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FIG. 3 (PRIOR ART) 
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FIG. 5 (PRIOR ART) 
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CYLINDER-TYPE CAPACTOR FOR A 
SEMCONDUCTOR DEVICE 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
Ser. No. 09/886,066, filed Jun. 21, 2001, the content of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a method for 
fabricating a capacitor for a Semiconductor device, and more 
particularly, to a method for fabricating a cylinder-type 
capacitor for a Semiconductor device. 
0004 2. Description of the Related Art 
0005 The performance characteristics of a memory cell 
Such as a dynamic random access memory (DRAM) among 
Semiconductor devices share an direct connection with the 
capacitance of the memory cell capacitor. For example, as 
the capacitance of the cell capacitor increases, the low 
Voltage characteristics and Soft error characteristics of the 
memory cell are improved. 

0006 AS semiconductor devices continue to become 
more highly-integrated, the available area of a unit cell in 
which a capacitor is formed decreases. Thus, methods for 
increasing the capacitance of a capacitor within the limited 
area are neceSSary. 

0007. A number of techniques have been suggested for 
accomplishing capacitor integration. These include forming 
the capacitor dielectric layer into a thin film, using a material 
having a high dielectric constant as the dielectric layer, and 
increasing the effective area of a capacitor electrode by 
making a cylinder-type electrode or a fin-type electrode or 
by growing hemispherical grains (HSGs) on the Surface of 
the electrode. 

0008 Hereinafter, referring to FIGS. 1 through 5, a 
conventional method for fabricating a cylinder-type capaci 
tor for a semiconductor device will be described. Like 
reference numerals refer to like elements throughout the 
drawings. 
0009 Referring to FIG. 1, a first insulating layer 120 is 
formed on a semiconductor Substrate 100 on which a con 
ductive region 110 is formed. A first photoresist pattern 122 
having a first opening A at the position corresponding to the 
conductive region 110 is formed on the first insulating layer 
120. 

0.010 Referring to FIG. 2, the exposed portion of the first 
insulating layer 120 is etched, using the first photoresist 
pattern 122 as a mask, and thereby forming a first insulating 
layer pattern 120a having a contact hole 125 for exposing 
the conductive region 110. After the first photoresist pattern 
122 is removed, a first conductive layer 130 for filling the 
contact hole 125 is formed. 

0.011 Referring to FIG. 3, the upper surface of a resultant 
Structure shown in FIG. 2 is planarized to expose the upper 
Surface of the first insulating layer pattern 120a, and thereby 
forming a contact plug 130a. A etch stop layer 140 and a 
Second insulating layer 150 are formed in Sequence on the 
surface of the top of the first insulating layer pattern 120a 
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and the contact plug 130a. A second photoresist pattern 152 
having a Second opening B at a position above the contact 
plug 130a is formed on the second insulating layer 150. 
0012 Referring to FIG. 4, the second insulating layer 
150 and the etch stop layer 140 are etched by using the 
Second photoresist pattern 152 as a mask, and thereby 
forming a Second insulating layer pattern 150a and an etch 
stop layer pattern 140a having a storage node hole 155 for 
exposing the Surface of the top of the contact plug 130a. 
After the second photoresist pattern 152 is removed, a 
second conductive layer 160 is formed at a thickness such 
that the storage node hole 155 is not completely filled. 
0013 Referring to FIG. 5, the top of the second conduc 
tive layer 160 and the second insulating layer pattern 150a 
are removed to form a separated Storage node 160a. A 
dielectric layer 180 and an upper electrode 190 are formed 
on the storage node 160a. 
0014. According to the conventional method described 
above, in order to form a contact plug and a storage node, the 
photolithography process is performed twice, as described 
with reference to FIGS. 1 and 3. AS described with refer 
ence to FIGS. 2 and 4, the process for forming a conductive 
layer is performed twice. The photolithography proceSS is 
limited in that it requires the use of expensive exposure 
equipment having high resolution capabilities, and is a 
process that influences productivity due to high production 
cost. Also, Since the polysilicon layer is formed by diffusion 
in the proceSS for forming the conductive layer, the process 
takes a relatively long time to complete. 
0015 Thus, in the above conventional method for fabri 
cating a cylinder-type capacitor of a Semiconductor device, 
the number of processes is large, and the production cost is 
high. 

SUMMARY OF THE INVENTION 

0016 To address the above limitations, it is an object of 
the present invention to provide a method for fabricating a 
cylinder-type capacitor for a Semiconductor device, while 
reducing production cost and Simplifying the process. 
0017 Accordingly, to achieve the above object, there is 
provided a method for fabricating a cylinder-type capacitor 
for a Semiconductor device. The method includes the Steps 
of forming in Sequence a first insulating layer, a first etch 
Stop layer, a Second insulating layer, and a Second etch Stop 
layer on a Semiconductor Substrate including a conductive 
region, forming a Second etch Stop layer pattern, a Second 
insulating layer pattern, and a first etch Stop layer pattern by 
etching a part of the Second etch Stop layer, the Second 
insulating layer, and the first etch Stop layer So that a Storage 
node hole for exposing the Surface of a part of the first 
insulating layer may be formed, forming a Spacer on an inner 
wall of the Storage node hole, forming a first insulating layer 
pattern by etching the first insulating layer exposed using the 
Second etch Stop layer pattern and the Spacer as a mask So 
that a node contact hole for exposing the conductive region 
may be formed, removing the Second etch Stop layer pattern 
and the Spacer, forming a lower electrode on exposed 
Surfaces of the Storage node hole and the node contact hole, 
and forming a dielectric layer and an upper electrode on the 
lower electrode. 

0018. The conductive region may be an active region on 
the Surface of the Semiconductor Substrate, or a contact pad 
on the top of the Semiconductor Substrate. 
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0019. The method further includes the step of forming a 
contact pad Self-aligned by two neighboring gate electrodes 
formed on the Semiconductor Substrate, and the conductive 
region may be the contact pad. Here, the Step of forming a 
contact pad includes the Steps of forming an interdielectric 
layer which fills a Space between the two gate electrodes, 
forming a contact hole for exposing the Surface of the 
Semiconductor Substrate between the two neighboring gate 
electrodes by patterning the interdielectric layer, and filling 
a conductive material in the contact hole. The gate elec 
trodes may be formed of the structure of a polycide in which 
a Silicide layer is formed on a polysilicon layer. The inter 
dielectric layer may be formed of a boron phosphorus 
Silicate glass (BPSG) layer, a spin on glass (SOG) layer, an 
undoped Silicate glass (USG) layer, a Silicon oxide layer 
formed by using a high density plasma-chemical vapor 
deposition (HDP-CVD) method, or a tetraethylorthosilicate 
(TEOS) layer formed by using a plasma enhanced-CVD 
(PE-CVD) method. 
0020. The method further includes the steps of forming a 
Silicon oxide layer on the Second etch Stop layer, forming a 
Silicon oxide layer pattern by etching a part of the Silicon 
oxide layer So that the Storage node hole may be formed, and 
removing the Silicon oxide layer pattern during the forma 
tion of the node contact hole. The Silicon oxide layer is 
preferably a silicon oxide layer formed by using a PE-CVD 
method, or a high temperature oxide layer. 
0021. The first insulating layer may be a silicon oxide 
layer formed by a HDP-CVD method, and the second 
insulating layer may be a TEOS layer formed by a PE-CVD 
method. The first etch Stop layer and the Second etch Stop 
layer may be Silicon nitride layers, respectively, formed by 
a low pressure-CVD (LP-CVD) method. 
0022. The thickness of the first insulating layer may be 
between 8000 and 12000 A, and the thickness of the Second 
insulating layer may be between 5000 and 20000 A, and the 
thickness of the first etch Stop layer and the Second etch Stop 
layer may be between 300 and 500 A, respectively. 
0023 The step of forming a spacer includes the steps of 
forming a third insulating layer to have a thickness with 
which the Storage node hole may not be completely filled, 
and etching-back the third insulating layer. The third insu 
lating layer may be a Silicon nitride layer or a Silicon 
oxynitride layer formed by a PE-CVD method. 
0024. The step of removing the second etch stop layer 
pattern and the Spacer is performed by removing the Spacer 
after the removal of the Second etch Stop layer pattern, or by 
Simultaneously removing the Second etch Stop layer pattern 
and the Spacer. 
0.025 The step of removing the second etch stop layer 
pattern and the Spacer is performed by a wet etching method 
using a mixed Solution of hydrogen peroxide, water (H2O), 
and hydrofluoric acid (HF). 
0026. The step of forming a lower electrode includes the 
Steps of forming a conductive layer having the thickneSS 
with which the Storage node hole and the node contact hole 
may not be completely filled, on the entire Surface of a 
resultant on which the node contact hole is formed, and 
forming a plurality of Separated Storage nodes by removing 
the top of the conductive layer and the Second insulating 
layer pattern. The conductive layer may be formed of a 
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polysilicon layer by diffusion. The Step of forming a plu 
rality of plurality Storage nodes includes the Steps of forming 
an oxide layer which fills the Storage node hole and the node 
contact hole, on the conductive layer, removing a part of the 
oxide layer and the top of the conductive layer So that the 
Second insulating layer pattern may be exposed, and remov 
ing the oxide layer which fills the Storage node hole and the 
node contact hole, and the Second insulating layer pattern by 
a wet-etching method. Preferably, the oxide layer is formed 
of a USG layer, a BPSG layer, a double layer of a silicon 
oxide layer and a USG layer, or a double layer of a silicon 
oxide layer and a BPSG layer. 
0027. The step of forming a lower electrode may further 
includes the Step of forming hemispherical grains (HSGS) on 
the Surface of the Storage node. 
0028. The dielectric layer may be formed of a Al-O 
layer, a Ta-O layer, a SrTiO(STO) layer, (Ba, Sr) 
TiO(BST) layer, a PbTiO layer, Pb(Zr, Ti)O(PZT) layer, 
a SrBiTa-Oo(SBT) layer, (Pb.La)(Zr,Ti)O layer, or 
BaTiO(BTO) layer. Alternatively, the dielectric layer may 
be formed of a triple layer of a Silicon oxide layer, a Silicon 
nitride layer, and a Silicon oxide layer, or a double layer of 
a Silicon nitride layer and a Silicon oxide layer. 
0029. The upper electrode may be formed by using a 
polysilicon layer by diffusion. 
0030 The present invention is further directed to a cyl 
inder-type capacitor of a Semiconductor device. A lower 
electrode is formed of a conductive layer which directly 
contacts a conductive region on a semiconductor Substrate. 
The lower electrode comprises a first cylinder in contact 
with the conductive region and a Second cylinder on and in 
contact with the first cylinder, the Second cylinder being 
larger in width than the first cylinder. A dielectric layer is on 
the lower electrode. An upper electrode is on the dielectric 
layer. The upper electrode extends into the first and Second 
cylinders. 
0031. The conductive region comprises an active region 
on the Surface of the Semiconductor Substrate or a contact 
pad above the Semiconductor Substrate. The capacitor may 
further comprise a contact pad that is Self-aligned by two 
neighboring gate electrodes formed on the Semiconductor 
Substrate. 

0032. The gate electrodes may comprise a polycide struc 
ture in which a Silicide layer is formed on a polysilicon layer. 
The lower conductive layer may comprise a polysilicon 
layer. The lower electrode may include hemispherical grains 
(HSGs) on the surface thereof. 
0033. The dielectric layer is, for example, formed of one 
ofa Al-O layer, a Ta-Os layer, a SrTiO (STO) layer, a (Ba, 
Sr)TiO (BST) layer, a PbTiO layer, Pb(Zr, Ti)O(PZT) 
layer, a SrBi-Ta-O(SBT) layer, a (Pb,La)(Zr,Ti)O layer, 
and a BaTiO(BTO) layer. The dielectric layer may option 
ally be formed of one of a triple layer comprising a Silicon 
oxide layer, a Silicon nitride layer, and a Silicon oxide layer, 
and a double layer comprising a Silicon nitride layer and a 
Silicon oxide layer. 
0034. The upper electrode may, for example, comprise a 
polysilicon layer. 
0035. According to the present invention, a photolithog 
raphy proceSS and a process for forming a conductive layer 



US 2003/0147199 A1 

are each performed once, respectively. Thus, the overall 
fabrication process is simplified, and productivity is 
improved and production cost reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.036 The above object and advantages of the present 
invention will become more apparent by describing in detail 
preferred embodiments thereof with reference to the 
attached drawings in which: 
0037 FIGS. 1 through 5 are sectional views illustrating 
a conventional method for fabricating a cylinder-type 
capacitor for a Semiconductor device; 
0038 FIGS. 6 through 14 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor for a 
Semiconductor device according to a first embodiment of the 
present invention; 
0039 FIG. 15 is a sectional view illustrating a method 
for fabricating a cylinder-type capacitor for a Semiconductor 
device according to a Second embodiment of the present 
invention; 
0040 FIGS. 16 through 18 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor for a 
Semiconductor device according to a third embodiment of 
the present invention; 
0041 FIG. 19 is a sectional view illustrating a method 
for fabricating a cylinder-type capacitor for a Semiconductor 
device according to a fourth embodiment of the present 
invention; and 
0042 FIGS. 20 through 24 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor for a 
Semiconductor device according to a fifth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0043. The present invention will be described more fully 
hereinafter with reference to the accompanying drawings in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the Scope of the invention 
to those skilled in the art. In the drawings, the thickness of 
layerS and regions are exaggerated for clarity. It will be 
understood that when an element Such as a layer is referred 
to as being “on” another element or Substrate, it can be 
directly on another element or Substrate, or intervening 
elements may also be present. Like reference numerals refer 
to like elements throughout the drawings. 
0044) Embodiment 1 
004.5 FIGS. 6 through 14 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor of a 
Semiconductor device according to a first embodiment of the 
present invention. Referring to FIG. 6, a gate insulating 
layer 201 is interposed between a semiconductor substrate 
200 and a gate electrode 205. A capping layer 203 is formed 
on the top of the gate electrode 205, and a spacer for gate 204 
is formed on the sidewall of the gate electrode 205. Impurity 
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ions are implanted onto the semiconductor substrate 200 on 
which the gate electrode 205 is formed, and active regions 
210 and 210' are formed on the Surface of the semiconductor 
substrate 200. A first insulating layer 220, a first etch stop 
layer 230, a Second insulating layer 240, and a Second etch 
Stop layer 250 are formed in Sequence on the resultant 
structure on which the active regions 210 and 210' are 
formed. 

0046) The first insulating layer 220 and the second insu 
lating layer 240 may be formed of the same layer, but, in this 
case, the Second insulating layer 240 is formed of a material 
having a higher etching Selectivity than that of the first 
insulating layer 220, So as to be easily removed during 
Separation of Storage nodes. For example, the first insulating 
layer 220 may be formed of a silicon oxide layer by a 
HDP-CVD method, and the second insulating layer 240 may 
be formed of a TEOS layer by a PE-CVD method. 
0047 The thickness of the first insulating layer 220 is 
decided by considering a lay-out of a device to be formed 
and, for example, may be between 8000 and 12000 A. The 
thickness of the Second insulating layer 240, for example, 
may be equal to or greater than the height of the Storage 
node, considering the height of the Storage node to be 
formed, or between 5000 and 20000 A. 

0048 Preferably, the first etch stop layer 230 and the 
second etch stop layer 250 are formed of silicon nitride 
layers, respectively, by a LP-CVD method. Each thickness 
of the first etch stop layer 230 and the second etch stop layer 
250 may be a thickness with which etching of the second 
insulating layer 240 and the first insulating layer 220 can be 
prevented. For example, the thickness of the first etch Stop 
layer 230 and the second etch stop layer 250 can be between 
300 and 500 A, respectively. 
0049 Referring to FIG. 7, a photoresist pattern 252 
having an opening of a width W at the position corre 
sponding to one of the active regions 210 is formed on the 
second etch stop layer 250. The second etch stop layer 250, 
the Second insulating layer 240, and the first etch Stop layer 
230 are etched by using the photoresist pattern 252 as a 
mask, and thereby, a Second etch Stop layer pattern 250a, a 
Second insulating layer pattern 240a, and a first etch Stop 
layer pattern 230a are formed so that a storage node hole 255 
exposing the Surface of a portion of the first insulating layer 
220 is formed. 

0050 Referring to FIG. 8, after the photoresist pattern 
252 is removed, a third insulating layer 260 is formed at a 
thickness such that the storage node hole 255 is not com 
pletely filled. Here, the third insulating layer 260 is formed 
of a Silicon nitride layer or a Silicon oxynitride layer by a 
PE-CVD method. The thickness of the third insulating layer 
260 is decided by considering the width of a node contact 
hole to be formed in the first insulating layer 220. 

0051 Referring to FIG. 9, a spacer 260a is formed on an 
inner wall of the storage node hole 255 by etching-back the 
third insulating layer 260. Here, the surface of the top of the 
first insulating layer 220 is exposed to the width W. 
(W-W). 
0052 Referring to FIG. 10, the exposed first insulating 
layer 220 is etched by using the Second etch Stop layer 
pattern 250a and the spacer 260a as a mask, and a first 
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insulating layer pattern 220a is formed, having a node 
contact hole 265 in which a surface of a portion of the active 
region 210 is exposed. 

0053) Referring to FIG. 11, the second etch stop layer 
pattern 250a and the spacer 260a are removed. The second 
etch stop layer pattern 250a may be removed during the 
process described with reference to FIGS. 9 and 10. If a 
portion, or all, of the Second etch Stop layer pattern 250a 
remains, even following the process described in FIGS. 9 
and 10, then the second etch stop layer pattern 250a is 
removed with the spacer 260a. That is, an additional 
removal Step is performed, for removing the Second etch 
stop layer pattern 250a and the spacer 260a. This removal 
Step can be performed by removing the Spacer 260a after 
removal of the second etch stop layer pattern 250a, or by 
Simultaneously removing the Second etch Stop layer pattern 
250a and the Spacer 260a. An etching Solution or etching gas 
having a high etching Selectivity with respect to the Spacer 
260a, as compared to the first insulating layer pattern 220a, 
the Second insulating layer pattern 240a, and the Semicon 
ductor Substrate 200, is preferably used in the step of 
removing the Second etch Stop layer pattern 250a and the 
Spacer 260a. For example, the Step of removing the Second 
etch stop layer pattern 250a and the spacer 260a may be 
performed by a wet etching method using an etching Solu 
tion containing hydrogen peroxide, water, and hydrofluoric 
acid. A high degree of etching Selectivity of the etching 
Solution or etching gas is preferred for avoiding deteriora 
tion of the second insulator layer pattern 240, and thereby 
maintaining adequate height in the Storage node, and avoid 
ing a reduction in capacitance. 

0054) Referring to FIG. 12, a conductive layer 270 
having appropriate thickneSS So as to avoid completely 
filling the storage node hole 255 and the node contact hole 
265, is formed on the entire Surface of a resultant structure 
shown in FIG. 11. Preferably, the conductive layer 270 is 
formed of a polysilicon layer by diffusion. An oxide layer 
280 which fills the storage node hole 255 and the node 
contact hole 265 is formed on the conductive layer 270. 
Here, the oxide layer 280 is preferably formed of a USG 
layer, a BPSG layer, a double layer of a silicon oxide layer 
and a USG layer, or a double layer of a silicon oxide layer 
and a BPSG layer. If a silicon oxide layer having a high 
etching durability is formed before forming the USG layer 
or the BPSG layer, and the oxide layer 280 is formed of a 
double layer of a silicon oxide layer and a USG layer, or a 
double layer of a silicon oxide layer and a BPSG layer, the 
active region 210 can be prevented from being etched. 

0055 Referring to FIG. 13, a part of the oxide layer 280 
and the top of the conductive layer 270 are removed by 
etching-back or, chemical mechanical polishing (CMP), the 
upper Surface of the resultant structure shown in FIG. 12 so 
that the Second insulating layer pattern 240a may be 
exposed. A separated Storage node 270a is formed by 
removing the oxide layer 280 filling the storage node hole 
255 and the node contact hole 265, and removing the second 
insulating layer pattern 240a, by wet etching. The Storage 
node 270a forms a lower electrode of a cylinder-type 
capacitor. 

0056 Referring to FIG. 14, a dielectric layer 280 and an 
upper electrode 290 are formed on the storage node 270a. 
The dielectric layer 280 is, for example, formed of a Al-O 
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layer, a Ta-Os layer, a STO layer, a BST layer, a PbTiO 
layer, a PZT layer, a SBT layer, a (Pb.La)(Zr,Ti)O layer, or 
a BTO layer. Alternatively, the dielectric layer 280 may be 
formed of a triple layer of a Silicon oxide layer, a Silicon 
nitride layer, and a Silicon oxide layer, or a double layer of 
a Silicon nitride layer and a Silicon oxide layer. The upper 
layer 290 is preferably formed of a polysilicon layer by 
diffusion. 

0057 According to the embodiment described above, a 
photolithography process and a proceSS for forming a con 
ductive layer are performed once, respectively, and then 
processes are simplified. Comparing the resulting Structure 
of FIG. 14 with the conventional structure of FIG. 5, in 
FIG. 14, the effective surface area of the capacitor electrode 
increases. Thus, a capacitor having improved capacitance 
can be fabricated. 

0.058 Embodiment 2 
0059 FIG. 15 is a sectional view illustrating the method 
for fabricating a cylinder-type capacitor of a Semiconductor 
device according to a Second embodiment of the present 
invention. Referring to FIG. 15, a gate insulating layer 301 
is interposed between a semiconductor substrate 300 and a 
gate electrode 305. A capping layer 303 is formed on the top 
of the gate electrode 305, and a spacer for gate 304 is formed 
on the sidewall of the gate electrode 305. Active regions 310 
and 310' are formed on the Surface of the semiconductor 
substrate 300 on which the gate electrode 305 is formed. A 
first insulating layer pattern 320a, and a first etch Stop layer 
pattern 330a are formed on the resultant structure on which 
the active regions 310 and 310' are formed. A storage node 
interfacing with the first etch stop layer pattern 330a, the 
first insulating layer pattern 320a, and the active region 310, 
is formed. In order to improve capacitance, HSGS are 
formed on the Surface of the Storage node, and thereby 
completing a lower electrode 370b. A dielectric layer 380 
and an upper electrode 390 are formed on the lower elec 
trode 370b. Other processes beyond the process for forming 
HSGs are the same as those in the first embodiment, so a 
description thereof will be omitted. 

0060 Embodiment 3 
0061 FIGS. 16 through 18 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor of a 
Semiconductor device according to a third embodiment of 
the present invention. Referring to FIG. 16, a plurality of 
gate electrodes 405 are formed on a semiconductor substrate 
400. A gate insulating layer 401 is interposed under the gate 
electrodes 405. A capping layer 403 is formed on the top of 
the gate electrodes 405, and a spacer for gate 404 is formed 
on sidewalls of the gate electrodes 405. The gate electrodes 
405 may be formed of the structures of a polycide in which 
polysilicon layers 405a and silicide layers 405b, for 
example, tungsten Silicide layers, are formed in Sequence. 
An interdielectric layer 407 which fills a space between the 
plurality of gate electrodes 405 is formed. The interdielectric 
layer 407 may be formed of a BPSG layer, a SOG layer, a 
USG layer, a silicon oxide layer formed by using a HDP 
CVD method, or a TEOS layer formed by using a PE-CVD 
method. 

0062 Referring to FIG. 17, a photoresist pattern (not 
shown) is formed on the interdielectric layer 407, and the 
interdielectric layer 407 is patterned by using the photoresist 



US 2003/0147199 A1 

pattern as a mask. As a result, an interdielectric layer pattern 
407a having a contact hole H for exposing the surface of the 
semiconductor substrate 400 between the two neighboring 
gate electrodes 405 is formed. A contact pad 410 is formed 
by filling a conductive material in the contact hole H. 
0.063 Referring to FIG. 18, a first insulating layer pattern 
420a and a first etch stop layer pattern 430a are formed on 
the resultant structure on which the contact pad 410 is 
formed. A storage node 470a interfacing with the first etch 
Stop layer pattern 430a, the first insulating layer pattern 
420a, and the contact pad 410 is formed. A dielectric layer 
480 and an upper electrode 490 are formed on the storage 
node 470a. Other processes are the same as those in the first 
embodiment, so a description thereof will be omitted. 

0064 Embodiment 4 
0065 FIG. 19 is a sectional view illustrating the method 
for fabricating a cylinder-type capacitor of a Semiconductor 
device according to a fourth embodiment of the present 
invention. Referring to FIG. 19, a gate insulating layer 501 
is interposed between a semiconductor Substrate 500 and a 
gate electrode 505. A capping layer 503 is formed on the top 
of the gate electrode 505, and a spacer for gate 504 is formed 
on the sidewall of the gate electrode 505. The gate electrodes 
505 are formed of a polysilicon layer 505a and a silicide 
layer 505b, in sequence, for example, of the structure of a 
polycide in which a tungsten Silicide layer is formed. A first 
insulating layer pattern 507a and a contact pad 510 are 
formed on the resultant Structure on which the gate elec 
trodes 505 are formed. A first insulating layer pattern 520a 
and a first etch stop layer pattern 530a are formed on the 
resultant structure on which the contact pad 510 is formed. 
A Storage node interfacing with the first etch Stop layer 
pattern 530a, the first insulating layer pattern 520a, and the 
contact pad 510 is formed. In order to improve capacitance, 
HSGS are formed on the Surface of the Storage node, and 
thereby completing a lower electrode 570b. A dielectric 
layer 580 and an upper electrode 590 are formed on the 
lower electrode 570b. Processes beyond the formation of 
HSGs are the same as those in the third embodiment, so a 
description thereof will be omitted. 

0.066 Embodiment 5 
0067 FIGS. 20 through 24 are sectional views illustrat 
ing a method for fabricating a cylinder-type capacitor of a 
Semiconductor device according to a fifth embodiment of the 
present invention. Referring to FIG. 20, a gate insulating 
layer 601 is interposed between a semiconductor substrate 
600 and a gate electrode 605. A capping layer 603 is formed 
on the top of the gate electrode 605, and a spacer for gate 604 
is formed on the sidewall of the gate electrode 605. Active 
regions 610 and 610' are formed on the surface of the 
semiconductor Substrate 600 on which the gate electrode 
605 is formed. A first insulating layer 620, a first etch stop 
layer 630, a second insulating layer 640, and a second etch 
Stop layer 650 are formed in Sequence on the resulting 
structure on which the active regions 610 and 610' are 
formed. A silicon oxide layer 651 is formed on the second 
etch stop layer 650. Here, the silicon oxide layer 651 may 
comprise a silicon oxide layer formed by using a PE-CVD 
method, or a high temperature oxide layer. 
0068 Referring to FIG. 21, a photoresist pattern 652 
having an opening of width W is formed at a position 
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corresponding to active region 610 on the Silicon oxide layer 
651. The silicon oxide layer 651, the second etch stop layer 
650, the second insulating layer 640, and the first etch stop 
layer 630 are etched by using the photoresist pattern 652 as 
a mask, and thereby, a Silicon oxide layer pattern 651a, a 
Second etch Stop layer pattern 650a, a Second insulating 
layer pattern 640a, and a first etch stop layer pattern 630a 
having a Storage node hole 655 for exposing the Surface of 
a part of the first insulating layer 620 are formed. 
0069. Referring to FIG. 22, after the photoresist pattern 
652 is removed, a third insulating layer 660 having a suitable 
thickness such that the storage node hole 655 is not com 
pletely filled is formed. Here, the third insulating layer 660 
is preferably formed of a Silicon nitride layer or a Silicon 
oxynitride layer by a PE-CVD method. 
0070 Referring to FIG. 23, a spacer 660a is formed on 
an inner wall of the storage node hole 655 by etching-back 
the third insulating layer 660. Here, the first insulating layer 
620 is exposed across width W. In a case where it is 
necessary to remove a Silicon nitride layer or Silicon oxyni 
tride layer on the exposed Surface of the first insulating layer 
620, a process for treating a residue having no Selectivity is 
performed. Here, the silicon oxide layer pattern 651a pro 
tects the second etch stop layer pattern 650a. If the second 
etch stop layer pattern 650a is removed, the second insu 
lating layer pattern 640a is etched in the Subsequent process 
for forming a node contact hole, and the height of the Storage 
node is reduced. This causes the capacitance of the resulting 
capacitor to be reduced. The silicon oxide layer pattern 651a 
prevents this problem. The silicon oxide layer pattern 651a 
can optionally be removed during the process for treating a 
residue, or alternatively remain on the Structure. 
0071 Referring to FIG. 24, the exposed first insulating 
layer 620 is etched by using the second etch stop layer 
pattern 650a and the spacer 660a as a mask, and a first 
insulating layer pattern 620a is formed, having a node 
contact hole 665 in which the surface of a part of the active 
region 610 is exposed. The silicon oxide layer pattern 651a 
remaining after the process for treating a residue, and the 
first insulating layer 620, are the same material layers, So the 
silicon oxide layer pattern 651a is completely removed 
during this step. After that, processes described with refer 
ence to FIGS. 11 through 14, or processes for obtaining a 
resultant of FIG. 15 will be performed. 
0072 According to the present invention, a storage node 
hole is formed under a Single photolithography process, and 
a single process for forming a conductive layer is performed 
following formation of a node contact hole using a Spacer. 
This is in contrast with the conventional approach illustrated 
above, which requires dual photolithography processes and 
dual processes for forming a conductive layer. Thus, the 
overall fabrication process is simplified, and thereby pro 
ductivity is improved and production cost reduced. Since a 
contact plug of a cylinder-type capacitor according to the 
prior art can be used as a lower electrode of a capacitor, the 
effective area of the capacitor electrode increases, thereby 
improving the capacitance of the capacitor. 
0073 While this invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the appended claims. 
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What is claimed is: 
1. A cylinder-type capacitor of a Semiconductor device 

comprising: 

a lower electrode formed of a conductive layer which 
directly contacts a conductive region on a Semiconduc 
tor Substrate, wherein the lower electrode comprises a 
first cylinder in contact with the conductive region and 
a Second cylinder on, and in contact with, the first 
cylinder, the Second cylinder being larger in width than 
the first cylinder; 

a dielectric layer on the lower electrode, and 
an upper electrode on the dielectric layer, wherein the 

upper electrode extends into the first and Second cyl 
inders. 

2. The capacitor according to claim 1, wherein the con 
ductive region comprises an active region on the Surface of 
the Semiconductor Substrate or a contact pad above the 
Semiconductor Substrate. 

3. The capacitor according to claim 1, wherein the con 
ductive region comprises a contact pad that is Self-aligned 
by two neighboring gate electrodes formed on the Semicon 
ductor Substrate. 
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4. The capacitor according to claim 3, wherein the gate 
electrodes comprise a polycide Structure in which a Silicide 
layer is formed on a polysilicon layer. 

5. The capacitor according to claim 1, wherein the con 
ductive layer comprises a polysilicon layer. 

6. The capacitor according to claim 1, wherein the lower 
electrode includes hemispherical grains (HSGS) on the Sur 
face thereof. 

7. The capacitor according to claim 1, wherein the dielec 
tric layer is formed of one of a Al-O layer, a Ta-Os layer, 
a SrTiO (STO) layer, a (Ba, Sr)TiO (BST) layer, a PbTiO, 
layer, Pb(Zr, Ti)O(PZT) layer, a SrBi-Ta-O(SBT) layer, a 
(Pb.La)(Zr,Ti)O layer, and a BaTiO(BTO) layer. 

8. The capacitor according to claim 1, wherein the dielec 
tric layer is formed of one of a triple layer comprising a 
Silicon oxide layer, a Silicon nitride layer, and a Silicon oxide 
layer, and a double layer comprising a Silicon nitride layer 
and a Silicon oxide layer. 

9. The capacitor according to claim 1, wherein the upper 
electrode comprises a polysilicon layer. 


