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US 2001/0008288A1 

SEMCONDUCTOR INTEGRATED CIRCUIT 
DEVICE HAVING MEMORY CELLS 

SPECIFIC REFERENCE TO THE EARLIER 
FILED APPLICATION 

0001. This is a continuous-in-part application of Ser. No. 
287,881 filed Dec. 21, 1988. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
memory device which is very Small in size and has a large 
Storage capacity, and more specifically to Stacked capacitor 
(STC) cells of a dynamic random access memory (DRAM) 
that is adapted to being integrated highly densely. 
0003. The integration degree of a DRAM has quadrupled 
in every three years, and mega-bit memories have already 
been mass-produced. The degree of integration is height 
ened by decreasing the sizes of elements. However, reduc 
tion in the Storage capacity accompanying the decrease in 
sizes has invited problems with regard to decrease in the 
Signal-to-noise (S/N) ratio, inversion of Signals caused by 
incident alpha particles and maintenance of reliability. 
0004. As a memory cell capable of increasing the storage 
capacity, therefore, a Stacked capacitor cell in which part of 
a Storage capacity portion is overlapped on a Switching 
transistor or on an element isolating oxide film disclosed in 
Japanese Patent Publication No. 55258/1986 has been 
expected to Substitute for the existing planar type capacitor. 
0005 FIG. 2 is a layout plan view of a conventional STC 

cell, wherein the reference numeral 2.1 denotes active 
regions where a channel region and an impurity diffusion 
layer will be formed to constitute a Switching transistor, 2.2 
denotes word lines that Serve as gate electrodes for the 
Switching transistor, 2.3 denotes contact holes through 
which the bit lines 2.8 come into contact with the diffusion 
layer in the Substrate, 2.4 denote conductive layers that Serve 
as pads for connecting the bit lines and the diffusion layer 
together, 2.5 denote contact holes for connecting the lower 
electrodes 2.6 of the Storage capacity portions to the diffu 
Sion layer, 2.7 denotes plane electrodes, and 2.8 denotes bit 
lines. 

0006 With the STC cell, the storage capacity portion 
indicated by the lower electrode 2.6 of the Storage capacity 
portion can be extended onto the word line, making it 
possible to realize a storage capacity which is considerably 
greater than that of a planar type cell in which only the 
Surface of the Substrate is utilized as a storage capacity 
portion. Therefore, even a Small cell area employed for the 
mega-bit DRAMs is capable of producing a Storage capac 
ity which is large enough for operating the circuit. With the 
conventional planar type cell having the same cell area as the 
above-mentioned cell, however, it is difficult to obtain a 
required capacity even if thickness of the insulating film is 
reduced. 

0007. In fact, however, even the STC cell has many 
problems as will be described below in detail in conjunction 
with a sectional view of FIG. 4. The STC cell is fabricated 
through the later-described StepS. First, on a Single crystal 
line Semiconductor Substrate 4.1 is grown a relatively thick 
oxide film 4.2 for electrically isolating the individual ele 
ments by the widely known thermal oxidation method. The 
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film thickness ranges from about 100 to about 1000 nm. 
Then, a gate insulating film 4.3 for forming a Switching 
transistor is grown by the widely known thermal oxidation 
method. The film thickness decreases with the reduction in 
the Size of element and, usually, ranges from 10 to 50 nm. 
Polycrystalline Silicon containing impurities is deposited 
and is delineated by the widely known photolithograph 
method and the dry etching method to form a word line 4.4. 
Using the delineated word line as a mark, furthermore, 
impurities having a conductivity type different from that of 
the substrate 4.1 are introduced by the widely known ion 
implantation method thereby to form an impurity diffusion 
layer 4.5. It need not be pointed out that the heat treatment 
is necessary for activating the impurity diffusion layer, Then, 
in order to form a storage capacity portion, polycrystalline 
Silicon 4.7 having the same type of conductivity is deposited 
by the widely known CVD chemical vapor deposition 
method So as to come into contact with the impurity diffu 
sion layer in the Substrate. As will be obvious from the plan 
view of FIG. 2, the polycrystalline silicon 4.7 is formed also 
on the word line 4.4 and on the element isolating film 4.2. 
Therefore, the area of the Storage capacity portion increases 
and, hence, a large Storage capacity is maintained. 
0008. At this moment, furthermore, polycrystalline sili 
con is also formed Simultaneously even on a place where the 
contact hole (2.3 in FIG. 2) is formed to connect the bit line 
4.11 to the impurity diffusion layer 4.5. Even when the 
distance between the word lines is Small, therefore, the bit 
line can be connected to the diffusion layer via the poly 
crystalline silicon layer (2.4 in FIG. 2) without causing the 
bit line 4.11 and the word line 4.4 to be short-circuited to 
each other. Here, the reference numerals 4.6 and 4.10 denote 
interlayer insulating films. 

0009. In the STC cell of the conventional structure, 
however, a pad conductor layer 2.4 must be exposed when 
a plate electrode 4.9 is to be formed. This is because, the bit 
line 4.11 and the pad conductor layer must come into contact 
with each other through this place. In delineating the plate 
electrode, therefore, a highly Sophisticated technology is 
required to Stop the pad conductor layer from being etched 
accompanying the dry etching of the plate electrode using a 
very thin capacitor insulating film 4.8 that is formed also on 
the Surface of the pad conductor layer, Such that the pad 
conductor layer will not be ground. 
0010. In addition to the above-mentioned problem 
involved in the production, there exists another essential 
problem in that it is difficult to decrease the cell area so far 
as the above-mentioned cell Structure is employed. This 
Stems from the fact that a Sufficiently large distance must be 
maintained between the plate electrode 4.9 and the pad 
conductor layer 2.4 So that the two will not come into contact 
with each other. It is allowable to omit the pad conductor 
layer 2.4. In this case, however, the distance between the 
word lines must be increased to prevent the Short-circuiting 
between the bit lines 4.11 and the word lines 4.4, making it 
difficult to decrease the cell areas. 

0011. With the conventional STC structure as described 
above, it is difficult to decrease the cell area. Namely, the 
conventional STC cells are not applicable for very highly 
integrated DRAMs of 4-mega-bits or greater. 

0012. An STC structure free from these problems has 
been taught in Japanese Utility Model Laid-Open No. 
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178894/1980. FIG.3 is a layout plan view of this STC cells. 
To simplify the drawing, there is shown no lower electrode 
of the Storage capacity portion or plate electrode that is 
arranged on the contact hole 3.4 in the memory portion. 
0013 The feature of this structure resides in that in the 
active region 3.1, the bit line 3.5 is not arranged on a portion 
where a contact hole 3.4 of the memory portion is opened. 
It need not be pointed out that the bit line 3.5 is in contact 
with the impurity diffusion layer of the Substrate through the 
contact hole 3.3. The Storage capacity portion is formed after 
the bit lines have been formed. In forming the plate elec 
trodes, therefore, there is no need of exposing the bit line 
contact portions that are shown in FIGS. 2 and 4. Reference 
numerals 3.2 denote lead wires. 

0.014) That is, the plate electrodes need simply cover the 
memory cell portions. 
0.015 According to such a cell structure in which the area 
of the lower electrode of the Storage capacity portion is not 
limited by the delineation of plate electrode, a large Storage 
capacity can be realized yet decreasing the cell area. 
0016 Even with this structure, however, great difficulty is 
involved to shorten the distance between the bit lines if bit 
lines 3.5 arranged in parallel are not simply overlapped on 
the contact holes 3.4 of the memory portion in the active 
region 3.1. In the layout of FIG. 3, the distance increases 
between the bit lines imposing limitation on reducing the 
cell area. 

0.017. A memory cell structure which allows several 
layers of storage capacity portions to be laminated in order 
to further increase the Storage capacity is proposed, as 
described in Japanese Patent Laid-Open No. 58958/1988. 
0018. This type of memory cell is shown in FIG. 17. The 
memory cell having this Structure theoretically enables the 
Storage capacity to be increased to any extent by laminating 
charge Storage electrodes 18 in many layers. However, when 
the actual capability in the fabricating technique Such as, for 
example, the focal depth of an exposing apparatus is taken 
into consideration, generation of a large difference in level 
is unfavorable. The allowable difference in level is about 0.5 
lum in 64 mega-bit DRAMs using 0.3 um technique. More 
specifically, in the case of the structure shown in FIG. 17, 
if it is assumed that the thickness of each electrode is 0.1 um, 
it is considered that lamination is limited to two Storage 
electrodes 18 and three plate electrodes 111. The number of 
opposing faces of the Storage electrodes 18 and the plate 
electrodes 111 designed by the above-described structure of 
the electrodes is four at maximum. In 64 mega-bit DRAM's, 
the cell area is inferred to be about 1 um. If it is assumed 
that the area of 1x1 um is used as the storage capacity as it 
is and that 40% of ineffective region exists for connecting 
the upper and lower electrodes, the effective area as a 
capacitor having a structure shown in FIG. 17 is obtained as 
follows: 

1 umx1 umx4 facesx0.6=2.4 um. (1) 
0019. In order to realize the above-described structure, at 
least two cycles of Steps of laminating Storage electrodes, at 
least two cycles of Steps of forming electrode insulating 
films, at least one cycle of processing Step for connecting 
upper and lower electrodes, Step of forming a capacitor 
insulating film 19, Step of forming a plate electrode 111, etc. 
are required, thereby disadvantageously greatly increasing 
the number of Steps. 
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0020. In FIG. 17, the reference numeral 11 represents an 
Si Substrate, 12 an element isolating film, 14 a word line, 16 
a bit line, 112 an interlayer insulating film and 113 an 
impurity diffusion layer. 

SUMMARY OF THE INVENTION 

0021. In view of the problems involved in the aforemen 
tioned prior art, the object of the present invention is to 
provide a Semiconductor memory device which is Small in 
Size and which has a large Storage capacity. In particular, the 
object of the present invention is to provide a Semiconductor 
memory device having fine STC structure that can be used 
for a highly densely integrated DRAM of 1 mega-bit or 
greater. 

0022. The semiconductor device referred to in the present 
invention consists of a Switching transistor and a charge 
Storage capacitor as a minimal unit. 
0023 FIG. 1 is a plan view illustrating the layout of 
memory cells according to the present invention. In the 
present invention, the main portions of active regions 1.1 are 
in paralle with neither the word lines 1.2 nor the bit lines 1.4 
that are at right angles with each other. In order to arrange 
the active regions most densely according to the present 
invention, the main portions of active regions are arranged 
at an angle of 45 degrees with respect to the word lines and 
the bit lines, and only the portions where the contact holes 
1.5 of the memory portion are opened are arranged in 
parallel with the bit lines. Furthermore, the four active 
regions closest to one active region have extensions of their 
major portions that meet at right angles with one another. In 
other words, if it is assumed that the center of the contact 
hole 1.3 for a bit line in one active region 1.1 is the origin, 
and that the distance between the contact holes for bit lines 
and a component parallel to the word line 1.2 is Dp while the 
distance between the contact holes for bit lines and a 
component parallel to the bit line 1.4 is Wp, the centers of 
the contact holes for bit lines of the four active regions 
which are the nearest neighbors to the active region 1.1 are 
(-Wp, Dp), (-Wp, -Dp), (Wp, Dp), (Wp, -Dp), respectively. 
The configuration of each of the active regions corresponds 
to the inverted configuration of the active region at the 
center. A memory array is constituted by arranging the unit 
plan layout diagram of FIG. 1 repetitively in the vertical and 
horizontal directions. Therefore, the peripheral portions of 
FIG. 1 have been partly omitted. 
0024. In FIG. 1, the reference numeral 1.3 denote a 
contact hole for a bit line, 1.6 denotes a lower electrode of 
a storage capacity portion, and 1.7 denotes a plate electrode. 
0025. In this specification, furthermore, the active region 
Stands for all regions of the Substrate Surrounded by an 
element isolating insulating film i.e., a Substrate region that 
is not covered with the element isolating insulating film. 
Substantially, the active region Stands for a region that 
consists of “a region of impurity diffusion layer in contact 
with the bit lines”, “a region of impurity diffusion layer in 
contact with the lower electrodes of the Storage capacity 
portions' and “a channel forming portion under the word 
lines”. Further, the main portions of active regions Stand for 
those portions where the channels of Switching transistors 
are formed. 

0026 FIG. 5 is a sectional view illustrating the STC 
Structure according to the present invention. In the present 
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invention, the active regions are So arranged as to be inclined 
relative to the word lines and bit lines. Therefore, the 
sectional view of FIG. 5 is along the line that connects the 
centers of a pair of contact holes 1.5 of the memory portion. 
0.027 According to the present invention, the active 
regions simply run in a tilted direction and are formed in a 
manner that is little different from the conventional forming 
method. 

0028. With the memory cell of the present invention 
shown in FIG. 1, the word lines 1.2 are tilted with respect 
to the active regions 1.1 but have their gate lengths deter 
mined by the shortest distance between the impurity diffu 
Sion layer in contact with the bit lines and the impurity 
diffusion layer in contact with the lower electrodes of the 
Storage capacity portions, namely, by the Shortest distance in 
the area at which the word line overlaps the active region. 
0029. The word lines 5.4 are insulated by an interlayer 
insulating film 5.6 from other conductor layers in a self 
aligned manner. In this Sectional view, the Source and drain 
have simple Structure of impurity diffusion layer. It is, 
however, also allowable to employ widely known diffusion 
layerS for Source and drain with graded impurity profile. 
0.030. After the word lines are formed, ions are implanted 
using word lines as a mask in order to form impurity 
diffusion layers 5.5. 
0031) Next, bit lines 5.7 are formed. Like the word lines 
5.4, the bit lines 5.7 are insulated using an insulating film 5.8 
in a self-aligned manner. In the sectional view of FIG. 5, bit 
lines 5.7 exist having the same shape as the pad conductor 
layers 2.4 of FIG. 4. 
0032. With a lattice being constituted by the word lines 
and bit lines as described above, the Surfaces are represented 
by a pair of diffusion layers in which the active regions 1.1 
have been formed already in the Valleys among the word 
lines and bit lines as is clear from the layout plan view of 
FIG. 1. Lower electrodes 1.6 and 5.9 of storage capacities 
are formed thereon. The lower electrodes are then delineated 
to form a capacitor insulating film 5.10, and a plate electrode 
5.11 is formed thereon. The plate electrode 5.11 need not be 
delineated on the memory array unlike the case of STC cells 
shown in FIGS. 2 and 4. The reference numeral 5.12 
denotes an interlayer insulating film on the plate electrode 
5.11 on which aluminum wirings not shown will be formed. 
0033. In FIG. 5, the reference numeral 5.1 denotes a 
Semiconductor Substrate, 5.2 denotes an element isolating 
insulating film, 5.3 denotes a gate insulating film, and 5.8 
denotes an interlayer insulating film. 
0034. The element isolating film 5.2 is formed on the 
Surface of the Single crystalline Semiconductor Substrate 5.1 
other than the active regions. 
0035) The lower electrode 5.9 of the storage capacity 
portion is composed of a refractory metal Such as tungsten 
or polycrystalline Silicon and has a thickness of usually from 
100 to 500 nm by taking the steps in thickness into consid 
eration. However, the thickness need not be limited thereto 
only; e.g., the lower electrode 5.9 may have a large thickneSS 
as far as there does not develop any problem in regard to the 
Steps in thicknesses. 
0036) Examples of the material of the capacitor insulating 
film 5.10 include silicon oxide film, Silicon nitride film, a 
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composite film consisting of Silicon oxide film and Silicon 
nitride film, and refractory metal oxide films Such as Ta-Os 
as well as a composite film of refractory metal oxide film 
and Silicon oxide film and a composite film of refractory 
metal oxide film and Silicon nitride film. The capacitor 
insulating film may have a thickness nearly equal to that of 
the conventional STC cells. 

0037. The material of the plate electrode 5.11 may be 
polycrystalline Silicon or a refractory metal Such as tungsten. 
The film thickness thereof may be nearly the same as that of 
the conventional STC cells. 

0038. The width and pitch of the word lines 5.4 and bit 
lines 5.7 are determined by the cell area. In the case of 16 
mega-bits, for instance, the word lines have a width of 0.5 
to 0.7 um and a pitch of 1 to 1.4 lum, and the bit lines have 
a width of 0.6 to 0.9 um and a pitch of 1.2 to 1.8 um. 
0039. With the shape and arrangement of active regions 
being Selected as described above, there exists no constraint 
on layout among the bit lines 3.5 that took place in the case 
of the traditional Structure, and the pitch among the bit lines 
can be greatly decreased. That is, in the conventional Struc 
ture, the bit lines 3.5 pass through one side only of the 
contact holes 3.4 of the memory portion. According to the 
present invention, on the other hand, the contact hole 1.5 of 
the memory portion is sandwiched between the two bit lines 
1.4. 

0040 AS described earlier, furthermore, both the word 
lines 1.2 and the bit lines 1.4 are insulated from other 
conductor layers in a self-aligned manner, making it possible 
to shorten the pitch among the word lines as well as to open, 
in a Self-aligned manner, the contact holes 1.5 of the memory 
portion through which the Storage capacity portions, i.e., 
lower electrodes 1.6 and 5.9 of storage capacities come into 
contact with the Substrate. 

0041. By adapting the above-mentioned structure, a 
memory cell having a very Small area can be constituted as 
shown in FIG. 1 to realize a very highly integrated DRAM 
of greater than 4-mega-bits. 

0042. In addition, unlike the conventional STC structure 
shown in FIG. 2, the lower electrodes 1.6 and 5.9 of the 
Storage capacity portions are not limited for their areas by 
the delineation of the plate electrodes 1.7 and 5.11 formed 
thereon, and can be uniformly arranged maintaining a mini 
mum delineating space. With the STC structure of the 
present invention, furthermore, the bit lines are completely 
covered by the plate electrodes having a fixed potential and 
by the conductor layers of the Storage capacity portions. 
Therefore, the interline capacitance among the bit lines 
decreases greatly, and memory array noise decreases, i.e., 
coupling noise Stemming from the interline capacitance 
decreases compared with that of the conventional Structure. 
0043. One of the greatest problem in DRAM's is to 
increase the area of the Storage capacity portion. To achieve 
this aim, it is better to duplicate the vertical component 
corresponding to the peripheral Side wall, namely, a vertical 
area component than to duplicate the horizontal plane area 
component as described above. This is because although the 
area of the cell and the area of the Storage capacity portion 
are reduced to /3 in each generation in a DRAM, the 
horizontal length of the Storage capacity portion, namely, the 
vertical area component is only reduced to V7 to 60%. That 
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is, to duplicate the vertical area component which has a 
Smaller reduction ratio produces a greater area increasing 
effect. The horizontal length refers to the length in the 
direction parallel to the Substrate and the vertical area 
component refers to the area component vertical to the 
Substrate. 

0044) In this way, a semiconductor memory device of the 
present invention adopts a wall-like or plate-like Storage 
electrode Structure, and by using both Outer and inner wall 
Surfaces thereof as Storage capacity portions, the area is 
made difficult to reduce in spite of a finer cell. The present 
invention also provides the fabricating process of Such a 
Semiconductor memory device. 
0.045. In the present invention, since a wall-like or plate 
like Storage electrode Structure is adopted, as described 
above, it is possible to Substantially duplicate the area 
occupied by the Side wall by utilizing the Outer and inner 
wall Surfaces as the capacities. Furthermore, by increasing 
the walls concentrically, it is possible to further increase the 
Side wall area component. 

0046) An embodiment shown in FIG. 16, which will be 
explained later in detail, enables the reduction of the number 
of Steps and the formation of a Storage capacity portion 
having a large area. For example, a Storage capacity portion 
1x1 um in area and 0.5 um in thickness on the Substrate is 
formed, as described above, if an electrode having a thick 
neSS of 0.1 um is used, the total Surface area of the Storage 
capacity portion is calculated as follows (there is no inef 
fective region because there is no connecting portion): 
0047 1. Outer wall side surface component 

0.4 um (height)x1 umx4=1.6 um’ (2) 
0.048 2. Inner wall side surface component 

0.3 um(height)x (1-0.1x2)umx4=0.96 um (3) 
0049. 3. Horizontal Plane area component 

1 umx1 um=1 um (4) 
0050. Therefore, the total area becomes as follows: 

1.6+0.96+1=3.56 um? (5) 
0051. In spite of a simple structure and a small number of 
Steps, the Storage capacity portion having the Surface area 
50% larger than that of the conventional memory cell shown 
in FIG. 17 is realized. 

0.052 As the height of the wall-like storage capacity 
portion is greater, the Storage capacity preferably increases 
but the difficulty in the fabricating process and the fabricat 
ing cost also increase. On the other hand, if there is any 
wall-like Storage capacity portion, it exhibits the Storage 
capacity increasing effect in its own way. It is therefore 
desirable that the height of the Storage capacity portion is 
determined in the range which facilitates fabricating at a low 
cost depending upon the fabricating technique at the indi 
vidual point. 

0053. It is unfavorable that the thickness of the lower 
electrode of the Storage capacity portion is too large, because 
the height of the lower electrode occupies a large portion in 
the height of the Storage capacity portion and Since the 
recessed portion of the underlayer insulating film is filled, 
the vertical component of the Storage capacity portion is 
unfavorably reduced in comparison with that of the Storage 
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capacity portion of the same height provided with a lower 
electrode having a Smaller thickness. It is therefore desirable 
to confirm that the lower electrode has a thickness which 
does not completely fill the recessed portion of the under 
layer insulating film by an experiment. 
0054 The above and other objects, features and advan 
tages of the present invention will become clear from the 
following description of the preferred embodiments thereof, 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055 FIG. 1 is a plan view for explaining a memory cell 
in a Semiconductor memory device of the present invention; 
0056 FIG. 2 is a plan view for explaining a conventional 
STC cell; 

0057 FIG. 3 is a plan view for explaining an STC cell 
according to another conventional art; 
0.058 FIG. 4 is a sectional view of the STC cell shown 
in FIG. 2; 

0059 FIG. 5 is a sectional view of the STC cell shown 
in FIG. 1; 

0060 FIGS. 6a to 6i are sectional views illustrating the 
Steps of fabricating a memory cell according to a first 
embodiment of the present invention; 
0061 FIG. 7 is a sectional view of a memory cell 
according to a Second embodiment of the present invention; 
0062 FIGS. 8a and 8b are sectional views illustrating the 
Steps of fabricating a memory cell according to a third 
embodiment of the present invention; 
0063 FIG. 9 is a sectional view of a memory cell 
according to a fourth embodiment of the present invention; 
0064 FIG. 10 is a sectional view of a memory cell 
according to a fifth embodiment of the present invention; 
0065 FIGS.11a and 11b are schematic plan views of the 
active regions and the channel regions of a Semiconductor 
memory cell according to the present invention, explaining 
the configurations thereof; 
0066 FIG. 12 is a plan view of a memory cell according 
to a Seventh embodiment of the present invention; 
0067 FIG. 13 is a plan view of a memory cell according 
to an eighth embodiment of the present invention; 
0068 FIG. 14 is a plan view of a memory cell according 
to a ninth embodiment of the present invention; 
0069 FIG. 15 is a plan view of a memory cell according 
to a tenth embodiment of the present invention; 
0070 FIG. 16 is a sectional view of a memory cell 
according to an eleventh embodiment of the present inven 
tion; 

0.071) 
cell; 

FIG. 17 is a sectional view of a conventional STC 

0072 FIGS. 18a to 18i are sectional views illustrating 
the Steps of fabricating a memory cell according to the 
eleventh embodiment of the present invention shown in 
FIG. 16; 
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0073 FIG. 19 is a sectional view of a memory cell 
according to a twelfth embodiment of the present invention; 
0074 FIGS. 20a and 20b are sectional views illustrating 
the Steps of fabricating a memory cell according to the 
twelfth embodiment of the present invention shown in FIG. 
19; 
0075 FIG. 21 is a plan view of an example of a layout 
of a memory cell according to the present invention; and 
0076 FIG. 22 is a sectional view of a memory cell 
according to a thirteenth embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0077 Embodiment 1 
0078 A first embodiment of the present invention will 
now be described in conjunction with FIGS. 6a to 6i. 
0079. As shown in FIG. 6a, first, an element isolating 
film 6.2 for electrically isolating the individual elements and 
a gate insulating film 6.3 are grown on a Single crystalline 
semiconductor substrate 6.1 of a first type of conductivity by 
the widely known thermal oxidation method. The element 
isolating film is grown over a range of 200 to 1000 nm and 
the gate insulating film is grown over a range of 10 to 20 nm. 
In the DRAMs of a mega-bit level, a known improved 
LOCOS method is employed to suppress the so-called 
extension of bird’s beak, because the widths of active 
regions and widths of element isolating regions are the order 
of Submicrons. Word lines 6.4 are formed on the Surface as 
shown in FIG. 6b. Though this embodiment employs poly 
crystalline Silicon containing impurities as a material for 
forming word lines, it is also allowable to use a polysilicide 
which is a laminated film consisting of low-resistance poly 
crystalline Silicon and Silicide, or a refractory metal repre 
sented by tungsten. The word lines have a width of 0.5 to 0.7 
tim, a film thickness of 200 nm, and a pitch of 1 to 1.4 lim. 
0080. The word lines are covered with an interlayer 
insulating film 6.5 in a Self-aligned manner. That is, in 
delineating polycrystalline Silicon that forms word lines, the 
insulating film deposited thereon is used as a mask to effect 
the delineation, and the Side walls that are exposed are 
covered with the side wall insulating films that are left when 
the insulating film that is further deposited thereon is Sub 
jected to the anisotropic dry etching. 
0081. Using the word lines as a mask, impurities having 
a conductivity type different from that of the substrate are 
ion-implanted in order to form impurity diffusion layers 6.6. 
The impurities are activated by the heat treatment at 800° C. 
to 1000° C. Though the sectional view of FIG. 6b shows a 
conventional Single drain Structure, it is allowable to use a 
widely known drain with a graded impurity profile. 
0082 The impurity diffusion layers 6.6 are isolated from 
each other by the element isolating oxide film 6.2 formed in 
a preceding Step for each of the elements. 
0.083. In this embodiment, the impurity diffusion layers 
are formed relying upon the ion implantation method. It was, 
however, also attempted to diffuse impurities from the bit 
lines 6.8 or from the lower electrodes 6.11 of storage 
capacities as described later. According to this method, no 
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defect develops at all unlike the case of the ion implantation 
method, and a junction is realized with little leakage current 
enabling the memory retentivity of memory device to be 
improved. 
0084) Next, referring to FIG. 6c, an insulating film 6.7 is 
deposited on the whole surface by the conventional CVD 
method, and only those portions where the bit lines come 
into contact with the diffusion layers in the substrate are 
opened (contact holes 1.3 for bit lines in FIG. 1) by the 
widely known photolithograph method and dry etching 
method. The insulating film 6.7 Serves as an underlying layer 
when the bit lines are to be delineated in the next Step, and 
prevents the Surface of the Substrate from being exposed and 
further prevents the element isolating film 6.2 from being 
ground. The film thickneSS is determined by the etching 
Selecting ratio relative to the underlying layer when the bit 
lines are to be delineated. In this embodiment, however, the 
film thickness ranges from 20 to 100 nm. 
0085) Referring to FIG. 6d, bit lines 6.8 are formed. The 
bit lines are delineated together with the insulating film 6.9. 
The bit lines have a width of 0.6 to 0.9 um, a thickness of 
250 nm and a pitch of 1.2 to 1.8 um. In this embodiment, the 
Storage capacity portions are formed by the heat treatment at 
high temperature after the bit lines have been formed. For 
this purpose, therefore, the bit lines are composed of a 
material that can withstand the heat treatment. Furthermore, 
a Small resistance is also an essential requirement, In this 
embodiment, therefore, use is made of a polysilicide or 
tungsten, or a laminated film of a refractory metal nitride and 
a refractory metal. An insulating film is further deposited 
thereon, and side walls of bit lines that are exposed in FIG. 
6d are covered relying upon the widely known dry etching 
method (FIG. 6e). 
0086. In this stage, the region where the contact hole 1.5 
of the memory portion of FIG. 1 is opened, is surrounded by 
the word lines and bit lines that-are insulated from each 
other. By removing the thin oxide film on the active region, 
the diffusion layer in contact with the Storage capacity 
portion can be exposed. In this embodiment as shown in 
FIG. 6f an insulating film 6.10 is deposited maintaining a 
thickness of about 10 to 100 nm so as to serve as an 
underlying layer for delineating the Storage capacity por 
tions, and the regions of the diffusion layerS only are 
exposed. Thus, by insulating the word lines and the bit lines 
from each other in a Self-aligned manner, the contact region 
of the memory portion is also formed in a Self-aligned 
manner being Surrounded thereby making a feature of the 
present invention. 
0087. Referring to FIG. 6g, there is formed the lower 
electrode 6.11 having a thickness of 300 to 350 nm of the 
Storage capacity with the same conductivity type as that of 
the impurity diffusion layer, and a capacitor insulating film 
6.12iS formed on the Surface thereof maintaining a thickness 
of 3 to 10 nm. In this embodiment, though polycrystalline 
Silicon containing impurities is used as the lower electrode, 
it is also allowable to use a refractory metal Such as tungsten. 
AS the capacitor insulating film, furthermore, there can be 
used a thermally oxidized film grown on the Surface of 
polycrystalline Silicon, a laminated film of an oxide film and 
a nitride film, a composed film of Silicon oxide and Silicon 
nitride, or an insulating film with a high dielectric constant 
Such as Ta-Os or a multi-layer film using an insulating film 
with a high dielectric constant. 
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0088 Referring to FIG. 6h, a plate electrode 6.13 is 
deposited maintaining a thickness of 100 to 150 nm to 
complete the Storage capacity portion of a memory cell. The 
plate electrode need not be delineated on the memory cell 
making another feature of the present invention. The plate 
material consists of polycrystalline Silicon containing impu 
rities or a refractory metal Such as tungsten. 
0089. In FIGS. 6g to 6i, a portion of the insulating film 
6.10 just on the bit line is missing and, instead, the capacitor 
insulating film 6.12 is shown as a unitary Structure, in order 
to emphasize the fact that the insulating film 6.10 is ground 
to Some extent when it serves as the underlying layer for 
delineating the lower electrode 6.11 of the Storage capacity. 
In many cases, however, the insulating film 6.10 is left on 
this portion but having a reduced thickness. 
0090 Finally, an interlayer insulating film 6.14 is formed 
as shown in FIG. 6i, and an aluminum wiring 6.15 is formed 
thereon to complete the memory cell. According to this 
embodiment, the interlayer insulating film 6.5, insulating 
film 6.7, insulating film 6.9, insulating film 6.10 and inter 
layer insulating film 6.14 are all comprised of SiO films. 
Further, the interlayer insulating film 6.5, insulating film 6.9 
and interlayer insulating film 6.14 have thicknesses of 250 
nm, 250 nm and 350 nm, respectively. 
0091) Embodiment 2 
0092 FIG. 7 illustrates a second embodiment of the 
present invention. The feature of this embodiment resides in 
that a conductor layer 7.7 composed of polycrystalline 
Silicon having the same conductivity type as the impurity 
diffusion layer is Selectively grown only on the impurity 
diffusion layer formed in the active region. The conductor 
layer 7.7 has a thickness of 200 to 300 nm. As described 
earlier, one of the features of the present invention resides in 
that the word lines and the bit lines are insulated from each 
other in a Self-aligned manner. Therefore, Substantial sizes 
of the contact hole 1.3 and contact hole 1.5 of the memory 
portion of FIG. 1 are determined by the thicknesses of the 
Side wall insulating films, i.e., the contact holes are opened 
by the Self-aligned process in a broad Sense. In the case of 
the contact hole of the memory portion having an increased 
depth, however, the Side wall insulating film may be ground 
at the time of delineating the bit lines and the underlying 
word lines may be exposed. In opening the contact holes of 
the memory portion, furthermore, the oxide film covering 
the side walls of word lines and bit lines may be ground such 
that the word lines and bit lines are exposed and develop 
Short-circuiting with the Storage capacity portion. 

0093. According to this embodiment, therefore, the 
region of diffusion layer is elevated to prevent the occur 
rence of the above-mentioned danger and to facilitate the 
delineation for opening the contact holes. 
0094. After the delineation of word lines 6.4 shown in 
FIG. 6b is finished, the gate insulating film 6.3 is removed 
and the conductor layer 7.7 is grown thereon. In this 
embodiment, the polycrystalline Silicon is grown relying 
upon the widely known CVD method. 
0.095 Reference numeral 7.1 denotes a single crystalline 
Semiconductor Substrate, 7.2 denotes an element isolating 
film, 7.3 denotes a gate insulating film, 7.4 denotes word 
lines, reference numerals 7.5, 7.8, 7.10 and 7.11 denote 
interlayer insulating films, 7.6 denotes impurity diffusion 
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layers, 7.7 denotes selectively grown portions, 7.9 denotes 
bit lines, 7.12 denotes a lower electrode of Storage capacity, 
7.13 denotes a capacitor insulating film, and 7.14 denotes a 
plate electrode. 
0.096 Embodiment 3 
0097 FIGS. 8a and 8b are sectional views illustrating the 
fabrication Steps according to a third embodiment of the 
present invention. In this embodiment, the Storage capacity 
portion is arranged on the uppermost portion of the memory 
cell, and there is no need of delineating the plate electrode 
on the memory cell. Therefore, the delineation of the plate 
electrode is not affected by the Shape of the Storage capacity 
portion. In this embodiment, this feature is utilized to 
increase the Storage capacity portion. AS shown in FIG. 8a, 
therefore, the insulation film 8.10 is formed on the Surface 
of the lower electrode 8.9 of the storage capacity, and is 
delineated together therewith. Next, a conductor layer is 
deposited again on the Surface thereof followed by aniso 
tropic dry etching, So that the conductor layerS deposited on 
the side walls are left as side wall portions 8.11 as shown in 
FIG. 8b. The capacity can be increased by the amounts of 
the side wall portions. This embodiment makes it possible to 
increase the capacity by 20 to 30% compared with that of the 
structure of Embodiment 1. 

0098. The lower electrodes 8.9 of storage capacities have 
been so delineated that the distance between the side walls 
thereof becomes as small as possible. When the side wall 
portions 8.11 are not provided, therefore, it is not allowed to 
decrease the distance between the Side walls to be as Small 
as that of this embodiment. 

0099 Here, the reference numeral 8.1 denotes a single 
crystalline Semiconductor Substrate, 8.2 denotes an element 
isolating film, 8.3 denotes a gate insulating film, 8.4 denotes 
word lines, the reference numerals 8.5 and 8.8 denote 
interlayer insulating films, 8.6 denote impurity diffusion 
layers, 8.7 denote bit lines, 8.9 denotes lower electrodes of 
Storage capacities, 8.10 denotes an insulating film, 8.11 
denotes side wall portions of lower electrodes, 8.12 denotes 
a capacitor insulating film, and 8.13 denotes a plate elec 
trode. 

0100 Embodiment 4 
0101 FIG. 9 illustrates a fourth embodiment of the 
present invention. In order to decrease the interline capacity 
between the bit lines 9.7 and other conductor layer according 
to this embodiment, the whole body is covered with a 
conductor layer 9.9 after the bit lines 9.7 have been formed, 
and the conductor layer is fixed to a given potential. Like 
when the word lines and bit lines are formed, the conductor 
layers 9.9 are formed being insulated in a self-aligned 
manner at the time of opening the contact holes of the 
memory portion. Therefore, the intermediate conductor 
layer can be formed without requiring any additional mask. 
0102 Here, the reference numeral 9.1 denotes a single 
crystalline Semiconductor Substrate, 9.2 denotes an element 
isolating film, 9.3 denotes a gate oxide film, 9.4 denotes a 
gate electrode, the reference numerals 9.5, 9.8, 9.10 and 9.11 
denote interlayer insulating films, 9.6 denote impurity dif 
fusion layers, 9.7 denote bit lines, 9.9 denotes an interme 
diate conductor layer, 9.12 denotes lower electrodes of 
Storage capacities, 9.13 denotes a capacitor insulating film, 
and 9.14 denotes a plate electrode. 
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0103) Embodiment 5 
0104 FIG. 10 illustrates a fifth embodiment of the 
present invention in which dents are formed in the Side 
surfaces of lower electrodes 10.9 of the storage capacities in 
order to further increase the Storage capacity. To form the 
dents, first, a conductor layer is deposited to form an 
underlying layer for the lower electrodes, an insulating film 
is deposited thereon, and contact holes are opened on the 
underlying layer only. Then, a conductor layer is deposited 
to form an upper layer, and is delineated together with the 
insulating layer that exists at an intermediate position as 
shown in FIG. 10, and only the insulating film sandwiched 
by the two conductor layers is removed. This enables dents 
to be formed in the intermediate positions. Thereafter, a 
capacitor insulating film 10.10 and a plate electrode 10.11 
are formed. By employing the CVD method, in this case, 
even narrow gaps can be filled. 
0105 Here, the reference numeral 10.1 denotes a single 
crystalline Semiconductor Substrate, 10.2 denotes an element 
isolating film, 10.3 denotes a gate insulating film, 10.4 
denotes word lines, the reference numerals 10.5 and 10.8 
denote interlayer insulating films, 10.6 denotes impurity 
diffusion layers, 10.7 denotes bit lines, 10.9 denotes lower 
electrodes of Storage capacities, 10.10 denotes a capacitor 
insulating film, and the reference numeral 10.11 denotes a 
plate electrode. 

0106 Embodiment 6 
0107 FIGS. 11a and 11b show the configurations of the 
main part of the embodiment shown in FIG. 1 which are 
characteristic of the present invention. In order to Simplify 
explanation, only the active regions 1.1 and the word lines 
1.2 are shown. Since it is required to Secure an adequate 
channel length, the width of the word line 1.2 is large at the 
portion above the active region and Small at the portion at 
which the element isolaing oxide film is formed. As a whole, 
the word line 1.2 is parallel to the shorter side or the longer 
Side of a memory chip as in a conventional memory cell. 
0108. When the active region is arranged with the highest 
density in accordance with the layout rule while realizing the 
memory cell Structure of the present invention, the main part 
of the active region 1.1 is inclined at 45 degrees with respect 
to the word line 1.2, as described above. However, if the 
rectangular active region is merely inclined at 45 degrees 
with respect to the word line 1.2, Since the adjacent active 
regions interfere with each other, it is necessary to increase 
the cell area in order to Satisfy the element isolating prop 
erty. In other words, if the cell area is Small, it is impossible 
to secure the portions where the lower electrodes 1.6 and 5.9 
of the Storage capacity portion come into contact with the 
active region after the bit line 1.4 is formed. 
0109 To solve this problem, the active region is com 
posed of a portion which is inclined at 45 degrees with 
respect to the word line 1.2 and a portion which makes a 
right angle with the word line 1.2, as shown in FIGS. 11a 
and 11b. As a result, the active region is composed of a 
portion which crosses the bit line 1.4 at 45 degrees, which 
is orthogonal to the word line 1.2, and a portion which is 
parallel to the bit line 1.4. The longer the portion of the 
active region which is parallel to the bit line 1.4, the larger 
the portion where the lower electrode of the Storage capacity 
portion (e.g. represented by the reference numeral 1.6 in 
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FIG. 1 or 5.9 in FIG. 5) comes into contact with the 
substrate. This is preferable from the point of view of the 
improvement of conduction characteristic thereof. However, 
in order to Secure the element isolating property with the 
adjacent active region, it is necessary to Secure a Space larger 
than the Space allowed by the layout rule. It is, however, 
possible to reduce the Space in the actual layout than the 
Space allowed by the layout rule at a portion at which a 
vertex and another vertex or a Straight line face each other, 
because the Vertices of a layout pattern becomes roundish 
due to the limitation by the known photolithograph tech 
nique, In the active regions shown in FIGS. 11a and 11b, a 
Space larger than 0.7 um is taken between parallel patterns, 
but the narrowest Space between a vertex and a Straight line 
is 0.5 lim. On the resist pattern, a Space larger than 0.7 um 
is Secured at any portion. In the case of Strictly keeping the 
layout rule, it is also possible to Secure an adequate Space 
without impairing the conduction characteristic by notching 
a VerteX. 

0110. The configuration of the channel region of a 
memory transistor at which the active region and the word 
lines 1.2 overlap is determined by the gate length, namely, 
the width of the word line. If a short gate length is allowed, 
since the point D on the active region 1.1 in FIG. 11a is 
situated at the outside of the word line 12, the channel 
region takes the form of a pentagon, and the interior angles 
of the vertices C, E, F, A and B are 45 degrees, 135 degrees, 
90 degrees, 135 degrees, and 135 degrees, respectively. On 
the other hand, if the gate length is long, the channel region 
takes the form of a hexagon, as shown in FIG. 11b and the 
interior angles of the vertices C, D, E, F, A and B are 45 
degrees, 225 degrees, 90 degrees, 90 degrees, 135 degrees, 
and 135 degrees, respectively. In the embodiment shown in 
FIGS. 11a and 11b, the width of the active region is 0.7 um 
in a parallel linear region and the Space between the active 
regions is also 0.7 um. In FIG. 11b, the largest width of the 
word lines 1.2 is also 0.7 um. The center of the contact hole 
for a bit line is the point O, and if it is assumed that the Space 
between the word lines facing each other with the point O as 
the center is 0.5 tim, which is the minimum processing 
dimension, when the gate length is 0.7 um, the channel 
region takes the form of a hexagon. When the gate length is 
less than 0.6 tim, the channel region takes the form of a 
pentagon. 

0111. The above discussion is about the layout of the 
memory cell and it goes without Saying that the actual 
pattern transferred to the Substrate has roundish vertices due 
to the limitation by the known photolithograph technique 
unlike the configurations shown in FIGS. 11a and 11b. 

0112 Embodiment 7 
0113. In the memory array shown in FIG. 1, the con 
figuration of the active region is Symmetrical at 180 degrees 
with respect to the center of the contact hole for a bit line. 
The memory array, which is the same in the pitches of the 
word line and the bit line as shown in FIG. 1, can be realized 
by using another active region. An example is shown in FIG. 
12. The active region 1.1 in FIG. 12 is symmetrical with 
respect to a line which passes the center of the contact hole 
1.3 for a bit line and is parallel to the word line 1.2. If it is 
assumed that the center of the contact hole 1.3 for a bit line 
in one active region is the origin, the centers of the contact 
holes for bit lines of the four active regions which are the 
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nearest neighbors to the one active region are (-W, D), 
(-W, -D), (Wp, Dp), (Wp, -Dp), respectively. The con 
figuration of each of the active regions corresponds to the 
configuration of the active region at the center which is, 
moved in parallel. The memory array is constituted by 
repetitively arranging these active regions as one unit. 
0114. In this active region configuration, it is also pos 
Sible to form a Storage capacity portion after the formation 
of the bit lines 1.4 as characterized in the present invention, 
while realizing the channel region inclined with respect to 
the word line. So long as the same layout rule is adopted, the 
word line pitch and the bit line pitch are the same and the 
Storage capacity is naturally the same as in the memory cell 
shown in FIG. 1. The arrangement of the active regions 
shown in FIG. 12 produces a folded bit line type memory 
cell in the same way as in the embodiment shown in FIG. 
1. The method of fabricating the memory cell is also 
completely the same as in the embodiment shown in FIG. 1. 

0115 Embodiment 8 
0116. In order to prevent the lowering of the S/N ratio, a 
folded bit line type memory array is adopted for more than 
a 64 kilo-bit memory. In this type of memory array, Since the 
word line constantly passes under a pair of bit lines, cou 
pling noise is produced on the two bit lines in the same 
phase, which is advantageously cancelled by each other at 
the time of Sensing. On the other hand, in an open bit line 
type memory array, Since the difference in the parasitic 
capacity of a pair of bit lines leads to noise, the memory is 
disadvantageously weak in noise. 
0117 FIG. 13 shows a part of an open bit line type 
memory array using a Semiconductor memory device of the 
present invention. The plate electrode is omitted in FIG. 13 
to Simplify explanation. The plate electrode is merely a 
conductive layer covering the memory array in the same 
way as in the above-described embodiments, and has no hole 
at least above the memory array. In this embodiment, the 
active region which is Symmetrical at 180 degrees with 
respect to the center of the contact hole 1.3 for a bit line is 
shown as an example. 
0118. The open bit line type memory array is constituted 
by moving one active region in parallel with the original 
position in the coordinates with the center of the contact hole 
1.3 for a bit line as the origin such that the centers of the 
contact holes for bit lines of the four active regions which 
are the nearest neighbors to the one active region are (-Wp, 
-Dp), (-Wp, O), (Wp, O), (Wp, Dp), respectively. The 
symbols Wp and Dp respectively represent the distance 
between the contact holes for the bit line and a component 
parallel to the bit line 1.4, and the distance between the 
contact holes for the bit line and a component parallel to the 
word line 1.2. If attention is paid at one bit line, it will be 
understood that all the word lines intersecting the bit line has 
memory capacity portions, which is different from a folded 
bit line type memory array with Storage capacity portions 
alternately provided on a pair of bit lines. 

0119) The method of fabricating the memory cell of this 
embodiment is Substantially the same as in the embodiment 
shown in FIG.1. Incidentally, in the memory cells shown in 
FIGS. 1 and 12, since the contact hole 1.5 of the memory 
capacity portion is Surrounded by the two word lines 1.2 and 
the two bit lines 1.4, the lower electrode of the storage 
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capacity portion can be processed on the words lines and the 
bit lines. In contrast, in the memory cell shown in FIG. 13, 
Since the pitch of the bit lines is large, no bit line is disposed 
on one Side of each of the contact holes 1.5 of the Storage 
capacity portions. Therefore, there is a slight difference in 
the configuration of the lower electrode 1.6 of the Storage 
capacity portions between them when compared in the 
actual memory level difference, but this does not produce a 
Serious problem in processing. 

0120 Embodiment 9 
0121. A ninth embodiment shown in FIG. 14 is an open 
bit line type memory array using active regions which are 
Symmetrical with respect to a line. If it is assumed that the 
center of the contact hole 1.3 for a bit line in one active 
region 1.1 is the origin of a coordinate System, the centers of 
the contact holes for bit lines of the four active regions 
which are the nearest neighbors to the one active region are 
(-W, O), (-Wp, -Dp), (Wp, O), (Wp, -Dp), respectively. The 
configuration of each of the active regions corresponds to 
the configuration of the active region at the center which is 
rotated by 180 degrees or inverted. The memory cell having 
the completely same word line pitch and bit line pitch as in 
the embodiment shown in FIG. 13 is realized. 

0122) Embodiment 10 
0123. In the memory cell of the present invention, since 
the word lines and the bit lines intersect each other and the 
memory capacity portion is formed thereon, it is necessary 
to delineate the lower electrode of the storage capacity 
portion at a large level difference portion. For example, if it 
is assumed that the thickness of the word line is 200 nm, the 
thickness of the bit line is 200 nm and the thickness of the 
oxide film for insulating each of the lines in Self-alignment 
is 250 nm, the level difference of the portion at which the 
work line and the bit line intersect each other is 900 nm from 
the Surface of the Substrate. In delineating the lower elec 
trode of bite Storage capacity portion, it is necessary to 
remove the electrode layer (polycrystalline Silicon) attached 
to the side wall of the level difference of 900 nm mentioned 
above. Especially, in the memory cell, Since the region 
surrounded by two work lines and two bit lines takes the 
form of a deep trench, it is difficult to completely remove the 
polycrystalline Silicon therefrom to isolate the lower elec 
trode of the Storage capacity portion from another Storage 
capacity portion. The layout of the lower electrode 1.6 of the 
storage portion shown in FIG. 1 has this problem and, in the 
work case, the lower electrodes 1.6 are connected with each 
other. 

0.124. The layout for ameliorating this problem is shown 
in FIG. 15. In the memory cell layout, the configuration and 
the arrangement of the patterns are the same as in the layout 
shown in FIG. 1 except for the arrangement of the lower 
electrode 1.6 of the Storage portions. 

0.125. In this embodiment, the lower electrodes are dis 
posed non in alignment in each file shown on FIG. 15 but 
in deviation from the positions of the lower electrodes in the 
adjacent rows Such that each deep trench formed by the two 
word lines 1.2 and the two bit lines 1.4 is filled up with the 
corresponding lower electrode. As a result, at least in the 
memory array, the delineation of the lower electrodes at the 
level difference at which the word line and the bit line 
interSect each other is obviated, thereby eliminating the 
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problem of short-circuit of the lower electrode. Around the 
memory array, however, the delineation of the lower elec 
trode at the high level difference is essential and incomplete 
delineation of the lower electrode leaves the polycrystalline 
Silicon along the level difference around the memory array. 
However, Since no deep trench is produced around the 
memory array, the removal of the polycrystalline Silicon is 
easier than in the memory array. Even if the polycrystalline 
Silicon remains around the memory array, So long as it is 
isolated from, the lower electrode in the memory array, there 
in, no problem in the operation of the memory. 

0126 Embodiment 11 
0127. An embodiment shown in FIG. 16 has a structure 
in which a charge Storage electrode 18 is laminated on a 
word line 14 and a bit line 16, thereby enabling the plane 
area of the charge Storage electrode 18 to the maximum 
except for the Space between the charge Storage electrodes. 
Since the wall-like charge Storage electrode 18 is adopted So 
as to use the Surface of the inner wall Surface as a Storage 
capacity portion, it is possible to increase the Storage capac 
ity. 

0128. In FIG. 16, the reference numeral 11 represents an 
Si Substrate, 12 an element isolating film, 15 and 17 inter 
layer insulating films, 19 a capacitor insulating film, 111 a 
plate electrode, 112 an interlayer insulating film, and 113 an 
impurity diffusion layer. 
0129. The process of fabricating the embodiment shown 
in FIG. 16 will be explained with reference to the steps 
shown in FIGS. 18a to 18i. The element isolating film 12 
and the gate oxide film 13 are first formed on the p-type Si 
substrate 11 having a crystal orientation of (100) plane and 
a specific resistance of 10 S.2cm, as shown in FIG. 18.a. A 
polycrystalline Si film 14 doped with phosphorus at a dosage 
of more than about 10 cm and an SiO film are then 
deposited on the gate oxide film 13 by CVD (Chemical 
Vapor Deposition). Thereafter, the SiO film and the poly 
crystalline Si film are delineated by anisotropic etching 
using a resist pattern (not shown) as a mask So as to form the 
word line (polycrystalline Si) and an SiO layer 31, as shown 
in FIG. 18b. The thickness of the polycrystalline Si film is 
150 nm and the thickness of the SiO layer 31 is 200 nm. 
0130. The ndiffusion layer is formed by ion implantation 
while using the word line 14 as a mask, as shown in FIG. 
10c. An SiO film having a thickness of 100 nm is next 
deposited by CVD and delineated by anisotropic dry etching 
so as to form an SiO film 32 on the side, wall of the word 
line. Thereafter, an SiO film 33 having a thickness of 50 nm 
is formed by CVD. The region at which a bit line is to be 
brought into contact with the diffusion layer is delineated by 
anisotropic dry etching while using a resist pattern (not 
shown) as a mask, thereby exposing the desired portion of 
the ndiffusion layer 113, as shown in FIG. 18d. Polycrys 
talline Si34 doped with phosphorus at a dosage of about 
10 cm and an SiO film 35 are deposited by CVD, as 
shown in FIG. 18e. The SiO film 35 and the polycrystalline 
Si film 34 are delineated employing a resist pattern (not 
shown) as a mask So as to form a bit line covered with the 
SiO film 35, as shown in FIG. 18f. An SiO film 36 having 
a thickness of a 100 nm, an SiNa film 37 having a thickness 
of 200 nm and an SiO film 38 having a thickness of 150 nm 
are deposited by CVD. At this time, care must be taken not 
to fill up the region A (the region at which the charge Storage 
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electrode is to be brought into contact with the ndiffusion 
layer) in FIG. 18g with the SiO film 36. In this embodiment 
which assumes to be a DRAM of 64 mega-bits, the thickness 
of the SiO film 36 should be not more than 200 nm. The 
SiN.37 is required to have a thickness of not less than about 
100 nm in order to substantially completely fill up the region 
A and make the Surface thereof flat. In this embodiment, the 
thickness of the SiN 37 is not less than 100 nm. The 
thickness of the last deposited SiO film 38 is set such that 
the total thicknesses of the already deposited SiO film 36 
and SiNa film 37 and the thickness of the SiO film 38 is 
equivalent to the height of the wall-like charge Storage 
electrode or the value with a slight margin added thereto, 

0131) The SiO film 38, the SiN film 37, SiO film 36 
and the SiO film 33 are then anisotroprically dry etched 
while using a resist pattern (not shown) as a mask So as to 
expose the Substrate at the region A. At this moment, as is 
obvious from FIG. 18g, the SiN film 37 is buried in the 
portion A, i.e. in the gap of the word lines 14, So that the 
Substantial thickness for etching is large. For this reason, an 
SiN etching technique having a Selection ratio with respect 
to the underlayer SiO 33 is necessary. To state this more 
concretely, a plasma etching technique using a plasma Such 
as CF+O, CHF, CHF, CHF and CH+F is preferable 
for etching of the SiN film. In the case of using these gases, 
the etching Speed of SiN is about 10 times higher than that 
of SiO, so that it is possible to delineate the SiN film 37 
Substantially without damaging (scraping) the underlayer 
SiO, film 33. 
0.132. After the delineation of these films, a polycrystal 
line Si film 39 doped with phosphorus at a dosage of about 
10-9 cm is deposited by CVD. The thickness of the 
polycrystalline Si film 39 is 100 nm and is so determined 
that the film 39 does not completely fill up the recessed 
portions of the SiO film 36, the SiNa film 37 and the SiO, 
film 38. A resist 1 um in thickness is then applied and buried 
a resist 131 in the recessed portions, as shown in FIG. 18h, 
by etching the resist film to a depth more than 1 um, which 
is the thickness of the resist film. The polycrystalline Si film 
39 is then anisotropically dry etched to a depth of slightly 
more than the thickness of the polycrystalline Si film 39. The 
SiO film 38 is then etched with an aqueous HF solution and 
the SiNa film 37 is etched with an aqueous solution of 
phosphoric acid. If the temperature of the phosphoric acid is 
set at about 160 to 180° C., the SiN film 37 of about 100 
nm in thickness is etched in Several minutes to Several ten 
minutes, as shown in FIG. 18i. A capacitor insulating film 
132 and a plate electrode 133 are finally formed, as shown 
in FIG. 18i. Although SiO is used for the capacitor insu 
lating film in this embodiment, an insulating film of Ta-Os, 
SiN or the like or a composite film thereof is naturally 
usable. KNO and other ferroelectric materials are also 
usable. Polycrystalline Sidoped with phosphorus is used for 
the plate electrode 133 in this embodiment, but W, Mo, 
WSi, MoSi and other metal materials and metal silicide 
materials may also be used. 

0133) Embodiment 12 
0134) The embodiment shown in FIG. 19 has the wall 
like charge Storage electrode 18 having the double wall 
portions formed concentrically. This structure enables the 
Storage capacity to be increased by about 50% as compared 
with the embodiment 11 shown in FIG. 16. 
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0135 FIGS. 20a and 20b show the process for fabricat 
ing a Semiconductor device of this embodiment. Completion 
of the steps shown in FIGS. 18a to 18g prior to the step 
shown in FIG.20a facilitates the fabricating process of this 
embodiment. After the step shown in FIG. 18g., , the SiO, 
film 38, the SiN film 37 and the SiO film 36 are anisotro 
prically dry etched and the polycrystalline Si film 39 doped 
with phosphorus at a dosage of about 10-cm is deposited 
by CVD. The thickness of the polycrystalline Si film 39 is 
50 nm. An SiO film 51 having a thickness of 80 nm is then 
deposited by CVD and further anisotropically dry etched so 
as to leave SiO2 on the recessed inner wall. A polycrystalline 
Si film 52 doped with phosphorus at a dosage of about 10' 
em is next deposited by CVD to a thickness of 50 nm, as 
shown in FIG.20a. The polycrystalline Si film 52 and the 
polycrystalline Si film 39 are anisotropically dry etched. The 
amount of etching polycrystalline Si is not less than 100 nm. 
The amount C. of over-etching exceeding 100 nm is So 
determined that the polycrystalline Si films remaining at the 
adjacent recessed portions do not cause Short-circuit, as 
shown in FIG. 20b, from a simple experiment, if necessary. 
The reference numeral 131 denotes a resist. 

0.136 Thereafter, a capacitor insulating film and a plate 
electrode are formed, thereby completing the Structure 
equivalent to the embodiment 12 shown in FIG. 19. 
0.137 In this embodiment, the double concentric wall is 
formed. By repeating the deposition and dry etching of SiO, 
and the deposition of polycrystalline Si as shown in FIGS. 
20a and 20b, it is possible to form a triple or a quadruple 
Wall on principle. In this case, it is necessary to make the 
thickness of each film thin So as not to completely fill up the 
recessed portion. 
0138 FIG. 21 shows an example of a layout of a semi 
conductor device according to the present invention. In the 
embodiment 11 and the embodiment 12 shown in FIGS. 16 
and 19, since the bit line 16 is formed prior to the formation 
of the charge Storage electrode, the wiring portion of the bit 
line 16 must be kept out of the portion at which the charge 
Storage electrode comes into contact with the Substrate. 
Therefore, in this embodiment, the bit line is formed above 
the memory cell region (above in FIG. 21). In this embodi 
ment, the layout pattern for forming a charge Storage elec 
trode 65 is shown by a hole pattern (a pattern of region the 
inside thereof is to be etched). 
0139. In FIG. 21, the reference numeral 61 denotes an 
active region, 62 a gate electrode (word line), 63 a contact 
hole for a bit line, 64 a bit line and 66 the portion at which 
the charge Storage electrode 65 comes into contact with the 
Substrate. 

0140. At the actual fabrication, a hole pattern is generally 
apt to be enlarged, So that the distance between the adjacent 
hole patterns is reduced at the time of completion. On 
principle, it is impossible to make the distance between the 
hole patterns not more than the limitation of resolution of the 
lithography technique, but by utilizing the above-described 
hole pattern enlarging phenomenon, it is possible to Sub 
Stantially reduce the distance between the hole patterns and 
to enlarge the hole pattern and, hence, the charge Storage 
electrode formed in the hole to that degree. 
0.141. It goes without saying that the memory cells having 
the wall-like charge storage electrode shown in FIGS. 16 
and 19 are applicable to the structure of the layout shown in 
FIG. 1. 
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0142. In the layouts shown in FIGS. 21 and 1, the 
etching mask for the insulating film for bringing the charge 
Storage electrode into contact with the Substrate is used as 
the mask for forming the charge Storage electrode as it is. It 
is one of the characteristics of the present invention that the 
mask pattern and the masking Step are Simplified in com 
parison with the prior art which requires Separate mask 
patterns and masking Steps. 

0143 Embodiment 13 
014.4 FIG.22 shows an embodiment in which the bit line 
16 is formed after the formation of the charge Storage 
electrode 18. The wall-like charge storage electrode 18 can 
be formed without any problem even if the bit line 16 is 
formed thereafter. 

0145. In FIG.22, the reference numeral 11 represents the 
Si Substrate, 12 the element isolating film, 14 a word line, 15 
the interlayer insulating film, 19 the capacitor insulating 
film, 111 the plate electrode, 112 the interlayer insulating 
film, and 113 the impurity diffusion layer. 
0146 In the above-described embodiment, the n-channel 
type memory cell is formed, but the present invention is 
naturally applicable to a p-channel type memory cell. 
0147 The present invention can be, needless to say, 
applicable to both the folded bit line type and the open bit 
line type momory array. 
0.148. It goes without saying that by adopting this 
embodiment only for the formation of a capacitor, it is 
possible to form a capacitor having a larger storage capacity 
without increasing the area of the capacitor. 
014.9 The structure of the memory cell having the above 
described wall-like charge Storage electrode is applicable to 
the Embodiments 1 to 10, and is also applicable to any 
Semiconductor memory device having a charge Storage 
capacitor on principle. 

0150. As described above, according to the semiconduc 
tor memory device of the present invention which has a 
Switching transistor and a charge Storage capacitor as a 
minimal unit, Since the major portion of an active region in 
which a channel region and Source and drain regions of the 
Switching transistor are formed is So arranged as not to be 
parallel to neither the major portion of a word line consti 
tuting the Switching transistor nor the major portion of a bit 
line for writing and reading data, fine memory cells required 
for the DRAMs of the level of 16 mega-bits can be easily 
fabricated based on the conventional photolithograph 
method and dry etching method. Compared with the STC 
cells of the conventional Structure, furthermore, the Storage 
capacities are not affected by the delineation of plate elec 
trode; i.e., the Storage capacity portions can be arranged 
most densely. Accordingly, a Sufficiently large capacity is 
obtained even with a very Small cell area. According to the 
third embodiment, furthermore, the capacity can be 
increased by 20 to 30% which is large enough to cope with 
Soft errors caused by alpha particles and circuit noise. 
0151. The second feature of the present invention resides 
in that Since the Storage capacity portions are formed on the 
bit lines, the Storage capacities and the plate electrode work 
as shielding lines for the bit lines. Therefore, the interline 
capacity of the bit lines decreases and the memory array 
noise decreases greatly, too. A further great feature resides in 
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that the number of masks for realizing the above-mentioned 
Structure is nearly the same as that of the conventional 
Structure. 

0152. In addition, a semiconductor memory device and a 
proceSS for fabricating the same according to the present 
invention is a Semiconductor memory device of one-transi 
tor and one-capacitor type Semiconductor device having a 
charge Storage electrode which extends on a word line or a 
bit line and a process for fabricating the Same. Since the 
peripheral portion of the charge Storage electrode region has 
a configuration of a thin wall, and the inner wall Surface and 
the outer wall Surface thereof constitute the charge Storage 
electrode, it is possible to form a storage capacity portion 
having a larger capacity than a conventional Semiconductor 
device in a fine cell area. Consequently, it is possible to form 
a memory having a high degree of integration. A capacitor 
having Such a wall-like charge Storage electrode can be 
incorporated into an LSI and other Semiconductor devices 
which are mainly used for logical operation. 
0153. In addition, since it is possible to reduce the 
number of times for using a mask pattern by one as com 
pared with the prior art, the present invention can advanta 
geously shorten the time for fabrication. 
0154 As mentioned above, the present invention makes 

it possible to realize the memory cells Satisfying areas and 
capacities required for the DRAMs of the level of several 
mega-bits to Several tens of mega-bits. 
O155 While there has been described what are at present 
considered to be preferred embodiments of the invention, it 
will be understood that various modifications may be made 
thereto, and it is intended that the appended claims cover all 
Such modifications as fall within the true Spirit and Scope of 
the invention. 

What is claimed is: 
1. In a Semiconductor memory device having a Switching 

transistor and a charge Storage capacitor as a minimal unit, 
the improvement comprising an active region in which a 
channel region and Source and drain regions of Said Switch 
ing transistor are formed and the major portion of which is 
So arranged as to be parallel to neither the major portions of 
word lines constituting Said Switching transistor nor the 
major portions of bit lines for writing and reading data, Said 
active region being composed of a region which is inclined 
with respect to Said word lines and a region which is at a 
right angle with respect to Said word lines, and being also 
composed of a region which is inclined with respect to Said 
bit lines and a region which is parallel with Said bit lines. 

2. A Semiconductor memory device according to claim 1, 
wherein Said channel region which is formed by overlapping 
Said word lines and Said active region has the form of a 
hexagon, and the interior angles of the Vertices are 90 
degrees, 90 degrees, 135 degrees, 135 degrees, 45 degrees 
and 225 degrees, respectively. 

3. A Semiconductor memory device according to claim 1, 
wherein Said channel region which is formed by overlapping 
Said word lines and Said active region has the form of a 
pentagon, and the interior angles of the vertices are 90 
degrees, 135 degrees, 135 degrees, 45 degrees and 135 
degrees, respectively. 

4. A Semiconductor memory device according to claim 1, 
wherein Said active region is Symmetrical with respect to the 
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center of a contact hole which is opened in order to bring a 
bit line into contact with one diffusion layer of said Switch 
ing transistor. 

5. A Semiconductor memory device according to claim 1, 
wherein Said active region is Symmetrical with respect to a 
line which passes the center of Said contact hole for a bit line 
and parallel to Said word lines. 

6. A Semiconductor memory device according to claim 1, 
wherein Said active region comes into contact with a lower 
electrode of Said charge Storage capacitor in one diffusion 
layer, and any Said diffusion layer is disposed in a region 
surrounded by two word lines and two bit lines. 

7. A Semiconductor memory device according to claim 4, 
wherein Said Semiconductor memory device is a folded bit 
line type memory array in which if it is assumed that the 
center of Said contact hole for a bit line in Said active region 
Symmetrical with Said center is the origin and that the 
distance between the contact holes for bit lines and a 
component parallel to Said word lines is Dp while the 
distance between the contact holes for bit lines and a 
component parallel to Said bit lines is Wp, the centers of Said 
contact holes for bit lines of the four active regions which 
are the nearest neighbors to said active region are (-Wp, Dp), 
(-Wp, -Dp), (Wp, Dp), (Wp, -Dp), respectively, and said 
four active regions are arranged Such that Said active region 
is inverted and moved in parallel with the original position. 

8. A Semiconductor memory device according to claim 5, 
wherein Said Semiconductor memory device is a folded bit 
line type memory array in which if it is assumed that the 
center of said contact hole for a bit line in Said active region 
Symmetrical with Said line is the origin and that the distance 
between the contact holes for bit lines and a component 
parallel to said word lines is Dp while the distance between 
the contact holes for bit lines and a component parallel to 
said bit lines is Wp, the centers of said contact holes for bit 
lines of the four active regions which are the nearest 
neighbors to said active region are (-Wp, Dp), (-Wp, -Dp), 
(Wp, Dp), (Wp, -Dp), respectively, and said four active 
regions are arranged Such that Said active region is moved in 
parallel with the original position. 

9. A Semiconductor memory device according to claim 4, 
wherein Said Semiconductor memory device is an open bit 
line type memory array in which if it is assumed that the 
center of Said contact hole for a bit line in Said active region 
Symmetrical with Said center is the origin and that the 
distance between the contact holes for bit lines and a 
component parallel to Said word lines is Dp while the 
distance between the contact holes for bit lines and a 
component parallel to Said bit lines is Wp, the centers of Said 
contact holes for bit lines of the four active regions which 
are the nearest neighbors to said active region are (-Wp, O), 
(-Wp, -Dp), (Wp, O), (Wp, Dp), respectively, and said four 
active regions are arranged Such that Said active region is 
moved in parallel with the original position. 

10. A Semiconductor memory device according to claim 5, 
wherein Said Semiconductor memory device is an open bit 
line type memory array in which if it is assumed that the 
center of Said contact hole for a bit line in Said active region 
Symmetrical with Said line is the origin and that the distance 
between the contact holes for bit lines and a component 
parallel to said word lines is Dp while the distance between 
the contact holes for bit lines and a component parallel to 
said bit lines is Wp, the centers of said contact holes for bit 
lines of the four active regions which are the nearest 
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neighbors to Said active region are (-Wp, O), (-Wp, -Dp), 
(Wp, O), (Wp, Dp), respectively, and said four active 
regions are arranged Such that Said active region is rotated at 
180 degrees and is moved in parallel with the original 
position. 

11. A Semiconductor memory device according to claim 6, 
wherein Said lower electrode of Said charge Storage capaci 
tor which comes into contact with Said one diffusion layer is 
So disposed as to extend onto an element isolating oxide film 
which is not covered with either said word line or said bit 
line. 

12. A Semiconductor memory device according to claim 1, 
wherein Said charge Storage capacitor is So composed that a 
plate electrode is not in contact with a conductive layer 
which is lower or upper than Said plate electrode at least on 
Said memory array and Said charge Storage capacitor is 
dispensed with a hole which is necessary for electrical 
connection. 

13. In a Semiconductor memory device having a Switch 
ing transistor and a charge Storage capacitor as a minimal 
unit, the improvement comprising: an active region in which 
a channel region and Source and drain regions of Said 
Switching transistor are formed and the major portion of 
which is So arranged as to be parallel to neither the major 
portions of word lines constituting Said Switching transistor 
nor the major portions of bit lines for writing and reading 
data; and Said charge Storage capacitor having a lower 
electrode which extends onto said word line and/or said bit 
line and which has a wall-like portion Substantially vertical 
to the Substrate of Said Semiconductor memory device So 
that both Surfaces of Said wall-like portion are in contact 
with a plate electrode through a capacitor insulating film, 
thereby constituting at least a part of charge Storage capacity. 

14. A Semiconductor memory device according to claim 
13, wherein Said wall-like portion is composed of an at least 
double concentric portion. 

15. A Semiconductor memory device according to claim 
13, wherein Said capacitor has SiO, SiN, Ta-Os, or a 
composite material thereof as a material of an insulating 
film. 

16. A proceSS for fabricating a Semiconductor memory 
device having a Switching transistor and a charge Storage 
capacitor as a minimal unit, Said process comprising the 
Steps of: 

forming a word line Substantially covered with an insu 
lating film; 

forming a hole pattern by depositing SiO2 and SiN. and 
etching Said SiO2 and SiN in that order while using a 
hole pattern mask which extends onto at least a part of 
a Substrate between word lines or a region including at 
least a part of Said word line; 

depositing a conductive thin film and burying a resist in 
a hole covered with said conductive thin film; 

etching Said conductive thin film while leaving the Surface 
of the inner wall of Said hole; and 
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forming a capacitor insulating film and a plate electrode 
after etching SiN., 

wherein the major region of an active region in which a 
channel region and Source and drain regions of Said 
transistor are formed is So arranged as to be parallel to 
neither the major portions of word lines constituting 
Said Switching transistor nor the major portions of bit 
lines for writing and reading data. 

17. A process for fabricating a Semiconductor memory 
device according to claim 16, wherein Said Step of forming 
said hole pattern includes the steps of depositing SiO2 on 
SiN, etching Said SiO, forming a Semiconductor thin film 
and removing thereafter Said SiO2. 

18. In a Semiconductor device of a one-transistor and 
one-capacitor type having a charge Storage electrode which 
extends onto a word liner or a bit line, the improvement 
comprising the periphery of Said charge Storage electrode 
which is formed into a thin wall Such that the inner wall 
Surface and outer wall Surface of Said thin wall constitute 
Said charge Storage electrode. 

19. A Semiconductor device according to claim 18, 
wherein the thin wall-like portion is composed of an at least 
double concentric portion. 

20. A Semiconductor device according to claim 18, 
wherein said capacitor has SiO, SiN, Ta-Os, or a com 
posite material thereof as a material of an insulating film. 

21. A Semiconductor device according to claim 18, 
wherein Said capacitor having a thin wall-like electrode is 
incorporated into an LSI which is mainly used for logical 
operation. 

22. A process for fabricating a Semiconductor device 
comprising the Steps of: 

forming a word line Substantially covered with an insu 
lating film; 

forming a hole pattern by depositing SiO, and SiN and 
etching Said SiO2 and SiN in that order while using a 
hole pattern mask which extends onto at least a part of 
a Substrate between word lines or a region including at 
least a part of Said word line; 

depositing a conductive thin film and burying a resist in 
a hole covered with said conductive thin film; 

etching Said conductive thin film while leaving the Surface 
of the inner wall of said hole; and 

forming a capacitor insulating film and a plate electrode 
after etching SiN. 

23. A process for fabricating a Semiconductor device 
according to claim 22, wherein Said Step of forming Said 
hole pattern includes the steps of depositing SiO on SiN 
etching Said SiO, forming a Semiconductor thin film and 
removing thereafter said SiO. 


