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FIG. 2 (RELATED ART) 
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NONVOLATILE MEMORY DEVICE INCLUDING 
NANO DOT AND METHOD OF FABRICATING 

THE SAME 

PRIORITY STATEMENT 

0001. This application claims the benefit of Korean 
Patent Application No. 10-2005-0099737, filed on Oct. 21, 
2005, in the Korean Intellectual Property Office, the disclo 
sure of which is incorporated herein in its entirety by 
reference. 

BACKGROUND 

0002) 
0003. Example embodiments relate to a nonvolatile 
memory device and a method of fabricating the same. Other 
example embodiments relate to a nonvolatile memory 
device including an oxide layer having a resistance gradient, 
which unifies current paths in the oxide layer by forming a 
nano dot in the oxide layer, and a method of fabricating the 
SaC. 

0004 2. Description of the Related Art 
0005 Research has been conducted to enhance the inte 
gration density of semiconductor devices, for example, 
semiconductor memory devices. As the integration density 
is enhanced, the memory capacity per unit area of the 
memory devices may be improved. Research has also been 
conducted on driving the device at relatively low power and 
improving the operation speed thereof. A general semicon 
ductor memory apparatus may include many unit memory 
cells connected by circuits. Semiconductor memory devices 
may be classified as Volatile memory devices and nonvola 
tile memory devices. 

1. Field 

0006 A dynamic random access memory (DRAM) may 
be a typical volatile semiconductor memory device. In 
DRAMs, the unit memory cells may include one switch and 
one capacitor and DRAMs may have relatively high inte 
gration density and relatively fast operating speeds. Because 
DRAM is a volatile memory device, stored data may be lost 
when the power is turned off. 
0007 Flash memory may be an example of a nonvolatile 
memory device capable of maintaining Stored data after the 
power is turned off. Unlike DRAMs, flash memory may be 
nonvolatile, but it may have relatively low integration den 
sity and relatively slow operating speed, compared to 
DRAMs. Research is being done with respect to nonvolatile 
memory devices (e.g., a magnetic random access memory 
(MRAM), ferro-electric random access memory (FRAM), 
phase-change random access memory (PRAM) and/or resis 
tive random access memory (RRAM)). 
0008 MRAM may store data by a change in magnetiza 
tion direction in a magnetic tunnel junction, and FRAM may 
store data by using the polarization characteristic of ferro 
electrics. Each may have merits and demerits, but both have 
been developed for relatively high integration density, rela 
tively high-speed operation, relatively low-power driving 
and improved data retention. 
0009 PRAM may store data by a change in resistance 
value according to a phase change and may use a chalco 
genide resistor. The memory device may be formed by 
utilizing the higher resistance of an amorphous state com 
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pared to a crystalline state. When PRAM is fabricated by 
using a conventional semiconductor device fabrication pro 
cess, etching may be difficult and a relatively long fabrica 
tion time may be required. The unit cost of a product may 
increase due to relatively low productivity, thereby decreas 
ing price competitiveness. 

0010 RRAM may use a transition metal oxide as a 
data-storing layer. RRAM may utilize the resistance-chang 
ing characteristic of RRAM in that a resistance value may 
vary according to an applied voltage. FIGS. 1A and 1B 
illustrate a conventional structure of a RRAM and current 
paths formed in an oxide layer by the applied Voltage. 
0011. In FIGS. 1A and 1B, the RRAM may include an 
oxide layer 12 and an upper electrode 13 sequentially 
formed on a lower electrode 11. The lower electrode 11 and 
the upper electrode 13 may include a metal (e.g., iridium 
(Ir), ruthenium (Ru), gold (Au), platinum (Pt) and/or an 
oxide thereof), which is generally used as an electrode of a 
memory device. The oxide layer 12 may include a transition 
metal oxide having the resistance-changing (variable resis 
tance) characteristic. The oxide layer 12, as a data-storing 
layer, may record or reproduce data when the Voltage is 
applied to the oxide layer 12 through the lower and upper 
electrodes 11 and 13. 

0012. When the voltage is applied to the oxide layer 12 
through the lower and upper electrodes 11 and 13, a current 
may flow through the oxide layer 12 due to an electrical 
potential difference. The current may not flow uniformly in 
all regions of the oxide layer 12. The flowing current may 
form momentary current paths 10 in the oxide layer 12 
through grain boundaries. As the current paths 10a and 10b 
formed in the oxide layer 12 are randomly formed, the 
formation position and number of current paths 10a and 10b 
may change even if the same Voltage is applied to the oxide 
layer 12 through the lower and upper electrodes 11 and 13. 
It may be known that the current paths 10a in FIG. 1A and 
the current paths 10b in FIG. 1B are different from each with 
respect to their formation position and number. 
0013 FIG. 2 is a graph comparing the current value in an 
applied Voltage value when the Voltage is applied to a lower 
electrode and an upper electrode in a memory device, 
including an oxide layer, formed of a general resistance 
changing material. FIG. 2 illustrates the value of current 
flowing in the oxide layer 12 when a desired voltage is 
applied to the lower and upper electrodes 11 and 13 of the 
RRAM of FIGS. 1A and 1B. For example, the oxide layer 
12 may include a nickel oxide NiO, and the lower and upper 
electrodes 11 and 13 may include Pt. 
0014. In FIG. 2, the value of current flowing in the oxide 
layer 12 may be measured while the voltage applied to the 
lower and upper electrode 11 and 13 gradually increases 
from about OV. From the measurement results, it may be 
noted that the current value to the applied Voltage may not 
be regular and may be different according to the time of 
measurement. The change in a reset current (RC) may be ten 
times that of the reset current before the same voltage is 
applied. The value of a set voltage (SV) may not be 
maintained. Such unstable results may be the result of the 
irregular current path distribution in the oxide layer 12. 
When the RC value is unstable and relatively high, the 
reliability of the semiconductor memory device may be 
relatively low and power consumption may increase. 
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0015. In the conventional memory device of FIGS. 1A 
and 1B, because the current paths are different whenever the 
Voltage is applied, the current value in the reset state may be 
irregular. 

SUMMARY 

0016 Example embodiments provide a nonvolatile 
memory device having a decreased and stabilized reset 
current value and a stabilized set Voltage, thereby improving 
the reliability of the memory device, the memory device 
including an oxide layer formed of a resistance-changing 
material. 

0017 Example embodiments also provide a method of 
fabricating a nonvolatile memory device to decrease and 
stabilize a reset current value of the memory device includ 
ing an oxide layer formed of a resistance-changing material, 
and to stabilize a set Voltage. 
0018. According to example embodiments, a nonvolatile 
memory device may include a lower electrode, an oxide 
layer on the lower electrode, a nano dot in the oxide layer 
and an upper electrode on the oxide layer. The oxide layer 
may include a resistance changing material and a transition 
metal oxide. The nano dot may unify current paths inside the 
oxide layer. 
0019. The nano dot may include a metal. The oxide layer 
may include any one material consisting of nickel oxide 
(NiO), titanium dioxide (TiO), hafnium oxide (H?O), Zir 
conium oxide (ZrO), Zinc oxide (ZnO), tungsten oxide 
(WO), cobalt oxide (CoO), and niobium oxide (NbO). 
The lower electrode may include a metal (e.g., aluminum 
(Al), gold (Au), platinum (Pt), ruthenium (Ru), iridium (Ir). 
titanium (Ti) and/or a metal oxide thereof). The nano dot 
may be in the middle region of the oxide layer. 
0020. According to other example embodiments, a non 
volatile memory device may further include a substrate, a 
first impurity region and a second impurity region on the 
substrate, wherein the lower electrode may be electrically 
connected to the second impurity region, a gate insulating 
layer and a gate electrode layer on the Substrate and con 
tacting the first and second impurity regions. According to 
other example embodiments, a nonvolatile memory device 
may further include a metal electrode and a diode structure 
on the metal electrode, wherein the lower electrode may be 
formed on the diode structure. 

0021 According to other example embodiments, a 
method of fabricating a nonvolatile memory device includ 
ing a nano dot may include forming a first oxide layer on a 
lower electrode, forming a nano dot on a Surface of the first 
oxide layer, forming a second oxide layer on the first oxide 
layer and the nano dot and forming an upper electrode on the 
second oxide layer. 
0022. The forming of the nano dot on the surface of the 

first oxide layer may include forming an electrical charging 
point having a first polarity on the Surface of the oxide layer 
by a focused ion beam and forming a nano dot on the 
electrical charging point by applying a material having a 
second polarity opposite to that of the electrical charging 
point on the surface of the oxide layer. 
0023 The method may further include providing a sub 
strate, forming a first impurity region and a second impurity 
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region on the Substrate, forming a gate insulating layer and 
a gate electrode layer on the Substrate and contacting the first 
and second impurity regions, and electrically connecting the 
lower electrode to the second impurity region. The method 
may further include providing a metal electrode, forming a 
diode structure on the metal electrode and forming the lower 
electrode on the diode structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 Example embodiments will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings. FIGS. 1-6 rep 
resent non-limiting, example embodiments as described 
herein. 

0025 FIGS. 1A and 1B are diagrams illustrating current 
paths formed in an oxide layer when a Voltage is applied to 
a conventional memory device including the oxide layer 
formed of a resistance-changing material; 
0026 FIG. 2 is a graph comparing a current value to an 
applied Voltage value when the Voltage is applied to a 
conventional memory device including the oxide layer 
formed of a resistance-changing material; 
0027 FIG. 3 is a diagram illustrating a structure of a 
nonvolatile memory device including a nano dot according 
to example embodiments; 
0028 FIG. 4A is a diagram illustrating a transistor struc 
ture connected to a nonvolatile memory device including a 
nano dot according to other example embodiments; 
0029 FIG. 4B is a diagram illustrating a diode structure 
connected to a nonvolatile memory device including a nano 
dot according to other example embodiments; 
0030 FIGS. 5A-5E are diagrams illustrating a method of 
fabricating a nonvolatile memory device including a nano 
dot according to other example embodiments; and 
0031 FIG. 6 is a graph illustrating an operation principle 
of a nonvolatile memory device including a nano dot accord 
ing to example embodiments. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0032. A nonvolatile memory device including a nano dot 
and a method of fabricating the same will now be described 
more fully hereinafter with reference to the accompanying 
drawings, in which example embodiments are shown. In the 
drawings, the thickness of layers and regions are exagger 
ated for clarity. 
0033 Spatially relative terms, such as “beneath,”“below, 
“lower,”“above,”“upper” and the like, may be used herein 
for ease of description to describe one element or feature's 
relationship to another element(s) or feature(s) as illustrated 
in the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the example 
term “below' may encompass both an orientation of above 
and below. The device may be otherwise oriented (rotated 
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90° or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 

0034. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to 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 
otherwise. It will be further understood that the terms 
“comprises”, “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 
features, integers, steps, operations, elements, components 
and/or groups thereof. 

0035. Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which example embodiments belong. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 

0.036 FIG. 3 is a diagram illustrating a structure of a 
nonvolatile memory device including a nano dot according 
to example embodiments. In FIG. 3, an oxide layer 32 and 
an upper electrode 33 may be sequentially formed on a lower 
electrode 31. The oxide layer 32 may include current paths 
30 and a nano dot 34 for controlling the current paths 30. 
The oxide layer 32 may include a multilayer resistance 
changing material where the resistance state varies accord 
ing to an applied Voltage in resistive random access memory 
(RRAM). For example, the oxide layer 32 may include at 
least one transition metal oxide (e.g., nickel oxide (NiO), 
titanium dioxide (TiO), hafnium oxide (H?O), Zirconium 
oxide (ZrO), zinc oxide (ZnO), tungsten oxide (WO). 
cobalt oxide (CoO) and/or niobium oxide (NbOs)). The 
lower electrode 31 and the upper electrode 33 may include 
a conductive material used for the electrode of a general 
semiconductor device. For example, the lower and upper 
electrodes 31 and 33 may include a conductive material 
including a metal (e.g., aluminum (Al), gold (Au), platinum 
(Pt), ruthenium (Ru), iridium (Ir), titanium (Ti) and/or a 
metal oxide thereof). The nano dot 34 may include a 
conductive material, for example, a metal, thereby forming 
a relatively short current path 30 inside the oxide layer 32 
when the power is applied through the lower and upper 
electrodes 31 and 33. 

0037 Referring to FIG. 3, when the power is applied to 
the oxide layer 32 through the lower and upper electrodes 31 
and 33, the current paths 30 may not be formed randomly 
throughout the entire region of the oxide layer32. In FIG. 3, 
the current paths 30 may be formed only in the region of the 
oxide layer 32, where the nano dot 34 is formed. In one 
semiconductor memory cell, only one nano dot 34 may be 
formed in the oxide layer 32 to unify the current paths. When 
a number of nano dots are formed in the oxide layer of one 
semiconductor memory cell, many current paths may be 
formed as shown in FIGS. 1A and 1B. The nano dot 34 may 
include a conductive material, for example, a metal, because 
it may beformed to control the current paths inside the oxide 
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layer32. The position where the nano dot 34 is formed may 
be in the middle region of the inner circumference of the 
oxide layer 32. 
0038 FIGS. 4A and 4B are diagrams illustrating a struc 
ture in which a switch is connected to the lower electrode or 
upper electrode of the semiconductor memory device 
including the nano dot of FIG. 3. The semiconductor 
memory device including the nano dot according to example 
embodiments may be formed in the structure of 1 Switch-1 
Resistance (1S-1R), wherein S is a transistor (1T-1R) or a 
diode (1D-1R). FIG. 4A illustrates a transistor structure 
connected to the semiconductor memory device including 
the nano dot according to example embodiments, and FIG. 
4B illustrates a diode structure connected to the semicon 
ductor memory device according to example embodiments. 
0039. In FIG. 4A, a first impurity region 41a and a second 
impurity region 41b may be formed on a Substrate 40. A gate 
structure, including a gate insulating layer 42 and a gate 
electrode layer 43, may be formed on the substrate 40 and 
may contact the first impurity region 41a and the second 
impurity region 41b. Interlayer insulating layers 44 and 45 
may be formed on the surface of the substrate 40, the gate 
insulating layer 42 and the gate electrode layer 43. A contact 
plug 46 may penetrate the interlayer insulating layer 45 and 
may be formed on the second impurity region 41b. The 
lower electrode 31 of the semiconductor memory device 
including the nano dot illustrated in FIG.3 may be electri 
cally connected to the contact plug 46. The above-described 
transistor structure may be more easily formed using a 
general fabrication process of a conventional semiconductor 
memory device. The material, forming a conventional tran 
sistor structure, may be used as a material forming each 
layer. A physical vapor deposition (PVD) process (e.g., 
sputtering, an atomic layer deposition (ALD) process and/or 
a chemical vapor deposition (CVD) process) may be used. 
0040. In FIG. 4B, a diode structure including, for 
example, a p-type semiconductor layer 52 and a n-type 
semiconductor layer 53, may be formed on a metal electrode 
51. The lower electrode 31, the oxide layer 32 including the 
nano dot 34 and the upper electrode 33, as illustrated in FIG. 
3, may be formed on the diode structure. The diode structure 
may include, for example, the p-type semiconductor layer 52 
and the n-type semiconductor layer 53 and/or a commonly 
known diode structure. The metal electrode 51 may be 
formed of the same material as the lower or upper electrode 
31 or 33. 

0041 FIGS. 4A and 4B illustrate only the unit cell 
structure of the semiconductor memory device, but an array 
form thereof may be possible. For example, the semicon 
ductor memory array connected to the diode structure may 
be a 1D-1R cross point array which crosses the metal 
electrode 51 and the upper electrode 33 and may include the 
oxide layer 32 with the nano dot 35 therebetween. 
0042. A method of fabricating a volatile memory device 
including a nano dot according to other example embodi 
ments will be described below in reference to FIGS. 5A-5E. 
In FIG.5A, a first oxide layer 32a may be formed on a lower 
electrode 31 by a process (e.g., PVD, ALD and/or CVD). 
The first oxide layer 32a may include a multilayer resis 
tance-changing material (e.g., NiO, TiO, Hf, ZrO, ZnO, 
WO, CoO and/or NbO). 
0043. In FIG. 5B, an electrical charging point 34a may be 
formed at a position designated on the first oxide layer 32a. 
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by electrically charging a desired region of the first oxide 
layer 32a by means of a focused ion beam (FIB) apparatus. 
The electrical charging point 34a may be electrically 
charged with at least any one of positive (+) and negative (-) 
polarities. When the FIB apparatus is used, the electrical 
charging point 34a may be formed at a more accurate 
position on the first oxide layer 32a. 

0044) In FIG. 5C, a nano dot 34b may be formed, by 
performing a vapor deposition method using a charged 
conductive material, for example, a metal dot, having a 
second polarity opposite to the polarity of the charged point 
34a. In FIG. 5D, a second oxide layer 32b may be formed 
through a process (e.g., PVD, ALD and/or CVD) after the 
nano dot 34b is formed. Like the first oxide layer 32a, the 
second oxide layer 32b may include a multilayer resistance 
changing material (e.g., NiO, TiO, Hf, ZrO, ZnO, WO, 
CoO and/or NbOs). In FIG. 5E, an upper electrode 33 may 
be formed by applying a metal (e.g., Al, Au, Pt, Ru, Ir, Ti 
and/or a metal oxide thereof) on the second oxide layer 32b. 
0045 Below, the operational characteristics of the non 
Volatile memory device according to example embodiments 
will be described in detail, with reference to FIGS. 3 and 6. 
FIG. 6 is a graph illustrating the electrical characteristic of 
a memory device including the multilayer resistance-chang 
ing material according to example embodiments. In FIG. 6. 
the horizontal axis represents an applied Voltage and the 
vertical axis represents a current value corresponding to the 
applied Voltage. 

0046 Referring to FIG. 6, when a voltage through the 
lower and upper electrodes 31 and 33 gradually increases 
from about OV, the current value may increase in proportion 
to the Voltage, along the graph G. When V or a greater 
Voltage is applied, the resistance may suddenly increase and 
the current value may decrease. When a voltage within the 
range of V through V is applied, the current value may 
increase along the graph G. When V (V>V) or a greater 
Voltage is applied, the resistance may suddenly decrease and 
the current may again increase, along the graph G. If the 
voltage is greater than V, the electrical characteristic of the 
memory device may be set according to the extent of the 
Voltage. This electrical characteristic may be confirmed 
when a Voltage less than V is applied. 
0047. When a voltage in the range of V-V is applied to 
the memory device and then the Voltage less than V, is again 
applied, the current value, according to the graph G may be 
measured. When a voltage (for example, V) greater than V. 
is applied to the memory device and then the Voltage less 
than V is again applied, a current value, according to the 
graph G, may be measured. When using the memory 
device, the electrical characteristic of the memory device 
may be designated as “0” when the voltage of V-V, is 
applied, and it may be designated as “1” when a Voltage 
greater than V is applied. 
0.048. In the semiconductor memory device according to 
example embodiments illustrated in FIG. 3, the nano dot 34 
may be formed in the oxide layer 32 so that the current paths 
inside the oxide layer 32 are unified, thereby maintaining a 
regular current value in the reset state. Therefore, a reliable 
memory device may be realized. 
0049. A nonvolatile memory device including the nano 
dot according to example embodiments has been described. 
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The nano dot for unifying the current paths inside the oxide 
layer of the resistive random access memory (RRAM) may 
be formed, thereby decreasing and stabilizing the reset 
current value of the memory device using the resistance 
changing material, reducing the power consumption and 
increasing the reliability of the memory device. The set 
voltage distribution may be improved and stabilized, thereby 
increasing the reliability of the memory device in terms of 
operation control. 
0050 While example embodiments have been particu 
larly shown and described with reference to example 
embodiments thereof, it may be embodied in many different 
forms and shall not be construed as being limited to the 
example embodiments set forth herein. The oxide layer may 
use any materials other than the aforementioned ones if 
these are resistance-changing materials. Therefore, the spirit 
and scope of example embodiments shall be defined by the 
following claims. 
What is claimed is: 

1. A nonvolatile memory device including a nano dot, the 
nonvolatile memory device comprising: 

a lower electrode: 
an oxide layer on the lower electrode: 
a nano dot in the oxide layer, and 
an upper electrode on the oxide layer. 
2. The nonvolatile memory device of claim 1, wherein the 

oxide layer includes a resistance changing material. 
3. The nonvolatile memory device of claim 1, wherein the 

oxide layer includes a transition metal oxide. 
4. The nonvolatile memory device of claim 1, wherein the 

nano dot unifies current paths inside the oxide layer. 
5. The nonvolatile memory device of claim 1, wherein the 

nano dot includes a metal. 
6. The nonvolatile memory device of claim 1, wherein the 

oxide layer includes at least one material consisting of nickel 
oxide (NiO), titanium dioxide (TiO), hafnium oxide (H?O), 
Zirconium oxide (ZrO), Zinc oxide (ZnO), tungsten oxide 
(WO), cobalt oxide (CoO) and niobium oxide (NbOs). 

7. The nonvolatile memory device of claim 1, wherein the 
lower electrode includes a metal selected from the group 
including aluminum (Al), gold (Au), platinum (Pt), ruthe 
nium (Ru), iridium (Ir), titanium (Ti) or a metal oxide 
thereof. 

8. The nonvolatile memory device of claim 1, wherein the 
nano dot is in the middle region of the oxide layer. 

9. The nonvolatile memory device of claim 1, the non 
Volatile memory device further comprising: 

a Substrate; 
a first impurity region and a second impurity region on the 

substrate, wherein the lower electrode is electrically 
connected to the second impurity region; and 

a gate insulating layer and a gate electrode layer on the 
Substrate and contacting the first and second impurity 
regions. 

10. The nonvolatile memory device of claim 1, the 
nonvolatile memory device further comprising: 

a metal electrode; and 
a diode structure on the metal electrode, wherein the 

lower electrode is formed on the diode structure. 
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11. A method of fabricating a nonvolatile memory device 
including a nano dot, the method comprising: 

forming a first oxide layer on a lower electrode: 
forming a nano dot on a surface of the first oxide layer, 
forming a second oxide layer on the first oxide layer and 

the nano dot; and 
forming an upper electrode on the second oxide layer. 
12. The method of claim 11, whereinforming the first and 

second oxide layers includes forming the first and second 
oxide layers of a resistance changing material. 

13. The method of claim 11, whereinforming the first and 
second oxide layers includes forming a transition metal 
oxide. 

14. The method of claim 11, whereinforming the nano dot 
includes forming a metal. 

15. The method of claim 11, wherein forming the lower 
electrode includes forming a metal selected from the group 
including aluminum (Al), gold (Au), platinum (Pt), ruthe 
nium (Ru), iridium (Ir), titanium (Ti) or a metal oxide 
thereof. 

16. The method of claim 11, whereinforming the nano dot 
includes unifying current paths inside the oxide layer. 

17. The method of claim 11, wherein forming the first 
oxide layer and the second oxide layer includes forming at 
least one material consisting of NiO, TiO, Hf, ZrO, ZnO, 
WO, CoO and NbOs. 

Apr. 26, 2007 

18. The method of claim 11, wherein the forming of the 
nano dot on the Surface of the oxide layer comprises: 

forming an electrical charging point having a first polarity 
on the Surface of the oxide layer, using a focused ion 
beam; and 

forming a second nano dot on the electrical charging 
point, by applying a material having a second polarity 
opposite to that of the electrical charging point on the 
surface of the oxide layer. 

19. The method of claim 11, further comprising: 
providing a substrate; 
forming a first impurity region and a second impurity 

region on the Substrate; 
forming a gate insulating layer and a gate electrode layer 

on the Substrate and contacting the first and second 
impurity regions; and 

electrically connecting the lower electrode to the second 
impurity region. 

20. The method of claim 11, further comprising: 
providing a metal electrode; 
forming a diode structure on the metal electrode; and 
forming the lower electrode on the diode structure. 

k k k k k 


