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Invention The present invention relates to
a semiconductor memory device. 2.

Description of the Background Art In a
conventional semiconductor memory

device using MOS transistor as a memory
element, it is generally difficult to increase
storage capacitance and hence the size of
capacitor must be reduced. This problem is

particularly serious in 256M- and 1Gbit-
DRAMs. In the 256M-DRAM, since an area
available for capacitor is restricted, the
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dynamic random access memory (referred
to as DRAM, hereinafter) of an stacked
capacitor type is selected in order to

enhance the storage capacitance.
However, in the DRAM of the stacked

capacitor type, since a capacitor portion is
connected to a gate electrode or source
electrode of a transfer transistor via a

capacitor insulating film and a side wall
structure is formed at the sides of a gate
electrode, it is difficult to reduce the area
of the memory cell. To increase the area

available for capacitor, a DRAM of a trench
type having a cylinder shape has been

proposed. According to this DRAM, since a
trench is formed in a semiconductor
substrate and a capacitor element is
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disposed therein, the area available for
capacitor is increased and thus the storage

capacitance is enhanced. FIGS. 29 to 32
are cross-sectional views showing a

conventional semiconductor memory
device. Referring to FIG. 29, an element

isolating oxide film 2 is formed on a
semiconductor substrate 1 and a pad oxide

film 4 is formed on the element isolating
oxide film 2. On the pad oxide film 4, a

control gate electrode 6 is formed and on
the control gate electrode 6, a first inter-
level insulating film 8 is formed. On the

first inter-level insulating film 8, a source
region 10 and a drain region 12 are formed
in a self-aligned manner. A capacitor lower

electrode 14 is formed on the side wall
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structure of the control gate electrode 6
and the first inter-level insulating film 8

and capacitor upper electrode 16 is
disposed so as to sandwich the capacitor
lower electrode 14. A second inter-level

insulating film 18
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