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formed in a bottom portion of the trench, and a bottom elec 
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PHASE CHANGE MEMORY APPARATUS 
AND FABRICATION METHOD THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATION 

0001. The present application claims priority under 35 
U.S.C. 119(a) to Korean application number 10-2009 
0058088, filed on Jun. 29, 2009, in the Korean Patent Office, 
which is incorporated by reference in its entirety as if set forth 
in full. 

BACKGROUND 

0002 1. Technical Field 
0003. The inventive concept relates to a semiconductor 
memory apparatus and, more particularly, to a phase change 
memory apparatus and a method of manufacturing the same. 
0004 2. Related Art 
0005. A phase change random access memory (PCRAM) 
device is regarded as a non-volatile memory device and has a 
fast operation speed and a high integration. 
0006. The phase change memory device includes a 
Switching device to select a memory cell. Currently, a diode is 
used for the switching device of the PCRAM device. The 
diode is formed by forming an insulating layer having a hole 
type pattern on an active region of a semiconductor Substrate, 
forming a selective epitaxial growth (SEG) layer within the 
hole type pattern of the insulating layer through a SEG pro 
cess, and implanting ions into the SEG layer. 
0007 As shrinkage of the device increases, it lacks a mar 
gin for the hole type patterns such that it can not form the hole 
type patterns at a desired size and it is difficult to form the hole 
type patterns having a uniform size in each of the cell Strings. 
In addition, as a diameter of the hole type pattern decreases, 
the SEG layer is abnormally grown. The fabrication error 
causes an amount of diode current flowing through each of the 
phase change memory cells to vary, thereby deteriorating 
operational reliability of the device. 
0008 Meanwhile, as the PCRAM device is more highly 
integrated, a word line resistance increases. Accordingly, 
metal contacts are formed between the cell Strings and a metal 
word line is formed to be connected to the metal contacts. In 
this case, it can solve the problem of the increase in the word 
line resistance, but the word line metal contacts should be 
formed for every unit cell string such that the problem of the 
increase in the chip size still remains. 
0009. In addition, the active region to which the word line 
metal contacts are connected thereto has a relatively higher 
resistance as compared with a metal word line. Accordingly, 
the resistance becomes different relative to the spaced dis 
tance between the word line metal contact and the unit cell 
Such that the current driving capacity of the diode becomes 
different depending on the arrangement position of the 
selected cell. This results in degradation of the operation 
uniformity, as the number of unit cells constituting the cell 
string increases. Therefore, it limits the number of unit cells 
contained in the cell string Such that a large number of word 
line metal contacts are necessary. 

SUMMARY 

0010. The inventive concept provides a phase change 
memory apparatus capable of scaling down the diode size in 
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response to shrinkage of the device and forming a diode 
having a uniform size and a method of manufacturing the 
SaC. 

0011. The inventive concept is to provide a uniform cur 
rent driving capacity of a diode in a memory cell constituting 
a cell String. 
0012. According to one aspect of an exemplary embodi 
ment, a phase change memory device includes a first elec 
trode of a bar type having a trench formed on an active region 
of a semiconductor Substrate, a second electrode formed in a 
bottom portion of the trench, and a bottom electrode contact 
formed on the second electrode. 
0013. According to another aspect of another exemplary 
embodiment, a method of manufacturing a phase change 
memory device includes forming a selective epitaxial growth 
layer on an active region of a semiconductor Substrate, form 
ing a trench in the selective epitaxial growth layer, forming an 
electrode having an opposite conductivity to the selective 
epitaxial growth layer in a bottom portion of the trench, and 
forming a bottom electrode contact on the electrode. 
0014. These and other features, aspects, and embodiments 
are described below in the Section entitled “DETAILED 
DESCRIPTION OF EXEMPLARY EMBODIMENTS 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The above and other aspects, features and other 
advantages of the subject matter of the present disclosure will 
be more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings, in which: 
0016 FIGS. 1 through 5 are sectional views illustrating a 
method of manufacturing a phase change memory apparatus 
according to an exemplary embodiment; 
0017 FIGS. 6 through 9 are sectional views illustrating a 
phase change memory apparatus according to another exem 
plary embodiment; 
0018 FIG. 10 is a diagram explaining a size reduction in 
the phase change memory apparatus according to the fabri 
cation process; and 
0019 FIGS. 11 through 12 are sectional views illustrating 
a phase change memory apparatus according to still another 
exemplary embodiment. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0020. Hereinafter, the inventive concept will be described 
in detail by explaining embodiments of the inventive concept 
with reference to the attached drawings. The inventive con 
cept may, however, be modified in many different forms and 
should not be constructed as being limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure will be through and complete, 
and will be fully convey the inventive concept to one of 
ordinary skill in the art. In the drawings, shapes of the ele 
ments, etc. may be exaggerated for clarity. Like reference 
numerals in the drawings denote like elements. It is also 
understood that when a layer is referred to as being “on” 
another layer or substrate, it can be directly on the other or 
Substrate, or intervening layers may also be present. 
0021. In an exemplary embodiment of the inventive con 
cept, a SEG layer of a bar type is formed on an active region 
and then patterned in a trench shape to form a diode. Accord 
ing to this, the patterning margin can be sufficiently ensured 
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to make a diode size to be smaller and to form a diode in a 
uniform size such that the uniform operation property of the 
unit cell can be ensured. 

0022. Meanwhile, in an exemplary embodiment of the 
inventive concept, a trench is formed in the SEG layer of a bar 
type and the SEG layer is used for a first electrode of the 
diode, while a second electrode of the diode is formed within 
the trench. According to this, the SEG layer can be used as a 
current flow path to make the current driving capacity of the 
diode uniform. 

0023 FIGS. 1 through 5 are sectional views illustrating a 
phase change memory device according to an exemplary 
embodiment. Referring to FIG. 1, an active region 103 is 
formed in a semiconductor substrate 101 through an ion 
implantation process and a SEG layer 105 of a bar type is 
grown on the active region 103. Although not shown in draw 
ings, an insulating layer may be formed at both sides of the 
SEG layer 105 to isolate the SEG layer 105. 
0024. Next, referring to FIG. 2, a trench is formed in the 
SEG layer 105 at a desired depth using a bottom electrode 
contact mask (not shown). A metal layer 107 is formed on the 
resultant structure of the semiconductor substrate 101 to be 
buried within the trench. 

0025. Subsequently, referring to FIG. 3, the metal layer 
107 is etched back to remain on a bottom portion of the trench, 
thereby forming a Schottky diode having the SEG layer 105 
as a first electrode and the metal layer 107 as a second elec 
trode. That is, since The SEG layer 105 formed in a bar type 
is patterned in a trench shape, the pattern margin can be 
Sufficiently ensured irregardless of an increase in shrinkage of 
the device and each of the diodes can be formed in a uniform 
size. Accordingly, an amount of current in each of the diodes 
can be uniformly controlled. 
0026 Referring to FIG. 4, a conductive material is depos 
ited on the resultant structure of the semiconductor substrate 
101 and then etched back to form a bottom electrode contact 
109 by determined height on the metal layer 107. Subse 
quently, an insulating layer is deposited and etched back to 
form spacers 111 on the side wall of the trench and then a 
phase change material layer 113 is buried within the trench. 
0027. Herein, the trench is formed in the SEG layer 105 by 
using the bottom electrode contact mask Such that the diode 
105 and 107 and the bottom electrode contact 109 are formed 
to be self aligned. Accordingly, irregardless of an increase in 
shrinkage, the metal layer 107 as the second electrode is 
accurately aligned with the bottom electrode contact 109, 
thereby improving fabrication reliability. 
0028. Meanwhile, although the phase change material 
layer 113 is formed to be buried within the trench of the SEG 
layer 105 in the exemplary embodiment, the inventive con 
cept is not limited thereto. That is, the metal layer 107 and the 
bottom electrode contact 109, for example, may be buried 
within the trench of the SEG layer 105 and the phase change 
material layer may be formed to be arranged over the trench. 
0029 FIG. 5 shows a sectional view of the phase change 
memory apparatus in which a top electrode 115, a bit line 119 
connected to the top electrode 115 through a bit line contact 
117, word line contacts 121A and 121B penetrating the SEG 
layer 105 to be connected to the active region 103, and a word 
line 123 connected to the word line contacts 121A and 121B 
are formed, following forming the phase change material 
layer 113. The reference numeral 125 designates an interlayer 
insulating layer. 
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0030. The SEG layer 105 has a lower resistance than the 
active region 103 such that the current inflowing through the 
word line 123 and the word line contacts 121A and 121B 
flows through the SEG layer 105. Accordingly, the resistance 
difference due to distance from the unit cell to the word line 
contacts 121A and 121B can be improved. In addition, the 
current driving capacities of the diodes in unit cells constitut 
ing the cell String become uniform such that the number of 
word line contacts can be minimized. 

0031. That is, while the cell string in the prior phase 
change memory device is comprised of 8 unit memory cells, 
the cell string in the inventive concept may be comprised of 
16, 32 or 64 or more such that the integration of the device can 
be improved. 
0032. Furthermore, in the case where the memory cells 
having the same chip size as the memory cells in the prior art 
are fabricated, the spare space is formed due to the reduction 
of the metal contact such that the margin for the word line 
contact is increased. According to this, the size of the word 
line contact can be increased such that the word line resis 
tance is reduced. The reduction in the word line resistance 
results in reduction in the number of word line contacts. 
Accordingly, the inventive concept flows the driving current 
by using the SEG layer and increases the margin for the word 
line contact such that the reduction effect of the word line 
contact can be amplified. 
0033. In the phase change memory apparatus of FIG. 5, for 
example, if the third unit cell from the left is selected, the 
current flows through the path shown by a dotted line. That is, 
the SEG layer 105 is used for a current flow path. At this time, 
unselected memory cells may be floating or grounded. 
Accordingly, the current does not flow through the unselected 
memory cells such that it can prevent the current leakage in an 
adjacent bit line and the interference between adjacent bit 
lines. 

0034. In particular, in the exemplary embodiment, the 
metal layer is used as the second electrode of the diode to 
form a Schottky diode. The Schottky diode can have a large 
current flow at a low driving voltage. Therefore, if it adopts 
the phase change memory device, the Switching characteristic 
can be largely improved. 
0035 However, the inventive concept is not limit to the 
structure using the Schottky diode and another embodiment 
will be described with reference to FIGS. 6 through 9. First, 
FIG. 6 shows a state that an active region203 and a SEG layer 
205 of a bar type are formed in a semiconductor substrate 201. 
0036. At this state, a trench having a desired depth is 
formed in the SEG layer 205 by using a bottom electrode 
contact mask as shown in FIG. 7. The SEG layer 205 having 
the trench is used as a first electrode of a diode. An insulating 
layer is deposited on the resultant structure of the semicon 
ductor substrate 201 and then etched back to form spacers 207 
on a side wall of the trench. At this time, the insulating layer 
remaining on the SEG layer 205 may be removed in the 
following process. Subsequently, an ion implantation layer 
209 as a second electrode of the diode is formed through an 
ion implantation process. The ion implantation layer 209 may 
be formed, for example, by depositing a material having an 
opposite conductivity to the SEG layer 205 or implanting ions 
having an opposite conductivity to the SEG layer 205. In this 
case, the SEG layer 205 has an N type conductivity and the P' 
type conductivity ions are implanted to form the ion implan 
tation layer 209. 
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0037 Next, Referring to FIG. 8, a conductive material 
layer is formed on the resultant structure of the semiconduc 
tor substrate 201 and then etched back to form a bottom 
electrode contact 211 on a bottom portion of the trench. Then, 
a phase change material layer 213 is buried within the trench. 
At this time, the bottom electrode contact mask is used to 
form the trench such that the trench, that is, the diode and the 
bottom electrode contact 211 are formed with a self-align 
method and the alignment accuracy can be improved irre 
gardless of an increase in shrinkage of the device. 
0038. The exemplary embodiment illustrates the structure 
that the phase change material layer 213 is buried within the 
trench, but it is not limited thereto. For example, it may bury 
the bottom electrode contact within the trench and form the 
phase change material layer 213 to be protruded from the 
SEG layer 205. 
0039 FIG. 9 shows a diagram illustrating the phase 
change memory device completed by carrying out the follow 
ing process and shows a top electrode 215, a bit line 219 
connected to the top electrode 215 through a bit line contact 
217, word line contacts 221A and 221B penetrating through 
the SEG layer 205 to be connected to the active region 203, 
and a word line 223 connected to the word line contacts 221A 
and 221B. The reference numeral 225 designates an inter 
layer insulating layer. 
0040. In the exemplary embodiment, the SEG layer 205 is 
formed in a bar type and patterned to form the trench such that 
the pattern margin for a diode can be sufficiently ensured as 
well as the size of the unit diode can be made uniform. In 
addition, the current flows through the SEG layer 205 which 
has a lower resistance than the active region203 such that the 
current driving capacity of the diode in each of the unit 
memory cells of the cell string can be made uniform, thereby 
largely reducing the number of word line contacts. Accord 
ingly, the integration of the memory device can be improved 
and a dimension occupied in forming the word line contact 
can be increased such that the word line resistance can be 
reduced. 
0041 FIG. 10 is a diagram explaining a size reduction of 
the phase memory device according to the above fabrication 
process, wherein (a) shows the prior phase change memory 
apparatus that each of the cell strings is comprised of 8 
memory cells and the word line contacts WLC11, WLC12 
and WLC13 are formed by a cell string unit and wherein (b) 
shows a sectional view of the phase change memory appara 
tus in the exemplary embodiment in which the number of 
word line contacts can be reduced by using the N type SEG 
layer as a current flow path Such that each of the cell strings is 
comprised of 16 unit memory cells. 
0042 Comparing (a) with (b), when the unit cells and 
word line contacts are formed at the same size between the 
prior art and the inventive concept, the size of the device can 
be reduced by “D’. In addition, when the phase change 
memory device is fabricated at the same chip size as the prior 
art, a contact area of the word line contact can be increased as 
compared with the prior art such that it can obtain a reduction 
in the word line resistance. 
0043. The word line contacts are formed to solve the prob 
lem of an increase in the word line contact resistance. There 
fore, if the contact area of the unit wordline contact increases, 
the word line resistance is reduced such that the number of the 
required word line contacts can be also reduced. Accordingly, 
if the contact area of the word line contact is properly 
increased, it can augment the effect of reduction in the word 
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line contact number due to using the SEG layer as a current 
flow path and the effect of reduction in the word line contact 
number due to the reduction in the word line resistance. 
0044. In the phase change memory apparatus, the word 
line contact is a required component to reduce the word line 
resistance. It can not neglect the resistance component in the 
word line contact formed of a metal material. Accordingly, a 
method illustrated in FIGS. 11 and 12 is suggested to reduce 
the resistance of the word line contact. 
0045 FIGS. 11 and 12 are sectional views illustrating a 
method of a phase change memory device according to 
another exemplary embodiment, wherein FIGS. 11 and 12 
illustrate a method of manufacturing the word line contact 
121A in the phase change memory device of FIG. 5. First, 
referring to FIG. 11, a portion of the SEG layer 105 that is a 
word line contact formation region is patterned to form a 
contact hole. Then, the side wall of the contact hole is ionized 
by an anisotropic ion implantation process. 
0046 According to this, as shown in FIG. 12, anionization 
layer 127 is formed and then the word line contact 121A is 
formed by filling a metal material within the contact hole. 
When the phase change memory cell operates, the resistance 
of the word line contact is further reduced due to the ioniza 
tion layer 127 and the driving property of the device can be 
improved. 
0047. While certain embodiments have been described 
above, it will be understood that the embodiments described 
are by way of example only. Accordingly, the devices and 
methods described herein should not be limited based on the 
described embodiments. Rather, the devices and methods 
described herein should only be limited in light of the claims 
that follow when taken in conjunction with the above descrip 
tion and accompanying drawings. 
What is claimed is: 
1. A phase change memory apparatus, comprising: 
a first electrode having a trench formed on an active region 

of a semiconductor Substrate; 
a second electrode formed in a portion of the trench; and 
an electrode contact formed on the second electrode. 
2. The phase change memory apparatus of claim 1, wherein 

the first electrode is a bar type electrode. 
3. The phase change memory apparatus of claim 1, wherein 

the first electrode comprises a selective epitaxial growth 
layer. 

4. The phase change memory apparatus of claim3, wherein 
the second electrode comprises a metal layer. 

5. The phase change memory apparatus of claim3, wherein 
the second electrode comprises an ion implantation layer. 

6. The phase change memory apparatus of claim 5, wherein 
the ion implantation layer is implanted with ions having an 
opposite conductivity to the first electrode. 

7. The phase change memory apparatus of claim 5, wherein 
the ion implantation layer comprises a deposited material 
having an opposite conductivity to the first electrode. 

8. The phase change memory apparatus of claim 1, wherein 
the electrode contact is formed on the second electrode to a 
determined height within the trench. 

9. The phase change memory apparatus of claim 8, further 
comprising a phase change material formed on the electrode 
contact, wherein at least one of the phase change material and 
the electrode contact is buried within the trench. 

10. The phase change memory apparatus of claim 1, further 
comprising: 
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a word line contact formed by a plural memory cell unit, the 
word line contact in contact with the active region 
through a contact hole which penetrates the first elec 
trode; and 

an ionization layer formed on the sidewall of the contact 
hole. 

11. The phase change memory apparatus of claim 1, further 
comprising an insulating layerformed at both sides of the first 
electrode. 

12. A method of manufacturing a phase change memory 
apparatus, comprising: 

forming a selective epitaxial growth layer on an active 
region of a semiconductor Substrate; 

forming a trench in the selective epitaxial growth layer, 
forming an electrode having an opposite conductivity to 

the selective epitaxial growth layer in a portion of the 
trench; and 

forming an electrode contact on the electrode. 
13. The method of claim 12, wherein the electrode contact 

is formed to be self-aligned with the trench. 
14. The method of claim 12, wherein the electrode com 

prises a metal material. 
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15. The method of claim 12, whereinforming the electrode 
comprises implanting ions having an opposite conductivity to 
the selective epitaxial growth layer in the selective epitaxial 
growth layer. 

16. The method of claim 12, whereinforming the electrode 
comprises depositing a material of an opposite conductivity 
to the selective epitaxial growth layer. 

17. The method of claim 12, wherein the electrode contact 
is formed on the electrode to a determined height within the 
trench. 

18. The method of claim 16, further comprising forming a 
phase change material layer on the electrode contact. 

19. The method of claim 18, wherein at least one of the 
phase change material layer and the electrode contact is bur 
ied within the trench. 

20. The method of claim 12, further comprising: 
forming a contact hole in the selective epitaxial growth 

layer to expose a portion of the active region; 
to forming an ionization layer on a side wall of the contact 

hole; and 
forming a word line contact within the contact hole. 

c c c c c 
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