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(57) ABSTRACT 

A Semiconductor memory device comprises Select transis 
tors formed on Side Surfaces of plural Silicon columns 
defined by a grid-like trenches on a Surface of a Silicon 
Substrate, each Select transistor having a Source and a drain 
on the top Surface and the bottom of the Silicon column. A 
capacitor is formed on the top Surface of the Silicon column 
to form a DRAM cell. The source/drain layers on the bottom 
of a greater number of memory cells are commonly con 
nected, or the Source/drain layers on the bottom of adjacent 
memory cells are commonly connected, to be brought out to 
the Surface of the Silicon Substrate by a connection line to be 
connected to a constant Voltage or a bit line. 
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SEMCONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2000-275336, filed Sep. 11, 2000, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a dynamic random 
access memory (DRAM) and, in particular, to the technique 
for achieving a high density integration for memory cells. 
0004 2. Description of the Related Art 
0005. In the conventional DRAM memory cell, use has 
been made of a memory cell of one transistor and one 
capacitor. With a recent higher density integration of a 
Semiconductor memory device, there is a growing demand 
for achieving more reduction of the memory cells occupa 
tion area. 

0006 FIG. 1A is an equivalent circuit for a conventional 
memory cell, FIG. 1B is a view showing a planar layout of 
it and FIG. 1C shows a cross-section as taken along the line 
1C-1C in FIG. 1B. As shown in FIGS. 1B and 1C, the 
occupation area of one memory cell is determined by one 
planar type transistor Q, one bit line contact 3 for two cells, 
Storage node contact 4, passing word line 2' and element 
isolation region 5. With a minimal work dimension given by 
F at the State of the art and each one side of the gate electrode 
and Source/drain region given by F, the minimal occupation 
area of the memory cell becomes “2F in lengthx4F in 
width"=an area 8F. In such an element configuration, it is 
not possible to reduce its dimension any more and hence to 
achieve the reduction of a resultant chip size. It is desired 
that, in order to obtain a low-cost DRAM, more size 
reducible element configuration be adopted. It is to be noted 
that, in FIGS. 1A to 1C, reference numeral 1 shows a bit 
line, 2, a word line and 6, a plate electrode line. 
0007. Therefore, there is a need for providing a memory 
cell Structure capable of reducing the occupation area of the 
memory cell down to 4F or below. 

BRIEF SUMMARY OF THE INVENTION 

0008. A semiconductor memory device according to a 
first aspect of the present invention comprises: 

0009) 
0010 a plurality of silicon columns formed on the 
major Surface of the Silicon Substrate; 

0011 a plurality of transistors formed on the side 
Surface of the respective Silicon columns, each of the 
transistors comprising 
0012 a first impurity layer formed on an upper 
Surface of corresponding one of the Silicon col 
umns and Serving as one of a Source and a drain; 

0013 a second impurity layer formed on a bottom 
of a trench adjacent to the corresponding one of 

a Silicon Substrate having a major Surface; 
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the Silicon columns and Serving as the other of the 
Source and the drain and, together with the Second 
impurity layer of the rest of the transistors, con 
nected to a constant Voltage terminal; 

0.014 a channel portion formed on a side surface 
of the corresponding one of the Silicon columns 
between the first impurity layer and the Second 
impurity layer; 

0.015 a gate insulating film formed on the channel 
portion; and 

0016 a gate electrode formed over the channel 
portion with the gate insulating film interposed 
therebetween; and 

0017 a plurality of capacitors each having two 
electrodes, one of the two electrodes being con 
nected to the first impurity layer. 

0018. A semiconductor memory device according to a 
Second aspect of the present invention comprises: 

0019 a silicon Substrate of a first conductivity type 
having a grid-like trench extending in an X direction 
and a y direction Substantially orthogonal to the X 
direction on a major Surface thereof, the trench 
having a width A, 

0020 a plurality of silicon columns formed on the 
major Surface of the Substrate and having a Square 
upper Surface defined by the trench, the Square upper 
Surface having a Side length B; 

0021 a plurality of the transistors each formed on a 
Side Surface of the respective Silicon columns, each 
of the transistors comprising 

0022 a first impurity layer formed on the square 
upper Surface of corresponding one of the Silicon 
columns and Serving as one of a Source and a 
drain; 

0023 a second impurity layer formed on a bottom 
of the trench adjacent to the corresponding one of 
the Silicon columns and Serving as the other of the 
Source and the drain; 

0024 a channel portion formed on a side surface 
of the corresponding one of the Silicon columns 
between the first impurity layer and the Second 
impurity layer; 

0.025 a gate insulating film formed on the channel 
portion; and 

0.026 a gate electrode formed over the channel 
portion with the gate insulating film interposed 
therebetween; and 

0027) a plurality of capacitors each having two 
electrode, one of the two electrodes being connected 
to the first impurity layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0028 FIG. 1A shows an equivalent circuit diagram of a 
conventional memory cell; 



US 2002/0030214 A1 

0029 FIG. 1B shows a planar layout diagram of a 
conventional memory cell; 

0030 FIG. 1C is a view in vertical cross-section as taken 
along the line 1C-1C in FIG. 1B: 
0.031 FIG. 2A is a planar layout diagram of a memory 
cell according to a first embodiment of the present invention; 

0.032 FIG. 2B is a view in vertical cross-section as taken 
along the line 2B-2B in FIG. 2A; 

0.033 FIG. 2C is a view in lateral cross-section as taken 
along the line 2C-2C in FIG. 2B showing a terminal end 
portion of the memory cell array; 

0034 FIG. 2D is a view in vertical cross-section as taken 
along the line 2D-2D in FIG. 2B showing the terminal end 
portion of the memory cell array; 

0.035 FIG. 2E is a view in vertical cross-section as taken 
along the line 2E-2E in FIG. 2B; 

0.036 FIG. 3 is an equivalent circuit diagram of the first 
embodiment; 

0037 FIGS. 4A and 4B are views for explaining a 
manufacturing step of a first embodiment, FIG. 4B being a 
plan view and FIG. 4A Showing a vertical cross-section as 
taken along the line 4A-4A in FIG. 4B; 

0038 FIGS. 5 to 7 are views in vertical cross-section 
showing the steps sequentially following that of FIGS. 4A 
and 4B; 

0039 FIGS. 8A and 8B are views showing the step 
following that of FIG. 7, FIG. 8B being a plan view and 
FIG. 8A showing a croSS-Section as taken along the line 
8A-8A in FIG. 8B; 

0040 FIG. 9 is a view in vertical cross-section showing 
a step sequentially following the step of FIGS. 8A and 8B; 

0041 FIGS. 10A and 10B are views showing the step 
following that of FIG. 9, FIG. 10B being a plan view and 
FIG. 10A showing a cross-section as taken along the line 
10A-10A in FIG. 10B; 

0.042 FIGS. 11 to 14 are cross-sectional views showing 
the steps following the step of FIG. 10A and 10B; 

0043 FIGS. 15A and 15B are views showing the step 
following that of FIG. 14, FIG. 15B being a plan view and 
FIG. 15A showing a cross-section as taken along the line 
15A-15A in FIG. 15B; 

0044 FIGS. 16A and 16B are views for explaining a 
manufacturing Step of a memory cell according to a Second 
embodiment, FIG. 16A being a plan view and FIG. 16B 
showing a cross-section as taken along the line 16B-16B in 
FIG. 16A; 

004.5 FIGS. 17 to 19 are views in vertical cross-section 
showing the steps sequentially following the step of FIGS. 
16A and 16B; 

0046 FIGS. 20A and 20B are views showing the step 
following that of FIG. 19, FIG. 20B being a plan view and 
FIG. 20A showing a cross-section as taken along the line 
20A-20A in FIG. 20B; 
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0047 FIGS. 21 and 22 are views in vertical cross 
section showing the steps following that of FIGS. 20A and 
20B; 
0048 FIGS. 23A and 23B are views showing the step 
following that of FIG. 22, FIG. 23B being a plan view and 
FIG. 23A showing a cross-section as taken along the line 
23A-23A in FIG. 23B; 
0049 FIGS. 24A and 24B are views showing the step 
following that of FIGS. 23A and 23B, FIG. 24B being a 
plan View and FIG. 24A showing a croSS-Section as taken 
along the line 24A-24A in FIG. 24B; 
0050 FIG.25 is a view in vertical cross-section showing 
the step following that of FIGS. 24A and 24B; 
0051 FIGS. 26A and 26B are a view for explaining the 
manufacturing Steps of a memory cell according to a third 
embodiment, FIG. 26A being a plan view and FIG. 26B 
showing a croSS-Section as taken along the line 26B-26B in 
FIG. 26A; 

0052 FIG. 27 is a view in vertical cross-section showing 
the step following that of FIGS. 26A and 26B; 
0053 FIGS. 28A and 28B are views showing the step 
following that of FIG. 27, FIG. 28B being a plan view and 
FIG. 28A showing a cross-section as taken along the line 
28A-28A in FIG. 28B; 

0054 FIG. 29 is a view in vertical cross-section showing 
the step following that of FIGS. 28A and 28B; 
0055 FIGS. 30A and 30B are views showing the step 
following that of FIG. 29, FIG.30B being a plan view and 
FIG. 30A showing a cross-section as taken along the line 
30A-30A in FIG. 30B, 

0056 FIG. 31 is a view in vertical cross-section showing 
the step following that of FIGS. 30A and 30B; 
0057 FIGS. 32A and 32B are views showing the step 
following that of FIG. 31, FIG.32B being a plan view and 
FIG. 32A showing a cross-section as taken along the line 
32A-32A in FIG. 32B; 
0.058 FIGS. 33A to 33C are views showing the steps 
following that of FIGS. 32A and 32B, FIG. 33C being a 
plan view and FIGS. 33A and 33B showing cross-sections 
as taken along the lines 33A-33A and 33B-33B, respec 
tively, in FIG. 33C; 
0059 FIG. 34 is a view in vertical cross-section showing 
the step following those of FIGS. 33A to 33C; 
0060 FIGS. 35A and 35B are a view showing the step 
following that of FIG. 34, FIG. 35B being a plan view and 
FIG. 35A showing a cross-section as taken along the line 
35A-35A in FIG. 35B; 

0061 FIGS. 36 to 41 are views in vertical cross-section 
showing the steps sequentially following that of FIGS. 35A 
and 35B; 
0062 FIGS. 42A and 42B are views showing the step 
following that of FIG. 41, FIG. 42B being a plan view and 
FIG. 42A showing a cross-section as taken along the line 
42A-42A in FIG. 42B; 

0063 FIGS. 43A and 43B are views for explaining the 
manufacturing Steps of a memory cell according to a fourth 
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embodiment, FIG. 43A being a plan view and FIG. 43B 
showing a cross-section as taken along the line 43B-43B in 
FIG. 43A; 
0.064 FIG. 44 is a view in vertical cross-section showing 
the step following that of FIGS. 43A and 43B; 
0065 FIGS. 45A and 45B are views showing the step 
following that of FIG. 44, FIG. 45B being a plan view and 
FIG. 45A showing a cross-section as taken along the line 
45A-45A in FIG. 45B; 
0.066 FIGS. 46A and 46B are views showing the step 
following that of FIGS. 45A and 45B, FIG. 46B being a 
plan view and FIG. 46A showing a cross-section as taken 
along the line 46A-46A in FIG. 46B; 
0067 FIG. 47 is a view in vertical cross-section showing 
the step following that of FIGS. 46A and 46B; 
0068 FIGS. 48A and 48B are views showing the step 
following that of FIG. 47, FIG. 48B being a plan view and 
FIG. 48A showing a cross-section as taken along the line 
48A-48A in FIG. 48B; 
0069 FIGS. 49 and 50 are views in vertical cross 
Section showing the StepS. Sequentially following that of 
FIGS. 48A and 48B; 
0070 FIGS. 51A and 51B are views showing the step 
following that of FIG.50, FIG. 51B being a plan view and 
FIG. 51A showing a cross-section as taken along the line 
51A-51A in FIG. 51B: 
0071 FIG. 52 is a plan view showing a mask configu 
ration used at the step following that of FIGS. 51A and 51B; 
0072 FIGS. 53A and 53B are views showing the step 
following that of FIGS. 51A and 51B, FIG. 53B being a 
plan view and FIG. 53A showing a cross-section as taken 
along the line 53A-53A in FIG. 53B; 
0073 FIGS. 54 and 55 are views in vertical cross 
Section Sequentially showing the Steps following that of 
FIGS. 53A and 53B; 
0074 FIG. 56 shows a model layout diagram of a 
memory cell Structure according to a fifth embodiment, 
showing a State in which a Source/drain layer at the lower 
Sides of the Silicon columns is shared among a greater 
number of memory cells and a contact for line connection is 
formed at the Source/drain layer; and 
0075 FIGS. 57A and 57B are a model plan view for 
explaining the manufacturing method of a memory cell 
Structure according to a sixth embodiment as will be set out 
in conjunction with the manufacturing of a memory cell 
having a cell size of 2F or below. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.076 The embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. 

0.077 (First Embodiment) 
0078 FIG. 2A is a view showing a planar layout of a 
memory cell according to a first embodiment of the present 
invention with mask patterns Set in an aligned State as a 
model layout. FIG. 2B is a cross-sectional view along the 
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line 2B-2B in FIG. 2A. A transistor used for the memory cell 
of the first embodiment is formed as a vertical type. That is, 
in FIG. 2B, one of source and drain (impurity layer) 109 is 
formed at an upper Surface of a Semiconductor Substrate 101 
and the other is formed at the bottom of a trench formed on 
the lower portion of a word line 116. The gate electrode is 
formed on a Side Surface of the trench and forms a portion 
of the word line 116. Above the source/drain layer 109 
having a planar configuration at the upper Surface of the 
Substrate, a capacitor is formed Substantially aligned with 
that planar configuration. By arranging them in Such a way, 
a memory cell is realized which has a cell area given by 4F 
of “2F in length}x2F in width” as shown in FIG. 2A. 
0079 The equivalent circuit of a first memory cell is as 
shown in FIG. 3 and one of the Source and drain of a select 
transistor Q is connected to an intermediate potential, for 
example, Vcc/2(Vcc: a power supply potential). In FIG.2B, 
this one of the Source and drain corresponds to the n" layer 
109 at the trench bottom, and the n" layers 109 of respective 
transistors are commonly connected, as shown in FIG. 2C, 
at a terminal end portion of the memory cell array. Reference 
numeral 170 in FIG. 2C shows a contact for bringing the n' 
layer 109 out to the upper surface of the Substrate. 

0080 FIG. 2D is a view in vertical cross-section as taken 
along the line 2D-2D in FIG. 2B and shows a memory cell 
terminal end portion in particular. The n" layer 109 is 
connected at the terminal end portion to an in well 171 and 
one bit memory cell at the cell array terminal end Side is 
formed around a portion between an insulating layer 110 and 
a bit line 136. 

0081 FIG. 2E is a view in vertical cross-section as taken 
along the line 2E-2E in FIG. 2B and shows a memory cell 
terminal end portion as in the case of FIG. 2D. A contact 
plug 172 of, for example, W is formed between an in layer 
173 formed in an upper surface of the n well 171 and a Vcc/2 
line 174. The n" layer 109 connected to the n well 171 in 
FIG. 2D is connected through the contact plug 172 to a 
Vcc/2 line 174 formed at the upper surface side of the 
substrate. One bit memory cell in the cell array terminal end 
portion is formed around a portion between the "layer 109 
and the bit line 136 on the left side of FIG. 2E. 

0082 In FIG. 3, said other of the source and drain of the 
Select transistor Q is connected to one electrode of the 
capacitor C. The other electrode of the capacitor is con 
nected to the bit line BL to provide a capacitor coupled 
bit-line cell Structure. Even in this structure, there is no 
operation problem in DRAM as disclosed in 84 ISSCC, 
Digest of Technical Papers, PP 100 to 101, M. Taguchi et al. 
“A Capacitance Coupled Bit-Line Cell for Mb Level 
DRAMs”. It is to be noted that the memory cell disclosed in 
the paper is of an ordinary planar type cell Structure. 

0083) Now, an explanation will be made below about the 
manufacturing method of the above-mentioned memory 
cell. 

0084 First, as shown in FIG. 4A, an about 10 nm buffer 
oxide film 102 is formed on the surface of a p type silicon 
Substrate 101 and then an about 200 nm SiN film 103 is 
deposited on the surface. After the coating of the resist 104 
on the film, as shown in FIG. 4B, squares with a minimal 
work dimension F as one side, each, are formed at intervals 
of F as a pattern with the use of a patterning process. Using 
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the resist pattern 104 as a mask, the SiN layer 103, silicon 
oxide film 102 and silicon substrate 101 are sequentially 
etched to provide a trench 105 in the silicon substrate 101. 
As a result, a silicon column 106 is provided. At this time, 
respective trenches 105 are formed in a grid-like array on the 
Silicon Substrate and hence a plurality of Silicon columns 
106 are provided there. 
0085. Then, as shown in FIG. 5, the resist 104 and SiN 
layer 103 are etched away and an AS ion is implanted from 
an upper surface to provide n' layers 109 each at the bottom 
of the trench 105 and at the upper portion of the silicon 
column 106. The n" layer 109 serves as the source/drain in 
a vertical type transistor. 
0.086 Then, as shown in FIG. 6, a silicon oxide film is 
deposited on a whole Surface to provide a Silicon oxide layer 
110 and the trench 105 is buried with the silicon oxide film. 
Then the silicon oxide film layer 110 is polished, by a 
chemical mechanical polishing (CMP) method, down to the 
upper surface of the silicon column 109 and the upper 
surface is planarized (FIG. 7). As a result, the trench 105 is 
buried with the silicon oxide film to provide a shallow trench 
isolation (STI) 110. 
0087. Then, as shown in FIG. 8, a resist 112 is formed in 
a manner to have an overlap of (%) F in one direction (a 
lateral direction in Figure) of the silicon column 106. 
Reference numeral 113 show a resist opening. With this 
resist 112 used as a mask, as shown in FIG. 8A, one half of 
the STI oxide film 110 is etched away to expose one side 
surface of the silicon column 106. By doing so, a channel 
region of a vertical type transistor is formed at the side 
Surface of the exposed Silicon column. 
0088 Although, in the upper surface view of FIG. 8B, 
the silicon column 106 and resist 112 are shown as being 
Somewhat displaced in a vertical direction, in actuality, the 
Somewhat displaced line is aligned and this is So shown for 
easiness in understanding. In those following upper Surface 
Views, the same consideration is also paid for better under 
Standing. 
0089. Then, as shown in FIG. 9, after the removal of the 
resist 112, a gate oxide film 114 is formed on the exposed 
surfaced of the silicon Substrate 101. At this time, the gate 
oxide film 114 is formed on the exposed upper Surface and 
exposed side surface of the silicon column 106 and on the 
exposed bottom Surface of the trench. At this time, the 
Silicon oxide film on the Side Surface of the Silicon column 
has an optimal thickness as a gate oxide film and the 
thickness of the Silicon oxide film on the upper Surface of the 
Silicon column and on the bottom Surface of the trench may 
be made equal to or greater than that on the Side Surface of 
the Silicon column, for example, two times as great as that 
on the Side Surface of the Silicon column. The Silicon oxide 
film on the upper Surface and on the bottom Surface may be 
added by deposition. 
0090 Subsequently, a polysilicon layer 116 serving as a 
gate electrode is deposited on a whole Surface. In order to 
lower the resistance of the polysilicon, silicide such as WSi 
and metal may be deposited on the polysilicon layer. An SiN 
layer 118 is deposited on the polysilicon layer 116 to enable 
a Self-alignment to be achieved between the gate electrode 
and a storage node contact to be later formed. 
0.091 Then a gate acting as a word line is patterned. As 
shown in FIG. 10B, the resist 120 is patterned so as to have 
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the word line run in an up/down direction at a lateral Space 
between the Silicon columns and, with this used as a mask, 
the SiN layer 118 and polysilicon layer 116 are sequentially 
etched by a reactive ion etching (RIE) technique to remove 
them. 

0092. After this, an SiN is deposited and it is etched away 
by the RIE proceSS and the exposed side Surface of the gate 
electrode 116 can be covered with an SiN film 122 (FIG. 
11). This completes the process of the gate electrode and, by 
the process of FIGS. 9 to 11, it is possible to form not only 
a transistor of a memory cell area but also a transistor in a 
peripheral circuit area (not shown) at the same time. 
0093. Then, as shown in FIG. 12, in order to planarize a 
Space groove between the word lines, a Silicon oxide film 
124 is deposited, followed by a planarization step by the 
CMP method. After this, a resist 126 is coated and patterning 
is done to open a hole at the same position corresponding to 
the Silicon column. 

0094. Then, with the resist 126 used as a mask, a silicon 
oxide film 124 and silicon oxide film 114 on the n diffusion 
layer 109 are etched away by the RIE method to form a 
Storage node contact hole, in a Self-aligned fashion, at the 
upper Side of the gate electrode 116. 

0.095 Then, as shown in FIG. 13, a conductive material 
Such as an AS-doped polysilicon is buried into a contact hole 
and this is planarized. By doing So, the conductive material 
is buried in the contact hole and, at the same time, a Storage 
node contact plug 128 can be formed, at a self-aligned 
fashion, relative to a head area (word line) of the gate 
electrode 116. 

0096. Then, as shown in FIG. 14, an about 1 um silicon 
oxide film 130 is deposited and a silicon oxide film 130 
overlying the contact plug 128 is etched by the RIE method 
to provide an opening (hole) for capacitor formation. The 
thickness of the Silicon oxide film depends upon a required 
capacitance of a capacitor. In order to obtain a larger 
capacitance it is necessary that the height of the Storage node 
electrode be raised as will be set out later. 

0097. Then, as shown in FIG. 15A, an As-doped poly 
Silicon is So deposited as to thinly cover the Side Surface of 
the hole 133 and, by etching it by the RIE method, the 
polysilicon 131 is left only on the side surface of the hole 
133. Then, a high dielectric insulating film 132 of, for 
example, BST, SiN or Ta-Os is deposited on a whole wafer 
Surface and, then, an impurity-doped polysilicon 134, W or 
another metal 136 is deposited so as to form an electrode 
commonly used as a plate electrode and bit line electrode. 
After this, the deposited layer 136 is patterned to extend in 
a direction orthogonal to the word line over a Space between 
the silicon columns 106. 

0098. Then, the process goes to a final configuration 
formation step shown in FIG. 2. First, the silicon oxide film 
is deposited to provide an interlayer insulator 148 and, after 
a planarization step by the CMP method, a bit line contact, 
etc., is patterned and a contact is opened by the RIE method. 
After this, aluminum is deposited and patterned to provide 
an Al connection line. 

0099. By the above-mentioned process, a memory cell of 
an occupation area 4F is completed. 
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0100 (Second Embodiment) 
0101 FIGS. 16A and 16B are a planar layout diagram, 
and a cross-sectional view, showing a memory cell as a 
model according to a Second embodiment of the present 
invention. The memory cell of the second embodiment has 
a configuration of an occupation area 4F also and is 
comprised of a capacitor coupled bit-line cell Structure. This 
configuration is different from that of the first embodiment 
in respect of the Source/drain dimension of its vertical type 
transistor and its manufacturing method. Now an explana 
tion will be made below about the manufacturing method. 
For easineSS in understanding of this embodiment, the same 
reference numerals are employed to designate the same 
portions or areas corresponding to those shown in the first 
embodiment. 

0102) First, a silicon column 106 as shown in FIG. 17 is 
formed in the same way as the first embodiment of FIG. 4A. 
That is, after an about 10 nm buffer oxide film 102 has been 
formed on the surface of a p type silicon Substrate 101, an 
about 200 nm SiN film 103 is deposited on a resultant 
Surface and a resist 104 is coated on a resultant Surface. AS 
in the case of FIG. 4B, squares with a minimal work 
dimension F are formed, by patterning, at intervals of a 
minimal work dimension F with the use of the lithography 
technique. 

0103) Then, as shown in FIG. 18, the resist 104 and SiN 
layer 103 are etched away and, after the implantation of an 
As ion, an in layer 109 serving as the source/drain of a 
vertical type transistor is formed at the trench bottom and at 
the upper side of a silicon column. After this, the buffer 
oxide film 102 is etched away with an HF solution and a gate 
oxide film 114 is formed on the Surface. It is desirable that, 
as in the case of the first embodiment, the gate oxide film 114 
be made thicker on the upper Surface of the Silicon column 
106 and on the bottom Surface of a trench. 

0104. Then, as shown in FIG. 19, a polysilicon layer 116 
is deposited on the whole surface to bury the trench with it 
and is planarized to an uppermost Surface of the oxide film 
114 on the upper surface of the silicon column 106 with the 
use of the CMP method. 

0105. Then, as shown in FIGS. 20A and 20B, a resist 
pattern having a Square opening with one side F is formed 
in a manner to have a (%) F overlap relative to the Silicon 
column 106 and, with this used as a mask, one half of the 
Silicon column 106 and exposed portion at the mask opening 
of the buried polysilicon 116 are etched away. 

0106 Then, as shown in FIG. 21, in order to enhance the 
element isolation withstand Voltage, a boron ion is 
implanted into the trench bottom portion to provide a 
P+layer 117. It is to be noted that the silicon column 106, 
being halved by a previous work process, is represented by 
106". 

0107 Then, as shown in FIG.22, a silicon oxide film 110 
is deposited on the whole Surface and planarized, by the 
CMP method, to the upper surface of the oxide film 114 on 
the silicon column 106". A resultant structure is as shown in 
FIGS. 23A and 23B. 

0108. Then, as shown in FIG. 24, a polysilicon 116' and 
SiN 118 are Sequentially deposited and a gate Serving as a 
word line is patterned. In order to make the word line lower 
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in resistance, it may be possible to deposit WSi or metal 
material between the polysilicon 116' and the SiN 118. In 
order to have the word line run in an up/down direction (in 
the Figure) in a space between the Silicon columns, a resist 
120 is patterned and, with this used as a mask, the SiN film 
118, (WSi) and polysilicon 116" are sequentially etched 
away by the RIE process. By doing so, the polysilicon 116 
is work-processed as a word line but it is made as an integral 
unit to the gate 116 and, as will be set out below, the word 
line and gate together are represented by 116. 
0109) After the removal of the resist 120, SiN is depos 
ited and etched by the RIE method and, as shown in FIG. 25, 
the SiN 122 can cover an exposed side surface of the word 
line 116. By doing So, the work process of the gate electrode 
is completed. In this case, however, not only the memory 
cell area but also the transistor in the peripheral circuit can 
be formed at the same time. 

0110. After this, a silicon oxide film 124 is deposited on 
the whole Surface So as to form a Storage node contact and 
is planarized by the CMP method. A sequential process is the 
same as that of the first embodiment as shown in FIG. 12 et 
Seq. 

0111. By the above manufacturing process it is possible 
to form a 4F type memory cell as in the case of the first 
embodiment. 

0112 (Third Embodiment) 
0113. A memory cell of the third embodiment has the 
same equivalent circuit as that of the prior art shown in FIG. 
1A and is of Such a type that a constant Voltage is applied to 
the plate electrode of a capacitor. In this case, however, a 
So-called Surrounding gate type Vertical transistor is used 
where the Side Surfaces of the Silicon column are all Sur 
rounded with a gate electrode and a bit line formed at the 
upper Side of the Silicon column is connected to a trench 
bottom through a plug. 
0114 FIGS. 26A and 26B are a planar layout diagram, 
and a cross-sectional view, of a memory cell according to the 
third embodiment of the present invention. Even if this 
Structure is adopted, it is possible to realize a memory cell 
of an occupation area 4F. An explanation will be made 
about the manufacturing process of this memory cell. For 
ease in understanding of the embodiments, the same refer 
ence numerals are employed to designate portions or areas 
corresponding to those shown in the first embodiment. 
0115) First, a silicon column 106 as shown in FIG. 27 is 
formed in the same way as in the first embodiment shown in 
FIG. 4A. That is, an about 10 nm buffer oxide film 102 is 
formed on the surface of a p type silicon Substrate 101 and 
an about 200 nm SiN film 103 is deposited, followed by the 
coating of a resist 151 on a surface of the SiN film 103. As 
in the case of FIG. 4B, squares with a minimal work 
dimension F are formed at intervals of the dimension F with 
the use of a patterning process using the lithography tech 
nique. Then, an SiN film 102, buffer oxide film 103 and 
Surface portion of a Silicon Substrate 101 are Sequentially 
etched away to provide a silicon trench 105. After the 
etching of the resist 151, an AS ion is implanted to provide 
an in layer 109 at a trench bottom which serves as a 
Source/drain of the vertical type transistor. 
0116. Then, as shown in FIG.28B, a resist 153 is formed 
in a one-half overlapped relation to laterally adjacent two 
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Silicon columns and, with this used as a mask, the Surface of 
the silicon Substrate 101 is etched to a depth at which it is 
possible to remove an in diffusion layer 109 at a trench 
bottom not covered with the resist 153. After this, a boron 
ion is implanted to form a p" diffusion layer 117 at an 
exposed trench bottom for achieving an element isolation. 
Then the resist 153, SiN layer 103 and buffer oxide film 102 
are removed. 

0117. It is to be noted that, in FIG. 28B, with the resist 
153 used as a mask, an in diffusion layer 109 is left at a 
trench bottom and Serves as a Source/drain layer (impurity 
layer) shared between those adjacent memory cells. 
0118. Then, as shown in FIG.29, a silicon oxide film 108 

is deposited on a whole Surface and then its upper portion is 
etched back by the CMP method to bury an associated trench 
with a silicon oxide film 108. Further, as shown in FIGS. 
30A and 30B, the silicon oxide film 108 is further etched 
back by the RIE process to leave the silicon oxide film 108 
at the associated trench bottom only. This State as viewed in 
a planar state is shown in FIG. 30B. 
0119) Then, a native oxide film on the side and upper 
Surfaces of the Silicon column is removed to expose the 
Silicon Surface and a gate insulating film 114 is formed as 
shown in FIG. 31. Then a polysilicon film 116 serving as a 
gate electrode is deposited on the whole Surface. 
0120) Then, as shown in FIG.32B, a resist 159 is formed 
at an up/down direction space (in the Figure) of the Silicon 
column 106. At this time, a cross-section as taken along the 
line 32A-32A in 32B is shown in FIG. 32A and it is different 
from that shown in FIG. 31. 

0121 When the polysilicon film 116 is etched with the 
resist 159 used as a mask, a gate electrode remains on an 
outer surrounding sidewall of the silicon column 106 as 
shown in FIG.33A and, as shown in FIG.33C, a word line 
can be formed with the gate electrode connected in a 
direction of a 33A-33A line. FIG. 33B is a cross-sectional 
view as taken along the line 33B-33B in FIG. 33C. At this 
time, if a resist pattern is left at a transistor formation area 
in a peripheral circuit Section (not shown), a polysilicon gate 
electrode of a conventional type transistor can be formed at 
the upper Surface portion of a Silicon Substrate. After this, an 
AS ion is implanted in the whole Surface and an in diffusion 
layer 109" is formed on the upper surface of the silicon 
column 106. 

0122) Then, as shown in FIG. 34, a silicon oxide film 111 
is deposited on the whole Surface and it is planarized to bury 
a trench with the oxide film. It is to be noted that FIG. 34 
is a cross-sectional view corresponding to a cross-section as 
taken along the line 33B-33B in FIG. 33C. 
0123 Then a resist 121 is formed on the whole surface 
and patterning is effected as shown in FIG. 35B. At this 
time, a cross-sectional view as taken along the line 35A-35A 
in FIG. 35B corresponds to FIG. 35A. With the resist 121 
used as a mask, the silicon oxide film 111 is worked by the 
RIE etching. At this time, the etching is stopped at a stage 
at which the n diffusion layer 109 at the trench bottom is 
exposed. By doing So, a contact can be formed only at the 
n" diffusion layer 109 at the trench bottom. 
0.124. After this, the polysilicon on the side surface of the 
hole is thermally oxidized. At this time, the n diffusion 
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layer at the trench bottom is also oxidized but, by perform 
ing RIE etching of the Silicon oxide film, a contact can be 
formed at the n diffusion layer 109 in a self-aligned fashion 
with the gate polysilicon in an insulated State. 

0125) Then, as shown in FIG. 36, a polysilicon film 128 
is formed on the whole Surface and it is planarized by the 
CMP method to bury, with the polysilicon film, the hole 
formed at a previous step (FIG. 37). 
0126. It is to be noted that FIGS. 36 to 41 are cross 
Sections taken along the same plane as the croSS-Section of 
FIG 35A. 

0127. Then, as shown in FIG.38, a silicon oxide film 113 
is deposited and, on it, a line-like resist mask 153 is formed 
in a state aligned with the width of the silicon oxide film 111 
and in a State extending in a vertical direction to the paper. 

0128. Then, as shown in FIG.39, with the resist 153 used 
as a mask, a silicon oxide film 163 is worked by the RIE 
etching and the etching is performed to expose the polysili 
con layer 128 and provide a groove. Then, SIN is thinly 
deposited on the whole Surface and, by the RIE etching, an 
SiN film 123 is formed on the side surface of the groove. 

0129. Then, a W film is deposited on the whole surface 
and, by planarizing it by the CMP and performing an 
etch-back process by the RIE etching, it is formed as a W 
film 115 serving as a bit line. Then, as shown in FIG. 40, an 
SiN film 119 is again deposited and, by planarizing it by the 
CMP method, it is buried onto the upper portion of the W 
film 115. By doing so, as shown in FIG. 41, the W film 115 
Serving as a bit line is So formed as to be Surrounded with 
the SiN films 123 and 119. 

0.130. After this, a silicon oxide film 124 is deposited and 
a resist mask having an opening at the upper Surface of the 
silicon column 106 is formed. With this used as a mask, the 
Silicon oxide film 124 is etched to provide an opening. At 
this time, the etching of the Silicon oxide film is performed 
under the condition that the SiN films 123 and 119 around 
the bit line are not etched. 

0131 Then, as shown in FIG. 42A, impurity-doped 
polysilicon is buried into the above-mentioned opening to 
make it integral with an already formed polysilicon plug 
128. And the upper surface is planarized. It is to be noted 
that, although FIG. 42A shows a cross-section as taken 
along the line 42A-42A in FIG. 42B, the polysilicon plug 
128 is shown in an already integrated form. The Subsequent 
process is the same as that shown in FIG. 14 of the first 
embodiment. It is to be noted that, in the process of FIGS. 
15A and 15B, it is not needed to pattern the plate electrodes 
134, 136 in a line-like state with the use of the resist 138. 

0.132. By the manufacturing process as set out above, it is 
possible to form a 4 type memory cell in a circuit System 
where a constant Voltage is applied to the plate Voltage. 

0.133 (Fourth Embodiment) 
0134) The memory cell of the fourth embodiment also 
has an equivalent circuit the same as that of the conventional 
technique as shown in FIG. 1A and is of a type that a 
constant Voltage is applied to the plate electrode of a 
capacitor, but it is also of a type that an in diffusion layer is 
formed at a trench bottom Side around the root area of a 
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Silicon column and, to this, a connection line for connection 
to a bit line formed at the upper Side of the Silicon column 
is connected. 

0135 FIG. 43A is a planar layout diagram of a memory 
cell according to the fourth embodiment and FIG. 43B 
shows a cross-sectional view. Even if Such a structure is 
adopted, it is possible to realize a memory cell of an 
occupation area 4F. An explanation will be made below 
about the manufacturing process of this memory cell, noting 
that, for easineSS in understanding, the same reference 
numerals are employed to designate portions or areas cor 
responding to that shown in the first embodiment. 
0136 First, as in the case of FIGS. 4A and 4B of the first 
embodiment, a silicon column 106 as shown in FIG. 44 is 
formed. That is, an about 10 nm buffer oxide film 102 is 
formed on the surface of a p type silicon Substrate 101 and 
an about 200 nm SiN film 103 is deposited on the surface 
and then a resist (104, not shown) is coated on the surface. 
Squares with a minimal work dimension F are formed, by 
patterning, as in the case of FIG. 4B, with the use of a 
lithography technique. Then the SiN film 103, buffer oxide 
film 102 and surface portion of a silicon Substrate 101 are 
sequentially etched to provide a silicon trench 105. Then an 
As ion is implanted to form an n+diffusion layer 109 only at 
the bottom side of the silicon trench. After this, an oxide film 
having a thickness about one-half the Space of the Silicon 
trench is uniformly deposited and it is etched by the RIE 
process to provide a silicon oxide film 161 only at a sidewall 
of the silicon column 106. 

0137) Then, as shown in FIGS. 45A and 45B, a resist 
mask 153 is so formed as to cover laterally adjacent two 
silicon columns 106 in FIG. 45A and in a one-half over 
lapped relation to the silicon column 106 as shown in FIG. 
45B. Using the resist 153 and SiN film 103 over the upper 
Surface of the silicon column 106 and Silicon oxide film 161 
on the Sidewall of the silicon column 106 as a mask, the 
silicon substrate is etched by the RIE process and, at this 
time, etching is done to a level Sufficiently deep to allow the 
associated n+type diffusion layer 109 at the bottom portion 
of the silicon trench to be removed. 

0138. In FIG. 45B, the n" diffusion layer 109 masked 
with the resist 153 and left beneath the resist 153 serves as 
a Source/drain layer (impurity layer) shared by respective 
adjacent memory cells. 

013:9) Then, as shown in FIG. 46, a boron ion is 
implanted to form an element isolation player 117 at the 
bottom of the silicon trench. FIG. 46B shows a planar layout 
of the silicon Substrate at this time with respect to the 
conductivity type. The n+ diffusion layer is formed around 
the trench bottom side of the silicon column 106 and is so 
configured as to have these adjacent two ring-like diffusion 
layers connected at the trench bottom Site. 
0140. Then, as shown in FIG. 47, a silicon oxide film 135 

is deposited on the whole Surface to bury the Silicon trench 
with the silicon oxide film and the surface is planarized by 
the CMP method. 

0141. Then as shown in FIG. 48B, a resist mask 137 
having openings exposing the upper right portions of those 
left-side two Silicon columns of mutually adjacent four 
Silicon columns 106 is formed and, using this, a Silicon oxide 
film 135 is etched by the RIE process. This mask 137 is for 
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use in a memory cell of a 2-cell-one-bit-line configuration 
and, in a one-cell-one-bit-line configuration, use may be 
made of a mask having openings on the upper right portions 
of all four Silicon columns. In this case, it is possible to omit 
the formation of the n diffusion layer connecting together 
the n diffusion layers of two silicon columns at the silicon 
trench bottom. 

0142 FIG. 49 shows a state in which a hole 139 is 
formed in the silicon oxide film 135 by the RIE process. The 
hole 139 is so formed as to have its bottom surface just 
brought down to the n diffusion layer 109. Then, after the 
removal of the resist mask 137, AS ions are implanted to 
forman n diffusion layer 109" at the upper side of the silicon 
column 106. 

0143) Then, as shown in FIG. 50, in order to form an 
insulating film on the side surface of the silicon column 106, 
a Silicon oxide film 141 is deposited at a thickness corre 
sponding to below one-third the diameter of the hole 139 
and, by etching this film by the RIE process, the silicon 
oxide film 141 is left only on the side surface of the hole 139. 
0144) Into the hole formed at this time, an impurity 
doped polysilicon 143 is buried as shown in FIG. 51A and 
the surface is planarized by the CMP method. By doing so, 
the n+diffusion layer 109 at the silicon trench bottom side 
can be connected through the plug 143 to an upper Surface 
position of the silicon column. FIG. 51B shows an arranged 
state of the diffusion layer at the trench bottom at this time. 
In this way, a ring-like n diffusion layer is formed to 
Surround the Silicon column and it is So configured as to be 
connected by the n" layer to the adjacent ring-like n 
diffusion layer. 
0145 Then, as shown in FIG. 52, a resist mask 112 
having openingS 113 is So formed as to expose the Silicon 
column 106 by one-half thereof and, with this used as a 
mask, silicon oxide films 161 and 135 are etched to expose 
a sidewall of the Silicon column 106. 

0146 Then, as shown in FIG. 53A, a gate oxide film 114 
is formed on the sidewall of the exposed silicon column 106. 
Into the formed hole an impurity-doped polysilicon 116 is 
buried and a polysilicon 116' is deposited to make connec 
tion to the polysilicon 116, so that a word line is formed. At 
this time, SiN 122 and 118 are deposited on the upper 
Surface and side Surface of the word line 116' and, when a 
plug is formed on the upper Surface of the Silicon column, 
it is So formed as to prevent the plug from being short 
circuited with the word line. FIG. 53B shows a layout state 
of the trench bottom's diffusion layer, word line, gate 
electrode, and So forth at this time. 
0147 Then, as shown in FIG. 54, a silicon oxide film 111 
is deposited and it is planarized by the CMP method. It is to 
be noted that FIG. 54 corresponds to a cross-section as taken 
along the line 54-54 in FIG. 53B. A contact hole is opened 
by the lithography technique in the silicon oxide film 111 at 
the upper side of the bit line contact plug 143 and it is buried 
with the impurity-doped polysilicon to provide a Second bit 
line contact plug 145. In order that, at this time, the Second 
bit line plug 145 may be formed in a self-aligned relation to 
the word line, the silicon oxide film 111 is etched by the RIE 
process under the condition that a greater Selectivity is 
obtained against the SiN layers 122 and 118. 
0148. Then, as shown in FIG.55, a bit line 115 is formed 
on the second bit line plug 145. The formation of the bit line 
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115 may be performed by the method explained in connec 
tion with FIGS. 39 to 41 of the third embodiment. Then, as 
in the case of FIG. 42 of the third embodiment, a silicon 
oxide film 124 is deposited and a storage node contact hole 
is formed at the upper side of the silicon column 106 and 
polysilicon is buried into it to provide a storage node contact 
plug 128. 

0149. A subsequent process is the same as that of FIG. 
14, et seq., of the first embodiment, noting that, in FIG. 15 
process, it is not necessary to pattern the plate electrodes 134 
and 136 in a line-like configuration with the use of the resist 
138. 

0150. By the above-mentioned manufacturing process it 
is possible to form a memory cell of a 4F type similar to that 
of the third embodiment. 

0151 (Fifth Embodiment) 
0152 Although, in the fourth embodiment, the bit line 
contact is formed at a rate of one per 2 bits at the trench 
bottom (see FIG. 51B) or at a rate of one per 1 bit, the 
formation of the n diffusion layer at the trench bottom can 
be made in a 2-bit shared relation, and, further, in a multi-bit 
shared relation. The embodiment of FIG. 5 shows such an 
example and the Size of the contact formation Section is 
increased to achieve the easiness with which a work proceSS 
can be done. 

0153. As shown in FIG. 56, ann" diffusion layer (impu 
rity layer) 202 at the trench bottom is so patterned as to be 
made in a one-half overlapped relation to many Silicon 
columns. By doing So, it is possible to connect all associated 
silicon columns 201 in a shared relation to the n" diffusion 
layer 202 (for example, see FIGS. 45A and 45B). In the case 
where, however, the diffusion resistance is greater than the 
ON resistance of the transistor, a memory write-in/read-out 
rate will be slower due to the diffusion resistance. In this 
case, the number of parallel-connected Silicon columns 201 
may be restricted to, for example, five or ten per contact. 

0154 According to the above-mentioned arrangement, 
even if the Space of a contact 203 is made greater, the cell 
Size is not increased because it becomes /5, /10 per cell. If 
a greater Size of the contact 203 is adopted, an array pitch 
(normal pitch) of the silicon columns 201 in the bit line 
direction becomes greater, that is, wider, at the contact 203 
Site and there is involved a loose pitch at that Site. 

O155 (Sixth Embodiment) 
0156 Although, in the first to fifth embodiments, the 
lithography process is performed at intervals of F relative to 
the holes having one side F, the 4F cell size provides a 
lower limitation in this method. The sixth embodiment 
provides a manufacturing method capable of manufacturing 
a cell size of below 4F2. 

0157 FIGS. 57A and 57B, each, show a model diagram 
for explaining the manufacturing method of the Sixth 
embodiment and use is made of a light exposing means 
capable of patterning 0.5F-sized silicon columns 301 at 
intervals of 2F. Stated in more detail, even if use is made of 
an exposure mask having a Square opening with one side 

Mar. 14, 2002 

given by F, it is possible to form a resist mask of 0.5F size 
by properly Selecting the light-sensitive or developing con 
ditions of the resist. 

0158. This can be realized by twice subjecting to light 
exposure with the relative position of a reticle mask and 
wafer shifting at an interval of V2F in a lower right diagonal 
direction shown in FIG. 57B with the use of the above 
mentioned lithography light exposure means. In this case, 
the pitch of the silicon columns 301 becomes V2F in the 
diagonal direction and the memory size becomes 2F. At this 
time, the alignment accuracy is determined by the Stepping 
accuracy of the light exposure device and, in the present 
state, is of the order of 15 to 20 nm. Since F at the time of 
using a design rule of, for example, 0.1 um is 100 nm, it may 
be said that the positional error falls within 20%. 
0159. If, in this case, in order to form a plurality of silicon 
columns 301, the width of each trench in a grid-like array at 
the Silicon Substrate is given by A and the Silicon column is 
comprised of a Square configuration with one side of length 
B, then A+B=2F and the first to fourth embodiments corre 
spond to A=B. In the sixth embodiment, A=3B and F=2B. 
Thus, the moving distance V2F in FIG. 57B becomes 2"B. 
01.60 Even if there is a size error in the same chip, the 
Same light exposure is made at a light exposure time after 
movement under the use of the same mask and there is leSS 
error involved. By repeating this method a multiple of times, 
it is possible to theoretically obtain a cell size of F, 0.5F. 
At this time, at the both ends on the diagonal line 90 
orthogonal to a moving direction at the light exposure time 
of the memory cell array, no memory cell is patterned (at a 
site X in FIG. 57B). Thus, uppermost/lowermost or right 
most/leftmost lines of the memory cell arrays may be used 
as dummy patterns. 
0.161 According to the present invention, as set out 
above, it is possible to obtain a very Small memory cell of 
a size of below 4-F by using the vertical type transistor. In 
the case where the vertical type transistor is obtained with 
the use of a Stacking type memory cell, it is necessary to 
connect the Source/drain formed beneath the Silicon column 
to the bit line. In the prior art technique, however, it is 
necessary to adopt a complicated process Such as burying 
the bit line material down into the Silicon column. According 
to the present invention, it is possible that, Simply by slightly 
varying an element isolation STI (shallow trench isolation) 
process in the prior art technique, the bit line is formed at the 
upper Side of the Silicon column and a better matching is 
obtained relative to the conventional process. Thus, it is 
possible to realize a low-cost DRAM in a shorter process. 
0162 Although, in the above-mentioned embodiment, a 

first conductive type and Second conductive type have been 
used as a p type and n-type, it may be possible to replace 
them with an in type and p type, respectively. 
0163 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. 
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What is claimed is: 
1. A Semiconductor memory device comprising: 
a Silicon Substrate having a major Surface; 
a plurality of Silicon columns formed on the major Surface 

of the Silicon Substrate; 
a plurality of transistors formed on the Side Surface of the 

respective Silicon columns, each of the transistors com 
prising 
a first impurity layer formed on an upper Surface of 

corresponding one of the Silicon columns and Serv 
ing as one of a Source and a drain; 

a Second impurity layer formed on a bottom of a trench 
adjacent to the corresponding one of the Silicon 
columns and Serving as the other of the Source and 
the drain and, together with the Second impurity 
layer of the rest of the transistors, connected to a 
constant Voltage terminal; 

a channel portion formed on a Side Surface of the 
corresponding one of the Silicon columns between 
the first impurity layer and the Second impurity layer; 

a gate insulating film formed on the channel portion; 
and 

a gate electrode formed over the channel portion with 
the gate insulating film interposed therebetween; and 

a plurality of capacitors each having two electrodes, one 
of the two electrodes being connected to the first 
impurity layer. 

2. The Semiconductor memory device according to claim 
1, wherein the plurality of capacitors are formed on the 
plurality of Silicon columns, each of the capacitors being a 
Stacking type capacitor having a capacitor electrode con 
nected to the first impurity layer and being the one electrode, 
a dielectric film formed on the capacitor electrode, and a 
Storage electrode opposing the capacitor electrode through 
the dielectric film. 

3. The Semiconductor memory device according to claim 
2, wherein the Stacking type capacitor has a planar size 
Substantially Same as that of the upper Surface of the 
respective Silicon columns. 

4. The Semiconductor memory device according to claim 
1, further comprising a connection line configured to bringe 
the Second impurity layer out to the major Surface of the 
Semiconductor Substrate. 

5. A Semiconductor memory device comprising: 
a Silicon Substrate of a first conductivity type having a 

grid-like trench extending in an X direction and a y 
direction Substantially orthogonal to the X direction on 
a major Surface thereof, the trench having a width A, 

a plurality of Silicon columns formed on the major Surface 
of the Substrate and having a Square upper Surface 
defined by the trench, the Square upper Surface having 
a side length B; 

a plurality of the transistors each formed on a Side Surface 
of the respective Silicon columns, each of the transis 
tors comprising 
a first impurity layer formed on the Square upper 

Surface of corresponding one of the Silicon columns 
and Serving as one of a Source and a drain; 
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a Second impurity layer formed on a bottom of the 
trench adjacent to the corresponding one of the 
Silicon columns and Serving as the other of the 
Source and the drain; 

a channel portion formed on a Side Surface of the 
corresponding one of the Silicon columns between 
the first impurity layer and the Second impurity layer; 

a gate insulating film formed on the channel portion; 
and 

a gate electrode formed over the channel portion with 
the gate insulating film interposed therebetween; and 

a plurality of capacitors each having two electrode, one of 
the two electrodes being connected to the first impurity 
layer. 

6. The Semiconductor memory device according to claim 
5, wherein the width A of the trench is equal to the side 
length B of the upper Surface of the respective Silicon 
columns. 

7. The Semiconductor memory cell according to claim 5, 
wherein the plurality of capacitors are formed on the plu 
rality of Silicon columns, respectively, each of the capacitors 
comprising 

a capacitor electrode connected to the first impurity layer 
and being the one electrode, 

a dielectric film formed on the capacitor electrode, and 
a storage electrode opposing the capacitor electrode 

through the dielectric film. 
8. The Semiconductor memory device according to claim 

7, wherein the Stacking type capacitor has a planar size 
Substantially same as the upper Surface size of the Silicon 
column. 

9. The Semiconductor memory device according to claim 
5, further comprising a connection line configured to bring 
the Second impurity layer, which is connected to the Second 
impurity layer of an adjacent one of the transistors, out to the 
major Surface of the Silicon Substrate. 

10. The Semiconductor memory device according to claim 
9, further comprising a bit line formed above the major 
Surface of the Silicon Substrate, 

wherein the connection line is insulatively buried in the 
trench So as to extend from the Second impurity layer 
on the bottom of the trench to an upper side of the 
trench and be connected to the bit line. 

11. The Semiconductor memory device according to claim 
10, wherein the gate electrode is So formed as to Surround 
the corresponding one of the Silicon columns and, when the 
gate electrodes of the Silicon columns aligned in one direc 
tion are continuously connected to form a word line, the 
connection line is formed in the trench at a central area 
Surrounded by mutually adjacent four of the Silicon col 
U.S. 

12. The Semiconductor memory device according to claim 
10, wherein the gate electrode is formed on one side Surface 
of the corresponding one of the Silicon columns and, when 
the gate electrodes of the Silicon columns aligned in one 
direction are continuously connected to form a word line, the 
connection line is formed in the trench along another side 
Surface adjacent to the one side Surface of the corresponding 
one of the Silicon columns. 
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13. The Semiconductor memory device according to claim 
10, wherein an aligning pitch of the Silicon columns in an 
extending direction of the bit line is made loose at a site 
where the Second impurity layer is connected to the con 
nection line at the bottom of the trench. 

14. The Semiconductor memory device according to claim 
5, wherein the Second impurity layer is formed as a band 
like configuration around the corresponding one of the 
Silicon columns. 

15. The Semiconductor memory device according to claim 
5, wherein the Second impurity layer is united with respect 
to adjacent three or more of the Silicon columns on the 
bottom of the trench. 

16. The Semiconductor memory device according to claim 
5, wherein the plurality of Silicon columns form an array of 
a matrix form and one pair of the Silicon columns at both 
corners on a diagonal line of the matrix form are lacking. 

17. A method for manufacturing a Semiconductor memory 
device comprising: 

forming a plurality of Silicon columns on a major Surface 
of a Semiconductor Substrate of a first conductivity 
type, using a mask to form the plurality of Silicon 
columns, each of the Silicon columns having a Square 
configuration of one side length B, which is defined by 
a grid-like trench extending in an X direction and in a 
y direction Substantially orthogonal to the X direction, 
the trench having a width A, 

forming a plurality of impurity layers of a Second con 
ductivity type on a bottom of the trench and on a top 
Surface of the Silicon columns, respectively; 

forming a gate electrode on each side Surface of the 
Silicon columns which faces the trench formed in an X 
direction through a gate insulating film; and 
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forming a capacitor having a Square planar configuration 
of one Side length Band aligned with the top Surface of 
the respective Silicon columns in the X direction and at 
least containing a portion formed just on the top Surface 
of the Silicon column in the y direction. 

18. The method according to claim 17, wherein the 
forming of a plurality of the Silicon columns includes 
forming the Silicon columns with use of the mask which is 
Set at B=A. 

19. The method according to claim 17, wherein the 
forming of a plurality of Silicon columns includes 

performing a first light exposure with use of the mask 
which is set at B=A/3, and 

performing a Second light exposure by Shifting the mask 
by 2B in a direction substantially 45° to the X 
direction or the y direction. 

20. The method according to claim 19, wherein the 
forming of a capacitor includes 

performing a first light exposure with use of the mask for 
capacitors each having a Square configuration of one 
side length B=A/3, and 

performing a Second light exposure by Shifting the mask 
by 2B in a direction substantially 45° to the X 
direction or y direction. 

21. The method according to claim 17, further comprising 
forming a connection line connected to the impurity layer at 
the bottom of the trench and brought out to the main surface 
of the Semiconductor Substrate. 


