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the sidewalls of the feature. The seed layer may promote the 
formation of a ?nely crystalline morphology of the electri 
cally stimulable material to facilitate deposition in the 
recessed portions of a feature and inhibit blocking of the top 
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of the feature by large crystals. 
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SEED-ASSISTED MOCVD GROWTH OF 
THRESHOLD SWITCHING AND 
PHASE-CHANGE MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/046,114, entitled “Chemical 
Vapor Deposition of Chalcogenide Materials” and ?led Jan. 
28, 2005, the disclosure of Which is incorporated in its 
entirety herein. 

FIELD OF INVENTION 

[0002] This invention relates to a process for preparing 
threshold switching and phase-change materials. More par 
ticularly, this invention relates to a chemical vapor deposition 
process for forming threshold switching and phase-change 
materials that utilizes a seed material to regulate the as-de 
posited crystal size. Mo st particularly, this invention relates to 
formation of threshold sWitching and phase-change materials 
in features With restricted dimensions. 

BACKGROUND OF THE INVENTION 

[0003] Programmable resistance materials and threshold 
sWitching materials are promising active materials for next 
generation electronic storage, computing and signal transfer 
devices. A programmable resistance material possesses tWo 
or more states that differ in electrical resistance. The material 
can be programmed back and forth betWeen the states by 
providing energy to induce an internal chemical, electronic, 
or physical transformation of the material that manifests itself 
as a change in resistance of the material. The different resis 
tance states can be used as memory states to store or process 
data. 
[0004] Threshold sWitching materials are capable of being 
sWitched betWeen a relatively resistive state (a quiescent loW 
conduction state) and a relatively conductive state. Applica 
tion of an energy signal, frequently an electrical energy sig 
nal, induces the change from the relatively resistive state to 
the relatively conductive state. The relatively conductive state 
persists for so long as the energy signal is applied. Once the 
energy signal is removed, the sWitching material relaxes back 
to its quiescent state. Devices that incorporate sWitching 
materials are useful as voltage clamping devices, surge sup 
pression devices, signal routing devices, and solid state 
memory access devices. 

[0005] Phase change materials are a promising class of 
programmable resistance materials. A phase change material 
is a material that is capable of undergoing a transformation, 
preferably reversible, betWeen tWo or more distinct structural 
states. In a common embodiment, a phase change material is 
reversibly transformable betWeen a crystalline state and an 
amorphous state. In the crystalline state, the phase change 
material has loWer resistivity; While in the amorphous state, it 
has higher resistivity. The distinct structural states of a phase 
change material may be distinguished on the basis of, for 
example, crystal structure, atomic arrangement, order or dis 
order, fractional crystallinity, relative proportions of tWo or 
more different structural states, a physical (e.g. electrical, 
optical, magnetic, mechanical) or chemical property etc. 
Reversibility of the transformations betWeen structural states 
permits reuse of the material over multiple cycles of opera 
tion. 
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[0006] Typically, a programmable resistance material or 
sWitching device is formed by placing an active material, such 
as a phase change material, betWeen tWo electrodes. Opera 
tion of the device is effected by providing an electrical signal 
betWeen the tWo electrodes and across the active material. 
Programmable resistance materials may be used as the active 
material of a memory device. Write operations in a memory 
device, Which may also be referred to herein as programming 
operations, apply electric pulses to the memory device. Read 
operations, Which measure the resistance or threshold voltage 
of the memory device, are performed by providing current or 
voltage signals across the tWo electrodes. The transformation 
betWeen the relatively resistive state and relatively conductive 
state of a sWitching material is similarly induced by providing 
a current or voltage signal betWeen tWo electrodes in contact 
With the sWitching material. 
[0007] One of the practical challenges that programmable 
resistance memory devices and sWitching devices face is a 
minimization of the energy required to program or sWitch the 
active material. Strategies for reducing the energy of opera 
tion include modifying the chemical composition of the 
active material, incorporating an inactive material along With 
the active material in the region betWeen the electrodes, 
reducing the volume of active material, and/ or reducing the 
contact area of one or more electrodes contacting the active 
material. 
[0008] Fabrication of electronic devices, including sWitch 
ing, memory, and logic devices, typically includes a number 
of processes that are used to form various features and layers 
on a surface of a semiconductor Wafer or other appropriate 
substrate. Physical vapor deposition (PVD), chemical vapor 
deposition (CVD), and other deposition processes involving 
the reaction, decomposition or coating of gaseous, liquid, or 
solid precursors may be used in the formation of semicon 
ductor and other electronic devices. Lithography is a pattem 
ing process in the formation of electronic devices that is 
commonly used to de?ne small-scale features and often sets a 
limit on the extent of device miniaturization. Additional fab 
rication processes include chemical-mechanical polishing 
(CMP), etching, annealing, ion implantation, plating, and 
cleaning. In normal fabrication, an array containing a large 
number of electronic devices is formed on a semiconductor 
Wafer. 
[0009] In electronic device fabrication, it is desirable to 
reduce the length scale or feature size of devices as much as 
possible so that a greater number of devices can be for'medper 
unit substrate area. As the feature size of devices is mini 
mized, hoWever, processing of the devices becomes more 
dif?cult. Small scale features become more dif?cult to de?ne 
as the lithographic limit of resolution is reached and features 
that are de?ned become more dif?cult to process. 

[0010] A common step in processing involves depositing a 
layer and forming an opening in it. Openings such as chan 
nels, trenches, holes, vias, pores or depressions in layers are 
commonly employed to permit interconnections betWeen 
devices or layers of a structure. Typically, the opening is 
formed by lithography, then etching, and is subsequently 
?lled With another material. As the dimension or length scale 
of an opening decreases upon miniaturization, it becomes 
increasingly dif?cult to ?ll the opening With another material 
Without compromising performance or durability. 
[0011] Techniques such as physical vapor deposition 
(PVD) or sputtering fail to provide dense or complete ?lling 
of openings When the dimensions of the opening are reduced 
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below a critical size. Instead of providing a dense, uniform 
?lling, these techniques increasingly incompletely ?ll open 
ings as the feature siZe of the opening decreases. As the 
feature siZe decreases, there is a tendency for the packing 
density of the material formed in the opening to vary in the 
depth or lateral dimensions of the opening and as a result, the 
layer deposited Within the opening may include voids, vacan 
cies, gaps, pores, keyholes, or other regions of non-uniform 
coverage. Imperfections in the ?lling of openings become 
especially pronounced as the aspect ratio (ratio of the depth 
dimension to the lateral dimension of the feature) of the 
opening increases. Deep, narroW channels, for example, are 
more dif?cult to ?ll uniformly than channels that are shalloW 
and Wide. With deep, narroW features, sputtering and other 
physical deposition techniques are oftentimes unable to 
deliver suf?cient material to the bottom of the feature. 
Instead, a layer of material is formed over or only near the top 
of the feature and the loWer part of the feature is blocked and 
remains largely un?lled. Lack of structural uniformity in the 
?lling of openings compromises performance because: (1) 
variations in device characteristics occur across an array due 
to differences in the degree or nature of ?lling non-uniformi 
ties from device-to-device and (2) less than optimal perfor 
mance is achieved for each device due to the defective nature 
of the material Within the opening. 
[0012] Conformality of deposition is another processing 
dif?culty that becomes exacerbated as feature siZe decreases. 
Fabrication of electronic devices generally involves forming 
a stack of layers, Where the individual layers may differ in 
dimensions (lateral to or normal to the substrate) and compo 
sitions. The process of fabricating an electronic device gen 
erally involves sequential deposition of one layer upon a 
loWer (previously formed) layer. Optimal device perfor 
mance requires conformality of later-formed layers With ear 
lier-formed layers. Each layer in a stack must conform to the 
shape and contours of the layer in the stack upon Which it is 
formed. Uniform coverage and good adhesion are desired. 
[0013] In addition to dil?culties With achieving uniform 
?lling, openings also present complications for achieving 
conformal deposition that become more pronounced as the 
siZe of the opening decreases. The boundary or perimeter of 
an opening is frequently de?ned by an edge, step, or other 
relatively discontinuous feature. The shape of an opening is 
generally de?ned by a sideWall or perimeter boundary and a 
loWer surface or bottom boundary. A trench opening, for 
example, is de?ned by generally vertical sideWalls and a 
bottom surface that is generally parallel to the substrate. 
[0014] When fabricating electronic devices, it is often nec 
essary to ?rst form a layer With an opening and to subse 
quently deposit another layer over this layer. Conformality 
requires that the subsequent layer faithfully conform to the 
shape and texture of the underlying layer having the opening. 
The subsequent layer must deposit uniformly over both the 
portion of the underlying layer in Which the opening has not 
been formed as Well as over the opening itself. Conformality 
over the opening requires uniform coverage of the edges or 
steps that form the boundary of the opening. Achieving con 
formality over discontinuous features becomes increasingly 
dif?cult as the feature siZe of the opening decreases or the 
aspect ratio of the opening increases. 
[0015] Fabrication of programmable resistance and sWitch 
ing devices often includes a step of forming an opening in a 
dielectric layer and ?lling the opening With an active pro 
grammable or sWitching material. MiniaturiZation of pro 
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grammable resistance and sWitching devices requires meth 
ods for reducing the dimensions of the active material. A 
reduction in the volume of active material is bene?cial 
because the energy required for operation of programmable 
resistance and sWitching devices decreases With decreasing 
dimensions of the active material. Accordingly, it is desirable 
to develop techniques for forming and ?lling openings With 
small dimensions Without suffering from the imperfections in 
?lling and conformality associated With standard prior art 
techniques such as sputtering or physical vapor deposition. 
Ideally, the techniques Would enable the fabrication of active 
materials for programmable resistance and sWitching devices 
having dimensions near, at or beloW the lithographic limit. 
[0016] Referring to the draWings, FIG. 1 depicts a repre 
sentative structure of a phase-change material device that 
illustrates the nature of the type of imperfections that may 
form in an active programmable resistance or sWitching mate 
rial having a sublithographic dimension When the material is 
deposited via physical vapor deposition. A conductive layer 
106 is formed over a substrate 102 and serves as a loWer 
electrical contact. An insulative layer 110 having an opening 
formed therein is then formed over conductive layer 106. 
Active material 128 is formed in the opening of insulative 
layer 110 using a physical vapor deposition process and pla 
nariZation. A barrier layer 114 is then deposited onto loWer 
electrical contact 128 and a top electrode layer 116 is depos 
ited over barrier layer 114. Active material 128 includes 
imperfections in the form of internal voids 120 and non 
conformal region 112 that detract from device performance 
and durability. 
[0017] To improve the quality of active materials in high 
aspect ratio devices, neW methods for forming active materi 
als in openings With reduced dimensionality are needed. The 
methods must provide uniform ?lling of openings With active 
material as Well as greater conformality With underlying and 
surrounding layers than the prevailing methods. 

SUMMARY OF THE INVENTION 

[0018] The instant invention provides electronic devices 
having logic, memory, sWitching, or processing functionality 
based on programmable resistance materials, sWitching 
materials, chalcogenide materials, or other active materials 
and methods of fabricating same. 
[0019] In accordance With one embodiment of the instant 
invention, a programmable resistance or sWitching device 
includes a substrate With a plurality of stacked layers includ 
ing a bottom electrode, an insulator layer having an opening 
formed therein that exposes the bottom electrode, an active 
material formed in the opening, and a top electrode layer 
deposited over the active material. The electrode layers may 
be conductive strips or plugs and may also be in electrical 
communication With addressing lines or external circuitry. 
[0020] The active material may be a programmable resis 
tance material, sWitching material or other electronic mate 
rial. Representative active materials include chalcogenide 
materials, pnictide materials, phase-change materials, and 
threshold sWitching materials. 
[0021] The opening may be round, elliptical, bent, rectilin 
ear or other circumferential shape. In one embodiment, the 
opening is a circular hole that is ?lled or lined With an active 
material. In another embodiment, the opening is a trench that 
is ?lled or lined With an active material. The opening has an 
aspect ratio that ranges betWeen 0.25 and 5. 
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[0022] The methods for forming the active material include 
chemical vapor deposition, atomic layer deposition, selective 
deposition, and solution deposition. The deposition method 
includes formation of a seed layer in an opening or other 
region Where deposition of the active material is desired. The 
seed layer may form as a contiguous or continuous layer or as 
discrete regions in a recessed portion of the opening. The seed 
layer in?uences one or more of the groWth rate, crystal struc 
ture, crystal siZe, conformality, composition, electrical prop 
erties, and adhesion characteristics of the active material. In 
one embodiment, the seed layer promotes the formation of an 
active material With ?ner crystallinity, Where the reduced 
crystal siZe facilitates the ?lling of an opening. In another 
embodiment, the active material forms preferentially on the 
seed layer relative to the sideWall surface of the opening to 
permit more unobstructed access of active material deposi 
tion precursors to the deeper portions of the opening. 
[0023] For a better understanding of the instant invention, 
together With other and further illustrative objects thereof, 
reference is made to the folloWing description, taken in con 
junction With the accompanying draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in conjunction With the 
accompanying draWings, in Which: 
[0025] FIG. 1 is a schematic depiction of a conventional 
tWo-terminal electronic device having defects in an opening 
region of the tWo terminal device. 
[0026] FIG. 2 depicts a schematic resistance vs. energy/ 
current plot for one type of phase-change material. 
[0027] FIG. 3 depicts a schematic current-voltage plot of a 
representative material that exhibits a sWitching transforma 
tion. 
[0028] FIG. 4 is a schematic depiction of representative 
CVD precursors for depositing materials containing Ge, Sb, 
and/ or Te. 

[0029] FIG. 5 is a high magni?cation (6000><) image of a 
GeiSbiTe ternary chalcogenide deposited by CVD. 
[0030] FIG. 6A depicts a representative portion of a device 
structure that includes an opening that exposes the top surface 
of a supporting layer. 
[0031] FIG. 6B illustrates obstruction of an opening in a 
device structure by an active material having a tendency to 
deposit in the form of large crystallites. 
[0032] FIG. 6C illustrates obstruction of an opening in a 
device structure by an active material that preferentially 
deposits on the sideWall of an opening relative to the exposed 
surface at the bottom of the opening. 
[0033] FIG. 6D illustrates obstruction of an opening in a 
device structure incipient to the formation of an internal void. 
[0034] FIG. 6E illustrates an internal void or keyhole defect 
in an active material deposited Within an opening. 
[0035] FIGS. 7A-7C illustrate deposition of an active mate 
rial on a contiguous seed layer formed at the bottom of an 
opening of a device structure. 
[0036] FIGS. 8A-8E illustrate deposition of an active mate 
rial on discrete regions of seed material formed at the bottom 
of an opening of a device structure. 

[0037] FIG. 9 is a cross-sectional FIB-SEM micrograph of 
a blanket ?lm of a GeiSbiTe alloy deposited by CVD on a 
seed layer. 

Nov. 20, 2008 

[0038] FIG. 10 is a schematic depiction of a representative 
device structure including an active material deposited on a 
seed layer formed in an opening of a dielectric layer. 
[0039] FIG. 11 is a cross-sectional FIB-SEM micrograph 
of a GeiSbiTe phase-change material deposited by CVD 
on a Ge2Sb2Te5 seed layer formed by PVD Within an opening 
of a dielectric layer. 
[0040] FIG. 12 shoWs I-V characteristics of the device 
shoWn in FIG. 11. 
[0041] FIG. 13 shoWs the R-I characteristics of the device 
shoWn in FIG. 11. 
[0042] FIG. 14 shoWs the variation of several electrical 
parameters of the device shoWn in FIG. 11 over multiple 
cycles of operation. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0043] Although this invention Will be described in terms of 
certain preferred embodiments, other embodiments that are 
apparent to those of ordinary skill in the art, including 
embodiments that do not provide all of the bene?ts and fea 
tures set forth herein, are also Within the scope of this inven 
tion. Accordingly, the scope of the invention is de?ned only 
by reference to the appended claims. 
[0044] The instant invention relates generally to electronic 
devices that include tWo or more electrodes in contact or 
electrical communication With an active material. As used 
herein, active material refers generally to an electrically 
stimulable material such as a programmable resistance mate 
rial that can, for example, be used for memory, programmable 
logic, or other applications; other memory material; or elec 
trical sWitching material. A programmable resistance mate 
rial is a material having tWo or more states that are distin 
guishable on the basis of electrical resistance. The tWo or 
more states may be structural states, chemical states, electri 
cal states, optical states, magnetic states, or a combination 
thereof. A programmable resistance material is transformable 
(“programmable”) betWeen any pair of states by supplying an 
appropriate amount of energy to the material. The supplied 
energy may be referred to as a “programming energy”. When 
transformed (“programmed”) to a particular state, the pro 
grammable resistance material remains in that state until 
additional energy is supplied to the material. The different 
states of a programmable resistance material are stable in the 
absence of external energy and persist for an appreciable 
amount of time upon removal of the source of programming 
energy. Programmable resistance materials include phase 
change materials, chalcogenide materials, pnictide materials, 
and other multi-resistance state materials. 
[0045] Phase change materials include materials that are 
transformable betWeen tWo or more crystallographically-dis 
tinct structural states. The states may differ in crystal struc 
ture, unit cell geometry, unit cell dimensions, degree of dis 
order, particle siZe, grain siZe, or composition. Chalcogenide 
materials are materials that include an element from Column 
VI of the periodic table as a signi?cant component along With 
one or more modifying elements from Columns III (e. g. B, Al, 
Ga, In), IV (e.g. Si, Ge, Sn), and/orV (e.g. Sb, Bi, P, As) ofthe 
periodic table. Transition metals (e.g. Ag, Ni, Cu, Cr, V, Fe) 
may also be included as modi?ers. Representative chalco 
genide materials include GaSb, InSb, InSe, Sb2Te3, GeTe, 
SnSb2Te4, Te8lGe15Sb2S2, GeiSbiTe alloys (e.g. 
Ge2Sb2Te5), GeiSbiTeiSe alloys, IniSbiTe alloys, 
IniSb4Ge alloys, GaiSeiTe alloys, AgiIniSbiTe 
















