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(57) ABSTRACT 

ADRAM device With increased surface area includes a pair 
of storage nodes arranged in a square con?guration, and the 
square con?gurations are repeatedly arranged to form matrix 
cell array region. One of the storage node exhibits an “L” 
shaped pole and the other storage node exhibits a “reverse 
L” shaped pole. The “reverse L” shaped pole is rotated 180 
degrees from the “L” shaped pole, thereby collectively 
forming a square con?guration as viewed from a top plan 
view. 
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Fig. 2A 
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Fig. 3 
(Prior Art) 
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Fig. 5 
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DYNAMIC RANDOM ACCESS MEMORY DEVICE 
WITH SHAPED STORAGE NODES 

[0001] This application relies for priority upon Korean 
Patent Application No. 2000-01549, ?led on Jan. 13, 2000, 
the contents of Which are herein incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly to a semiconductor DRAM 
(dynamic random access memory) device With uniquely 
shaped storage nodes resulting in increased surface area and 
increased capacitance for a memory cell. 

Description of the Related Art 

[0003] Advances in the scaling-doWn of integrated circuit 
devices have led to smaller Wafer areas and consequently 
smaller devices. High density DRAM (dynamic random 
access memory) devices, for example, leave little room for 
the storage node of a memory cell. As is Well knoWn, a unit 
cell of the DRAM comprises one transistor and one cell 
capacitor to store information. The information storage 
capacity of the capacitor is proportional to the capacitance, 
and the capacitance must be maintained at a minimum 
acceptable level to ensure improved read/Write operation 
and to reduce soft error rates. 

[0004] HoWever, as the footprint (i.e., the area of a silicon 
Wafer allotted individual memory cells) shrinks, the area 
occupied by the capacitor must also be reduced. This in turn 
reduces the surface area of the capacitor electrode, thereby 
reducing capacitance. This is because cell capacitance (C) is 
equal to k (A/d), Where k is the dielectric constant of the 
capacitor dielectric, A is the electrode area and d represents 
the spacing betWeen the electrodes (thickness of the dielec 
tric ?lm). 

[0005] Accordingly, several techniques have been devel 
oped to increase the overall capacitance of the cell capacitor 
Without signi?cantly affecting the Wafer area occupied by 
the cell. One technique is to increase the surface area of the 
electrode. For eXample, trench type, stack type and cylin 
drical type electrode structures have been fabricated. 

[0006] FIG. 1 is a top plan vieW schematically shoWing a 
conventional cylindrical capacitor. Referring to FIG. 1, a 
unit cell region 100 is arranged repeatedly lengthWise and 
WidthWise (longitudinally and laterally) With spacing “c” 
betWeen adjacent unit cell regions 100, to form a cell array 
region of the DRAM cell. One cylindrical capacitor 120 is 
oriented Within the unit cell region 100 so as to substantially 
occupy most of the unit cell region. The spacing betWeen the 
capacitors 120 (e.g., spacing betWeen adjacent unit cells) is 
still denoted by “c”. 

[0007] Because of the doWnWard trend in cell siZe, the 
area occupied by the cylindrical capacitor is being decreased 
in a given area (i.e., unit cell area is being decreased), 
thereby the top surface area thereof also decreases. To 
compensate for the decrease in the top surface area, the 
height of the cylindrical capacitor can be increased so as to 
increase the sideWall surface area. HoWever, several prob 
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lems arise When trying to increase the height of the cylin 
drical capacitor, as described beloW With regard to FIGS. 2 
and 3. 

[0008] FIG. 2A is a plan vieW of a pair of conventional 
cylindrical capacitors; FIG. 2B is a perspective vieW of the 
conventional capacitors of FIG. 2A; and FIG. 3 is a side 
cross-sectional vieW shoWing conventional cylindrical stor 
age nodes. 

[0009] The capacitor as shoWn in FIGS. 2A, 2B and 3 is 
formed through the folloWing steps. A contact plug 110 is 
formed in an insulating layer formed on a semiconductor 
substrate. Astorage electrode 120 is formed on the insulating 
layer to be electrically connected to the contact plug 110. A 
plate electrode 130 is formed over the storage electrode 120 
With an interposing dielectric layer (not shoWn) therebe 
tWeen. An interlayer insulating layer 140 is formed over the 
entire surface of the substrate. If the height h (see FIG. 2B) 
of the capacitor electrode 120 is increased for the purpose of 
increasing the side surface area of the capacitor, the height 
difference betWeen cell array region (A), Where the capacitor 
is formed, and peripheral region (B), Where the capacitor is 
not formed, is also increased. In other Words, a step is 
generated betWeen the cell array region and the peripheral 
region as shoWn in FIG. 3. Also, When a BPSG (borophos 
phosilicateglass) layer is used as the interlayer insulating 
layer 140, the re-?oW process for BPSG planariZation may 
cause the storage electrode 120 to tilt or move (see FIG. 3), 
Which degrades the contact betWeen the storage electrode 
120 and the contact plug 110. 

[0010] FIGS. 2A and 2B shoW respective top plan and 
perspective vieWs of a pair of conventional cylindrical 
storage nodes With a rectangular con?guration. As compared 
to FIG. 1, When the top surface of the cylindrical storage 
electrode eXhibits a rectangular con?guration (i.e., When the 
storage electrode occupies nearly the Whole area of the 
rectangular unit cell region), the maXimum top surface and 
side surface area can be obtained. 

[0011] Although the rectangular storage electrode of 
FIGS. 2A and 2B occupies more area than the elliptical 
storage electrode of FIG. 1, there is still a need for a 
capacitor that eXhibits more surface area than the rectangular 
storage electrode. 

SUMMARY OF THE INVENTION 

[0012] The present invention solves one or more of the 
above-mentioned problems and it is an object of the present 
invention to provide a DRAM device With increased surface 
area. 

[0013] In accordance With the present invention, the 
DRAM device comprises a pair of cells arranged lengthWise 
and WidthWise to form a cell array region of a semiconductor 
substrate. TWo transistors in the pair of cells share a common 
drain region formed in the substrate betWeen gates elec 
trodes of each transistor, and tWo storage nodes in the pair 
of cells are electrically connected to each source of the tWo 
transistors, respectively. One storage node in the pair of cells 
is an “L” shaped pole and the other is a “reversed L” shaped 
pole, rotated 180 degree With respect to the one storage 
node. Each storage node can be divided into tWo parts. One 
is main body pole and the other is protruding pole. The 
protruding pole protrudes from a side Wall of the main body 
pole. 
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[0014] More particularly, each main body pole is electri 
cally connected to each source of the tWo transistors, respec 
tively, through a storage node contact plug, and the main 
body pole occupies most of the cell. Each protruding pole in 
the pair of cells protrudes into a part of the adjacent cell 
respectively. A top surface of the main body pole and the 
protruding pole has a rectangular con?guration. A top sur 
face area of the protruding pole is at most half of the main 
body pole. A spacing betWeen the tWo storage nodes is the 
same dimension as the shorter Width of the protruding pole. 
The longer Width of the protruding pole is the same dimen 
sion as the shorter Width of the main body pole plus the 
spacing betWeen the tWo storage nodes 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other features, aspects, and advantages 
of the present invention will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying draWings Where: 

[0016] FIG. 1 is a top plan vieW schernatically shoWing a 
conventional cell array of a DRAM device comprised of 
cylindrical capacitors; 
[0017] FIG. 2A is a plan vieW of a pair of conventional 
rectangular cylindrical capacitors; 
[0018] FIG. 2B is a perspective vieW of the conventional 
capacitors of FIG. 2A; 

[0019] FIG. 3 is a side cross-sectional vieW shoWing 
conventional cylindrical storage nodes; 

[0020] FIG. 4 is a top plan vieW of a cell array of a DRAM 
device according to the present invention; 

[0021] FIG. 5 is a top plan vieW of a pair of storage nodes 
of FIG. 4; and 

[0022] FIG. 6 is a perspective vieW of the storage nodes 
of FIG. 5. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. 

[0024] FIG. 4 schematically shoWs a top plan vieW of a 
cell array of a DRAM device in accordance With the present 
invention. 

[0025] As described previously in FIGS. 1 and 2, in a 
conventional DRAM device, a unit cell includes one tran 
sistor and one storage node. The storage node occupies most 
of the unit cell area as seen from a top plan vieW. Accord 
ingly, the top surface area occupied by the storage node is 
approximately equal to the unit cell area. 

[0026] HoWever, in accordance With the present invention 
as shoWn in FIG. 4, tWo adjacent unit cells 200 constitute 
one set, and a part of each storage node 220 in the set eXtends 
into the adjacent unit cell. One storage node in the set 
eXhibits an “L” con?guration and the other storage node in 
the one set exhibits a “reversed L” con?guration, rotated 180 
degrees as seen from the top plan vieW in FIG. 4, or in other 
Words, the “reversed L” shaped pole is rotated 180 degrees 
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With respect to the “L” shaped pole, around an aXis eXtend 
ing from the a top of a storage node to a bottom storage 
node. 

[0027] As shoWn in FIG. 4, tWo adjacent unit cells in one 
set are separated from another tWo adjacent unit cells in 
another set by a distance “c”. And, as shoWn in FIG. 5, each 
unit cell 200 Within the set is also separated from the 
adjacent unit cell 200 Within the set by a distance of “c”. 

[0028] Each unit cell 200 alone resembles a rectangular 
con?guration as seen from a top plan vieW, and each set 
comprising two unit cells 200 constitutes a substantially 
square con?guration as seen from a top plan vieW (FIG. 4). 

[0029] Each set is made of a pair of storage nodes 220. The 
storage node 220 is divided into tWo parts. One is a main 
body pole 220a that is electrically connected to the contact 
plug 210 and located in and occupying most of the area of 
a corresponding unit cell 200. The other is a projecting pole 
220b that is projected from a side Wall of the main body pole 
220a and located in the other adjacent unit cell 200 of the 
same one set. 

[0030] More particularly, the storage node of the present 
invention Will be described With reference to FIG. 5 and 
FIG. 6. FIG. 5 is a top plan vieW schernatically shoWing a 
pair of storage nodes 220 and 220‘, and FIG. 6 is a 
perspective vieW of FIG. 5. Each storage node 220, 220‘ is 
comprised of a main body pole 220a, 220a‘ and a projecting 
pole 220b, 220b‘. Each projecting pole 220b, 220b‘ of each 
storage node 220, 220‘ projects from a side Wall of the main 
body pole 220a, 220a‘ at a right angle and extends into an 
adjacent unit cell 200, overlapping a part thereof. Accord 
ingly, as can be seen in FIG. 5, the loWer unit cell includes 
tWo storage nodes. That is, one is the main body pole 220a‘ 
occupying most of the loWer unit cell and the other is the 
projecting pole 220b extended from the main body 220a of 
the other storage node 220 in the upper unit cell. Likewise, 
the upper unit cell includes tWo storage nodes. That is, one 
is the main body pole 220a occupying most of the upper unit 
cell and the other is the projecting pole 220b‘ extended from 
the main body pole 220a‘ of the other storage node 220‘ in 
the loWer unit cell. Note that the main body poles 220a, 
220a‘ are electrically connected to an underlying active 
region through storage node contact plugs 210, 210‘ . That 
is, the contact plugs 210, 210‘ are in contact With bottoms of 
the main body poles 220a, 220a’. 

[0031] As shoWn in FIGS. 4-6, a top plan vieW of each 
main body pole 220a, 220a‘ eXhibits a rectangular con?gu 
ration and occupies most of the area of the respective unit 
cell. Also, a top plan vieW of the projecting pole 220b, 220b‘ 
eXhibits a rectangular con?guration. 

[0032] The top plan vieW of the main body pole 220a‘ and 
the projecting pole 220b‘ of the storage node 220‘ constitute 
an “L” shaped con?guration (or “reverse L” shaped con 
?guration in case of adjacent storage node 220), and the 
projecting pole 220b (or 220b‘) eXtends into an adjacent unit 
cell. It is preferable that the distance “c” betWeen the storage 
nodes, Which is determined by the prevailing design rule, 
should be minimized. It is noted that the area of the top 
surface of the projecting pole 220b is less than that of the 
main body pole 220a. That is because the shorter Width side 
“c” of the projecting pole 220b cannot eXtend beyond half 
the distance along the longer side “b+2c” of the cell region 
200. 
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[0033] As compared to the conventional rectangular stor 
age node of FIGS. 2A and 2B, the top surface area of the 
storage node of the present invention is decreased. HoWever, 
the side surface area of the storage node increases due to the 
structure of the projecting pole 220b. As Will be described in 
the following, the dimension of the increased side surface 
area eXceeds the dimension of the decreased top surface 
area. Accordingly, the total surface area of the storage node 
of the present invention increases as compared to the con 
ventional storage node. 

[0034] As described previously, it is knoWn that the 
capacitance of the cell capacitor is proportional to the 
surface area of the storage node. The “effective surface 
area”, Which affects the capacitance, is divided into a top 
surface area and a side surface area. 

[0035] As can be seen in FIGS. 2A and 2B, the top 
surface of the conventional storage node 120 resembles a 
rectangular con?guration. And, the perspective vieW of 
storage node 120 resembles a rectangular columnar con?gu 
ration (i.e., rectangular shaped pole). If the top surface of the 
storage node (e.g., the unit cell) is “b+2c” Wide and “a” long, 
and the storage node is “h” high, the total surface area of the 
conventional storage node is given by the folloWing equa 
tion 1. 

[0036] Wherein, “S” represents the total surface area, “S1” 
represents a top surface area, “S2” represents a side surface 
area, “c” represents a spacing betWeen the conventional 
storage nodes in the one set, “a” represents the shorter Width, 
and “b+2c” represents the length of the conventional storage 
node, respectively. 

[0037] On the other hand, the top surface of the storage 
node of the present invention, as described above and as can 
be seen in FIG. 5, resembles an “L” con?guration. The other 
storage node in the one set resembles “reversed L con?gu 
ration” that is 180 degrees rotated from the “L” con?gura 
tion. Like FIGS. 2A and 2B, in FIGS. 5 and 6, We Will use 
the same general unit cell dimensions, namely, the Width of 
the unit cell is “b+2c” Wide, the length of the unit cell is “a” 
long, the height of the storage node is “h” high, and the 
spacing betWeen storage nodes in the one set is “c” Wide. 
The main body pole 22011 of the storage node 220 of the 
present invention is “b” Wide and “a” long. The projecting 
pole 220b is “c” Wide and “a+c” long. It is readily apparent 
that the main body pole 22011 is greater in siZe than the 
projecting pole 220b. The total surface area of the present 
storage node is given by the folloWing equation 2. 

SS = SS1 + SS2 (2) 

[0038] Wherein “SS” represents the total surface area, 
“SS1” represents a top surface area of the storage node, 
“SS2” represents a side surface area of the storage node 
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pole, “c” represents a spacing betWeen the storage nodes in 
the one set and also represents the shorter Width of the 
projecting pole, “a” represents the shorter Width (i.e., length 
in ?gure) of the main body pole of the storage node, “b” 
represents the longer Width (i.e., Width in ?gure) of the main 
body pole of the storage node, and “h” represents the height 
of the storage node pole. 

[0039] Considering equations 1 and 2, the top surface area 
difference (A1) betWeen the present invention and the con 
ventional invention is given the folloWing equation 3. 

A1 = SS1- S1 (3) 

: (ab + ac + 02) — (ab + 2110) 

[0040] From equation 3, We knoW that the top surface area 
of the conventional storage node is greater than that of the 
present invention, because “a” is greater than “c”. 

[0041] Considering equations 1 and 2, the side surface 
area difference (A2) betWeen the present invention and the 
conventional invention is given the folloWing equation 4. 

[0042] From equation 4, it can be seen that the side surface 
area of the present invention is greater than that of the 
conventional invention, again because “a” is greater than 

[0043] NoW, the total surface area difference (A) betWeen 
the present invention and the convention invention can be 
calculated by the folloWing equation 5. 

[0044] From equations 3, 4, 5, it can be seen that although 
the top surface area of the present invention is decreased as 
compared to the convention invention, the increase in the 
side surface is enough to offset the decrease in the top 
surface area. Accordingly, the total surface area of the 
capacitor becomes greater than that of the conventional 
invention. Particularly, since the height of the storage node 
“h” is suf?ciently greater than the spacing “c” betWeen the 
storage nodes in one set, the increase in the total surface area 
can be signi?cant. 

[0045] For eXample, assume that the length of the storage 
node “a” is 1 micrometer, the Width “b” thereof is 1.5 
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micrometer, the design rule (e.g., the spacing “c” between 
storage nodes) is 0.2 micrometer, and the height “h” is 0.8 
micrometer. Then, the increase in total surface area (A) is 
1.12 square micrometers as determined from equation 5. 

Namely, A=(a—c)(2h—c)=(1—0.2)><(1.6—0.2) square 
micrometers=1.12 square micrometers. In other Words, the 
surface area is increased by an amount of 1.12 square 
micrometers as compared to the conventional storage node. 
From equation 1, We knoW the total surface area (S) of the 
conventional storage node is 5.92 square micrometers. 
Accordingly, the increase in surface area With respect to the 
conventional invention is about 14.62%. 

[0046] Moreover, When HSG (hemispherical silicon 
grains) are formed on the surface of the storage node, the 
effective surface area is increased even further. 

[0047] As described above, the present invention provides 
a storage node With increased surface area as compared to 
the conventional cylindrical storage node. The top surface of 
the storage node resembles an “L” con?guration and that of 
the adjacent storage node resembles a “reversed L” con?gu 
ration. Namely, tWo storage node are center symmetric With 
respect to the center point betWeen tWo adjacent cells (one 
storage node is 180 degree rotated With respected to the 
other). 
What is claimed is: 

1. A DRAM device comprising: 

a pair of cells sequentially arranged in a repeating latitu 
dinal and longitudinal pattern, and de?ning a cell array 
region of a semiconductor substrate; 

Wherein each of the pair of cells includes a single tran 
sistor and a single storage node, resulting in tWo 
transistors and tWo storage nodes for each pair of cells, 
the tWo transistors in the pair of cells sharing a common 
drain region, and the tWo storage nodes in the pair of 
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cells being electrically connected to each source of 
each transistor, respectively; 

Wherein one storage node eXhibits an “L” shaped pole 
con?guration When vieWed from a top vieW, and the 
other storage node eXhibits a “reversed L” shaped pole 
con?guration, 

each storage node comprising a main body pole and a 
protruding pole, the protruding pole projecting at a 
right angle from a sideWall of the main body pole. 

2. The DRAM device according to claim 1, Wherein the 
“reversed L” shaped pole is rotated 180 degrees With respect 
to the “L” shaped pole, around an aXis extending from the 
a top of a storage node to a bottom storage node. 

3. The DRAM cell according to claim 1, Wherein each 
main body pole is electrically connected to the source region 
through a storage node contact plug. 

4. The DRAM cell according to claim 1, Wherein the main 
body pole of each storage node is arranged in a respective 
one of the pair of cells, the protruding pole of each storage 
node extending from the main body pole into the adjacent 
one of the pair of cells. 

5. The DRAM device according to claim 1, Wherein a top 
surface of the main body pole and the protruding pole is a 
rectangular con?guration, respectively. 

6. The DRAM device according to claim 1, Wherein a top 
surface area of the protruding pole is less than half of the top 
surface area of the main body pole. 

7. The DRAM device according to claim 1, Wherein a 
spacing dimension betWeen the tWo storage nodes is equal to 
a shorter Width dimension of the protruding pole. 

8. The DRAM device according to claim 7, Wherein a 
longer Width dimension of the protruding pole is equal to a 
shorter Width dimension of the main body pole plus the 
spacing dimension betWeen the tWo storage nodes. 

* * * * * 


