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many performance metrics. For example, increasing resis 
tance and/or increasing capacitance of the metal intercon 
nects can limit access speed and increase power consumption 
of electronic devices, e.g., wireless devices, personal com 
puters, etc. 
0016. As metal interconnects are scaled in dimensions, the 
resistance of the metal interconnects increases. This is 
because the resistance of a metal structure (e.g., metal lines 
and Vias) is generally proportional to the cross-sectional area 
(e.g., a product of a width and a height of a rectangular metal 
structure) of the metal structure, and shrinking a lateral 
dimension such as the width of the metal structure can lead to 
an undesirable increase in electrical resistance of the metal 
structure. For a given length of the metal structure, such an 
increase in the resistance of the metal structure can be com 
pensated, under Some circumstances, by proportionally 
increasing the height of the metal structure, thereby keeping 
the cross-sectional area relatively constant. However, Such 
compensation can have negative consequences. For example, 
an increased height results in an increase in the area of the 
sides of the metal structures that extend in the lengthwise 
direction, which can lead to an increased capacitance of the 
metal lines. In addition, increased height of the metal struc 
tures can lead to increased processing difficulty, Such as dif 
ficulty of etching of the metal lines or difficulty of filling gaps 
formed between the metal lines with dielectric materials 
where the lines are formed by etching a metal layer. Thus, 
there is a need for metal structures whose resistance can be 
lowered independent of dimensional compensation by mini 
mizing the resistivity of the metal structures. In some embodi 
ments described herein, resistivity is minimized through con 
trolling the microstructure and phases of metal material that 
form the metal structures. 

0017 Metal structures comprising tungsten are used to 
form various components of interconnects for a variety of 
applications, including memory devices. The metal structures 
comprising tungsten include electrodes, vias, metal lines, 
contacts, and plugs, among others. The wide usage of tung 
Sten in various metal structures may be due at least in part to 
a relative wide range of options available for processing tung 
Sten, including deposition processes and etch processes. 
Tungsten can be deposited, for example, using atomic layer 
deposition (ALD), chemical vapor deposition (CVD), evapo 
ration, and physical vapor deposition (PVD), among others. 
In addition, many known etch chemistries exist for tungsten, 
including chemistries that employ fluorine, chlorine, and Sul 
fur, among others. 
0018. The electrical resistivity of a thin film comprising 
tungsten can be affected by characteristics of the Surface onto 
which the thin film is deposited. Without being limited by 
theory, it is believed that areason for such dependence can be, 
for example, an interfacial energy between the thin film mate 
rial and the material that provides the Surface. In this connec 
tion, under certain circumstances, it can be advantageous to 
form the thin films on a homogenous Surface having a single 
material instead of a heterogeneous Surface having more than 
one material. Having the homogeneous Surface can lead to 
advantages such as a homogeneous size distribution and/or a 
tighter size distribution of grains in the thin film. In this 
connection, various embodiments disclosed herein form 
metal structures from metal thin films, e.g., comprising tung 
Sten, that are deposited on a homogeneous Surface. 
0019. In addition, a homogenous surface can also be 
advantageous in controlling the phases of the thin film mate 
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rial. For example, tungsten has been observed to have at least 
two solid crystalline phases: a low resistivity alpha-phase 
having a body-centered cubic (bcc) structure and a high resis 
tivity beta-phase having a cubic (A15) structure. The former 
is understood to be an equilibriumphase. In a given thin film 
comprising tungsten, either or both of the alpha and beta 
phases can be present. Under certain circumstances, the dif 
ference in resistivity between the alpha and beta-phases of 
tungsten can exceed 10x. Therefore, without being limited by 
theory, when a lower resistivity of the metal structures is 
desired, it may advantageous to control the microstructure of 
the metal structures comprising tungsten such that a fraction 
of the lower resistivity alpha tungsten in the metal structure is 
maximized. In this connection, various embodiments dis 
closed herein may form metal structures predominantly com 
prising alpha-phase tungsten and essentially free of beta 
phase tungsten. 
0020 FIG. 1A is a schematic cross-sectional depiction of 
a metallization structure 2 formed on a heterogeneous Surface 
4a, 6a. The metallization structure may be an interconnect 
structure. A method of forming the interconnect structure 2 
includes providing a Substrate which includes a first material 
4 and a second material 6 different from the first material 
adjacent the first material 4. The method additionally includes 
providing an exposed surface comprising a first Surface 
region 4a of the first material and a second Surface region 6a 
of the second material. The method further includes deposit 
ing via a physical vapor deposition processablanket thin film 
metal 8 comprising tungsten on the first and second surface 
regions 4a and 6a. The thin film metal 8 can be Subsequently 
patterned to form various interconnect structures, e.g., metal 
lines. 
0021. The first material 4 can serve as an electrical con 
ductor, Such as, for example, a via, a plug, a contact, or other 
similar structures. The first material 4 can include a metallic 
material. Such as carbon, tungsten, aluminum, copper, tita 
nium nitride, tantalum nitride, and doped crystalline silicon, 
among other metallic materials. 
0022. The second material 6 can serve as an electrical 
insulator, Such as, for example, an inter-metal dielectric, 
interlayer dielectric, and an isolation dielectric, among oth 
ers. The second material can include a dielectric material, 
Such as silicon oxide, silicon nitride, and silicon oxynitride, 
among other oxides or dielectrics. 
0023 The first material 4 is formed first by depositing a 
thin film of metal and Subsequently patterning the thin film to 
form the first metal materials 4 separated by gaps, followed by 
depositing a dielectric material within the gaps to form the 
second materials 6. This type of process is sometimes referred 
to as a “subtractive metal process. In other embodiments, the 
second material 6 is formed first by depositing a thin film of 
dielectric and Subsequently patterning the dielectric to form 
second materials 6 separated by gaps, followed by formation 
of the first material 4 by plating/depositing a metal material 
within the gaps to form the first materials 4. This type of 
process is sometimes referred to as a “damascene' process. 
0024. After the first and second materials 4 and 6 are 
formed by one of subtractive or damascene processes, a Sub 
stantially planar Surface including the first and second Surface 
regions 4a and 6a are formed by planarization, using, for 
example, a chemical mechanical polishing (CMP) process. In 
a “subtractive metal process, the CMP process removes 
excess dielectric materials deposited on patterned first mate 
rials 4 to form the Substantially planar Surface, whereas in a 
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“damascene” process, the CMP process removes excess 
metal material deposited on patterned second materials 6 to 
form the substantially planar surface. As used herein, a “sub 
stantially planar Surface is a generally planar Surface that can 
include step heights between adjacent first and second mate 
rials 4 and 6 that can result from routine processing variations. 
Such variations can arise, for example, due to a difference 
between CMP removal rates between the first and second 
materials 4 and 6. This is sometimes referred to as “dishing.” 
While Such step heights can depend on the particular condi 
tion of the CMP process, in the embodiments described 
herein, “a substantially' planar surface will be understood to 
have local step height variations resulting from dishing that 
generally do not exceed thicknesses of the materials being 
planarized (e.g., first and second materials 4 and 6 in FIG. 
1A). For example, a planar Surface can have a local step 
height variations that do not exceed, for example, 0 nm to 20 
nm, for example about 5 nm. 
0025. The thin film metal 8, which can comprise tungsten, 
can be deposited by physical vapor deposition (PVD). For 
example, the thin film metal 8 can be deposited in a DC 
magnetron Sputtering system. In other embodiments, the thin 
film metal 8 is deposited by chemical vapor deposition or 
atomic layer deposition. 
0026. In some embodiments, the thin film metal 8 is 
deposited at a low deposition rate between about 0.01 A/s and 
about 1 A?s, for instance about 0.15 A/s. In other embodi 
ments, the metal material 8 is deposited at a high deposition 
rate between about 1 A/S and about 100 A?s, for instance 
about 11 A/s. In some embodiments, active chucking is 
applied to the wafer during deposition with a backside argon 
flow to keep the wafer cool between about 10° C. and about 
100° C., for instance about 17°C. 
0027. The microstructure of the thin film metal 8 compris 
ing tungsten can depend on several factors, including an 
interfacial energy between the thin film material 8 and the 
Surface on which the grains grow. For the heterogeneous 
surface illustrated in FIG. 1A including first and second sur 
face regions 4a and 6a, a first interfacial energy between the 
thin film metal 8 and the first Surface region 4a and a second 
interfacial energy between thin film material 8 and the second 
Surface region 6a can be different. The resulting microstruc 
ture can have grains that are not monodisperse in size distri 
bution; i.e., the grains can have a size distribution having, for 
example, multiple peaks. For example, by way of an illustra 
tion only in FIG. 1A, a first average size of grains 8a formed 
over the first surface region 4a can be different from a second 
average size of grains 8b formed over the second Surface 
region 6a. In the structure illustrated in FIG. 1A, the grains 8a 
formed over the first Surface region 4a are depicted as being 
larger on average than the grains 8b formed over the second 
surface region 6a in FIG. 1A for illustration purposes only. In 
other cases, the grains 8a formed over the first Surface region 
4a can be smaller on average than the grains 8b formed over 
the second Surface region 6a. In yet other cases, the grains 8a 
formed over the first Surface region 4a can be similar on 
average compared to the grains 8b formed over the second 
Surface region 6a. 
0028. Where the thin film metal 8 is formed of tungsten, 
the deposited tungsten can include both of the alpha and 
beta-phases of tungsten. When both phases are present, the 
relative amounts of alpha and beta-phases of tungsten can 
depend on several factors. Without being bound to any theory, 
the availability of oxygen atoms in the underlying materials 
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(i.e., first and second materials 4 and 6 in FIG. 1A) can be a 
factor in the formation of beta-phase tungsten. When a suffi 
cient amount of oxygenatoms, which can be bound or free, is 
present, a Substantial amount of beta-phase tungsten can be 
present in the as-deposited thin film metal 8. A substantial 
amount of beta-phase tungsten can be present, for example, 
when at least one of the first and second materials 4 and 6 
includes oxygen atoms. As illustrated in FIG. 1A, for 
example, when the second material 6 is an interlayer dielec 
tric (ILD) comprising an oxide (e.g. SiO2), at least a fraction 
of grains 8b formed over the second Surface region 6a can 
comprise beta-phase tungsten. In contrast, when the first 
material 4 is a metallic material that is substantially free of 
oxygen (e.g., carbon), at least a fraction of grains 8a formed 
over the first Surface region 4a can comprise alpha-phase 
tungsten. While FIG. 1A illustrates beta-phase tungsten 
grains 8b formed above the second Surface region 6a and 
alpha-phase tungsten grains 8a formed above the first Surface 
region 4a, the depiction is for illustrative purposes only, and 
the actual location and distribution of alpha and beta-phase 
tungsten grains 8a and 8b can be substantially intermixed 
above the first and second Surface regions 4a and 6a. In 
addition, in other embodiments, the first material 4 can also 
comprise oxygen atoms that can be a factor in formation of 
beta-phase tungsten. 
0029. As used herein, a thin film material having a “sub 
stantial” amount of a phase of tungsten (e.g., alpha-phase) 
refers to a thin film of the metal material 8 having between 
about 50% and about 100%, or between about 75% and about 
100%, for instance about 90% in volume fraction of the 
phase. The Volume fraction of a phase of tungsten can be 
determined, for example, by curve-fitting of the X-ray dif 
fraction pattern of the thin film using methods known in the 
art. Similarly, a thin film material being “substantially free” of 
a phase of tungsten (e.g., beta-phase) refers to a thin film of 
the metal material 8 having less than about 50%, or less than 
about 10% in volume fraction of the phase. 
0030. As used herein, a thin film material that consists 
“essentially of a phase oftungsten (e.g., alpha-phase) refers 
to a thin film of the metal material 8 that do not show an 
appreciably detectable amount of other phases, as detectable 
by curve-fitting of the X-ray diffraction pattern of the thin 
film. 

0031. Still referring to FIG. 1A, the thickness h of the thin 
film metal 8 can be one factor that influences whether or not 
a Substantial amount of a particular phase of tungsten (e.g., 
beta-phase tungsten) is present. For example, without being 
bound by theory, on a heterogeneous Surface Such as in FIG. 
1A, the thin film metal 8 can initially grow as a film compris 
ing predominantly beta-phase tungsten and Substantially free 
of alpha-phase tungsten up to a certain thickness. Beyond a 
certain thickness, an additional thickness of the thin film 
metal 8 can transition into a thin film portion comprising both 
alpha and beta-phases, or as a thin film portion being Substan 
tially free of beta-phase tungsten. Without being bound to any 
theory, such transition can be caused by, for example, a 
growth Surface having access to less oxygen from the under 
lying materials. In some cases, when grown directly on first 
and second Surface regions 4a and 6a, at least one of which 
comprises oxygen atoms that are available for initiation of 
beta-phase tungsten, the thin film metal 8 having a thickness 
less than about 15 nm can be substantially free of alpha-phase 
tungsten. The foregoing poses a challenge for fabricating 
many ICs having low-resistance tungsten-based interconnect 
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structures (e.g., metal lines), because many interconnect 
structures comprise oxygen in the underlying structures (e.g., 
SiO, ILD), and many such structures are formed from a thin 
film metal structure 8 having a thickness less than about 15 
nm. The materials and processes employed to form the inter 
connect structures favor formation of interconnect structures 
comprising either predominantly beta-phase tungsten and 
Substantially free of alpha-phase tungsten, or interconnect 
structures comprising both alpha and beta-phases, but do not 
favor formation of interconnect structures comprising pre 
dominantly alpha-phase tungsten and Substantially free of 
beta-phase tungsten. 
0032 Referring now to FIG.1B, a schematic partial cross 
sectional view depicting a metallization structure 10 accord 
ing to some other embodiments is illustrated. In some 
embodiments, the metallization structure 10 may be an inter 
connect structure. Similar to FIG. 1A, in some embodiments, 
a method for forming the interconnect structure 10 includes 
providing a Substrate which includes a first material 4 and a 
second material 6 different from and adjacent to the first 
material 4, and includes providing an exposed surface com 
prising a first Surface region 4b of the first material 4 and a 
second Surface region 6b of the second material 6. In contrast 
to FIG. 1A, instead of depositing a thin film metal 8 on the first 
and second surface regions 4b and 6b, however, the method of 
FIG.1B includes forming, e.g., depositing, a seeding material 
12 on the first and second surface regions 4b and 6b, to 
provide a homogeneous surface 12a. The method further 
includes forming, e.g., depositing, for example using a PVD 
process, a thin film metal 8, e.g., comprising tungsten, on the 
homogenous surface 12a. The thin film metal 8 can be sub 
sequently patterned to form various structures, such as inter 
connect structures, e.g., metal lines. 
0033 Several factors can affect the resistivity of the blan 
ket thin film metal 8. One such factor can be the microstruc 
ture of the thin film metal 8. For example, the resistivity of the 
metal material can depend on an average grain size of thin 
film metal 8 and the distribution of grain sizes (e.g., standard 
deviation) in that thin film. Without being bound to any 
theory, it is believed that such a dependence can originate 
from, among other origins, a correlation between a mean free 
path of electrons and the average grain size, at least in part due 
to a higher probability of electronic collisions occurring at 
grainboundaries. In this connection, in some embodiments, it 
can be advantageous to have a relatively large average grain 
size and a relatively small standard deviation of the grain size. 
The illustrated embodiment of FIG. 1B can achieve this 
advantageous result by interposing a suitable seeding mate 
rial 12 between the first and second surface regions 4b and 6b 
and the thin film metal 8. As discussed above in connection 
with FIG. 1A, forming the blanket thin film metal 8 on a 
heterogeneous Surface (e.g., first and second Surface regions 
4a and 6a) can introduce a grain size distribution that can be 
non-monodisperse. In the illustrated embodiment of FIG. 1B, 
the blanket seeding material 12 provides a homogeneous 
Surface 12a that can provide a more monodisperse grain size 
distribution. 

0034. Another factor that can affect the resistivity of the 
thin film metal 8 is the presence of certain phases and the 
resistivity of the phases present. In this connection, it can be 
advantageous to have a higher fraction of alpha-phase tung 
Sten compared to beta-phase tungsten. As discussed in con 
nection with FIG. 1A, when the heterogeneous surface 
includes a Surface comprising a Substantial amount of oxygen 
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(e.g., SiO2), a Substantial amount of beta-phase tungsten may 
form as a result, especially when the thickness h of the thin 
film metal 8 has a thickness less than about 15 nm. In the 
illustrated embodiment of FIG. 1B, the seeding material 12 
can be chosen to be a material Substantially free of oxygen to 
promote formation of the thin film metal 8that is substantially 
free of beta-phase tungsten. In some embodiments, the thin 
film metal 8 can consist essentially of alpha-phase tungsten, 
such that an X-ray diffraction pattern of the thin film metal 8 
does not show peaks attributable to beta-phase tungsten. 
0035. Even when the seeding material 12 provides a 
homogenous Surface 12a, the presence of crystalline facets in 
the grains at the exposed seeding material 12 can affect the 
microstructure of the thin film metal 8. In this aspect, it may 
be advantageous to minimize the effect of the crystalline 
facets. In this connection, in some embodiments, the seeding 
material 12 comprises an amorphous material. A Suitable 
amorphous material can include amorphous semiconductors 
including, for example, amorphous silicon and amorphous 
germanium. In other embodiments, a Suitable amorphous 
material can include amorphous metal nitrides including, for 
example, silicon nitride. However, inventive aspects are not 
limited to amorphous seeding materials and other embodi 
ments can include crystalline seeding materials. 
0036. In some embodiments, the seeding material 12 can 
be deposited using any suitable method, for example by a 
PVD process or a CVD process. In some embodiments, the 
seeding material 12 and the thin film metal 8 can be deposited 
in-situ, in the same chamber, without exposing the surface of 
the seeding material to air outside the chamber. For example, 
the thin film metal 8 can be deposited in-situ using a multi 
target PVD system. Such an in-situ process can be advanta 
geous in further reducing oxygen atoms from the homoge 
neous Surface 12a. 
0037. The thickness ha of seeding material 12 can be any 
Suitable thickness to provide Sufficient and continuous cov 
erage for a homogenous Surface 12a. In this respect, in some 
embodiments, a suitable thickness can be between about 1 nm. 
and about 15 nm. In other embodiments, a suitable thickness 
can be between about 2 nm and about 15 nm, about 2.5 nm and 
about 15 nm, about 1 nm and about 4 nm, for instance about 
2.5 nm. 

0038. In the following, embodiments of interconnect 
structures and methods of forming the same in the context of 
memory arrays are discussed in further detail. In general, 
memory performance and memory bit density can depend on 
the process architecture and materials employed to form the 
memory array. For example, in the context of cross-point 
memory arrays, the process architecture and materials 
employed to define conductive access lines (e.g., column 
lines and row lines) for accessing the memory cells can have 
a direct impact on the resistance and the capacitance of the 
conductive access lines, thereby affecting memory perfor 
mance, such as, for example, access times. On the one hand, 
narrower conductive access lines can allow for higher density 
of conductive access lines per unit area, which in turn allows 
for higher density of memory cells per unit area. On the other 
hand, the resistance of the conductive access lines can 
increase substantially when the width and/or the height of the 
conductive access lines are reduced. Thus, as discussed 
herein, there is a need for a method of forming conductive 
access lines with reduced resistivity. 
0039 Referring to FIGS. 2A-2D, a method of forming 
conductive lines comprising a metal, e.g., Substantially single 
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alpha-phase tungsten, is illustrated. In some embodiments, a 
metal can be “substantially single alpha-phase tungsten if 
over about 90% of the volume fraction of the metal comprises 
alpha-phase tungsten. As used herein, conductive lines are 
elongated conductive structures that many be elongated along 
a single axis, may be curved, or may include different por 
tions that are eachelongated along differentaxes. The method 
of forming the conductive lines includes providing an inter 
mediate array structure 100b (FIG. 2B) comprising a memory 
cell line stack adjacent an insulating material 48. The memory 
cell line stack includes a lower electrode line 40, a lower 
chalcogenide element line 38b, a middle electrode line 36b, 
an upper chalcogenide element line 34b, and an upper elec 
trode line 32b. The method additionally includes depositing a 
second seeding material 42b (FIG. 2C) on a substantially 
planarized surface comprising an electrode Surface 62 and an 
isolation surface 60. The method additionally includes depos 
iting an upper conductive material 20b comprising tungsten 
on the second seeding material 42b. The method further 
includes patterning the second seeding material 42b and the 
upper conductive material 20b to form an upper conductive 
line 20 comprising Substantially single alpha-phase tungsten. 
In some embodiments, the electrode surface 62, the isolation 
surface 60, and the seeding layer 42b correspond to the sur 
face 4a, Surface 6a, and the seeding layer 12, respectively, of 
FIG. 1B. 

0040. While in the following, embodiments are described 
in the context of forming conductive lines comprising a metal, 
the present invention is not so limited. For example, the 
methods described herein are generally applicable to forming 
conductive materials and conductive material regions over an 
inhomogeneous Surface. Such conductive materials can have 
any shape. In addition, the embodiments can be applied to 
whether or not the inhomogeneous Surface is substantially 
planar, and can be applied to both horizontal and vertical 
inhomogeneous Surfaces. 
0041 Referring to intermediate array structure 100a of 
FIG. 2A, the method of forming conductive lines comprises 
providing a material stack including a first seeding material 
18a over a substrate (not shown), a lower conductive material 
22a (e.g., comprising tungsten) over the first blanket seeding 
material 18a, a lower electrode material 40a on the lower 
conductive material 22a (e.g., comprising tungsten), a lower 
chalcogenide material 38a on the lower electrode material 
40a, a middle electrode material 36a on the lower chalco 
genide material 38a, an upper chalcogenide material 34a on 
the middle electrode material 36a, and an upper electrode 
material 32a on the upper chalcogenide material 34a. 
0042. In some embodiments, the first blanket seeding 
material 18a is deposited on a Substrate (not shown) having 
various structures including transistors that form the driving 
and sensing circuitry for the memory array. In this connec 
tion, the first blanket seeding material 18a may be deposited 
on a Substrate Surface including intermetal dielectric Surfaces 
as well as conductive surfaces. The intermetal dielectric Sur 
faces can include, for example, silicon oxide Surfaces. The 
conductive Surfaces can include, for example, Surfaces of vias 
that electrically connect the underlying transistors and can 
include, for example, tungsten vias, polysilicon plugs, and 
copper Vias, among other types of Vertical conductive struc 
tures. 

0043. The first seeding material 18a covers both the inter 
metal dielectric surfaces as well as conductive surfaces of the 
Substrate Surface (not shown). As discussed in connection 
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with FIG. 1B, the first seeding material 18a serves to provide 
a homogenous Surface for the Subsequent deposition of the 
lower conductive material 22a. The homogenous Surface can, 
under certain circumstances, give rise to the lower conductive 
material 22a having grains characterized by a more uniform 
size distribution and/or a more uniform phase. In addition, the 
homogenous Surface can, under certain circumstances, give 
rise to the lower conductive material 22a having a higher 
average grain size. 
0044. In some embodiments, similar to FIG. 1B, the first 
seeding material 18a comprises an amorphous material. The 
first seeding material 18a can include, for example, amor 
phous silicon or germanium, having a thickness preferably 
between about 0.5 nm and about 4.5 nm, more preferably 
between about 1.5 nm and about 3.5 nm, for instance about 
2.5 nm. In some embodiments, the amorphous material can be 
deposited using a Suitable technique to achieve the amor 
phous microstructure, such as PVD. For example, in order to 
prevent Substantial nucleation and/or growth of first seeding 
material 18a, in Some embodiments, the deposition can be 
carried out at a substrate temperature preferably between 
about 10° C. and about 100°C., and more preferably between 
10° C. and about 30° C. 

0045. In some embodiments, similar to FIG. 1B, the lower 
conductive material 22a comprising tungsten can have a 
thickness preferably between about 5 nm and about 25 nm, 
and more preferably between about 10 nm and about 20 nm, 
for instance about 15 nm. 
0046. In addition to higher average grain size and/or more 
uniform size distribution, depositing the lower metal material 
22a comprising tungsten on the first seeding material 18a can 
also Suppress certain undesirable phases of the lower metal 
material 22a, such as beta-phase tungsten, as discussed 
herein. 

0047. As discussed above, in some embodiments, when 
the intermetal dielectric surface of the substrate surface 
includes an oxide (e.g., silicon oxide), deposition of the lower 
conductive material 22a directly on the intermetal dielectric 
Surface can result in the lower conductive material 22a having 
a substantial fraction of beta-phase tungsten, in embodiments 
where tungsten is deposited on the lower conductive material 
22. As discussed above, formation of beta-phase tungsten 
may be facilitated by the presence of oxygen in the oxide of 
the intermetal dielectric. In contrast, when the lower conduc 
tive material 22a is deposited on the intervening first seeding 
material 18a as illustrated in FIG. 2A, the resulting lower 
conductive material 22a may substantially only include a 
single phase alpha-phase tungsten, and can be substantially 
free of beta-phase tungsten. In some embodiments, the lower 
conductive material 22a can consist essentially of alpha 
phase tungsten, as illustrated by a lack of peaks attributable to 
other phases of tungsten in an X-ray diffraction spectrum of 
the lower conductive material 22a. 

0048 While in the foregoing, embodiments having the 
lower conductive material 22a comprising tungsten were 
described, it is to be understood that the lower conductive 
material 22a can comprise any conductive and/or semicon 
ductive material suitable for forming lower conductive lines 
22 to carry electrical current for accessing the memory cells 
within the memory array. Examples of conductive/semicon 
ductive materials suitable for forming lower conductive lines 
22 include n-doped poly silicon, p-doped poly Silicon, metals 
including Al, Cu, and W, conductive metal nitrides including 
TiN, TaN, and TaCN, among others. 
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0049 Still referring to FIG. 2A, the lower, middle, and 
upper electrode materials 40a,36a, and 32a, respectively, can 
include one or more conductive and semiconductive materi 
als suitable for forming electrodes including, for example, 
n-doped poly silicon and p-doped poly silicon; metals includ 
ing C, 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 sili 
cides, tungsten silicides, nickel silicides, cobalt silicides and 
titanium silicides; and conductive metal oxides including 
RuO. 
0050. In some embodiments, at least one of the upper 
chalcogenide material 34a and the lower chalcogenide mate 
rial 38a can comprise a suitable material for a storage element 
of a memory cell and the other one of the upper chalcogenide 
material 34a and the lower chalcogenide material 38a can 
comprise a Suitable material for a selector element of a 
memory cell. For illustrative purposes only, in FIGS. 2A-2D, 
an embodiment in which the upper chalcogenide material 34a 
comprises a suitable storage material and the lower chalco 
genide material 38a comprises a suitable selector material 
will be described. In this embodiment, the final memory cell 
comprises an upper chalcogenide element 34 that is a storage 
node that can undergo a stable phase change that is nonvola 
tile at room temperature and a lower chalcogenide element 38 
that is a selector node that does not undergo a stable phase 
change but instead Switches temporarily to provide access to 
the storage element. However, it is to be understood that in 
other embodiments, the relative positions for the selector 
node and the storage node can be reversed Such that the upper 
chalcogenide element 34 is the selector node and the lower 
chalcogenide element 38 is the storage node. It to be under 
stood further that in yet other embodiments, the chalcogenide 
element that serves as the storage node can be omitted. 
0051. In some embodiments, the upper chalcogenide 
material 34a comprises a phase change material Suitable for a 
storage node that includes chalcogenide compositions such as 
an alloy including at least two of the elements within the 
indium(In)-antimony(Sb)-tellurium(Te) (IST) alloy system, 
e.g., InSb, Tes, InSb2Tea, InSb, Tez, etc., an alloy including 
at least two of the elements within the germanium(Ge)-anti 
mony(Sb)-tellurium(Te) (GST) alloy system, e.g., 
GessbsTes, GeSbTes, Ge SbTe, GeSb, Tez, GeSbTe, 
etc., among other chalcogenide alloy systems. The hyphen 
ated chemical composition notation, as used herein, indicates 
the elements included in a particular mixture or compound, 
and is intended to represent all Stoichiometries involving the 
indicated elements. Other chalcogenide alloy systems that 
can be used in phase change storage nodes 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 Pt, for example. 
0052. In some embodiments, the lower chalcogenide 
material 38a also comprises a chalcogenide material to form 
a two terminal selector device comprising the selector node 
38 connected to bottom and middle electrodes 40 and 36. 
Such a selector device is sometimes referred to as an Ovonic 
Threshold Switch (OTS). In this connection, the lower chal 
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cogenide material 38a suitable to forman OTS may include a 
chalcogenide composition including any one of the chalco 
genide alloy systems described above for the storage node. In 
addition, the lower chalcogenide material 38a may further 
comprise an element to Suppress crystallization, such as 
arsenic (AS). When added, an element Such as AS Suppresses 
crystallization by inhibiting any non-transitory nucleation 
and/or growth of the alloy. Accordingly, the selector node 
may be configured to Switch to a conductive state when a 
potential exceeding a threshold Voltage is applied across the 
selector node. In addition, the conductive state can be main 
tained while a sufficient holding current is maintained across 
the selector node. Examples of materials suitable for forming 
an OTS 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. 
0053 Referring to the intermediate array structure 100b of 
FIG. 2B, the method of forming conductive lines may addi 
tionally include Subtractively patterning the material stack of 
the intermediate array structure 100a of FIG. 2A to form a 
lower line Stack extending in the X-direction. As used herein, 
“subtractive patterning refers to a process where a structure 
to be defined, such as the lower line stack described above, is 
formed by removing materials to define that structure. For 
example, the Subtractive patterning process may include 
lithographically providing etch mask structures (e.g., photo 
resist pattern or a hard mask pattern, not shown) over 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. 
0054 Still referring to FIG. 2B, subtractively patterning 
the lower line Stack includes forming an etch mask pattern 
comprising lines extending in the X-direction. Subsequently, 
using the patterned etch mask comprising lines, exposed 
regions of the material stack between the lines of the etch 
mask pattern are etched. The lower line stack of the interme 
diate array structure 100b of FIG. 2B is formed by etching the 
material stack of FIG. 2A starting from the top, in the order of 
etching the upper electrode material 32a, the upper chalco 
genide material 34a, the middle electrode material 36a, the 
lower chalcogenide material 38a, the lower electrode mate 
rial 40a, the lower conductive material 22a, and the first 
seeding material 18a. The resulting lower line stack of FIG. 
2B comprises a first seeding line 18 over the substrate (not 
shown), a lower conductive line 22 on the first seeding line 18, 
a lower electrode line 40 on the lower conductive line 22, a 
lower chalcogenide line 38b on the lower electrode line 40, a 
middle electrode line 36b on the lower chalcogenide line 38b. 
an upper chalcogenide line 34b on the middle electrode line 
36b, and an upper electrode line 32b on the upper chalco 
genide line 34b. 
0055. Once the lower line stack is subtractively patterned, 
spaces between adjacent line stacks are filled with a dielectric 
material to form first isolation dielectric regions 48. Suitable 
dielectric materials can include, for example, silicon oxide 
and silicon nitride, which may be deposited by Suitable gap 
filling processes such as high-density plasma (HDP) pro 
cesses, 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 are filled 
with the dielectric material to form the isolation dielectric 
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regions 48, the intermediate array structure 100b is chemical 
mechanically polished to expose a substantially planar Sur 
face comprising alternating electrode Surfaces 60 and isola 
tion surfaces 62. As used herein, a “substantially planarized 
surface” refers to a surface that has been chemically-me 
chanically polished, although a step height between adjacent 
electrode surface 62 and the isolation surface 60 may be 
present due to slight differences in the removal of material 
forming those Surfaces, as discussed herein. Such a step 
height can result from a polish rate difference between the 
electrode and isolation surfaces 62 and 60. In various embodi 
ments described herein, the step height is about equal or less 
than the smaller of the widths of the upper electrode line 32b 
and the isolation dielectric region 48. 
0056 Referring to an intermediate array structure 100c in 
FIG. 2C, the method of forming conductive lines may addi 
tionally include depositing a second seeding material 42b on 
the substantially planarized surface of the intermediate array 
structure 100b in FIG. 2B, and further depositing an upper 
conductive material 20b comprising tungsten on the second 
seeding material 42b. 
0057 The discussion above pertaining to the first seeding 
material 18a of FIG. 2A similarly applies to the second seed 
ing material 42b. In contrast to FIG. 2A, however, the second 
blanket seeding material 42b is deposited over the electrode 
surface 62 and the isolation surface 60 of the lower line stack 
in FIG. 2B. Similar to FIG. 2A, the second seeding material 
42b serves to provide a homogenous Surface for Subsequent 
deposition of the upper conductive material 20b. Similar 
advantages, materials, deposition methods, and dimensions 
of the seeding material 12 first blanket seeding material 18a 
described above in connection with FIGS. 1B and 2A applies 
to the second seeding material 42b of FIG. 2C. 
0058. In addition, similar to FIG. 2A, the upper conductive 
material 20b of FIG. 2C can comprise similar materials hav 
ing similar dimensions and deposited using similar methods 
as discussed in connection with the lower conductive material 
22a. Advantages of depositing the lower conductive material 
22a on the first seeding material 18a as discussed in FIG. 2A, 
Such as higher average grain size, and/or more uniform in size 
distribution, and/or a more uniform phase of the grains, and 
Suppression of undesired phases (e.g., such as beta-phase 
tungsten) equally apply to upper conductive material 22b on 
the second seeding material 42b. 
0059 Still referring to FIG. 2C, in some embodiments, 
when first isolation dielectric regions 48 include silicon 
oxide, deposition of the upper conductive material 20b 
directly on the Surface comprising alternating electrode Sur 
faces 60 and isolation surfaces 62 can result in the upper 
conductive material 20b comprising a substantial amount of 
beta-phase tungsten, where tungsten is the upper conductive 
material 20b. As discussed above, under certain circum 
stances, formation of beta-phase tungsten may be facilitated 
by the presence of oxygen in the silicon oxide. In contrast, 
when the upper conductive material 20b is deposited on the 
intervening second seeding material 42b as illustrated in FIG. 
2C, the resulting upper conductive material 20b can Substan 
tially only include a single alpha-phase tungsten, and can be 
Substantially free of beta-phase tungsten. In some embodi 
ments, the upper conductive material 20b can consist essen 
tially of alpha-phase tungsten, as illustrated by a lack of peaks 
attributable to other phases oftungsten in an X-ray diffraction 
spectra of the upper conductive material 20b. 
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0060. In some other embodiments, when the upper elec 
trode lines 32b include carbon and the upper conductive 
material 20 includes tungsten, deposition of the upper con 
ductive material 20b directly on the surface comprising alter 
nating electrode surfaces 60 and isolation Surfaces 62 can 
result in the upper conductive material 20b comprising a 
tungsten carbide phase, which may be present at an interface 
between the upper conductive material 20b and the underly 
ing electrode surface 60. Without being bound to any theory, 
formation of a tungsten carbide phase may be facilitated by 
the presence of carbon in the upper electrode lines 32b. In 
contrast, when the upper conductive material 20b is deposited 
on the intervening second seeding material 42b as illustrated 
in FIG. 2C, the resulting upper conductive material 20b can 
Substantially comprise a single alpha-phase tungsten, and can 
be substantially free of tungsten carbide phase. 
0061 Referring to intermediate array structure 100d in 
FIG. 2D, the method of forming conductive lines further 
includes subtractively patterning to form an upper line stack 
including the upper conductive line 20 and second seeding 
line 42. Forming the upperline Stack includes forming an etch 
mask pattern (not shown) comprising lines extending in the 
y-direction and etching the exposed regions to form upper 
conductive lines 20. In the embodiment of FIG. 2D, etching 
results in the upper conductive material 20b and the second 
seeding material 42b of FIG. 2C being etched into the upper 
line stack including the upper conductive line 20 on the sec 
ond seeding line 42. In addition, portions of the lower line 
stack extending in x-direction defined in FIG. 2B, including 
the upper electrode line 32b, the upper chalcogenide line 34b, 
middle electrode line 36b, and lower chalcogenide line 38a, 
are etched between the mask line patterns extending in the 
y-direction, resulting in a two-dimensionally confined Stack 
including the upper electrode 32, the upper chalcogenide 
element 34, the middle electrode 36, and the lower chalco 
genide element 38 that are electrically confined in both X and 
y-directions. In the illustrated embodiment of FIG. 2D, etch 
ing is stopped after etching the lower chalcogenideline 38b of 
FIG. 2C such that the lower conductive line 22 and the lower 
electrode line 40 are unchanged after defining the two-dimen 
sionally confined stack 52. 
0062 FIG. 2D illustrates a phase change memory device 
structure that is formed by the processes described above. The 
phase change memory device structure comprises a lower 
conductive line stack 51 extending in the x-direction and 
including the first seeding line 18 over the substrate and the 
lower conductive line 22 on the first seeding line 18. The 
phase change memory device structure additionally includes 
the phase change memory cell stack 52 on the lower conduc 
tive line stack 51, including the lower electrode line 40 
extending in the X-direction, the two-dimensionally confined 
stack including the lower chalcogenide element 38 disposed 
on the first electrode line 40, the middle electrode 36 disposed 
on the lower chalcogenide element 38 (e.g., a selector node), 
the upper chalcogenide element 34 (e.g., a storage node) on 
the middle electrode 36, the storage node 34 disposed on the 
middle electrode 36, and the upper electrode 32 disposed on 
the upper chalcogenide element 34. The phase change 
memory device structure further includes an upper conduc 
tive line stack 53 on the upper electrode 32 and extending in 
the y-direction, including the second seeding line 42 on the 
upper electrode 32 and the upper conductive line 20 on the 
second seeding line 42. Subtractively patterned upper con 
ductive line stack 53, phase change memory cell stack 52, and 
lower conducive line stack as described above form the inter 
mediate array structure 100d of FIG. 2D. 
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0063. The stack configuration of the memory device struc 
ture in FIG. 2D represents an example configuration accord 
ing to some embodiments. That is, other stack configurations 
are possible. For example, as discussed above in some 
embodiments, the positions of the selector node and the stor 
age node may be interchanged with one another Such that 
either one of the lower and upper chalcogenide elements 38 
and 34 can be a storage node and Vice versa. 
0064. In some embodiments, any one or both of the lower 
and upper chalcogenide elements 38 and 34 can be electri 
cally isolated in only one of the two lateral directions. For 
example, the lower chalcogenide element 38 can extend in the 
x-direction, along with the first seeding line 18, the lower 
conductive line 22 and the first electrode line 40. Similarly, 
the upper chalcogenide element 34 can extend in the y-direc 
tion, along with the upper conductive line 20 and the second 
seeding line 42. 
0065. In some embodiments, the upper electrode 32 can 
also be electrically isolated in only one lateral direction such 
that it extends in the X-direction, Such that the upper conduc 
tive line stack includes the second electrode 32. In other 
embodiments, both lower and upper electrodes 40 and 32 can 
be confined in both lateral directions. 
0066. In some embodiments, one of the lower and upper 
chalcogenide elements 38 and 34 can be omitted. In yet other 
embodiments, any one or more of the lower electrode 40, the 
middle electrode 36, and the upper electrode 32, may be 
omitted. 

0067. As described above, once the upper line stack, the 
cell stack 52, and the lower line stack are defined by subtrac 
tively patterning as discussed above, spaces formed by Sub 
tractively etching are filled with a dielectric to form second 
isolation dielectric regions similar to first isolation dielectric 
regions 48 of FIG. 2B. 
0068 Referring back to FIG. 2B, the lower line stack 
resulting from patterning and etching with a first photo mask 
in some embodiments has a first line width in the y-direction 
selected to be the range between about 40 nm and about 60 
nm, for example about 50 nm. In other embodiments, the 
lower line stack has a line width selected to be the range 
between about 25 nm and about 40 nm, for example about 35 
nm. In other embodiments, the lower line stack has a line 
width selected to be the range between about 18 nm and about 
25 nm, for example about 20 nm. In yet other embodiments, 
the lower line stack has a line width selected to be the range 
between about 5 nm and about 18 nm, for example about 14 
nm. Smaller dimensions are yet possible, limited only by the 
lithographic capability employed. 
0069. Referring again to FIG. 2D, the upper line stack 
resulting from patterning and etching with a second photo 
mask has a second line width in the X-direction similar to the 
line width of the lower line Stack of FIG. 2B. 
(0070 Still referring to FIG. 2D, in some embodiments, the 
first seeding line 18 has a thickness selected to be in the range 
between about 0.5 and about 4.5 nm, for example about 2.5 
nm, the lower conductiveline 22 has a thickness selected to be 
the range between about 5 nm and about 25 nm, for example 
about 15 nm, the lower electrode line 40 has a thickness 
selected to be the range between about 10 nm and about 50 
nm, for example about 25 nm, the first chalcogenide element 
34 has a thickness selected to be the range between about 5 
nm and about 50 nm, for example about 25 nm, the middle 
electrode 36 has a thickness selected to be the range between 
about 10 nm and about 100 nm, for example about 25 nm, the 
upper chalcogenide element 34 has a thickness selected to be 
the range between about 10 nm and about 50 nm, for example 
about 25 nm, the upper electrode 32 has a thickness selected 
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to be the range between about 10 nm and about 100 nm, for 
example about 25 nm, the second seeding line 42 has a thick 
ness selected to be in the range between about 0.5 and about 
4.5 nm, for example about 2.5 nm, and the upper conductive 
line 20 has a thickness selected to be the range between about 
5 nm and about 25 nm, for example about 15 nm. 
0071. It will be appreciated that in various embodiments 
for the combination of first and second line width dimensions 
and the various thickness values described above, where first 
and second seeding layers 18 and 42 are present, the relative 
fraction of the combined thicknesses of lower and upper 
conductive lines 22 and 20 compared to the total thickness of 
the entire stack of intermediate array structure 100d can be 
substantially lower than embodiments where first and second 
seeding layers 18 and 42 are not present. In some embodi 
ments, the fraction of the combined thicknesses of the lower 
and lower conductive lines 22 and 20 is between about 60% 
and about 40%, for instance about 50%. In other embodi 
ments, the fraction of the combined thicknesses of the lower 
and lower conductive lines 22 and 20 is between about 50% 
and about 30%, for instance about 40%. In yet other embodi 
ments, the fraction of the combined thicknesses of the lower 
and lower conductive lines 22 and 20 is between about 20% 
and about 40%, for instance about 30%. 
0072 The foregoing described fabrication of an array 
structure according to some embodiments may be considered 
to form a single "deck of phase change memory cells. In one 
aspect, a deck can be defined as an array of memory cells 
electrically addressable by a single vertical Stack including 
the lower and upper conductive lines 20 and 22, respectively. 
However, some other embodiments can have multiple decks, 
each formed as described herein (e.g., with reference to FIGS. 
2A-2D). FIG.3 describes a fully fabricated dual-deck phase 
change memory array 200 including a lower deck 94 includ 
ing first conductive lines 22 extending in the X-direction simi 
lar to the lower conductive lines 22 of FIG. 2D and second 
conductive lines 20 extending in the y-direction similar to the 
upper conductive lines 20 of FIG. 2D. Similar to FIG. 2D, the 
lower deck 94 further includes the first seeding line 18 below 
the first conductive line 22 and a lower phase change memory 
cell stack 92 on the first conductive lines 22. The lower phase 
change memory cell stack 92 includes a first lower electrode 
line 40 extending in the X-direction, a first lower chalcogenide 
element 38 disposed on the first lower electrode line 40, a first 
middle electrode 36 disposed on the first lower chalcogenide 
element 38 (e.g., a selector node), a first upper chalcogenide 
element 34 (e.g., a storage node) on the first middle electrode 
36, and a first upper electrode 32 disposed on the first upper 
chalcogenide element 34. The lower deck 94 may further 
comprise a second seeding line 42 on the first upper electrode 
32 and the second conductive line 22 disposed on the second 
seeding line 42. 
0073. In a dual-deck phase change memory array 200, an 
upper deck 98 shares common conductive lines with the lower 
deck as access lines that interpose an upper phase change 
memory stack 96 and the lower phase change memory stack 
92. FIG. 3 describes the upper deck 98 including second 
conductive lines 20 extending in the y-direction that are 
shared as access lines with the lower deck 94 and third con 
ductive lines 24 extending in the X-direction. An upper phase 
change memory cell stack 96 is disposed on the second con 
ductive lines 20. The upper phase change memory cell stack 
includes a second lower electrode line 80 extending in the 
y-direction, a second lower chalcogenide element 78 dis 
posed on the second lower electrode line 80, a second middle 
electrode 76 disposed on the second lower chalcogenide ele 
ment 78 (e.g., a selector node), a second upper chalcogenide 
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element 74 (e.g., a storage node) on the second middle elec 
trode 76, and a second upper electrode 72 disposed on the 
second upper chalcogenide element 74. The upper deck 98 
further comprises a third seeding line 70 on the first upper 
electrode 32 and the third conductive line 24 disposed on the 
second seeding line 42. 
0074 FIG. 4 is a graph 120 illustrating reduction of resis 
tivity of conductive lines comprising Substantially single 
phase tungsten deposited on a seeding material as a function 
of the thickness of the seeding material thickness according to 
some embodiments. The illustrated embodiment represents 
resistivity measurement performed on a tungsten line having 
a thickness of about 27 nm. The tungsten line is formed on an 
amorphous silicon line having a thickness ranging from 0 to 
about 14 nm, which is in turn formed on a carbon line having 
a thickness of about 15 nm. The y-axis represents the resis 
tivity of the stack of lines and the x-axis represents the thick 
ness of the amorphous silicon line for the Stack measured. As 
illustrated, the resistivity of the tungsten line reduces as the 
thickness of the underlying amorphous silicon line is 
increased, up to about 2.5 nm. For this embodiment, the 
resistivity of the tungsten line remains approximately con 
stant when the thickness of the underlying amorphous silicon 
line is increased beyond a thickness of about 2.5 nm. 
(0075 FIG. 5A is a graph 140 illustrating resistivity of 
tungsten lines formed on various underlying materials 
according to some embodiments. The y-axis represents the 
measured resistivity of tungsten lines formed on different 
underlying materials and the X-axis represents the thickness 
of the tungsten line formed on the various underlying mate 
rials. In the graph 140, filled diamond symbols 142, open 
circles 144, and filled triangles 146 represent resistivity ver 
SuS tungsten line thickness for a tungsten line formed on SiO, 
a tungsten line formed on carbon, and a tungsten line formed 
on 2.5 nm of amorphous silicon on carbon, respectively. As 
illustrated, at all thicknesses oftungsten lines measured, filed 
triangles 146 representing resistivity oftungsten lines formed 
on the amorphous silicon has a lower resistivity compared to 
filled diamond symbols 142 representing tungsten lines 
formed on SiO, and open circles 144 representing tungsten 
lines formed on carbon. In FIGS. 5B-5D, representative X-ray 
patterns of a tungsten line formed on SiO, a tungsten line 
formed on carbon, and a tungsten line formed on 2.5 nm of 
amorphous silicon are illustrated, indicating that relatively 
low resistivity tungsten lines formed on the amorphous sili 
con compared to relatively high resistivity of tungsten lines 
formed on SiO, and tungsten lines formed on carbon is due to 
the presence of a Substantially single alpha-phase tungsten. 
(0076 FIG. 5B is an x-ray diffraction pattern 150 of a 
tungsten line formed on SiO, Similar to filled diamond sym 
bols 142 in FIG. 5A, according to one embodiment. The 
y-axis represents the intensity of diffracted X-ray photons, 
and the X-axis represents the 2-theta angle between the inci 
dent and the diffracted X-ray beams. In this embodiment, in 
addition to a peak at about 40 degrees of 2-theta angle repre 
senting alpha tungsten, two additional peaks at about 35.5 
degrees and about 44 degrees are present, indicating the pres 
ence of beta-phase tungsten. 
(0077 FIG. 5C is an x-ray diffraction pattern 152 of a 
tungsten line formed on carbon, similar to open circles in FIG. 
5A, according to one embodiment. As in FIG. 5B, the y-axis 
represents the intensity of diffracted X-ray photons, and the 
X-axis represents the 2-theta angle between the incident and 
the diffracted X-ray beams. In this embodiment, in addition to 
a peak at about 40 degrees of 2-theta angle representing alpha 
tungsten, an additional peak at about 39 degrees is present, 
indicating the presence of tungsten carbide. 
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0078 FIG. 5D is an x-ray diffraction pattern 154 of a 
tungsten line formed on 2.5 nm of amorphous seeding layer 
over carbon, according to one embodiment. As in FIG.5B, the 
y-axis represents the intensity of diffracted X-ray photons, 
and the X-axis represents the 2-theta angle between the inci 
dent and the diffracted X-ray beams. In this embodiment, the 
only peak present is the peak at about 40 degrees of 2-theta 
angle representing alpha-phase tungsten. In addition, neither 
additional peaks indicative of beta-phase tungsten nor tung 
Sten carbide are present. 
0079 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 
claims. 

1. A method of forming an integrated circuit, comprising: 
providing a Surface comprising a first region and a second 

region, the first region formed of a different material 
than the second region; 

forming a seeding material in contact with and across the 
first and second regions; and 

forming a metal comprising tungsten on the seeding mate 
rial. 

2. The method of claim 1, wherein forming the seeding 
material comprises forming an amorphous material. 

3. The method of claim 1, wherein at least one of the first 
region and the second region comprises a dielectric. 

4. The method of claim 1, wherein the metal comprises 
alpha-phase tungsten. 

5. The method of claim 1, wherein the metal consists essen 
tially of alpha-phase tungsten. 

6. The method of claim 1 wherein forming the seeing 
material comprises depositing the seeding material using one 
of chemical vapor deposition (CVD), atomic layer deposition 
(ALD), or physical vapor deposition (PVD). 

7. The method of claim 1, wherein forming the metal 
comprises depositing tungsten using physical vapor deposi 
tion. 

8. A method of forming a memory device, comprising: 
providing a memory cell Stack adjacent an insulating mate 

rial, the memory cell Stack comprising an electrode 
material; 

forming a seeding material in contact with and across the 
electrode material and the insulating material; 

forming a metal comprising tungsten on the seeding mate 
rial; and 

patterning the metal to form a conductive access line. 
9. The method of claim 8, wherein providing the memory 

cell stack comprises providing the electrode material over a 
chalcogenide element. 

10. The method of claim 8, wherein forming the metal 
comprises forming alpha-phase tungsten. 

11. The method of claim 8, wherein forming the seeding 
material comprises depositing amorphous silicon. 
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12. The method of claim 8, wherein the insulating material 
comprises silicon oxide. 

13. The method of claim 8, wherein forming the metal 
comprises depositing using physical vapor deposition. 

14. The method of claim 8, wherein forming the metal 
deposits a tungsten layer having a thickness not exceeding 
about 10 nm. 

15. The method of claim 8, wherein providing the memory 
cell Stack comprises: 

etching a carbon material over a chalcogenide material to 
form a carbon electrode line; 

filling a gap adjacent the carbon electrode line with the 
insulating material; and 

planarizing to form a Substantially planarized surface com 
prising the electrode carbon line adjacent the insulating 
material. 

16. The method of claim 15, wherein the metal over the 
carbon electrode lines has a first average grain size and the 
metal over the insulating material has a second average grain 
size, wherein the first and second average grain sizes are 
approximately similar. 

17. The method of claim 15, wherein the carbon electrode 
line extends in a first direction, and patterning the metal 
comprises etching the metal and the seeding material to form 
the conductive access line extending in a second direction 
crossing the first direction. 

18. The method of claim 15, wherein patterning the metal 
further comprises: 

etching the carbon electrode line to form a carbon electrode 
electrically isolated in both first and second directions. 

19. A memory cell, comprising: 
a first conductive line extending in a first direction; 
a second conductive line comprising tungsten disposed 

above a seeding line formed of a seeding material, the 
second conductive line extending in a second direction 
crossing the first conductive line; and 

a chalcogenide element interposed between the first and 
second conductive lines, 

wherein the seeding line is interposed between the second 
conductive line and the chalcogenide element, the seed 
ing line contacting the second conductive line. 

20. The memory cell of claim 19, wherein the seeding 
material comprises an amorphous material. 

21. The memory cell of claim 20, wherein the seeding 
material comprises amorphous silicon. 

22. The memory cell of claim 19, further comprising a 
carbon electrode interposing the chalcogenide element and 
the seeding line. 

23. The memory cell of claim 19, wherein the second 
conductive line comprises alpha-phase tungsten and is Sub 
stantially free of beta-phase tungsten. 

24. The memory cell of claim 19, wherein the seeding line 
has a thickness between about 1 nm and about 3 nm. 

25. The memory cell of claim 19, wherein the second 
conductive line has a thickness not exceeding about 10 nm. 

26. The memory cell of claim 19, wherein the first conduc 
tive line comprises tungsten and is disposed above a first 
seeding line formed of an amorphous material. 
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