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(57) ABSTRACT 
A capacitor structure is formed over a semiconductor sub 
strate by atomic layer deposition to achieve uniform thick 
ness in memory cell dielectric layers, particularly Where the 
dielectric layer is formed in a container-type capacitor 
structure. In accordance With several embodiments of the 
present invention, a process for forming a capacitor structure 
over a semiconductor substrate is provided. Other embodi 

(21) Appl, No,: 10/228,911 ments of the present invention relate to processes for form 
ing memory cell capacitor structures, memory cells, and 
memory cell arrays. Capacitor structures, memory cells, and 

(22) Filed: Aug. 27, 2002 memory cell arrays are also provided. 
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ATOMIC LAYER DEPOSITION OF CAPACITOR 
DIELECTRIC 

CROSS-REFERENCE TO RELATED 
APPLCIATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/994,547, ?led Nov. 27, 2001. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to memory cell 
capacitor structures and, more particularly, to a fabrication 
process Where a capacitor dielectric is formed by atomic 
layer deposition. 
[0003] Silicon nitride is commonly employed as the 
dielectric in memory cell capacitor structures. Unfortu 
nately, conventional process technology is limited in its 
ability to manufacture suitable reduced-thickness dielectric 
layers With good uniformity. Accordingly, there is a need for 
an improved memory cell capacitor dielectric layer manu 
facturing process. 

BRIEF SUMMARY OF THE INVENTION 

[0004] This need is met by the present invention Wherein 
a capacitor dielectric is formed by atomic layer deposition. 
The present inventors have recogniZed that it is dif?cult to 
achieve uniform thickness in memory cell dielectric layers, 
particularly Where the dielectric layer is formed in a con 
tainer-type capacitor structure. The present invention is also 
applicable to trench-type capacitor structures. Generally, as 
device siZe shrinks, thinner dielectric layers are needed to 
ensure adequate memory cell capacitance. As dielectric 
layer thickness decreases, non-uniformity leads to reoxida 
tion punch-through and corresponding device degradation. 
Also, as the dielectric layer thickness decreases, the leakage 
current attributable to the dielectric layer tends to increase 
dramatically, deteriorating device performance. 

[0005] The present invention addresses these problems by 
providing a manufacturing process Where the dielectric layer 
is formed through atomic layer deposition In accor 
dance With several embodiments of the present invention, a 
process for forming a capacitor structure over a semicon 
ductor substrate is provided. Other embodiments of the 
present invention relate to processes for forming memory 
cell capacitor structures, memory cells, and memory cell 
arrays. Capacitor structures, memory cells, and memory cell 
arrays are also provided. Accordingly, it is an object of the 
present invention to provide an improved memory cell 
capacitor dielectric layer manufacturing process. Other 
objects of the present invention Will be apparent in light of 
the description of the invention embodied herein. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0006] The folloWing detailed description of the preferred 
embodiments of the present invention can be best under 
stood When read in conjunction With the folloWing draWings, 
Where like structure is indicated With like reference numer 
als and in Which: 

[0007] FIGS. 1 and 2 illustrate a memory cell capacitor 
structure fabrication scheme according to one embodiment 
of the present invention; 
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[0008] FIG. 3 illustrates a memory cell capacitor structure 
fabrication scheme according to an alternative embodiment 
of the present invention; 

[0009] 
[0010] FIG. 5 is a schematic diagram of an ALD apparatus 
according to the present invention; and 

[0011] FIG. 6 is an elevation vieW of an ALD apparatus 
for a large-scale production system according to present 
invention. 

FIG. 4 illustrates a memory cell array; 

DETAILED DESCRIPTION 

[0012] Referring to FIGS. 1 and 2, according to one 
embodiment of the present invention, a capacitor structure 
of a memory cell may be formed by providing a semicon 
ductor substrate 10 including a semiconductor structure 
de?ning a transistor 12 and a pair of transistor node locations 
14. An insulating layer 16, eg a BPSG layer, is formed over 
the semiconductor substrate 10. A container 18 is formed in 
the insulating layer 16 over one of the transistor node 
locations 14. A loWer electrode layer 20, typically a HSG 
polysilicon layer, is formed along an inner surface of the 
container 18. A dielectric layer 22 is formed on the loWer 
electrode layer 20 and over a portion of an upper surface of 
the insulating layer 16. AreoxidiZed layer 24 is formed over 
the dielectric layer 22 by subjecting the dielectric layer 22 to 
a reoxidation process. Finally, an upper electrode layer 26, 
typically a polysilicon layer, is formed over the reoxidiZed 
layer 24, typically covering the entire dielectric layer 22. 

[0013] The loWer electrode layer 20 typically covers the 
entire inner surface of the container 18. The dielectric layer 
22, Which is typically formed directly on the loWer electrode 
layer 20, completely covering the loWer electrode layer 20, 
exhibits uniform thickness across the loWer electrode layer 
20 and the upper surface of the insulating layer 16. The 
dielectric layer 22 is formed such that the uniform thickness 
is sufficient to prevent punch-thru oxidation, i.e., incidental 
oxidation of the loWer electrode layer 20 during reoxidation 
of the dielectric layer and other device components. As Will 
be appreciated by those practicing the present invention and 
familiar With semiconductor device fabrication, a reoxida 
tion step is commonly incorporated in semiconductor device 
fabrication schemes. 

[0014] The dielectric layer 22 is formed through an atomic 
layer deposition (ALD) process. The thickness of a silicon 
nitride dielectric layer is typically 50 angstroms or less. 
Conventional process technology, such as loW pressure 
chemical vapor deposition (LPCVD) is not Well-suited for 
fabrication of silicon nitride dielectric layers of such thick 
nesses because dielectric quality deterioration and oxidation 
punch-through become problems at layer thicknesses of 50 
angstroms or less. Oxidation punch-through of LPCVD 
silicon nitride dielectric layers occurs because the silicon 
nitride on the underlying BPSG insulating layer is thinner 
than that on the HSG loWer electrode. The difference in 
thickness is attributable to the difference in LPCVD nucle 
ation incubation times for silicon nitride over BPSG and 
HSG, respectively. Speci?cally, the nucleation incubation 
time is longer for silicon nitride on BPSG than for silicon 
nitride on HSG. Data has also shoWn that the quality of the 
silicon nitride layer formed according to the present inven 
tion is superior to that of the silicon nitride layer formed by 
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the LPCVD method. Therefore, according to the present 
invention, capacitor performance is maintained even as the 
dielectric thickness goes below 50 angstroms. 

[0015] According to the deposition process of the present 
invention, a ?rst precursor, e.g., a silicon-containing precur 
sor, is chemisorbed over a surface of the loWer electrode 
layer 20 and the upper surface of the insulating layer 16. A 
second precursor, e.g., a nitrogen-containing precursor, is 
then reacted With the chemisorbed precursor to form the 
dielectric layer 22, e.g., a silicon nitride dielectric layer. The 
speci?c processing steps utiliZed to introduce the ?rst and 
second precursors and cause their chemisorption/reaction 
are beyond the scope of the present invention and may be 
gleaned from any one of a number of teachings related to 
atomic layer deposition. For the purposes of describing and 
de?ning the present invention, it is noted that the precise 
mechanism by Which the molecules of the ?rst precursor 
adhere to the surface of the semiconductor substrate is not 
the subject of the present invention. The mechanism is 
merely described herein as chemisorption—a term intended 
to cover absorption, adsorption, and any other similar 
mechanisms by Which the precursor may form a monolayer 
upon the surface of the semiconductor substrate 10. 

[0016] Generally, in atomic layer deposition, assuming 
that tWo precursor gases A and B are used, precursor gas A 
is introduced into a reaction chamber of an ALD device and 
atoms of the precursor gasA are chemisorbed on a substrate 
in the chamber. Next, un-absorbed precursor gas Ais purged 
With an inert gas such as Ar or nitrogen N2 and precursor gas 
B ?oWs into the chamber. A chemical reaction betWeen the 
precursor gases A and B occurs only on the surface of the 
substrate on Which the precursor gas A has been adsorbed, 
resulting in formation of an atomic layer on the substrate. 
Un-reacted precursor gas B and the by-products of the 
reaction betWeen tWo gases A and B are purged. The 
thickness of the ?lm can be increased by repeating these 
steps to deposit successive atomic layers. In this manner, the 
thickness of the thin ?lm can be adjusted in atomic layer 
units according to the number of repetitions. Atomic layer 
deposition processes according to the present invention are 
typically characteriZed by semiconductor substrate tempera 
tures of betWeen about 350° C. to about 700° C. and reactor 
chamber pressures of about 1 Torr to about 120 Torr. A 
substantially ?at temperature distribution can be maintained 
across the semiconductor substrate as the ?rst precursor is 
chemisorbed and the second precursor is reacted With the 
chemisorbed precursor. 

[0017] The ALD method, When used for depositing a thin 
?lm on a substrate, can ensure near perfect step coverage 
regardless of the morphology of the substrate. The compo 
sition of the atomic layer depends upon the nature of the 
reaction betWeen the precursor gases A and B. In the present 
invention, Where the object is to form a silicon nitride ?lm 
in a capacitor structure, the ?rst precursor gas typically 
comprises a silicon-containing gas and the second precursor 
gas typically comprises a nitrogen-containing gas. Suitable 
silicon-containing precursors include, but are not limited to, 
SiCl4, SiHCl3, SiH2Cl2, Si2H6, SiCl6, and SiH4. Suitable 
nitrogen-containing precursors include, but are not limited 
to, NH3 and NZHZ. 

[0018] In some cases, for eXample Where NZH2 is utiliZed 
as the precursor, it may be helpful to generate a plasma in the 
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reaction chamber to help break-up the precursor, generating 
nitrogen radicals encouraging reaction of the tWo precursors 
at the surface of the substrate on Which the layer is to be 
formed. Alternatively, a laser source or an infrared radiation 
source may be employed to help generate nitrogen radicals. 
Use of the plasma, the laser source, or the infrared radiation 
source also alloWs the process to operate at reduced chamber 
and substrate temperatures. 

[0019] FIG. 5 is a schematic diagram of a single Wafer 
process ALD apparatus 50 according to the present inven 
tion. As shoWn in FIG. 5, the ALD apparatus comprises a 
vacuum chamber 52 and a heater 54 for heating a substrate 
56 placed in the vacuum chamber 52 to an appropriate 
temperature. The substrate 56 is seated on a substrate holder 
(not shoWn) placed on top of the heater 54, and heated 
evenly by the heater 54. Also, a shoWerhead 58 through 
Which a predetermined precursor gas ?oWs into the vacuum 
chamber 52, is installed facing the surface of the substrate 
56. 

[0020] The present invention can be utiliZed in any stan 
dard hot Wall batch-type ALD furnace. Batch type furnaces 
enable processing of multiple Wafers in a single batch 
process, increasing manufacturing throughput. FIG. 6 is an 
elevation vieW of an batch-type ALD apparatus 60 for a 
large-scale production system according to present inven 
tion. In this embodiment, preprocessed substrates a-j are 
loaded onto a cassette or stacking mechanism 62 in a 
reaction chamber 64 of the ALD apparatus 60 through a 
cassette load lock (not shoWn). Alternatively, an entire 
cassette of substrates may be introduced into the chamber 
64. Speci?c structure for accomplishing this sort of loading 
and interfacing is Well-knoWn in the art of production 
systems. Once loaded the substrates a-j are subject to 
processing according to the present invention and removed 
from the chamber 64. In this manner, respective capacitor 
structures according to the present invention may be formed 
over a plurality of semiconductor substrates. Similarly, the 
present invention relates to fabrication of a memory cell and, 
on a larger scale, to fabrication to an array of memory cells 
on a semiconductor die and to respective arrays of memory 
cells on a plurality of semiconductor die. 

[0021] Although the present invention has been illustrated 
With reference to the speci?c memory cell structure of 
FIGS. 1 and 2, it is contemplated that the present invention 
is applicable to a variety of memory cell arrangements. For 
eXample, FIG. 3, Where like structure is indicated With like 
reference numerals, illustrates the process of the present 
invention as applied to an alternative memory cell structure. 

[0022] FIG. 4 illustrates a memory cell array 2. The 
memory cell array 2 includes a plurality of memory cells 4. 
Each memory cell 4 includes a capacitor structure and a 
transistor structure, as discussed above With reference to 
FIGS. 1-3. Conventional source regions S, drain regions D, 
bit lines BL, and Word lines WL are also illustrated in FIG. 
4. It is noted that although the present invention is illustrated 
With reference to the structures of FIGS. 1-4, the present 
invention is applicable to a variety of types of memory cell 
structures and memory array arrangements. 

[0023] For the purposes of describing and de?ning the 
present invention, it is noted that a “semiconductor sub 
strate” denotes any construction comprising a semiconduc 
tor material. Examples of semiconductor substrates include 
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semiconductor Wafers or other bulk semiconductor materials 
(either alone or in assemblies comprising other materials), 
and semiconductor material layers (either alone or in assem 
blies comprising other materials). 

[0024] It should be further noted that, for the purposes of 
de?ning and describing the present invention, “on” a sub 
strate or layer denotes formation in contact With the surface 
of the substrate or layer and “over” a substrate or layer 
denotes formation above or in contact With the surface of the 
substrate or layer. For the purposes of describing and de?n 
ing the present invention, it is noted that a layer formed “in” 
a region or other layer may be formed at a surface of the 
region/layer or Within the region/layer betWeen its upper and 
loWer surfaces. A layer formed “at” a surface of a region/ 
layer may be formed directly on the surface or may be 
partially embedded in the region/layer so as to de?ne a 
portion of the surface of the region/layer. 

[0025] Having described the invention in detail and by 
reference to preferred embodiments thereof, it Will be appar 
ent that modi?cations and variations are possible Without 
departing from the scope of the invention de?ned in the 
appended claims. More speci?cally, although some aspects 
of the present invention are identi?ed herein as preferred or 
particularly advantageous, it is contemplated that the present 
invention is not necessarily limited to these preferred aspects 
of the invention. 

What is claimed is: 
1. A capacitor structure comprising: 

an insulating layer formed over said semiconductor sub 
strate; 

a container formed in said insulating layer; 

a loWer electrode layer formed along an inner surface of 
said container; 

a dielectric layer formed over said loWer electrode layer 
through an atomic layer deposition process Where 

a ?rst precursor is chemisorbed over a surface of said 
loWer electrode layer, 

a second precursor is reacted With said chemisorbed 
precursor to form said dielectric layer, and 

a substantially ?at temperature distribution is main 
tained across said semiconductor substrate as said 
?rst precursor is chemisorbed and said second pre 
cursor is reacted With said chemisorbed precursor; 
and 

an upper electrode layer formed over said dielectric layer. 
2. Acapacitor structure as claimed in claim 1 Wherein said 

dielectric layer is formed on said loWer electrode layer. 
3. Acapacitor structure as claimed in claim 1 Wherein said 

loWer electrode layer covers the entire inner surface of said 
container. 

4. Acapacitor structure as claimed in claim 1 Wherein said 
dielectric layer covers the entire loWer electrode layer. 

5. Acapacitor structure as claimed in claim 1 Wherein said 
upper electrode layer covers the entire dielectric layer. 

6. Acapacitor structure as claimed in claim 1 Wherein said 
atomic layer deposition process is characteriZed by a semi 
conductor substrate temperature of betWeen about 350° C. to 
about 700° C. and a pressure of about 1 Torr to about 120 
Torr. 
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7. A capacitor structure comprising: 

an insulating layer formed over said semiconductor sub 
strate; 

a container formed in said insulating layer; 

a loWer electrode layer formed along an inner surface of 
said container; 

a dielectric layer formed over said loWer electrode layer 
and an upper surface of said insulating layer through an 
atomic layer deposition process Where 

a ?rst precursor is chemisorbed over a surface of said 
loWer electrode layer, 

a second precursor is reacted With said chemisorbed 
precursor to form said dielectric layer, and 

a substantially ?at temperature distribution is main 
tained across said semiconductor substrate as said 
dielectric layer is formed, and said dielectric layer 
eXhibits uniform thickness across said loWer elec 
trode layer and said upper surface of said insulating 
layer; 

a reoXidiZed layer formed over said dielectric layer by 
subjecting said dielectric layer to a reoXidation process, 
Wherein said dielectric layer is formed such that said 
uniform thickness is suf?cient to prevent oxidation of 
said loWer electrode layer as a result of said reoXidation 
process; and 

an upper electrode layer formed over said reoXidiZed 
layer. 

8. Acapacitor structure as claimed in claim 7 Wherein said 
dielectric layer is formed in an atomic layer deposition 
chamber and said reoXidiZed layer is formed in said chamber 
or eXternal to said chamber. 

9. A capacitor structure comprising: 

an insulating layer formed over said semiconductor sub 
strate; 

a container formed in said insulating layer; 

a loWer electrode layer formed along an inner surface of 
said container; 

a silicon nitride dielectric layer formed over said loWer 
electrode layer through an atomic layer deposition 
process Where a silicon-containing precursor is chemi 
sorbed over a surface of said loWer electrode layer and 
a nitrogen-containing precursor is reacted With said 
chemisorbed silicon-containing precursor to form said 
silicon nitride dielectric layer; and 

an upper electrode layer formed over said dielectric layer. 
10. A capacitor structure as claimed in claim 9 Wherein 

said silicon-containing precursor is selected from SiCl4, 
SiHCl3, SiH2Cl2, Si2H6, SiClG, and SiH4, and combinations 
thereof and said nitrogen-containing precursor is selected 
from NH3, NZH2 and combinations thereof. 

11. A capacitor structure comprising: 

a BPSG insulating layer formed over said semiconductor 
substrate; 

a container formed in said BPSG insulating layer; 

an HSG polysilicon loWer electrode layer formed along an 
inner surface of said container; 
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a silicon nitride dielectric layer formed on said HSG 
loWer electrode layer through an atomic layer deposi 
tion process Where a silicon-containing precursor is 
chemisorbed over a surface of said HSG loWer elec 
trode layer and a nitrogen-containing precursor is 
reacted With said chemisorbed silicon-containing pre 
cursor to form said silicon nitride dielectric layer; 

a reoxidiZed layer formed over said silicon nitride dielec 
tric layer by subjecting said silicon nitride dielectric 
layer to a reoxidation process; and 

a polysilicon upper electrode layer formed over said 
reoxidiZed layer. 

12. A capacitor structure of a memory cell comprising: 

a semiconductor substrate including a semiconductor 
structure de?ning a transistor and a pair of transistor 
node locations; 

a BPSG insulating layer formed over said semiconductor 
substrate; 

a container in said BPSG insulating layer formed over one 
of said transistor node locations; 

an HSG polysilicon loWer electrode layer formed along an 
inner surface of said container; 

a silicon nitride dielectric layer formed on said HSG 
loWer electrode layer and over a portion of an upper 
surface of said BPSG insulating layer through an 
atomic layer deposition process Where 

said silicon nitride dielectric layer has a thickness of 50 
A or less; 

a silicon-containing precursor is chemisorbed over a 
surface of said HSG loWer electrode layer and said 
portion of said upper surface of said BPSG insulating 
layer, 

a nitrogen-containing precursor is reacted With said 
chemisorbed silicon-containing precursor to form 
said silicon nitride dielectric layer, and 

said silicon nitride dielectric layer exhibits uniform 
thickness across said HSG loWer electrode layer and 
said portion of said upper surface of said BPSG 
insulating layer; 

a reoxidiZed layer formed over said silicon nitride dielec 
tric layer by subjecting said silicon nitride dielectric 
layer to a reoxidation process, Wherein said silicon 
nitride dielectric layer is formed such that said uniform 
thickness is suf?cient to prevent oxidation of said HSG 
loWer electrode layer as a result of said reoxidation 
process; and 

a polysilicon upper electrode layer formed over said 
reoxidiZed layer. 

13. A memory cell comprising: 

a semiconductor substrate including a semiconductor 
structure de?ning a transistor and a pairs of transistor 
node locations; 

an insulating layer formed over said semiconductor sub 
strate; 

a container in said insulating layer formed over one of 
said transistor node locations; 
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a loWer electrode layer formed along an inner surface of 
said container; 

a silicon nitride dielectric layer formed over said loWer 
electrode layer and a portion of an upper surface of said 
insulating layer through an atomic layer deposition 
process Where 

a silicon-containing precursor is chemisorbed over a 
surface of said loWer electrode layer and said portion 
of said upper surface of said insulating layer, 

a nitrogen-containing precursor is reacted With said 
chemisorbed silicon-containing precursor to form 
said silicon nitride dielectric layer, and 

said silicon nitride dielectric layer exhibits uniform 
thickness across said loWer electrode layer and said 
portion of said upper surface of said insulating layer; 

a reoxidiZed layer formed over said dielectric layer by 
subjecting said dielectric layer to a reoxidation process, 
Wherein said dielectric layer is formed such that said 
uniform thickness is suf?cient to prevent oxidation of 
said loWer electrode layer as a result of said reoxidation 
process; and 

an upper electrode layer formed over said reoxidiZed 
layer. 

14. An array of memory cells comprising: 

a semiconductor substrate including a semiconductor 
structure de?ning a plurality of transistors and respec 
tive pairs of transistor node locations; 

an insulating layer formed over said semiconductor sub 
strate; 

respective containers formed in said insulating layer over 
selected ones of said transistor node locations; 

respective loWer electrode layers formed along inner 
surfaces of selected ones of said containers; 

respective silicon nitride dielectric layers formed over 
said loWer electrode layer and a portion of an upper 
surface of said insulating layer through an atomic layer 
deposition process Where 

a silicon-containing precursor is chemisorbed over a 
surface of said loWer electrode layer and said portion 
of said upper surface of said insulating layer, 

a nitrogen-containing precursor is reacted With said 
chemisorbed silicon-containing precursor to form 
said silicon nitride dielectric layer, and 

said silicon nitride dielectric layer exhibits uniform 
thickness across said loWer electrode layer and said 
portion of said upper surface of said insulating layer; 

a reoxidiZed layer formed over said dielectric layer by 
subjecting said dielectric layer to a reoxidation process, 
Wherein said dielectric layer is formed such that said 
uniform thickness is suf?cient to prevent oxidation of 
said loWer electrode layer as a result of said reoxidation 
process; and 

an upper electrode layer formed over said reoxidiZed 
layer. 
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15. Acapacitor structure as claim 1 wherein said dielectric 
layer has a uniform thickness of 50 A or less. 

16. A capacitor structure as claimed in claim 7 Wherein 
said dielectric layer has a uniform thickness of 50 A or less. 

17. A capacitor structure as claimed in claim 9 Wherein 
said dielectric layer has a uniform thickness of 50 A or less. 

18. A capacitor structure as claimed in claim 11 Wherein 
said dielectric layer has a uniform thickness of 50 A or less. 

19. A capacitor structure as claimed in claim 12 Wherein 
said dielectric layer has a uniform thickness of 50 A or less. 

20. A memory cells as claimed in claim 13 Wherein said 
dielectric layer has a uniform thickness of 50 A or less. 

21. An array of memory cells as claimed in claim 14 
Wherein said dielectric layer has a uniform thickness of 50 
A or less. 

22. A capacitor structure formed over a semiconductor 
substrate, said capacitor structure comprising: 

an insulating layer formed over said semiconductor sub 
strate; 

a container formed in said insulating layer; 

a loWer electrode layer formed along an inner surface of 
said container; 

a silicon nitride dielectric layer formed over said loWer 
electrode layer Wherein said silicon nitride) dielectric 
layer has a uniform thickness less than 50 A; and 

an upper electrode layer formed over said dielectric layer. 
23. A memory cell comprising: 

a semiconductor substrate including a semiconductor 
structure de?ning a transistor and a pairs of transistor 
node locations; 

an insulating layer formed over said semiconductor sub 
strate; 

May 29, 2003 

a container formed in said insulating layer over one of 
said transistor node locations; 

a loWer electrode layer formed along an inner surface of 
said container; 

a silicon nitride dielectric layer formed over said loWer 
electrode layer and a portion of an upper surface of said 
insulating layer through an atomic layer deposition 
process Wherein said silicon nitride dielectric layer has 
a uniform thickness of 50 A or less; 

a reoXidiZed layer formed over said dielectric layer; and 

an upper electrode layer formed over said reoXidiZed 
layer. 

24. A memory cell array comprising: 

a semiconductor substrate including a semiconductor 
structure de?ning a plurality of transistors and respec 
tive pairs of transistor node locations; 

an insulating layer formed over said semiconductor sub 
strate; 

respective containers formed in said insulating layer over 
selected ones of said transistor node locations; 

respective loWer electrode layers formed along inner 
surfaces of selected ones of said containers; 

respective silicon nitride dielectric layers formed over 
said loWer electrode layer and a portion of an upper 
surface of said insulating layer, Wherein said dielectric 
layer has a uniform thickness of 50 A or less; 

a reoXidiZed layer formed over said dielectric layer; and 

an upper electrode layer formed over said reoXidiZed 
layer. 


