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PHASE CHANGE MEMORY DEVICES
INCLUDING PHASE CHANGE LAYER
FORMED BY SELECTIVE GROWTH
METHODS AND METHODS OF
MANUFACTURING THE SAME

PRIORITY STATEMENT

[0001] This non-provisional U.S. patent application claims
priority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2007-0007236, filed on Jan. 23, 2007, in the Korean
Intellectual Property Office, the entire contents of which is
incorporated herein by reference.

BACKGROUND
Description of the Conventional Art

[0002] A conventional phase change material may transi-
tion between a crystalline state and an amorphous state
according to temperature. The resistance of a phase change
material in a crystalline state is lower than that in the amor-
phous state. The crystalline state and the amorphous state of
the phase change material may be reversible. When a phase
change material is applied to a memory device, the device is
referred to as a phase change memory device

[0003] A conventional phase change memory device may
include a phase change material layer electrically connected
to a source region or drain region of a transistor via a contact
plug. The phase change memory device may be driven using
a resistance difference resulting from a crystalline state
change of the phase change material layer.

[0004] In a conventional manufacturing process, a storage
node may be formed by sequentially etching an upper elec-
trode and the phase change material layer after sequentially
depositing the phase change material layer and the an upper
electrode.

[0005] During a conventional manufacturing process, how-
ever, when etching the phase change material layer, a side of
the phase change material layer may be damaged and the
damage may affect the characteristics of the conventional
phase change memory device. For example, an etching gas
may penetrate into a relatively weak phase change material
layer and an interface there below, which may negatively
affect a program volume of the phase change material layer.
[0006] In another conventional phase change memory
device, a relatively limited structure in which a phase change
material layer is formed in a contact hole may have a lower
reset current. In this conventional phase change memory
device, an opening of the contact hole may be inhibited or
blocked by an overhang while forming the phase change
material layer within the contact hole. Accordingly, a seam or
void may be formed in the phase change material layer. The
seam or the void in the phase change material layer may
increase a set resistance of the phase change material layer.
Additionally, the size and shape of the seam or void may vary
according to the difference of a contact hole profile of each
cell. This may result in relatively large deviations in set resis-
tance, reset resistance and/or a reset current between cells.

SUMMARY

[0007] Example embodiments relate to semiconductor
memory devices, for example, phase change memory devices
including a phase change layer formed by a selective growth
method and methods of manufacturing the same.
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[0008] Example embodiments provide phase change
memory devices having reduced etching damage in a phase
change material layer. Example embodiments also provide
methods of manufacturing phase change memory devices.
[0009] At least one example embodiment provides a phase
change memory device. According to at least this example
embodiment, a storage node may include a phase change
layer. A switching device may be connected to the storage
node. The phase change layer may be selectively grown on a
seed layer.

[0010] At least one other example embodiment provides a
phase change memory device. According to at least this
example embodiment, a storage node may include a phase
change layer, and a switching device may be connected to the
storage node. The phase change layer may be selectively
grown on a lower electrode.

[0011] At least one other example embodiment provides a
phase change memory device. According to at least this
example embodiment, a storage node may include a lower
electrode and a phase change layer. A switching device may
be connected to the storage node. The lower electrode and the
phase change layer may be sequentially stacked in the same
contact hole.

[0012] According to example embodiments, the seed layer
may be formed on a lower electrode. The seed layer may be a
layer selected from the group consisting of or including a
chalcogenide layer, an electrically conductive transition
metal layer, a transition metal nitride layer, a ternary nitride
layer, a metal oxide layer or the like. The phase change
memory device may further include a lower electrode contact
layer formed between the lower electrode and the seed layer.
[0013] According to at least some example embodiments, a
portion of the lower electrode may be formed in a first portion
of'the contact hole and the phase change layer may be formed
in a second portion of the contact hole. The contact hole may
include the entire lower electrode and phase change layer. The
lower electrode may include a lower electrode contact layer
and a connection portion. The lower electrode contact layer
may at least partially fill the contact hole. The connection
portion may connect the lower electrode contact layer and the
switching device.

[0014] At least one other example embodiment provides a
method of manufacturing a phase change memory device.
According to at least this example embodiment, an insulating
interlayer may be formed on a semiconductor substrate. The
insulating interlayer may be formed to cover a switching
device. A lower electrode connected to the switching device
may be formed. A lower electrode contact layer may be
formed on the lower electrode. A phase change layer may be
selectively grown on the lower electrode contact layer.
[0015] At least one other example embodiment provides a
method of manufacturing a phase change memory device.
According to at least this example embodiment, an insulating
interlayer may be formed on a semiconductor substrate
including a switching device. The insulating interlayer may
be formed to cover the switching device. A lower electrode
may be connected to the switching device. A phase change
layer may be selectively grown on the lower electrode.
[0016] According to at least some example embodiments,
an insulation layer may be formed after selectively growing
the phase change layer. The insulation layer may surround a
side wall of the phase change layer. The lower electrode
contact layer may be formed by forming a seed layer on the
lower electrode contact layer, and selectively growing the
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phase change layer on the seed layer. The insulation layer may
be formed by forming an insulation layer covering the phase
change layer, and planarizing a top surface of the insulation
layer to expose the phase change layer.

[0017] According to at least some example embodiments,
the seed layer may be a layer selected from the group con-
sisting of or including a chalcogenide layer, an electrically
conductive transition metal layer, a transition metal nitride
layer, a ternary nitride layer, a transition metal oxide layer or
the like. In at least this example embodiment, the chalco-
genide layer may be a layer selected from the group consist-
ing of or including a Ge layer, a Sb layer, a GeTe layer, a
GeSbTe layer and the like.

[0018] According to at least some example embodiments,
the lower electrode may be formed by forming an upper
insulating interlayer including a contact hole, and forming the
lower electrode contact layer and the phase change layer in
the contact hole. The phase change layer may be formed by
planarizing the phase change layer after sequentially forming
the lower electrode contact layer and the phase change layer
in the contact hole. The lower electrode contact layer may be
a layer selected from the group consisting of or including a
chalcogenide layer, an electrically conductive transition
metal layer, a transition metal nitride layer, a silicide layer, a
ternary nitride layer, a transition metal oxide layer and the
like. The chalcogenide layer may be a layer selected from the
group consisting of or including a Ge—Sb—Te—N layer, a
As—Sb—Te—N layer, a As—Ge—Sb—Te—N layer, a
Sn—Sb—Te—N layer, a (the group SA element)-Sb—
Te—N layer, a (the group 6A element)-Sb—Te—N layer, a
(the group SA element)-Sb—Se—N layer, a (the group 6A
element)-Sb—Se—N layer and the like.

[0019] According to at least some example embodiments,
the phase change layer may be a layer selected from the group
consisting of or including a Ge—Sb—Te layer, a As—Sb—
Te layer, a As—Ge—Sb—Te layer, a Sn—Sb—Te layer, a
(the group SA element)-Sh—Te layer, a (the group 6A ele-
ment)-Sb—Te layer, a (the group 5A element)-Sb—Se layer,
a (the group 6A element)-Sh—Se layer and the like.

[0020] According to at least some example embodiments,
before forming the insulating interlayer, a transistor, a lower
insulating interlayer, a contact pad layer and a conductive
plug may be formed on the substrate. The transistor may
include a source, a drain and a gate. The lower insulating
interlayer may be formed to cover the transistor. The contact
pad layer may be formed in the lower insulating interlayer.
The contact pad layer may be connected to the source or the
drain. A conductive plug may electrically connect the contact
pad layer and the lower electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Example embodiments will become more apparent
by describing in detail the example embodiments shown in
the attached drawings in which:

[0022] FIG.1isasectional view of a phase change memory
device according to an example embodiment;

[0023] FIG.2isasectional view of a phase change memory
device according to an example embodiment;

[0024] FIGS. 3 through 7 are sectional views illustrating a
method of manufacturing a phase change memory device
according to an example embodiment;

[0025] FIGS. 8 through 10 are sectional views illustrating a
method of manufacturing a phase change memory device
according to an example embodiment;
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[0026] FIGS. 11 through 15 are sectional views illustrating
a method of manufacturing a phase change memory device
according to an example embodiment;

[0027] FIG. 16 is a scanning electron microscopic photo-
graph of a Ge,Sbh,Tes (GST) layer selectively formed on a
seed layer in a phase change memory device manufactured
using the example embodiment shown in FIGS. 3 through 7;
[0028] FIG. 17 is a photograph showing regions selected
for analyzing components in the scanning electron micro-
scopic photograph of FIG. 16;

[0029] FIG. 18 is a graph of the components analysis result
at the first point #1 of FIG. 17 having a GST layer on a seed
layer; and

[0030] FIG. 19 is a graph of the components analysis result
at the second point #2 of FIG. 17 around a seed layer without
a GST layer.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0031] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown. In
the drawings, the thicknesses of layers and regions are exag-
gerated for clarity.

[0032] Detailed illustrative example embodiments are dis-
closed herein. However, specific structural and functional
details disclosed herein are merely representative for pur-
poses of describing example embodiments. This invention
may, however, may be embodied in many alternate forms and
should not be construed as limited to only the example
embodiments set forth herein.

[0033] Accordingly, while example embodiments are
capable of various modifications and alternative forms,
embodiments thereof are shown by way of example in the
drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit example
embodiments to the particular forms disclosed, but on the
contrary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope of
the invention. Like numbers refer to like elements throughout
the description of the figures.

[0034] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of example
embodiments. As used herein, the term “and/or,” includes any
and all combinations of one or more of the associated listed
items.

[0035] It will be understood that when an element or layer
is referred to as being “formed on,” another element or layer,
it can be directly or indirectly formed on the other element or
layer. That is, for example, intervening elements or layers
may be present. In contrast, when an element or layer is
referred to as being “directly formed on,” to another element,
there are no intervening elements or layers present. Other
words used to describe the relationship between elements or
layers should be interpreted in a like fashion (e.g., “between,”
versus “directly between,” “adjacent,” versus “directly adja-
cent,” etc.).

[0036] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting of example embodiments. As used herein, the
singular forms “a,” “an,” and “the,” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes,” and/or “including,” when
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0037] FIG.11isasectional view of a phase change memory
device according to an example embodiment.

[0038] Referring to FIG. 1, first and second impurity
regions 12 and 14 may be spaced apart from each other in a
substrate 10. The substrate 10 may be an N-type or P-type
semiconductor substrate. The first and second impurity
regions 12 and 14 may be doped with an impurity opposite to
that of the substrate 10. One of the first and second impurity
regions 12 and 14 may be a source region and the other may
be a drain region. A gate stack 20 may be formed on a
substrate 10 between the first and second impurity regions 12
and 14. The gate stack 20 may include a gate insulation layer
18 and a gate electrode 19. The gate insulation layer 18 and
the gate electrode 19 may be sequentially stacked on the
substrate 10. A region below the gate stack 20 in the substrate
10 may be a channel region 16. The first and second impurity
regions 12 and 14, the gate stack 20 and the channel region 16
may constitute a transistor or switching device. Although
example embodiments will be discussed herein with regard to
a transistor, other switching devices, such as a diode or the
like may be used.

[0039] Still referring to FIG. 1, a first insulating interlayer
22 may be formed on the substrate 10. The first insulating
interlayer 22 may be formed to cover the transistor. A first
contact hole h1 may be formed in the first insulating interlayer
22 to expose at least a portion of the second impurity region
14. The first contact hole h1 may be filled with a conductive
plug 24. A lower electrode 30 may be formed on the first
insulating interlayer 22. The lower electrode 30 may be
formed to cover a top surface of the conductive plug 24. The
lower electrode 30 may be a TiN electrode, TiAIN electrode
or the like. Alternatively, for example, the lower electrode 30
may be a silicide electrode including a metal ion selected
from the group consisting of and including Ag, Au, Al, Cu, Cr,
Co, Ni, Ti, Sb, V, Mo, Ta, Nb, Ru, W, Pt, Pd, Zn, Mg, a
combination thereof and the like.

[0040] A second insulating interlayer 32 may be formed on
the first insulating interlayer 22. The second insulating inter-
layer 32 may be formed to cover the lower electrode 30. The
second insulating interlayer 32 may be formed of the same or
substantially the same material as the first insulating inter-
layer 22. A second contact hole h2 may be formed in the
second insulating interlayer 32. The second contact hole h2
may be formed to expose at least a portion of the lower
electrode 30. The second contact hole h2 may be filled with a
lower electrode contact layer 34. The lower electrode contact
layer 34 may be a layer selected from the group consisting of
or including a first transition metal layer, a first transition
metal nitride layer, a first silicide layer, a first ternary nitride
layer and the like. The first transition metal layer may be, for
example, a Tilayer, a Zr layer, a Hf layer, a V layer, a Nb layer,
a Ta layer, a W layer, a combination thereof or the like. The
first transition metal nitride layer may be, for example, a TiN
layer, a ZrN layer, a HfN layer, a VN layer, a NbN layer, a TaN
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layer, a WN layer a combination thereof or the like. The first
silicide layer may be electrically conductive layer. For
example, the first silicide layer may be a layer selected from
the group consisting of or including a CoSi layer, a TiSi layer,
Ta—Si layer, a Ni—Si layer, a combination thereof and the
like. The first ternary nitride layer may be, for example, a
layer selected from the group consisting of or including a
TiAIN layer, a TaAIN layer, a TiSiN layer, a TaSiN layer, a
TiCN layer, a TaCN layer a combination thereof and the like.
The lower electrode contact layer 34 may be a chalcogenide
layer, for example, a layer selected from the group consisting
of or including a Ge—Sb—Te—N layer, a As—Sb—Te—N
layer, a As—Ge—Sb—Te—N layer, a Sn—Sb—Te—N
layer, a (the group 5A element)-Sb—Te—N layer, a (the
group 6A element)-Sb—Te—N layer, a (the group SA ele-
ment)-Sbh—Se—N layer, a (the group 6A element)-Sb—
Se—N layer a combination thereof and the like.

[0041] A seed layer 36 may be formed on the second insu-
lating interlayer 32. The seed layer 36 may be formed to cover
a top surface of the lower electrode contact layer 34. The
phase change layer 38 may be formed on the seed layer 36.
The seed layer 36 and the phase change layer 38 may be
surrounded by an insulation layer 40 formed on the second
insulating interlayer 32. The upper electrode 42 may be
formed on the insulation layer 40. The upper electrode 42 may
be formed to cover a top surface of the phase change layer 38.
An impurity layer (not shown) may be provided between the
upper electrode 42 and the phase change layer 38. The impu-
rity layer may be, for example, a diffusion barrier layer (not
shown) for suppressing and/or preventing Ti diffusion.
[0042] The seed layer 36 may be a layer selected from the
group consisting of or including a chalcogenide layer, an
electrically conductive second transition metal layer, a sec-
ond transition metal nitride layer, a second silicide layer, a
second ternary nitride layer, a transition metal oxide layer, a
combination thereof and the like. The chalcogenide layer may
be a layer selected from the group consisting of or including
a Ge layer, a Sb layer, a GeSbTe layer, a SbTe layer, a GeTe
layer, a combination thereof and the like.

[0043] The second transition metal layer may be a layer
selected from the group consisting of or including a Ti layer,
a 7r layer, a Hf layer, a V layer, a Nb layer, a Ta layer, a W
layer, a combination thereof and the like. The second transi-
tion metal nitride layer may be a layer selected from the group
consisting of or including a TiN layer, a ZrN layer, a HIN
layer, a VN layer, a NbN layer, a TaN layer, a WN layer, a
combination thereof and the like. The second silicide layer
may be a layer selected from the group consisting of or
including a CoSi layer, a TiSi layer, a TaSi layer, a NiSi layer,
a GeSi layer, a combination thereof and the like. The second
ternary nitride layer may be a layer selected from the group
consisting of or including a TiAIN layer, a TiCN layer, a
TaCN layer, a TiSiN layer, a TaSiN layer, a combination
thereof and the like. The transition metal oxide layer may be
a layer selected from the group consisting of or including a
TiO, layer, a ZrO, layer, a HfO, layer, a V,0; layer, a NbO
layer, a'Ta,O5,a WO layer, acombination thereof and the like.
[0044] Still referring to FIG. 1, the phase change layer 38
may be formed on the seed layer 36 using a selective growth
method. The phase change layer 38 may be, for example, a
chalcogenide layer. For example, the phase change layer 38
may be a layer selected from the group consisting of or
including a Ge—Sb—Te layer, a As—Sb—Te layer, a
As—Ge—Sb—Te layer, a Sn—Sb—Te layer, a (the group
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5A element)-Sb—Te layer, a (the group 6A element)-Sb—Te
layer, a (the group 5A element)-Sb—Se layer, a (the group 6A
element)-Sh—Se layer, a combination thereof and the like. If
the phase change layer 38 is a Ge—Sb—Te layer, the phase
change layer 38 may be a Ge,Sb,Te; layer, for example.

[0045] FIG.2isasectional view of a phase change memory
device according to another example embodiment. In a stor-
age node according to at least this example embodiment, a
lower electrode contact layer and a phase change layer may be
formed in a second contact hole h2. Details of this example
embodiment that are the same as that of the example embodi-
ment shown in FIG. 1 will be omitted for the sake of brevity.

[0046] Referring to FIG. 2, the lower electrode contact
layer 34 may be formed to fill a first portion of the second
contacthole h2. A phase change layer 60 may be formed to fill
the remaining (e.g., second) portion of the second contact
hole h2. The phase change layer 60 may be selectively grown
(e.g., only) on the lower electrode contact layer 34 using a
selective growth method. The phase change layer 60 may be
formed of the same or substantially the same material as that
of the phase change layer 38 according to the example
embodiment illustrated in FIG. 1. An upper electrode 62 may
be formed on a second insulating interlayer 32 to cover an
exposed surface of the phase change layer 60. Although not
illustrated in FIG. 2, the lower electrode contact layer 34 may
be directly connected to a conductive plug 24. In this
example, the lower electrode contact layer 34 may serve as a
lower electrode. Alternatively, the lower electrode contact
layer 34 may be regarded as a portion of the lower electrode
30 extending into the second contact hole h2. For example,
the lower electrode contact layer 34 and the lower electrode
30 together may be regarded as a lower electrode correspond-
ing to the upper electrode 62.

[0047] Methods of manufacturing a phase change memory
device according to example embodiments will now be
described.

[0048] FIGS. 3 through 7 are sectional views illustrating a
method of manufacturing a phase change memory device
according to an example embodiment. The method shown in
FIGS. 3 through 7 may be used to manufacture an example
embodiment of a phase change memory device as shown in
FIG. 1.

[0049] Referring to FIG. 3, the gate stack 20 may be formed
on the substrate 10. The gate insulation layer 18 and the gate
electrode 19 may be sequentially stacked to form the gate
stack 20. A gate spacer (not shown) may be formed on a side
wall of the gate stack 20. The substrate 10 may be an N-type
or P-type semiconductor substrate. The gate stack 20 may be
used as a mask to dope a conductive impurity into the sub-
strate 10. The conductive impurity may be a type opposite to
that of the substrate 10. First and second impurity regions 12
and 14, which may be spaced apart from each other, may be
formed in the substrate 10 by doping. One of the first and
second impurity regions 12 and 14 may serve as a source
region and the other may server as a drain region. A region of
the substrate 10 between the first and second impurity regions
12 and 14 may serve as the channel region 16.

[0050] An impurity may be doped into the channel region
16 to control a threshold voltage. The gate stack 20 and the
first and second impurity regions 12 and 14 may constitute a
transistor. Although example embodiments are described
with regard to a transistor as the switching device, alternative
switching devices, such as, a diode may be used.
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[0051] Still referring to FIG. 3, the first insulating interlayer
22 may be formed on the substrate 10. The first insulating
interlayer 22 may be formed to cover the gate stack 20. The
first contact hole h1 may be formed in the first insulating
interlayer 22 to expose at least a portion of the second impu-
rity region 14. Alternatively, the first contact hole h1 may be
formed to expose at least a portion of the first impurity region
12. According to example embodiments, although not illus-
trated, in addition to the first contact hole h1, another contact
hole may be formed to expose at least a portion of the other of
the first and second impurity regions 12 and 14. The first
contacthole h1 may be filled with the conductive plug 24. The
other contact hole (not shown) may also be filled with the
conductive plug 24.

[0052] A first contact pad layer (not shown), connected to
the second impurity region 14, may be formed between the
conductive plug 24 and the second impurity region 14. The
conductive plug 24 may also be formed on the first contact
pad layer.

[0053] A second contact pad layer (not shown), connected
to the first impurity region 12, may also be formed between a
conductive plug in the other contact hole (not shown) and the
first impurity region 12. In this example, the conductive plug
may also be formed on the second contact pad layer.

[0054] After forming the conductive plug 24, the lower
electrode 30 may be formed on the first insulating interlayer
22. The lower electrode 30 may be formed to cover an
exposed surface of the conductive plug 24. The lower elec-
trode 30 may be formed of a TiN electrode, a TIAIN electrode
or the like. For example, alternatively, the lower electrode 30
may be formed as a silicide electrode including a metal ion
selected from the group consisting of or including Ag, Au, Al,
Cu, Cr, Co, Ni, Ti, Sb, V, Mo, Ta, Nb, Ru, W, Pt, Pd, Zn, Mg,
a combination thereof and the like.

[0055] Referring to FIG. 4, the second insulating interlayer
32 may be formed on the first insulating interlayer 22. The
second insulating interlayer 32 may be formed to cover the
lower electrode 30. The first insulating interlayer 22 may be
referred to as a lower insulating interlayer, and the second
insulating interlayer 32 may be referred to as an upper insu-
lating interlayer. The second insulating interlayer 32 may be
formed of the same or substantially the same material as the
first insulating interlayer 22. For example, the second insu-
lating interlayer 32 may be formed of a silicon oxide layer or
the like. The second contact hole h2 may be formed in the
second insulating interlayer 32, and may expose at least a
portion of the lower electrode 30. The second contact hole h2
may be filled with the lower electrode contact layer 34. The
lower electrode contact layer 34 may be a layer selected from
the group consisting of or including a first transition metal
layer, a first transition metal nitride layer, a first silicide layer,
afirstternary nitride layer, a combination thereof and the like.
[0056] The first transition metal layer may be a layer
selected from the group consisting of or including a Ti layer,
a 7r layer, a Hf layer, a V layer, a Nb layer, a Ta layer, a W
layer, a combination thereof or the like. The first transition
metal nitride layer may be a layer selected from the group
consisting of or including a TiN layer, a ZrN layer, a HIN
layer, a VN layer, a NbN layer, a TaN layer, a WN layer, a
combination thereof and the like. The first silicide layer may
be electrically conductive, for example, a layer selected from
the group consisting of or including a CoSi layer, a TiSi layer,
Ta—Si layer, a Ni—Si layer, a combination thereof and the
like. The first ternary nitride layer may be a layer selected
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from the group consisting of or including a TiAIN layer, a
TaAIN layer, a TiSiN layer, a TaSiN layer, a TiCN layer, a
TaCN layer, a combination thereof and the like. The lower
electrode contact layer 34 may be a chalcogenide, for
example, a layer selected from the group consisting of or
including a Ge—Sb—Te—N layer, a As—Sb—Te—N layer,
a As—Ge—Sb—Te—N layer, a Sn—Sb—Te—N layer, a
(the group SA element)-Sb—Te—N layer, a (the group 6A
element)-Sb—Te—N layer, a (the group 5A element)-Sb—
Se—N layer, a (the group 6A element)-Sb—Se—N layer, a
combination thereof and the like.

[0057] The structure formed below the second insulating
interlayer 32 and the lower electrode 30 is omitted from FIG.
5 for the sake of brevity and clarity.

[0058] Referring to FIG. 5, the seed layer 36 may be formed
on the second insulating interlayer 32. The seed layer 36 may
cover the top surface of the lower electrode contact layer 34.
The seed layer 36 may be formed (e.g., only formed) on the
lower electrode contact layer 34 and a first region around the
lower electrode contact layer 34. The phase change layer 38
may be formed on the seed layer 36. The phase change layer
38 may have a diameter corresponding to the diameter of the
seed layer 36. The diameter of the phase change layer 38 may
affect (e.g., directly affect) a reset current. This may be con-
sidered when forming the seed layer 36 and/or the phase
change layer 38.

[0059] According to example embodiments, the seed layer
36 may be a layer selected from the group consisting of or
including a chalcogenide layer, an electrically conductive
second transition metal layer, a second silicide layer, a second
transition metal nitride layer, a silicide layer, a second ternary
nitride layer, a transition metal oxide layer, a combination
thereof and the like. The chalcogenide layer may be a layer
selected from the group consisting of or including a Ge layer,
a Sb layer, a GeSbTe layer, a SbTe layer, a GeTe layer, a
combination thereof and the like. The second transition metal
layer may be a layer selected from the group consisting of or
including a Ti layer, a Zr layer, a Hf layer, a V layer, a Nb
layer, a Talayer, a W layer, a combination thereof and the like.
The second transition metal nitride layer may be a layer
selected from the group consisting of or including a TiN layer,
a ZrN layer, a HIN layer, a VN layer, a NbN layer, a TaN layer,
a WN layer, a combination thereof and the like.

[0060] The second silicide layer may be a layer selected
from the group consisting of or including a CoSi layer, a TiSi
layer, a TaSi layer, a NiSi layer, a GeSi layer, a combination
thereof and the like. The second ternary nitride layer may be
a layer selected from the group consisting of or including a
TiAIN layer, a TiCN layer, a TaCN layer, a TiSiN layer, a
TaSiN layer, a combination thereof and the like. The transi-
tion metal oxide layer may be one layer selected from the
group consisting of or including a TiO, layer, a ZrO, layer, a
H1O, layer, a V,0; layer, a NbO layer, a WO layer a combi-
nation thereof and the like.

[0061] Thephasechangelayer 38 may be selectively grown
on the seed layer 36. The phase change layer 38 may be
formed using, for example, a metal organic chemical vapor
deposition (MOCVD) method, an atomic layer deposition
(ALD) method or the like. In at least this example embodi-
ment, an etching selectivity of the phase change layer 38 may
be greater than that of the second insulating interlayer 32
around the seed layer 36. As a result, while forming the phase
change layer 38, the phase change layer 38 may grow only on
the seed layer 36 but not on the second insulating interlayer
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32. The phase change layer 38 may be a chalcogenide layer.
For example, the phase change layer 38 may be a layer
selected from the group consisting of or including a
Ge—Sb—Te layer, a As—Sb—Te layer, a As—Ge—Sb—Te
layer, a Sn—Sb—Te layer, a (the group SA element)-Sh—Te
layer, a (the group 6A element)-Sb—Te layer, a (the group SA
element)-Sb—Se layer, a (the group 6A element)-Sh—Se
layer, a combination thereof and the like. If the phase change
layer 38 is a Ge—Sb—Te series layer, the phase change layer
38 may be a Ge,Sh,Tes layer, for example.

[0062] Referring to FIG. 6, after forming the phase change
layer 38 to a first height, the insulation layer 40 may be
formed on the second insulating interlayer 32. The insulation
layer 40 may be formed to surround the phase change layer 38
and the seed layer 36. The insulation layer 40 may be thicker
than the total thickness of the seed layer 36 and the phase
change layer 38. The insulation layer 40 may be a silicon
oxide layer or the like. After forming the insulation layer 40,
the surface of the insulation layer 40 may be planarized by
using a chemical mechanical polishing (CMP, or similar)
method to expose the phase change layer 38 as shown in FI1G.
7.

[0063] Referring to FIG. 7, after planarizing the insulation
layer 40, the upper electrode 42 may be formed on the pla-
narized insulation layer 40. The upper electrode 42 may be
formed to cover the exposed top surface of the phase change
layer 38. A diffusion barrier layer (not shown) may be formed
between the top electrode 42 and the phase change layer 38.
The diffusion barrier layer may suppress and/or prevent an
impurity (e.g., Ti) from diffusing from the upper electrode 42
into the phase change layer 38. The upper electrode 42 may be
deposited by using a sputtering (or similar) method. The
upper electrode 42 may be formed of TiN or the like.

[0064] The upper electrode 42, the phase change layer 38,
the lower electrode contact layer 34 and the lower electrode
30 may be a storage node for storing data. In the storage node,
the lower electrode 30 may be formed of the same or substan-
tially the same material as the lower electrode contact layer
34. Alternatively, the lower electrode contact layer 34 may
contact (e.g., directly contact) the second impurity region 14.
[0065] As described above, in methods of manufacturing
phase change memory devices according to example embodi-
ments, an etching process with respect to the phase change
layer 38 need not be performed, for example, with regard to
the side wall of the phase change layer 38 while forming the
storage node.

[0066] After the forming of the upper electrode 42, the
memory device may be completed using conventional meth-
ods and procedures.

[0067] FIGS. 8 through 10 are sectional views illustrating a
method of manufacturing a phase change memory device
according to an example embodiment. The example manu-
facturing method shown in FIGS. 8 through 10 may be char-
acterized by selectively forming (or growing) a phase change
layer only on a lower electrode contact layer 34.

[0068] Referring to FIG. 8, the second contact hole h2 may
be formed in a second insulating interlayer 32, and the second
contact hole h2 may be filled with a lower electrode contact
layer 34 in the same or substantially the same manner as
described above with regard to FIGS. 3 through 7. The mate-
rial of the lower electrode contact layer 34 may be the same or
substantially the same as that of the lower electrode contact
layer 34 shown in FIGS. 3 through 7. A phase change layer 50
may be selectively formed (e.g., grown) on the lower elec-
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trode contact layer 34. The phase change layer 50 may be
formed of a material and using the same or substantially the
same method as the phase change layer 38 discussed above
with regard to FIGS. 5 through 7.

[0069] Referring to FIG. 9, an insulation layer 52 may be
formed on the second insulating interlayer 32. The insulation
layer 52 may be formed to cover the phase change layer 50.
The insulation layer 52 may be formed of the same or sub-
stantially the same material as the insulation layer 40 dis-
cussed above with regard to FIGS. 6 through 7. The insulation
layer 52 may be formed thicker than the phase change layer
50. After forming the insulation layer 52, the surface of the
insulation layer 52 may be planarized to expose a top surface
of the phase change layer 50.

[0070] Referring to FIG. 10, an upper electrode 54 may be
formed on the planarized insulation layer 52. The upper elec-
trode 54 may cover the exposed region of the phase change
layer 50. The upper electrode 54 may be formed of the same
or substantially the same material as the upper electrode 42
discussed above with regard to FIG. 7.

[0071] FIGS. 11 through 15 are sectional views illustrating
a method of manufacturing a phase change memory device
according to an example embodiment. At least this example
manufacturing method may be used to manufacture the phase
change memory device shown in FIG. 2.

[0072] Referring to FIG. 11, the example manufacturing
method of the phase change memory device shown in FIGS.
3 and 4 may be performed until the second contact hole h2 is
formed in the second insulating interlayer 32 to expose the
lower electrode 30. The second insulating interlayer 32 may
be a layer selected from the group consisting of or including
a silicon oxide layer, a silicon nitride layer, silicon oxy nitride
(SiON) layer, a combination thereof and the like.

[0073] Referring to FIG. 12, a first portion of the second
contact hole h2 may be filled with at least a portion of the
lower electrode contact layer 34. The lower electrode contact
layer 34 may be formed of the same or substantially the same
material as the lower electrode contact layer of the phase
change memory devices according to example embodiments.
[0074] Referring to FIG. 13, the remaining (e.g., second)
portion of the second contact hole h2 may be filled with the
phase change layer 60. The phase change layer 60 may be
selectively formed or grown (e.g., only formed) in the second
contact hole h2 by using the same or substantially the same
method as that used to form the phase change layer 38. A
portion P1 of the phase change layer 60 may be removed
using a planarization process. The portion P1 of the phase
change layer 60 may be a portion protruding above the top
surface of the second insulating interlayer 32. This planariza-
tion process may be, for example, a chemical-mechanical
polishing (CMP) method or the like.

[0075] Referring to FIG. 14, the protruding portion P1 of
the lower electrode contact layer 60 may be removed, and the
exposed surface of the phase change layer 60 may be level or
substantially level with the top surface of the second insulat-
ing interlayer 32.

[0076] Referring to FIG. 15, the upper electrode 62 may be
formed on the second insulating interlayer 32. The upper
electrode 62 may be formed to cover the exposed surface of
the phase change layer 60. The upper electrode 62 may be
formed of the same or substantially the same material as the
upper electrode 42. After forming the upper electrode 62, the
memory device may be completed using conventional meth-
ods and procedures.
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[0077] Inmethods of manufacturing phase change memory
devices according to example embodiments, if the phase
change layers (e.g., 38, 50 and/or 60) are GST layers and
formed using a MOCVD method, (dtbeda) Ge (II), Sb (i-Pr)
3, and Te (t-Bu) 2 may be used as source gases of Ge, Sb, and
Te, respectively. In this example, dtbeda denotes di-tert-bu-
tylethylenediamide, i-Pr denotes isopropyl group, and t-Bu
denotes tert-butyl group, respectively. A deposition tempera-
ture may be between about 220° C. and about 330° C., inclu-
sive, and the pressure may be about 5 torr.

[0078] FIG. 16 is a scanning electron microscopic photo-
graph of a Ge,Sbh,Tes (GST) layer selectively formed on a
seed layer in a phase change memory device manufactured
using the example embodiment shown in FIGS. 3 through 7.
FIG. 17 is a photograph showing regions selected for analyz-
ing components in the scanning electron microscopic photo-
graph of FIG. 16. FIG. 18 is a graph of the components
analysis result at the first point #1 of FIG. 17 having a GST
layer on aseed layer, and FIG. 19 is a graph ofthe components
analysis result at the second point #2 of FIG. 17 around a seed
layer without a GST layer.

[0079] In obtaining the above-discussed experimental
results, a silicon substrate, on which a silicon oxide layer is
deposited, is used as the substrate, a plurality of circular seed
layers are formed on the substrate spaced apart from each
other. A GeTe layeris used as the seed layer. The thickness of
the seed layer is 5 nm, its diameter is 10 um, and a GST layer
is grown on the seed layer using a MOCVD method under the
above process conditions.

[0080] Referring to FIG. 16, reference numeral 80 denotes
the silicon oxide on the silicon substrate, and reference
numeral 82 denotes the GST layers on the seed layers. The
GST layers 82 are formed only on the circular seed layers.
Because the GST layers 82 are grown on the seed layers, the
seed layers are not shown in FIG. 16.

[0081] To confirm that the GST layers 82 of FIG. 16 are
formed only on the seed layers, as illustrated in FIG. 17, a
region where the GST layer 82 of FIG. 16 is formed and a
region covered by the silicon oxide layer 80 around the GST
layer 82 are selected as sample regions. An arbitrary first point
#1 is set in the region where the GST layer 82 is formed, and
an arbitrary second point #2 is set around the GST layer 82. A
component analysis at the first and second points #1 and #2 is
performed. An SEM-EDX was used for the component analy-
sis.

[0082] FIG. 18 is a graph showing the analysis result of the
component at the first point #1 of FIG. 17, and FIG. 19 is a
graph showing the analysis result component of the at the
second point #2.

[0083] Referring to FIG. 18, a plurality of peaks were
observed at the first point #1. As shown, the highest peak 90
is formed due to Si. A small first peak G1 on the left side of the
highest peak 90 is formed due to Ge. Second and third peaks
(G2 and G3 on the right side of the highest peak 90 are formed
due to Sb and Te, respectively.

[0084] Referring to FIG. 19, according to the component
analysis result at the second point #2, a large peak 100 is
observed to coincide with the highest peak 90 in FIG. 18.
Accordingly, the relatively large peak 100 illustrated in FIG.
100 is formed due to Si. The first to third peaks G1 through G3
in FIG. 18 do not occur on the left and right sides of the large
peak 100 in FIG. 19.
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[0085] The component analysis results of FIGS. 18 and 19
indicates that the GST layer is formed only at the region of the
first point #1 in FIG. 17. Moreover, these results indicate that
the phase change layer is selectively formed only on a desired
region.

[0086] Inexample embodiments, phase change layers may
include chalcogenide alloys such as germanium-antimony-
tellurium (Ge—Sb—Te), arsenic-antimony-tellurium (As—
Sb—Te), tin-antimony-tellurium (Sn—Sb—Te), or tin-in-
dium-antimony-tellurium  (Sn—In—Sb—Te),  arsenic-
germanium-antimony-tellurium (As—Ge—Sb—Te).
Alternatively, the phase change layers may include an ele-
ment in Group VA-antimony-tellurium such as tantalum-an-
timony-tellurium (Ta—Sb—Te), niobium-antimony-tellu-
rium (Nb—Sb—Te) or vanadium-antimony-tellurium
(V—Sb—Te) or an element in Group VA-antimony-selenium
such as tantalum-antimony-selenium (Ta—Sb—Se), nio-
bium-antimony-selenium (Nb—Sb—Se) or vanadium-anti-
mony-selenium (V—Sb—Se). Further, the phase change lay-
ers may include an element in Group VIA-antimony-
tellurium such as tungsten-antimony-tellurium (W—Sb—
Te), molybdenum-antimony-tellurium (Mo—Sb—Te), or
chrome-antimony-tellurium (Cr—Sb—Te) or an element in
Group VIA-antimony-selenium such as tungsten-antimony-
selenium (W—Sb—Se), molybdenum-antimony-selenium
(Mo—Sb—Se) or chrome-antimony-selenium (Cr—Sb—
Se).

[0087] Although the phase change layers may also be one
selected from a binary phase-change chalcogenide alloy and
a quaternary phase-change chalcogenide alloy. Example
binary phase-change chalcogenide alloys may include at least
one of Ga—Sb, In—Sb, In—Se, Sb,—Te; and Ge—Te
alloys; example quaternary phase-change chalcogenide
alloys may include at least one of an Ag—In—Sb—Te, (Ge—
Sn)—Sb—Te, Ge—Sb—(Se—Te) and Te —Ge,;—Sb,—
S, alloy, for example.

[0088] Alternatively, phase change layers may be made ofa
transition metal oxide having multiple resistance states, as
described above. For example, phase change layers may be
made of at least one material selected from the group consist-
ing of NiO, TiO,, HfO, Nb,Os, ZnO, WO,;, and CoO or GST
(Ge,Sb,Tes) or PCMO(Pr,Ca, ,MnO;). Additionally, phase
change layers may be a chemical compound including one or
more elements selected from the group consisting of S, Se, Te,
As, Sb, Ge, Sn, In and Ag.

[0089] Inmethods of manufacturing phase change memory
devices according to example embodiments, the selective
growth of the phase change layer may enable the phase
change layer to be self-aligned without having to use an
additional mask.

[0090] Asdescribed above, because a phase change layer is
selectively grown, etching of the phase change layer (e.g.,
etching of the side wall of the phase change layer) need not be
performed. Therefore, when using the phase change memory
device according to example embodiments, deterioration of
characteristics of phase change memory devices caused by
the etching of the phase change layer may be suppressed
and/or prevented, and potential problems caused by penetra-
tion of an etching gas into the phase change layer and the
interface there below may be suppressed and/or prevented.

[0091] Additionally, in methods of manufacturing phase
change memory devices, after selectively growing the phase
change layer, an insulation layer may be formed around the
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grown phase change layer. As a result, seams and/or voids
formed at the phase change layer may be suppressed and/or
prevented.

[0092] Inmethods of manufacturing phase change memory
devices according to example embodiments, even if the phase
change layer is formed in the contact hole, the lower electrode
contact layer may also be formed in the contact hole. As a
result seams and/or voids formed in the phase change layer
may be suppressed and/or reduced.

[0093] While example embodiments have been particularly
shown and described with reference to the example embodi-
ments shown in the figures, it will be understood by one of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit
and scope of the present invention as defined by the following
claims.

What is claimed is:

1. A phase change memory device comprising:

a storage node including a phase change layer; and

a switching device connected to the storage node; wherein

the phase change layer is selectively grown on a lower
electrode.

2. The phase change memory device of claim 1, wherein a
seed layer is formed between the lower electrode and the
phase change layer, and the phase change layer is formed on
the seed layer.

3. The phase change memory device of claim 2, wherein
the lower electrode includes,

a lower electrode contact layer filling a contact hole, and

a connection portion connecting the lower electrode con-

tact layer and the switching device, and wherein
the lower electrode contact layer is formed between the
connection portion and the seed layer.

4. The phase change memory device of claim 2, wherein
the seed layer is a layer selected from the group consisting of
a chalcogenide layer, an electrically conductive transition
metal layer, a transition metal nitride layer, a ternary nitride
layer and a metal oxide layer.

5. The phase change memory device of claim 1, wherein
the phase change layer is formed directly on the lower elec-
trode.

6. The phase change memory of claim 5, wherein the lower
electrode includes,

a lower electrode contact layer filling a contact hole, and

a connection portion connecting the lower electrode con-

tact layer and the switching device, and wherein
the phase change layer is formed directly on the lower
electrode contact layer.

7. The phase change memory device of claim 5, the lower
electrode and the phase change layer are sequentially stacked
to fill a contact hole.

8. The phase change memory of claim 7, wherein the lower
electrode includes,

a lower electrode contact layer, and

a connection portion connecting the lower electrode con-

tact layer and the switching device, and wherein
the lower electrode contact layer and the phase change
layer are sequentially stacked to fill the contact hole.

9. The phase change memory device of claim 8, wherein
the lower electrode contact layer is formed in a first portion of
the contact hole and the phase change layer is formed in a
second portion of the contact hole.

10. The phase change memory device of claim 9, wherein
the first portion of the contact hole includes the entire lower
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electrode contact layer and the second portion of the contact
hole includes the phase change layer.
11. A method of manufacturing a phase change memory
device, the method comprising:
forming an insulating interlayer on a semiconductor sub-
strate including a switching device, the insulating inter-
layer being formed to cover the switching device;

forming a lower electrode connected to the switching
device; and

selectively growing a phase change layer on the lower

electrode.

12. The method of claim 11, wherein the phase change
layer is a layer selected from the group consisting of a
Ge—Sb—Te layer, a As—Sb—Te layer, a As—Ge—Sb—Te
layer, a Sn—Sb—Te layer, a (the group SA element)-Sh—Te
layer, a (the group 6A element)-Sb—Te layer, a (the group SA
element)-Sb—Se layer, and a (the group 6A element)-Sb—
Se layer.

13. The method of claim 11, wherein before the forming of
the insulating interlayer, the method further includes,

forming a transistor as the switching device on the sub-

strate,

forming a lower insulating interlayer covering the transis-

tor,

forming a contact pad layer in the lower insulating inter-

layer, the contact pad layer being connected to a source
or a drain of the transistor, and

forming a conductive plug electrically connecting the con-

tact pad layer and the lower electrode.

14. The method of claim 11, wherein the growing the phase
change layer further includes,

forming a seed layer on the lower electrode, and wherein

the phase change layer is selectively grown on the seed

layer.

15. The method of claim 14, wherein the seed layer is a
layer selected from the group consisting of a chalcogenide
layer, an electrically conductive transition metal layer, a tran-
sition metal nitride layer, a ternary nitride layer, and a transi-
tion metal oxide layer.

16. The method of claim 14, further including,

forming an insulation layer surrounding side walls of the

phase change layer and the seed layer after selectively
growing the phase change layer.
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17. The method of claim 16, wherein the forming of the
insulation layer includes,

forming an insulation layer covering the phase change

layer and the seed layer, and

planarizing a top surface of the insulation layer to expose

the phase change layer.

18. The method of claim 11, wherein forming the lower
electrode further includes,

forming a connection portion on the switching device, and

forming a lower electrode contact layer on the connection

portion, wherein

the phase change layer is selectively grown directly on the

lower electrode contact layer.

19. The method of claim 18, wherein the lower electrode
contact layer is formed of a layer selected from the group
consisting of a chalcogenide layer, an electrically conductive
transition metal layer, a transition metal nitride layer, a sili-
cide layer, a ternary nitride layer, and a transition metal oxide
layer.

20. The method of claim 19, wherein the chalcogenide
layer is a layer selected from the group consisting of a Ge
layer, a Sb layer, a GeTe layer, a GeSbTe layer, a Ge—Sb—
Te—N layer, a As—Sb—Te—N layer, a As—Ge—Sb—
Te—N layer, a Sn—Sb—Te—N layer, a (the group 5A ele-
ment)-Sh—Te—N layer, a (the group 6A element)-Sb—
Te—Nlayer, a (the group 5A element)-Sh—Se—N layer, and
a (the group 6A element)-Sh—Se—N layer.

21. The method of claim 18, further including,

forming an upper insulating interlayer including a contact

hole, and wherein

the lower electrode contact layer and the phase change

layer are formed to fill the contact hole.

22. The method of claim 21, wherein the forming of the
phase change layer further includes,

planarizing the phase change layer after sequentially filling

the contact hole with the lower electrode contact layer
and the phase change layer.

23. The method of claim 22, wherein after the planarizing
of the top surface of the insulation layer, the method further
includes,

sequentially forming a barrier layer covering an exposed

portion of the phase change layer and an upper electrode
on the insulation layer.
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