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(57) ABSTRACT 

In this DRAM, an SiO film for assuring the step coverage 
of cell-capacitor of cylinder type is left remained only in the 
peripheral circuit region. The capacitor upper electrode is 
formed extending from the memory cell array region to the 
peripheral circuit region. Since the capacitor upper electrode 
in the peripheral circuit region is disposed higher than the 
upper Surface of the capacitor upper electrode which con 
Stitutes the cell-capacitor, this capacitor upper electrode in 
the peripheral circuit region is employed as a stopper for 
Subsequently flattening the interlayer insulating film. Sub 
Sequently, the interlayer insulating film is employed as a 
mask for etching the capacitor upper electrode in the periph 
eral circuit region. 
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SEMCONDUCTOR MEMORY DEVICE AND 
MANUFACTURING METHOD THEREOF WHICH 
MAKE IT POSSIBLE TO IMPROVE RELIABILITY 
OF CELL-CAPACTOR AND ALSO TO SIMPLIFY 

THE MANUFACTURING PROCESSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 11-375479, filed Dec. 28, 1999, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a semiconductor memory 
device and to the manufacturing method of the Semiconduc 
tor memory device. In particular, this invention relates to a 
peripheral structure of the cell-capacitor of DRAM and to 
the method of fabricating the peripheral Structure of the 
cell-capacitor. 
0.003 Generally speaking, semiconductor memory 
devices are still demanded to be further improved in various 
aspects Such as the progreSS of refinement, the reducing the 
power Supply Voltage, the higher operating Speed, higher 
reliability, etc. In particular, the refinement technique for 
DRAM (Dynamic Random Access Memory) is now increas 
ingly promoted So that the area to be occupied by the 
memory cell unit is increasingly miniaturized. Therefore, the 
issue to be solved urgently at present is how to Secure a 
Sufficient capacity of cell-capacitor within a limited area of 
cell. 

0004. The capacity of cell-capacitor can be enlarged by 
increasing the Surface area of the cell-capacitor. Under the 
circumstances, a lot of proposals have been Set forth So far 
for realizing both of the enlargement of Surface area of 
cell-capacitor and the refinement of cell-capacitor. 
0005 One example of the conventional structure wherein 
the Surface area of cell-capacitor can be increased may be 
represented by a cylinder Structure which is Set forth in a 
publication: W. Wakamiya et al., “Novel Stacked Capacitor 
Cell for 64Mb DRAM”, Symposium on VLSI Technology 
Digest, pp. 69-70, 1989. This structure is one kind of stacked 
capacitor wherein a cylindrical capacitor is three-dimension 
ally disposed So as to increase the Surface area, while 
Suppressing the area occupied by the capacitor. However, 
this cylinder structure is defective in that it is difficult to 
perform the global flattening of interlayer insulating film 
covering the cell-capacitor. In View of overcoming this 
problem, Japanese Patent Laid Open No. 11-26718 sets forth 
a process which is capable of Simplifying this flattening Step 
even in the Stacked capacitor of cylinder Structure. However, 
if it is tried to Secure the flatness of an interlayer insulating 
film covering the Stacked capacitor, the number of manu 
facturing StepS is inevitably increased, resulting in an 
increase in manufacturing cost. Meantime, a problem 
involved in the manufacture of DRAM is an especially 
Severe competition among manufacturers in terms of manu 
facturing cost, So that various ideas have been adopted by 
each manufacturer at present for the purpose of Simplifying 
as much as possible the fabricating process of DRAM. 
Therefore, as far as DRAM is concerned, it may not be 
appropriate in View of the present situations as mentioned 
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above to adopt a manufacturing method which necessitates 
an increase in number of manufacturing Steps. 
0006 Additionally, the manufacturing method set forth in 
Japanese Patent Laid Open No. 11-26718 is defective in that 
the properties of the cell-capacitor of DRAM may be 
deteriorated. The reasons for this will be explained below 
with reference to FIG. 1. FIG. 1 is a cross-sectional view 
illustrating the memory cell array region, the marginal 
portion of memory cell array region and peripheral circuit 
region of a conventional DRAM. By the way, this memory 
cell array region represents a region where a memory cell 
consisting of a cell transistor and a cell-capacitor are to be 
formed. This peripheral circuit region represents a region 
where various kinds of peripheral circuits (excluding the 
memory cell) Such as a Sense amplifier and a decoder are to 
be formed. This marginal portion of memory cell array 
region represents a region which constitutes a boundary 
between the memory cell array region and the peripheral 
circuit region. 
0007 As shown in FIG. 1, a silicon substrate 10 is 
provided with element regions AA (Active Area) and ele 
ment isolation regions STI (Shallow Trench Isolation) Sur 
rounding the element regions AA. A cell transistor (not 
shown) is formed in each of the element regions AA within 
the memory cell array region, and a peripheral transistor is 
formed in each of the element regions AA within the 
peripheral circuit region. The peripheral transistor is consti 
tuted by a gate insulating film 11 formed on the Silicon 
Substrate 10, a gate electrode 12 formed on the gate insu 
lating film 11, and impurity diffusion layers 13 formed inside 
the Substrate 10 and functioning as a Source region or a drain 
region. The gate electrode 12 is covered by an SiN film 14 
for instance. The Structure of the cell transistor is funda 
mentally the same as that of this peripheral transistor, 
wherein the gate electrode of the cell transistor functions as 
a word line 15. 

0008 Further, an interlayer insulating film 16 is depos 
ited on the silicon Substrate 10 So as to cover the cell 
transistor and the peripheral transistor. The interlayer insu 
lating film 16 is provided therein with bit lines 17 located 
within the memory cell array region and connected with the 
drain region of the cell transistor. A metallic wiring layer 18 
which is connected with the impurity diffusion layer 13 of 
the peripheral transistor is formed within the peripheral 
circuit region and at the same level as that the bit lines 17. 
Additionally, contact plugs 19 connected with the Source 
region of the cell transistor are formed within the memory 
cell array region. This contact plugs 19 are formed for the 
purpose of connecting the cell transistor with the cell 
capacitor. 

0009 Next, the structure disposed above the interlayer 
insulating film 16 covering these transistors, the bit lines 17 
and the metallic wiring layer 18 will be explained. 
0010. An SiN film 20 is deposited on the interlayer 
insulating film 16 except the portions where the top Surface 
of the contact plugs 19 is exposed. Further, as far as the 
marginal portion of memory cell array region and the 
peripheral circuit region are concerned, an SiO film 21 is 
deposited on the SiN film 20. On the other hand, as far as the 
memory cell array region is concerned, a Storage node 
electrode 22 of cylinder type is disposed enabling it to be 
contacted with the contact plug 19 at the bottom portion 
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thereof. Further, as far as the region where the memory cell 
array region is contacted with the marginal portion of 
memory cell array region is concerned, the Storage node 
electrode 22 is formed along the sidewall of the SiO film 
21. This Storage node electrode 22 is formed also on a 
portion of the SiO film 21 which is located within the 
marginal portion of memory cell array region. Furthermore, 
as far as the memory cell array region and the marginal 
portion of memory cell array region are concerned, a capaci 
tor insulating film 23 and a plate electrode 24 are deposited 
over these regions to thereby constitute a cell-capacitor. 
0.011) Additionally, an interlayer insulating film 25 is 
deposited over the memory cell array region, the marginal 
portion of memory cell array region and the peripheral 
circuit region. AS far as the marginal portion of memory cell 
array region is concerned, a contact plug 26 connected with 
the plate electrode 24 is formed in the interlayer insulating 
film 25, and as far as the peripheral circuit region is 
concerned, a contact plug 27 is formed connecting with the 
metallic wiring layer 18 being at the same level as that of the 
bit line. Further, metallic wiring layers 28 and 29 are formed 
So as to be connected with these contact plugs 26 and 27, 
respectively, thereby accomplishing the DRAM. 
0012. According to this structure of the DRAM, while a 
cell-capacitor of cylinder type is formed on the interlayer 
insulating film 16 as far as the memory cell array region is 
concerned, the SiO film 21 is formed up to almost the same 
level as the top Surface of the Storage node electrode 22 of 
the cell-capacitor in both of the marginal portion of memory 
cell array region and the peripheral circuit region. As a 
result, it becomes possible to assure the flatness of the 
interlayer insulating film 25 covering the Storage node 
electrode 22 and the SiO film 21. 
0013 The contact plug 26 which is indispensable for the 
purpose of giving an electric potential to the plate electrode 
is generally disposed at the marginal portion of memory cell 
array region. Further, for the purpose of simplifying the 
fabricating process, a contact hole 30 for forming the contact 
plug 26 is generally formed concurrently with a contact hole 
31 for forming the contact plug 27 of the peripheral circuit 
region by the RIE (Reactive Ion Etching) method for 
instance. 

0014) However, while the bottom of the contact hole 30 
of the memory cell array region is disposed at the same level 
with the top surface of the plate electrode 24 which is 
disposed over the SiO film 21, the bottom of the contact 
hole 31 of the peripheral circuit region is disposed at the 
same level with the top surface of the bit line 17. Therefore, 
if these two contact holes 30 and 31 are concurrently 
formed, despite that the formation of the contact hole 30 has 
been accomplished beforehand, the bottom of contact hole 
30 is still subjected to a plasma damage due to RIE until the 
formation of the contact hole 31 is accomplished. As a result, 
the properties of the cell-capacitor may be deteriorated. 
0.015 Moreover, the storage node electrode 22, capacitor 
insulating film 23 and plate electrode 24 of the cell-capacitor 
that will be disposed at a memory cell array region contact 
ing with the marginal portion of memory cell array region 
must be formed along the Sidewall and top Surface of the 
SiO, film 21. If the electrode 22, film 23, and electrode 24 are 
So formed, the resultant cell-capacitor differs in Structure 
from that of the cell-capacitors located at other regions. The 
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capacitor inevitably become a dummy capacitor. This dete 
riorates the areal efficiency of the DRAM. 

BRIEF SUMMARY OF THE INVENTION 

0016. Therefore, an object of this invention is to provide 
a Semiconductor memory device and a manufacturing 
method thereof which make it possible to improve the 
reliability of the cell-capacitor and also to Simplify the 
manufacturing processes. 

0017. This object of the invention has been achieved by 
a Semiconductor memory device which comprises, 

0018 a semiconductor body provided with a 
memory cell array region wherein a cell transistor of 
memory cell is formed, with a peripheral circuit 
region wherein peripheral circuits other than the 
memory cell are formed, and with a marginal portion 
of memory cell array region which constitutes a 
boundary between the memory cell array region and 
the peripheral circuit region; 

0019 an insulating film formed on the semiconduc 
tor body and having an opening in the memory cell 
array region and the marginal portion of memory cell 
array region; 

0020 a cell-capacitor lower electrode of cylinder 
type which is formed on the Semiconductor body in 
the memory cell array region and is electrically 
connected with an impurity diffusion layer of the cell 
transistor; 

0021 a cell-capacitor insulating film covering the 
cell-capacitor lower electrode, 

0022 a cell-capacitor upper electrode on the cell 
capacitor insulating film and the Semiconductor body 
within the memory cell array region and the marginal 
portion of memory cell array region; 

0023 an interlayer insulating film formed on the 
cell-capacitor upper electrode and the insulating 
film; and 

0024 a first contact plug formed in the interlayer 
insulating film and connected with the cell-capacitor 
upper electrode within the marginal portion of 
memory cell array region; 

0025 wherein the cell-capacitor upper electrode 
formed extending from the memory cell array region 
to the marginal portion of memory cell array region 
Stands also along a Sidewall of the opening formed in 
the insulating film. 

0026. The aforementioned object of the invention has 
been also achieved by a method of fabricating a Semicon 
ductor memory device which comprises the Steps of; 

0027 forming a cell transistor of memory cell and a 
peripheral transistor on Semiconductor Substrate 
within a memory cell array region and a peripheral 
circuit region, respectively; 

0028 forming an interlayer insulating film on the 
Semiconductor Substrate within the memory cell 
array region, the peripheral circuit region and the 
marginal portion of memory cell array region which 
constitutes a boundary between the memory cell 



US 2001/0012223 A1 

array region and the peripheral circuit region to 
thereby cover the cell transistor and the peripheral 
transistor, 

0029 forming a contact plug connected with the cell 
transistor in the interlayer insulating film; 

0030 forming an insulating film on the interlayer 
insulating film; 

0031 forming a groove in the insulating film within 
the memory cell array region, the groove being 
formed to a depth reaching down to an upper Surface 
of the interlayer insulating film to thereby permit the 
top Surface of the contact plug to be exposed at a 
bottom of the groove; 

0032 forming a cell-capacitor lower electrode on 
the bottom face and sidewall of the groove as well as 
on the insulating film within a region extending from 
the memory cell array region to the peripheral circuit 
region to thereby permit the cell-capacitor lower 
electrode to be contacted with the contact plug at the 
bottom of the groove; 

0033 forming an etching mask on the cell-capacitor 
lower electrode within the peripheral circuit region 
and in the groove, and 

0034 forming a cell-capacitor lower electrode of 
cylinder type by etching part of the insulating film 
existing in the memory cell array region and the 
marginal portion of memory cell array region. 

0035). Additionally, the aforementioned object of the 
invention has been also achieved by a method of fabricating 
a Semiconductor memory device which comprises the Steps 
of; 

0036 forming an insulating film on a semiconductor 
body provided with a memory cell array region 
wherein a cell transistor of memory cell is formed, 
with a peripheral circuit region wherein peripheral 
circuits other than the memory cell are formed, and 
with a marginal portion of memory cell array region 
which constitutes a boundary between the memory 
cell array region and the peripheral circuit region; 

0037 removing parts of the insulating film which 
are at the memory cell array region and at the 
marginal portion of the memory cell array region, 
thereby making opening; 

0038 forming a plurality of cell-capacitor lower 
electrodes of cylinder type in the opening; 

0039 forming a cell-capacitor insulating film cov 
ering at least the cell-capacitor lower electrodes, 

0040 forming cell-capacitor upper electrode on the 
cell-capacitor insulating film and over a region 
extending from the memory cell array region to the 
peripheral circuit region; 

0041 forming an interlayer insulating film on the 
cell-capacitor upper electrodes, and 

0042 flattening the interlayer insulating film by 
making use of, as a stopper, the cell-capacitor upper 
electrode which are located in the peripheral circuit 
region. 
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0043. Furthermore, the aforementioned object of the 
invention has been also achieved by a method of fabricating 
a Semiconductor memory device which comprises the Steps 
of; 

0044 forming an insulating film on a semiconductor 
body provided with a memory cell array region 
wherein a cell transistor of memory cell is formed, 
with a peripheral circuit region wherein peripheral 
circuits other than the memory cell are formed, and 
with a marginal portion of memory cell array region 
which constitutes a boundary between the memory 
cell array region and the peripheral circuit region; 

0045 removing parts of the insulating film which 
are at the memory cell array region and at the 
marginal portion of the memory cell array region, 
thereby making opening, 

0046 forming a plurality of cell-capacitor lower 
electrodes of cylinder type in the opening, 

0047 forming a cell-capacitor insulating film cov 
ering at least the cell-capacitor lower electrodes, 

0048 forming cell-capacitor upper electrode on 
cell-capacitor insulating film and over a region 
extending from the memory cell array region to the 
peripheral circuit region; 

0049 forming a first interlayer insulating film on the 
cell-capacitor upper electrodes, 

0050 flattening the first interlayer insulating film by 
making use of, as a stopper, the cell-capacitor upper 
electrode which are located in the peripheral circuit 
region to thereby permit the cell-capacitor upper 
electrodes existing in the peripheral circuit region to 
be exposed; and 

0051 etching away at least the cell-capacitor upper 
electrodes existing in the peripheral circuit region by 
making use of, as a mask, the first interlayer insu 
lating film located in the memory cell array region 
and in the marginal portion of memory cell array 
region. 

0052 According to the semiconductor memory device 
and the manufacturing methods thereof, it is possible to 
avoid the production of dummy capacitor in the memory cell 
array region and therefore to improve the areal efficiency of 
the DRAM. 

0053. Furthermore, it is possible according to this inven 
tion to minimize the plasma damage that may be inflicted 
upon the plate electrode of cell-capacitor at the manufac 
turing StepS using the RIE method. Therefore, it is possible 
to prevent the cell-capacitor from being deteriorated and 
hence to improve the performance and reliability of DRAM. 
Additionally, the number of manufacturing steps of DRAM 
can be reduced without Sacrificing the Step-covering prop 
erty of the cell-capacitor of cylinder type. Therefore, it is 
possible to reduce the manufacturing cost while permitting 
the yield to be improved in the manufacture of DRAM. 
0054 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
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invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.055 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0056 FIG. 1 is a cross-sectional view illustrating a 
conventional DRAM; 
0057 FIG. 2A is a plan view of the DRAM according to 
a first embodiment of this invention; 
0.058 FIGS. 2B and 2C respectively shows a cross 
sectional view of a DRAM according to the first embodi 
ment of this invention; 
0059 FIGS. 3A to 3L respectively shows a cross-sec 
tional view Sequentially illustrating the manufacturing pro 
cess of the DRAM according to the first embodiment of this 
invention; 

0060 FIG. 4 is a cross-sectional view of the DRAM 
according to the first embodiment of this invention; 
0061 FIGS. 5A to 5C respectively shows a cross-sec 
tional view of the DRAM according to modified examples of 
the first embodiment of this invention; 
0062 FIG. 6 is a cross-sectional view of the DRAM 
according to a Second embodiment of this invention; 
0063 FIGS. 7A to 7J respectively shows a cross-sec 
tional view Sequentially illustrating the manufacturing pro 
cess of the DRAM according to a second embodiment of this 
invention; and 
0064 FIGS. 8A to 8C respectively shows a cross-sec 
tional view of the DRAM according to modified examples of 
the second embodiment of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0065 FIGS. 2A to 2C illustrate the semiconductor 
memory device according to a first embodiment of this 
invention and the method of fabricating the Semiconductor 
memory device. Specifically, FIG. 2A is a plan view of the 
memory cell array region of DRAM. FIG. 2B is a cross 
sectional view taken along the line 2B-2B of FIG. 2A, 
illustrating the memory cell array region, marginal portion 
of memory cell array region, and peripheral circuit region of 
DRAM. FIG. 2C is a cross-sectional view taken along the 
line 2C-2C of FIG. 2A, illustrating the memory cell array 
region of DRAM. By the way, as described above, the 
memory cell array region represents a region where a 
memory cell consisting of a cell transistor and a cell 
capacitor are to be formed. The peripheral circuit region 
represents a region where various kinds of peripheral cir 
cuits (excluding the memory cell) Such as a sense amplifier 
and a decoder are to be formed. The marginal portion of 
memory cell array region represents a region which consti 
tutes a boundary between the memory cell array region and 
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the peripheral circuit region. Further, the DRAM to be 
explained in this embodiment is constructed Such that the 
cell-capacitor thereof is formed of a Stacked type cylinder 
structure, and the cell structure thereof is formed of a COB 
(Capacitor Over Bit line) structure wherein the cell-capaci 
tor is formed above the bit line. 

0066. As shown in the plan view of FIG. 2A, as far as the 
memory cell array region is concerned, the element regions 
AA are disposed in a Staggered pattern in a Silicon Substrate, 
and the regions other than where element regions AA are 
formed are constituted by an element isolation region STI. 
Inside each element region AA, there are formed a couple of 
memory cells. The gate electrode (word line: WL) of the cell 
transistor constituting the each memory cell is extended 
bridging a plurality of element regions AA. The drain 
regions of cell transistor disposed neighboring to each other 
in each element region AA are connected via a contact plug 
(CP) with a bit line BL formed in a direction orthogonally 
intersecting with the word line WL. At the edge portion of 
the element region AA, there is formed a cell-capacitor (CC) 
of each cell transistor, the cell-capacitor CC being disposed 
at a higher level than the bit line BL. 
0067 Next, the sectional construction of DRAM accord 
ing to this embodiment will be explained with reference to 
FIGS. 2B and 2C. 

0068. As shown in FIGS. 2B and 2C, the element 
regions AA as well as the element isolation regions STI 
Surrounding the element regions AA are formed on the 
silicon Substrate 40. The cell transistor and the peripheral 
transistor are formed within each of the element regions AA 
formed in the memory cell array region and in the peripheral 
circuit region. The cell transistor and the peripheral transis 
tor are respectively constituted by a gate insulating film 41 
formed on the silicon substrate 40, a gate electrode 42 
formed on the gate insulating film 41, and an impurity 
diffusion layer 43 functioning as Source/drain regions and 
formed in the silicon substrate 40. The gate electrode 42 is 
covered with an SiN film 44. The gate electrode of the cell 
transistor is designed to be functioned as a word line WL 45. 
0069. Further, an interlayer insulating film 46 is formed 
over the memory cell array region, the marginal portion of 
memory cell array region and the peripheral circuit region to 
thereby cover the cell transistor and the peripheral transistor. 
A bit line BL 47 connected with the drain region 43 of the 
cell transistor is formed in this interlayer insulating film 46 
located within the memory cell array region, while a metallic 
wiring layer 48 connected with the impurity diffusion layer 
43 of the peripheral transistor is formed in the peripheral 
circuit region and at the same level with the bit line 47. 
Furthermore, a contact plug 49 is formed within the memory 
cell array region So as to be connected with the Source region 
43 of the cell transistor. This contact plug 49 is formed for 
the purpose of connecting the cell transistor with the cell 
capacitor. 

0070 Next, the structure disposed above the interlayer 
insulating film 46 covering these transistors, the bit lines 47 
and the metallic wiring layer 48 will be explained. 
0.071) An SiN film 50 is deposited on the interlayer 
insulating film 46 except the portions where the top Surface 
of the contact plugs 49 is exposed. Further, as far as the 
peripheral circuit region is concerned, an SiO film 51 is 
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deposited on the SiN film 50. On the other hand, as far as the 
memory cell array region is concerned, a Storage node 
electrode 52 of cylinder type is disposed enabling it to be 
contacted with the contact plug 49 at the bottom portion 
thereof. Additionally, a capacitor insulating film 53 and a 
plate electrode 54 are formed on a region extending from the 
memory cell array region to the marginal portion of memory 
cell array region. By the way, as far as the region where the 
marginal portion of memory cell array region is contacted 
with the peripheral circuit region is concerned, these capaci 
tor insulating film 53 and plate electrode 54 are formed also 
on the sidewall of the SiO film 51. 
0.072 Additionally, an interlayer insulating film 55 is 
deposited over the memory cell array region, the marginal 
portion of memory cell array region and the peripheral 
circuit region. AS far as the marginal portion of memory cell 
array region is concerned, a contact plug 56 connected with 
the plate electrode 54 is formed in the interlayer insulating 
film 55, and as far as the peripheral circuit region is 
concerned, a contact plug 57 which is connected with the 
metallic wiring layer 48 is formed at the same level as that 
of the bit line 47. Further, metallic wiring layers 58 and 59 
are formed So as to be connected with these contact plugs 56 
and 57, respectively, thereby accomplishing the DRAM. 
0073. According to this structure of the DRAM, by 
contrast to the structure of the conventional DRAM, the 
SiO, film 51 is not formed in the marginal portion of memory 
cell array region. As a result, it becomes possible to fabricate 
all of the cell-capacitors existing within the memory cell 
array region So as to have the same structure with each other. 
In other words, Since it is no longer necessary to form a 
dummy cell-capacitor, the areal efficiency of DRAM can be 
improved. 
0074) Next, the method of fabricating the DRAM having 
the aforementioned structure will be explained with refer 
ence to FIGS. 3A to 3L, which sequentially illustrate, as a 
croSS-Sectional view, the manufacturing process of the 
DRAM. Specifically, FIGS. 3A to 3K illustrate the memory 
cell array region and the marginal portion of memory cell 
array region, while FIG. 3L illustrates the memory cell 
array region, the marginal portion of memory cell array 
region and the peripheral circuit region. For convenience 
Sake, the interlayer insulating film 46 as well as the con 
Struction disposed below the interlayer insulating film 46 are 
omitted in FIGS. 3A to 3K. 

0075) First of all, as shown in FIG. 3A, the SiN film 50, 
the SiO film 51 and also an amorphous silicon film 70 are 
Successively deposited on the interlayer insulating film 46 
located in the memory cell array region, the marginal portion 
of memory cell array region and the peripheral circuit region 
by a CVD (Chemical Vapor Deposition) method for 
instance. This amorphous silicon film 70 is a film which is 
generally called a pattern transferring film and can be 
Selected from those exhibiting a high etching Selectivity to 
the SiN film 50 and the SiO film 51. For example, Ru 
(ruthenium), TiN or C (carbon) may be employed for this 
amorphous silicon film 70. 
0076) Then, as shown in FIG. 3B, by making use of 
lithographic technique and an anisotropic etching method 
such as RIE method, the amorphous silicon film 70, the SiO, 
film 51 and the SiN film 50 all located within the memory 
cell array region are partially removed to form a groove 71. 
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This groove 71 is employed for forming the Storage node 
electrode of the cell-capacitor of cylinder type and is formed 
to have a cylindrical configuration. By the way, the amor 
phous silicon film 70 may be removed after the formation of 
the groove 71. 

0.077 Next, as shown in FIG. 3C, by making use of a 
CVD method for instance, a Ru film to be made into a 
storage node electrode 52 is formed on the bottom and 
sidewall of the groove 71 as well as on the amorphous 
Silicon film 70. 

0078. Thereafter, a resist 72 is coated on the storage node 
electrode 52 and then Subjected to a patterning Step using 
lithographic technique. Namely, as shown in FIG. 3D, the 
patterning of the resist 72 is performed in Such a manner that 
part of the resist 72 is left remained inside the groove 71 
formed in the memory cell array region as well as on the 
surface of the storage node electrode 52 which is located 
within the peripheral circuit region. It may be preferable on 
this occasion to employ a dye-containing color resist as the 
material for this resist 72. 

0079 Next, by making use of this patterned resist 72 as 
a mask, the Storage node electrode 52 and the amorphous 
silicon film 70 are etched off as shown in FIG.3E by an RIE 
method. By the way, Since the Storage node electrode 52 
existing inside the groove 71 is protected by the resist 72, the 
Storage node electrode 52 can be prevented from being 
suffered from the plasma damage to be caused by the RIE 
method. Whereas, part of the storage node electrode 52 
located at an upper inner wall portion of the groove 71 which 
is not covered with the resist 72 is permitted to be etched. As 
a result, the upper Surface of the Storage node electrode 52 
disposed within the memory array region is located at a level 
which is lower than the upper Surface of the Storage node 
electrode 52 disposed within the peripheral circuit region. 
Subsequently, the resist 72 is ashed by ashing treatment. 

0080) Thereafter, the SiO film 51 is etched away by the 
RIE method for instance as shown in FIG. 3F. However, 
Since the Sidewall of the groove 71 is not perfectly perpen 
dicular to the bottom face of the groove 17 but is slightly 
inclined therefrom, it is difficult to remove all of the SiO, 
film 51 which is disposed within the memory cell array 
region by making use of the RIE. 
0081. Accordingly, a wet etching method is employed 
using an HF Solution for example So as to remove all of the 
residual SiO film 51 which is left remained on the sidewall 
of the storage node electrode 52. On this occasion, the SiN 
film 50 functions as a stopper for this wet etching. As a result 
of this step, a cylinder type Storage node electrode 52 
constituted by upwardly projected Ru film is formed, and at 
the same time, all of the SiO film 51 excluding the one 
which is located within the peripheral circuit region is 
completely removed. By the way, the amorphous Silicon film 
70 and the storage node electrode 52 which are left remained 
on the SiO film 51 of the peripheral circuit region may be 
also removed in this step. 
0082. By the way, according to the prior art, the step of 
removing the SiO film 51 has been performed by making 
use only of wet etching. However, if the removal of the SiO, 
film 51 is performed in Such a way, the Storage node 
electrode 52 is more likely to be eroded by the etchant 
employed in the wet etching, thus deteriorating the proper 
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ties of the Storage node electrode 52. Whereas, according to 
the aforementioned method as proposed by this invention, 
since the RIE method and the wet etching method are 
co-used for the removal of the SiO film 51, the time for the 
wet etching can be Substantially shortened. The damage to 
the Storage node electrode 52 that might be caused by the 
wet etching can be minimized, thus making it possible to 
prevent the Storage node electrode 52 from being deterio 
rated of its properties. 
0083) Thereafter, as shown in FIG. 3H, a Ta-O film to 
be Subsequently made into the capacitor insulating film 53 is 
formed on the surface of SiN 50, on the surface of storage 
node electrode 52, on the sidewall of SiO film 51, and on 
the sidewall of amorphous silicon film 70 by the CVD 
method for example. 
0084. Then, as shown in FIG. 3, a TiN film to be 
Subsequently made into the plate electrode 54 is formed on 
the Surface of the capacitor insulating film 53. As a matter 
of course, the upper Surface of the plate electrode 54 
disposed within the memory array region can be located at 
a level which is lower than the upper Surface of the plate 
electrode 54 disposed within the peripheral circuit region. 
0085. Thereafter, an interlayer insulating film 55 is 
formed on the surface of the plate electrode 54. This 
interlayer insulating film 55 may be constituted by a USG 
(Undoped Silicate Glass) film to be formed by a HDP (High 
Density Plasma) method, or by a USG film or a BPSG 
(Boron Phosphorous Silicate Glass) film, both being formed 
by the CVD using TEOS (tetraethylorthosilicate: 
Si(OCH)) and excellent in step coverage property. 
0.086 Then, as shown in FIG.3J, the interlayer insulating 
film 55 is flattened by a CMP (Chemical Mechanical Pol 
ishing) method. By the way, the plate electrode 54 formed 
within the peripheral circuit region is utilized as a stopper for 
this CMP. As a result of flattening by this CMP, the interlayer 
insulating film 55 is permitted to expose within the memory 
cell array region as well as within the marginal portion of 
memory cell array region, and at the same time, the plate 
electrode 52 is permitted to expose within the peripheral 
circuit region. 
0087. Then, as shown in FIG.3K, the plate electrode 54, 
the cell-capacitor insulating film 53, the Storage node elec 
trode 52 and the amorphous silicon film 70, all located 
within the peripheral circuit region, are etched away by the 
RIE method for instance. On the occasion of this RIE, the 
interlayer insulating film 55 disposed within the memory 
cell array region and also within the marginal portion of 
memory cell array region is utilized as a mask, So that the 
Step of lithography is no longer required. 
0088 Subsequently, an additional layer of the interlayer 
insulating film 55 such as the USG film is deposited again, 
which is followed by the flattening of the resultant layer by 
the CMP for instance. Next, as shown in FIG. 3L, a contact 
hole 60 for making contact with the plate electrode 54 is 
formed in the marginal portion of memory cell array region 
by the conventional lithographic technique and RIE method, 
and concurrently, there is also formed a contact hole 61 for 
making contact with the metallic wiring layer 48 disposed at 
the same level with the bit line 47 formed in the peripheral 
circuit region. 
0089. Thereafter, these contact holes 60 and 61 are filled 
with a polycrystalline Silicon film or a metal, and the 
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resultant layer is flattened by the CMP method to thereby 
form contact plugs 56 and 57, respectively. Finally, metallic 
wiring layers 58 and 59 are formed on the interlayer insu 
lating film 55 to accomplish the DRAM as shown in FIGS. 
2A to 2C. 

0090 According to the method of fabricating the DRAM 
as explained above, it is possible to eliminate the Step of 
lithography which has been required in the conventional 
method especially in the course of proceSS Starting from the 
formation of the cell-capacitor until finishing of the forma 
tion of the contact plug. More Specifically, the Step of 
lithography for removing the Storage node electrode 52, the 
cell-capacitor insulating film 53 and the plate electrode 54, 
all disposed within the peripheral circuit region is no longer 
required to be performed. Because, according to the manu 
facturing method of this embodiment, the interlayer insu 
lating film 55 is formed subsequent to the formation of the 
plate electrode 54, and the CMP is performed utilizing, as a 
stopper, the plate electrode 54 that has been formed on the 
SiO film 51 existing within the peripheral circuit region. As 
a result, while the plate electrode 54 is permitted to expose 
within the peripheral circuit region where a 3-ply layer 
consisting of the Storage node electrode 52, the cell-capaci 
tor insulating film 53 and the plate electrode 54 is desired to 
be removed, the interlayer insulating film 55 is permitted to 
expose within the memory cell array region and also within 
the marginal portion of memory cell array region, where this 
3-ply layer is desired not to be removed. As a result, this 
interlayer insulating film 55 can be utilized to function 
Substantially as an etching mask, thus making it possible to 
form an etching mask and to perform an etching without 
necessitating the patterning process by means of litho 
graphic technique. 

0091. This advantage can be attributed not only to the 
manner of treating the SiO film 51 formed on the interlayer 
insulating film 55 but also to the position of the plate 
electrode 54 relative to the regions including the memory 
cell array region. More Specifically, according to the prior 
art, the SiO film 51 is allowed to remain throughout the 
entire region including the marginal portion of memory cell 
array region and the peripheral circuit region, and then, the 
Storage node electrode 52, the cell-capacitor insulating film 
53 and the plate electrode 54 are formed on this SiO film 51. 
As a result, the portion of the plate electrode 54 which is 
desired to be left remained (the marginal portion of memory 
cell array region) and the portion of the plate electrode 54 
which is desired to be removed (the peripheral circuit 
region) are caused to be located at the same level with each 
other, thereby necessitating the Step of lithography on the 
occasion of the aforementioned etching process. 
0092. Whereas in the case of this embodiment, only the 
portion of SiO film 51 which is located within the periph 
eral circuit region is left remain, and the rest of the SiO2 film 
51 which is located within the other regions is entirely 
etched away. As a result, the plate electrode 54 in the 
peripheral circuit region is formed on the SiO film 51, while 
the plate electrode 54 in the marginal portion of memory cell 
array region is formed, together with the cell-capacitor 
insulating film 53, directly on the SiN film 50 formed on the 
interlayer insulating film 46. Furthermore, the portion of 
plate electrode 54 which is formed within the peripheral 
circuit region is disposed higher than the upper Surface of the 
portion of plate electrode 54 which constitutes the cell 
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capacitor. Therefore, when the Stepped portion formed 
between these portions of plate electrode 54 is buried with 
the interlayer insulating film 55, and then, the resultant 
Surface is flattened, only the plate electrode 54 existing 
within the peripheral circuit region is permitted to expose, 
thus making it possible to form an etching mask by making 
use of the interlayer insulating film 55. 
0093. Additionally, since the plate electrode 54 existing 
within the marginal portion of memory cell array region is 
located at almost the same level with the bottom Surface of 
the cell-capacitor, a difference in level between the bottom 
face of the contact hole 60 for making contact with the plate 
electrode 54 and the bottom face of the contact hole 61 for 
making contact with the wiring layer 48 of the peripheral 
circuit region disposed at the Same level with the bit line can 
be minimized as compared with that according to the prior 
art. This specific feature of the invention will be explained 
as follows with reference to FIG. 4 illustrating a cross 
Sectional view of the DRAM. The values shown in this FIG. 
4 represent those of one example of DRAM wherein the 
design rule has been Set to 0.15 um for instance. 
0094. As shown in FIG. 4, the film thickness of the 
interlayer insulating film 46 formed on the bit line BL as 
well as on the metallic wiring layer 48 is about 0.2 lum. As 
far as the marginal portion of memory cell array region in 
which the contact hole 60 is to be formed is concerned, the 
thickneSS as measured from the upper Surface of the inter 
layer insulating film 46 up to the upper Surface of the plate 
electrode 54 is about 0.1 lum. The thickness as measured 
from the upper surface of the plate electrode 54 of the 
marginal portion of memory cell array region up to the top 
surface of the plate electrode 54 of the memory cell array 
region is about 0.6 um. Further, the interlayer insulating film 
55 is 0.3 to 0.4 um thick as measured from the top of the 
plate electrode 54 in the memory cell array region. The 
contact hole 60 therefore is about 0.9 to 1.0 um deep. On the 
other hand, the contact hole 61 extending to the wiring layer 
48 provided in the peripheral circuit region is about 1.2 to 
1.3 um deep. The contact holes 60 and 61 can be said to have 
almost the Same depth, for the following reason. 
0.095 According to the prior art, the plate electrode 54 is 
provided on the capacitor insulating film 53, which in turn 
is provided on the storage node electrode 52 that is formed 
on the SiO film 51. Hence, the contact hole 60 extending 
down to the plate electrode 54 in the marginal portion of 
memory cell array region has a depth of about 0.2 to 0.3 um. 
The depth of this contact hole 60 is only /s to /16 of the 
depth of the contact hole 61 made in peripheral circuit 
region. 

0096. It will be clearly understood from the comparison 
of these values that the depth of the contact hole 60 to be 
formed according to this manufacturing method can be 
regarded as being almost the same as that of the contact hole 
61 of the peripheral circuit region. When the depths of these 
contact holes are made equivalent to each other in this 
manner, the plasma damage to the plate electrode 54 that 
may be generated on the occasion of forming these contact 
holes 60 and 61 can be alleviated, thus making it possible to 
improve the property and reliability of the cell-capacitor. 

0097. If the depth of the contact hole 60 extending down 
to the plate electrode 54 is set to 0.9 tim, and the depth of the 
contact hole 61 extending down to the metallic wiring layer 
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48 is set to 1.2 um in the example of FIG. 4, a difference in 
depth between these contact holes would become 0.3 um. 
Namely, this difference in depth corresponds to 25% of the 
depth of the contact hole 61. Even if this difference becomes 
maximum, the difference in depth between these contact 
holes would become 0.4 um, i.e. about 31%. On the other 
hand, if the contact hole extending down to the plate 
electrode 54 is to be formed by the conventional method, the 
depth thereof would be 0.2 um, and hence the resultant 
difference to be generated would be about 83% of the depth 
of the contact hole 61. It is expected that the design rule 
would be inevitably advanced from 0.13 um of today to a 
further smaller value in future, and that together with this 
increasing refinement, the height of the cylinder of cell 
capacitor would become higher. If So, the ratio of the 
difference in depth between the contact hole extending down 
to the plate electrode 54 and the contact hole 61 to the depth 
of the contact hole 61 would become increasingly larger 
when the conventional method is adopted, thus proportion 
ately enlarging the damage to the plate electrode 54. 
0098. By contrast, according to the method proposed by 
this invention, as the height of the cylinder of cell-capacitor 
becomes larger, the aforementioned ratio would become 
Smaller, i.e. the damage to the plate electrode 54 can be 
minimized. Therefore, the merit of the method of this 
invention would become more conspicuous as the refine 
ment is further advanced in future. 

0099. By the way, the contact plug 56 may not necessar 
ily be disposed at the center of the marginal portion of 
memory cell array region as shown in FIG. 2B. Thus, the 
contact plug 56 may be disposed as shown in FIGS. 5A to 
5C. In the structure shown in FIG. 5A, one of the sidewalls 
of the contact plug 56 is disposed So as to contact with the 
plate electrode 54 mounted on a sidewall of the SiO film 51. 
0100. In the structure shown in FIG. 5B, however, one of 
the Sidewalls of the contact plug 56 is disposed So as to 
contact with the plate electrode 54 of the cell-capacitor. 
0101) Further, in the structure shown in FIG. 5C, the area 
of the marginal portion of memory cell array region is made 
Smaller, thereby permitting the contact plug 56 to be dis 
posed So as to contact with the plate electrode 54 disposed 
on a sidewall of the SiO film 51 as well as with the plate 
electrode 54 constituting the cell-capacitor. When the con 
tacting area between the contact plug 56 and the plate 
electrode 54 is increased in this manner, the contact resis 
tance can be minimized, thus contributing to an improve 
ment of the electric properties of DRAM. 
0102) According to the method of fabricating the semi 
conductor memory device as set forth by this first embodi 
ment, the flatness of the interlayer insulating film covering 
a cylinder type cell-capacitor can be ensured and at the same 
time, the number of manufacturing StepS can be minimized. 
Therefore, it is possible to realize an improvement in yield 
of products and a reduction of manufacturing cost. More 
over, Since the depth of the contact hole to be contacted with 
the plate electrode of capacitor can be made almost the same 
as that of the contact hole to be contacted with the wiring 
layer disposed at the same level with the bit line of the 
peripheral circuit region, it is possible to inhibit the electrode 
of cell-capacitor from being deteriorated in the manufactur 
ing process of DRAM and to improve the electric properties 
of the DRAM. 
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0103) Next, the semiconductor memory device and the 
method of fabricating the Semiconductor memory device 
according to the Second embodiment of this invention will 
be explained with reference to the DRAM taken up as one 
example. The structure of this DRAM according to this 
embodiment is featured in that the cell-capacitor of the 
DRAM explained in the aforementioned first embodiment is 
additionally provided with HSG (Hemispherical Grained)- 
Silicon. 

0104 FIG. 6 shows a cross-sectional view of the DRAM 
according to this embodiment, wherein the construction of 
the cell-capacitor is illustrated. As shown in FIG. 6, the 
HSG-Si 73 is attached to the surface of the storage node 
electrode 52 of the cell-capacitor, and the cell-capacitor 
insulating film 53 is formed over the HSG-Si 73. 
0105. According to this construction, it is possible to 
obtain the effects explained with reference to the first 
embodiment and additionally, to effectively increase the 
capacity of the cell-capacitor Since the Surface area of 
capacitor can be increased due to the provision of the 
HSG-S 73. 

0106) Next, the method of fabricating the DRAM having 
the aforementioned structure will be explained with refer 
ence to FIGS. 7A to 7J. FIGS. 7A to 7J respectively shows 
a croSS-Sectional view Sequentially illustrating the manufac 
turing process of the DRAM. By the way, since the structure 
disposed below the cell-capacitor is the same as that of the 
aforementioned first embodiment, only the Structure of 
cell-capacitor will be explained below. 

01.07 First of all, the SiN film 50, the SiO film 51 and 
also an amorphous silicon film 70 as a pattern transfer film 
are Successively deposited on the interlayer insulating film 
46 by means of the CVD method. Then, a resist is coated on 
the surface of the amorphous silicon film 70 to form a resist 
layer, which is then Subjected to an etching process by 
making use of lithographic technique and the RIE method to 
thereby form a groove 71 for forming the Storage node 
electrode of the cell-capacitor. Thereafter, a polycrystalline 
Silicon film for forming the Storage node electrode 52 is 
formed on the bottom and sidewall of the groove 71 as well 
as on the surface of amorphous silicon film 70. 
0108. Thereafter, an amorphous silicon film is formed on 
the polycrystalline silicon film 52 and then subjected to an 
annealing treatment in vacuum. As a result of this annealing 
treatment, the amorphous Silicon on the polycrystalline 
silicon film is turned into grains to thereby form the HSG-Si 
73, thus obtaining the structure shown in FIG. 7A. 
0109) As described above, the HSG-Si is generally 
formed by annealing an amorphous Silicon formed on a 
polycrystalline Silicon film in vacuum. There is a difference 
in growth temperature between polycrystalline Silicon and 
amorphous Silicon, the growth temperature of amorphous 
Silicon being generally lower than the growth temperature of 
polycrystalline Silicon. Therefore, when Silicon is permitted 
to grow at an intermediate temperature between the growth 
temperature of polycrystalline Silicon and the growth tem 
perature of amorphous Silicon, the Silicon thus obtained is 
constituted by a mesophase which is intermediate between 
polycrystal and amorphous phase, the configuration thereof 
being also grainineSS. This Silicon is known as Rugged 
Polycrystalline Silicon. 
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0110. The steps to be followed thereafter are the same as 
those of the first embodiment. Namely, first of all, a resist 72 
is formed on the Surface of the Storage node electrode 52 and 
then, made into a pattern as shown in FIG. 7B by means of 
lithographic technique. Specifically, this patterning is per 
formed in such a way that the resist 72 is left remained in the 
groove 71 formed within the memory cell array region and 
in the peripheral circuit region. 

0111 Next, by making use of this patterned resist 72 as 
a mask, the storage node electrode 52, the HSG-Si 73 and 
the amorphous silicon film 70 are etched away as shown in 
FIG. 7C by means of an RIE method. 

0112 Thereafter, the SiO film 51 is etched away by 
means of the RIE method as shown in FIG. 7D. 

0113. Then, the SiO film 51 which is left remained on 
the sidewall of the storage node electrode 52 is entirely 
etched away by means of wet etching method to obtain the 
structure shown in FIG. 7E. On this occasion, the SiN film 
50 functions as a stopper for this wet etching. By the way, 
the amorphous silicon film 70, the storage node electrode 52 
and the HSG-Si 73, which are left remained on the SiO film 
51 of the peripheral circuit region may be also removed in 
this Step. As a result of these Steps, the polycrystalline Silicon 
film having the HSG-Si 73 adhered thereon is formed into an 
upwardly projected cylindrical Storage node electrode 52. 

0114. Thereafter, as shown in FIG. 7F, a Ta-O film to be 
Subsequently made into the capacitor insulating film 53 is 
formed on the Surface of SiN 50, on the Surface of storage 
node electrode 52, on the sidewall of SiO film 51, and on 
the sidewall of amorphous silicon film 70 by means of the 
CVD method for example. 

0115 Then, as shown in FIG. 7G, a TiN film to be 
Subsequently made into the plate electrode 54 is formed on 
the Surface of the capacitor insulating film 53. As a matter 
of course, the upper Surface of the plate electrode 54 
disposed within the peripheral circuit region is located at a 
level which is higher than the upper Surface of the plate 
electrode 54 disposed within the memory cell array region. 

0116. Thereafter, an interlayer insulating film 55 is 
formed on the surface of the plate electrode 54. This 
interlayer insulating film 55 may be constituted by a USG 
film to be formed by means of a HDP method, or by a USG 
film or a BPSG film, both being formed by means of the 
CVD using TEOS. 

0117 Then, as shown in FIG. 7H, the interlayer insulat 
ing film 55 is flattened by means of a CMP. By the way, the 
plate electrode 54 formed within the peripheral circuit 
region is utilized as a stopper for this CMP. As a result of this 
CMP, the plate electrode 54 is permitted to expose within the 
peripheral circuit region, and at the same time, the interlayer 
insulating film 55 which is formed on the plate electrode 54 
is permitted to expose within the memory cell array region. 

0118. Then, as shown in FIG. 7I, the plate electrode 54, 
the cell-capacitor insulating film 53, the HSG-Si 73, the 
storage node electrode 52 and the amorphous silicon film 70, 
all located within the peripheral circuit region, are etched 
away by means of the RIE method. On the occasion of this 
RIE, since the interlayer insulating film 55 is utilized as a 
mask, the Step of lithography is no longer required. 
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0119) Subsequently, an additional layer of the interlayer 
insulating film 55 such as the USG film is deposited again, 
which is followed by the flattening of the resultant layer by 
means of the CMP for instance. Next, as shown in FIG. 7J, 
a contact hole 60 for making contact with the plate electrode 
54 is formed in the marginal portion of memory cell array 
region by means of the conventional lithographic technique 
and RIE method. Concurrently, although it is not shown, 
there is also formed a contact hole for making contact with 
the metallic wiring layer disposed at the same level with the 
bit line which is formed in the peripheral circuit region. 

0120) Thereafter, the contact hole 60 and the contact hole 
formed in the peripheral circuit region are filled with a metal 
for instance, and the resultant layer is flattened by means of 
the CMP method to thereby form contact plugs 56, thus 
obtaining the structure as shown in FIG. 6. 
0121 According to the manufacturing method described 
above, it is possible, as in the case of the first embodiment, 
to reduce the Step of lithography which has been required in 
the conventional method especially in the course of proceSS 
Starting from the formation of the cell-capacitor until fin 
ishing of the formation of the contact plug. Therefore, the 
process of manufacturing the DRAM can be simplified and 
the manufacturing cost can be reduced. 

0.122 Further, since the plate electrode 54 disposed 
within the marginal portion of memory cell array region is 
located at the same level with the bottom face of the 
cell-capacitor, it is possible to minimize the difference 
between the bottom face of the contact hole 60 for making 
contact with the plate electrode 54 and the bottom face of the 
contact hole for making contact with the wiring layer 
disposed at the level of the bit line of the peripheral circuit 
region. Therefore, the damage to the plate electrode 54 due 
to the RIE can be alleviated, thus making it possible to form 
a cell-capacitor of high performance and high reliability. 

0123. Further, since the HSG-Si 73 is formed on the 
Surface of the Storage node electrode 52, the Surface area of 
capacitor can be increased and hence, the capacity of cell 
capacitor can be increased. 

0124. Alternatively, as shown in FIGS. 8A to 8C, one of 
the Sidewalls of the contact plug 56 may be disposed So as 
to contact with the plate electrode 54 mounted on a sidewall 
of the SiO film 51 of the peripheral circuit region and/or 
with the plate electrode 54 constituting the cell-capacitor. 

0.125. According to the semiconductor memory device of 
this invention, it is no longer necessary to produce dummy 
capacitor in the memory cell array region and therefore, it is 
possible to improve the areal efficiency of the device. 

0.126 Furthermore, it is possible according to the method 
of fabricating the Semiconductor memory device of this 
invention to minimize the plasma damage to the plate 
electrode of cell-capacitor due to the application of RIE. 
Therefore, it is possible to prevent the cell-capacitor from 
being deteriorated and hence to improve the performance 
and reliability of DRAM. Additionally, the manufacturing 
process of DRAM can be simplified without sacrificing the 
Step-covering property of the cell-capacitor of cylinder type. 
Therefore, it is possible to reduce the manufacturing cost 
while permitting the yield to be improved in the manufacture 
of DRAM. 
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0127. By the way, although the DRAM is exemplified in 
the aforementioned first and Second embodiments, this 
invention can be of course applied to all kinds of element 
having the similar structure as that of the DRAM. Further, 
the contact plugs 56 and 57 may be part of the metallic 
wiring layers 58 and 59. 
0128. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A Semiconductor memory device which comprises, 
a Semiconductor body provided with a memory cell array 

region wherein a cell transistor of memory cell is 
formed, with a peripheral circuit region wherein 
peripheral circuits other than Said memory cell are 
formed, and with a marginal portion of memory cell 
array region which constitutes a boundary between Said 
memory cell array region and Said peripheral circuit 
region; 

an insulating film formed on Said Semiconductor body and 
having an opening in Said memory cell array region and 
Said marginal portion of memory cell array region; 

a cell-capacitor lower electrode of cylinder type which is 
formed on Said Semiconductor body in Said memory 
cell array region and is electrically connected with an 
impurity diffusion layer of Said cell transistor; 

a cell-capacitor insulating film covering Said cell-capaci 
tor lower electrode; 

a cell-capacitor upper electrode on Said cell-capacitor 
insulating film and Said Semiconductor body within 
Said memory cell array region and Said marginal por 
tion of memory cell array region; 

an interlayer insulating film formed on Said cell-capacitor 
upper electrode and Said insulating film; and 

a first contact plug formed in Said interlayer insulating 
film and connected with Said cell-capacitor upper elec 
trode within Said marginal portion of memory cell array 
region; 

wherein Said cell-capacitor upper electrode formed 
extending from Said memory cell array region to Said 
marginal portion of memory cell array region Stands 
also along a Sidewall of Said opening formed in Said 
insulating film. 

2. The Semiconductor memory device according to claim 
1, wherein the upper Surface of Said insulating film located 
in Said peripheral circuit region is higher than the upper 
Surface of Said cell-capacitor lower electrode located in Said 
memory cell array region. 

3. The Semiconductor memory device according to claim 
1, which further comprises a Second contact plug reaching a 
first metallic wiring layer formed in Said Semiconductor 
body within Said peripheral circuit region, wherein a differ 
ence in depth between Said first and Second contact plugs is 
not more than 35% of the depth of said second contact plug. 
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4. The Semiconductor memory device according to claim 
1, wherein Said first contact plug is contacted, through the 
bottom face and Sidewall thereof, with Said cell-capacitor 
upper electrode. 

5. The Semiconductor memory device according to claim 
1, wherein Said first contact plug constitutes part of a Second 
metallic wiring layer formed in Said interlayer insulating 
film. 

6. A method of fabricating a Semiconductor memory 
device which comprises the Steps of; 

forming a cell transistor of memory cell and a peripheral 
transistor on Semiconductor Substrate within a memory 
cell array region and a peripheral circuit region, respec 
tively; 

forming an interlayer insulating film on Said Semiconduc 
tor SubStrate within Said memory cell array region, Said 
peripheral circuit region and Said marginal portion of 
memory cell array region which constitutes a boundary 
between Said memory cell array region and Said periph 
eral circuit region to thereby cover Said cell transistor 
and Said peripheral transistor; 

forming a contact plug connected with Said cell transistor 
in Said interlayer insulating film; 

forming an insulating film on Said interlayer insulating 
film; 

forming a groove in Said insulating film within Said 
memory cell array region, Said groove being formed to 
a depth reaching down to an upper Surface of said 
interlayer insulating film to thereby permit the top 
Surface of Said contact plug to be exposed at a bottom 
of Said groove, 

forming a cell-capacitor lower electrode on the bottom 
face and Sidewall of Said groove as well as on Said 
insulating film within a region extending from Said 
memory cell array region to Said peripheral circuit 
region to thereby permit Said cell-capacitor lower elec 
trode to be contacted with Said contact plug at the 
bottom of Said groove; 

forming an etching mask on Said cell-capacitor lower 
electrode within Said peripheral circuit region and in 
Said groove; and 

forming a cell-capacitor lower electrode of cylinder type 
by etching part of Said insulating film existing in Said 
memory cell array region and Said marginal portion of 
memory cell array region. 

7. The method according to claim 6, which further com 
prises the Steps of; 

removing Said etching mask Subsequent to the Step of 
forming Said cell-capacitor lower electrode of cylinder 
type, 

forming a cell-capacitor insulating film to thereby cover at 
least Said cell-capacitor lower electrode; and 

forming a cell-capacitor upper electrode on Said cell 
capacitor insulating film and over a region extending 
from Said memory cell array region to Said peripheral 
circuit region. 

8. The method according to claim 6, wherein said cell 
capacitor lower electrode remaining on Said insulating film 
located in Said peripheral circuit region is disposed higher 
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than the upper Surface of Said cell-capacitor lower electrode 
of cylinder type which is located in Said memory cell array 
region. 

9. A method of fabricating a Semiconductor memory 
device which comprises the Steps of; 

forming an insulating film on a Semiconductor body 
provided with a memory cell array region wherein a 
cell transistor of memory cell is formed, with a periph 
eral circuit region wherein peripheral circuits other than 
Said memory cell are formed, and with a marginal 
portion of memory cell array region which constitutes 
a boundary between Said memory cell array region and 
Said peripheral circuit region; 

removing parts of Said insulating film which are at Said 
memory cell array region and at the marginal portion of 
the memory cell array region, thereby making opening, 

forming a plurality of cell-capacitor lower electrodes of 
cylinder type in the opening, 

forming a cell-capacitor insulating film covering at least 
Said cell-capacitor lower electrodes, 

forming cell-capacitor upper electrode on Said cell-ca 
pacitor insulating film and over a region extending 
from Said memory cell array region to Said peripheral 
circuit region; 

forming an interlayer insulating film on Said cell-capacitor 
upper electrodes, and 

flattening Said interlayer insulating film by making use of, 
as a stopper, Said cell-capacitor upper electrode which 
are located in Said peripheral circuit region. 

10. A method of fabricating a semiconductor memory 
device which comprises the Steps of; 

forming an insulating film on a Semiconductor body 
provided with a memory cell array region wherein a 
cell transistor of memory cell is formed, with a periph 
eral circuit region wherein peripheral circuits other than 
Said memory cell are formed, and with a marginal 
portion of memory cell array region which constitutes 
a boundary between Said memory cell array region and 
Said peripheral circuit region; 

removing parts of Said insulating film which are at Said 
memory cell array region and at the marginal portion of 
the memory cell array region, thereby making opening, 

forming a plurality of cell-capacitor lower electrodes of 
cylinder type in the opening, 

forming a cell-capacitor insulating film covering at least 
Said cell-capacitor lower electrodes, 

forming cell-capacitor upper electrode on cell-capacitor 
insulating film and over a region extending from Said 
memory cell array region to Said peripheral circuit 
region; 

forming a first interlayer insulating film on Said cell 
capacitor upper electrodes, 

flattening Said first interlayer insulating film by making 
use of, as a stopper, Said cell-capacitor upper electrode 
which are located in Said peripheral circuit region to 
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thereby permit Said cell-capacitor upper electrodes 
existing in Said peripheral circuit region to be exposed; 
and 

etching away at least Said cell-capacitor upper electrodes 
existing in Said peripheral circuit region by making use 
of, as a mask, Said first interlayer insulating film located 
in Said memory cell array region and in Said marginal 
portion of memory cell array region. 

11. The method according to claim 10, which further 
comprises the Step of; 

removing, through etching, Said cell-capacitor insulating 
film and Said cell-capacitor lower electrode existing in 
Said peripheral circuit region by making use of, as a 
mask, Said first interlayer insulating film located in Said 
memory cell array region and in Said marginal portion 
of memory cell array region after the etching Step of 
Said cell-capacitor upper electrode. 

12. The method according to claim 10, which further 
comprises the Steps of; 

forming a Second interlayer insulating film over a region 
extending from Said memory cell array region to Said 
peripheral circuit region Subsequent to the Step of 
removing Said cell-capacitor upper electrode, and 

forming a first contact plug to be connected with Said 
cell-capacitor upper electrode located in Said marginal 
portion of memory cell array region together with the 
formation of a Second contact plug to be connected 
with a metallic wiring layer formed in Said Semicon 
ductor body within said peripheral circuit region. 

13. The method according to claim 11, which further 
comprises the Steps of; 
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forming a Second interlayer insulating film over a region 
extending from Said memory cell array region to Said 
peripheral circuit region Subsequent to the Step of 
removing Said cell-capacitor upper electrode, and 

forming a first contact plug to be connected with Said 
cell-capacitor upper electrode located in Said marginal 
portion of memory cell array region together with the 
formation of a Second contact plug to be connected 
with a metallic wiring layer formed in Said Semicon 
ductor body within Said peripheral circuit region. 

14. The method according to claim 9, wherein said 
cell-capacitor upper electrode remaining on Said insulating 
film in Said peripheral circuit region is disposed higher than 
the upper Surface of Said cell-capacitor upper electrode of 
cylinder type which is formed within Said memory cell array 
region. 

15. The method according to claim 10, wherein said 
cell-capacitor upper electrode remaining on Said insulating 
film in Said peripheral circuit region is disposed higher than 
the upper Surface of Said cell-capacitor upper electrode of 
cylinder type which is formed within Said memory cell array 
region. 

16. The method according to claim 11, wherein said 
cell-capacitor upper electrode remaining in Said insulating 
film in Said peripheral circuit region is disposed higher than 
the upper Surface of Said cell-capacitor upper electrode of 
cylinder type which is formed within Said memory cell array 
region. 


