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(57) ABSTRACT 

A method for forming a capacitor comprises providing a 
substrate. A bottom electrode material layer is formed on the 
substrate. A first mask layer is formed on the bottom electrode 
material layer. A second mask layer is formed on the first 
mask layer. The second mask layer is patterned to form a 
patterned second mask layer in a predetermined region for 
formation of a capacitor. A plurality of hemispherical grain 
structures are formed on a sidewall of the patterned second 
mask layer. The first mask layer is etched by using the hemi 
spherical grain structures and the patterned second mask 
layer as a mask, thereby forming a patterned first mask layer 
having a pattern. The pattern of the first mask layer is trans 
ferred to the bottom electrode material layer. And, a capacitor 
dielectric layer and a top electrode layer are formed on the 
bottom electrode material layer to form the capacitor. 

19 Claims, 9 Drawing Sheets 
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1. 

METHODS FOR FABRICATINGA 
CAPACTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to methods for fabricating 

semiconductor devices, and in particular to methods for fab 
ricating capacitors. 

2. Description of the Related Art 
The development trend in the rapidly evolving integrated 

circuit industry is toward high performance, miniaturization, 
and high operating speed. Dynamic random access memory 
(DRAM) fabrication methods have also developed rapidly. 
More specifically, shrinking design dimensions is a strategic 
aim. However, as each memory cell shrinks, a capacitor must 
maintain a certain charge storage capacity, for example more 
than 25 ft, to ensure reliable operation of the memory cell. 
A DRAM cell typically comprises a transistor and a 

capacitor. The capacitor is formed by disposing a dielectric 
material between two electrode plates. The capacitance is 
represented as C=KA/D, wherein K is the dielectric constant 
of the dielectric material in the capacitor; A is the electrode 
area; and D is the distance between two electrode plates. To 
increase capacitance without enlarging the area occupied by 
the DRAM cell on the wafer, a high-k dielectric material is 
used to form the dielectric layer between the electrode plates. 
Alternatively, growth of HSG silicon (hemispherical grained 
silicon) on the surface of the top and/or bottom electrode plate 
is used to increase the Surface area of the electrode plates. 
U.S. Pat. No. 6,300,192 by Kim entitled as “METHOD FOR 
FABRICATING A DRAM CELL CAPACITOR USING 
HEMISPHERICAL GRAIN (HSG) SILICON, discloses 
forming HSG Silicon on the polysilicon plate by performing a 
seeding method in a stacked capacitor structure. However, 
this skill is limited to the bottom electrode material, which 
must be polysilicon for growth of HSG silicon. As metal is 
needed for the electrode plate, the conventional technology 
for increasing the Surface area of the electrode plate by grow 
ing HSG silicon on the polysilicon electrode is not suitable for 
use in the manufacturing process. Hence, a new method for 
increasing the Surface area of the electrodes to raise capaci 
tance without additional photolithography mask is needed. 

BRIEF SUMMARY OF THE INVENTION 

A detailed description is given in the following embodi 
ments with reference to the accompanying drawings. 

Methods for fabricating a semiconductor device are pro 
vided. An exemplary embodiment of a method of fabricating 
a capacitor comprises providing a Substrate; a bottom elec 
trode material layer is formed on the substrate; a first mask 
layer is formed on the bottom electrode material layer; a 
second mask layer is formed on the first mask layer; the 
second mask layer is patterned to form a patterned second 
mask layer in a predetermined region for formation of a 
capacitor, a plurality of hemispherical grain structures are 
formed on a sidewall of the patterned second mask layer; the 
first mask layer is etched by using the hemispherical grain 
structures and the patterned second mask layer as a mask, 
thereby forming a patterned first mask layer having a pattern. 
The pattern of the first mask layer is transferred to the bottom 
electrode material layer, and a capacitor dielectric layer and a 
top electrode layer are formed on the bottom electrode mate 
rial layer to form the capacitor. 

Methods for forming a semiconductor device are provided. 
An exemplary embodiment of a method for forming a capaci 
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2 
tor comprises providing a substrate; a material layer is formed 
on the substrate; a first mask layer is formed on the material 
layer; a second mask layer is formed on the first mask layer; 
the second mask layer is patterned to form a first opening 
therein, wherein the first opening is in a predetermined region 
for formation of a capacitor; a plurality of hemispherical 
grain structures are formed on a sidewall of the patterned 
second mask layer in the first opening; the first mask layer is 
etched by using the hemispherical grain structures and the 
patterned second mask layer as a mask, thereby forming a 
patterned first mask layer having a pattern and a second 
opening therein. The pattern of the patterned first mask layer 
is transferred to the material layer to form a patterned material 
layer with a third opening therein. A bottom electrode mate 
rial layer is formed on a sidewall of the patterned material 
layer in the third opening. The patterned material layer is 
removed, and a capacitor dielectric layer and a top electrode 
layer are formed on the bottom electrode material layer to 
form the capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the Subsequent detailed description and examples 
with references made to the accompanying drawings, 
wherein: 

FIGS. 1-8 are schematic views showing an embodiment of 
a method for forming a capacitor. 

FIGS. 9-17 are schematic views showing an embodiment 
of a method for forming a capacitor. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is of the best-contemplated 
mode of carrying out the invention. This description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 
Methods for forming a semiconductor device are provided. 

An exemplary embodiment of a method for forming a capaci 
tor comprises providing a Substrate. Abottom electrode mate 
rial layer is formed on the substrate. A first mask layer is 
formed on the bottom electrode material layer. A second mask 
layer is formed on the first mask layer. The second mask layer 
is patterned to form a patterned second mask layer in a pre 
determined region for formation of a capacitor. A plurality of 
hemispherical grain structures are formed on a sidewall of the 
patterned second mask layer. The first mask layer is etched by 
using the hemispherical grain structures and the patterned 
second mask layer as a mask, thereby formingapatterned first 
mask layer having a pattern. The pattern of the first mask layer 
is transferred to the bottom electrode material layer. And, a 
capacitor dielectric layer and a top electrode layer are formed 
on the bottom electrode material layer to form the capacitor. 
Methods for forming a semiconductor device are provided. 

An exemplary embodiment of a method for forming a capaci 
tor comprises providing a Substrate. A material layer is 
formed on the substrate. A first mask layer is formed on the 
material layer. A second mask layer is formed on the first 
mask layer. The second mask layer is patterned to form a first 
opening therein, wherein the first opening is in a predeter 
mined region for formation of a capacitor. A plurality of 
hemispherical grain structures are formed on a sidewall of the 
patterned second mask layer in the first opening. The first 
mask layer is etched by using the hemispherical grain struc 
tures and the patterned second mask layer as a mask, thereby 
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forming a patterned first mask layer having a pattern and a 
second opening therein. The pattern of the patterned first 
mask layer is transferred to the material layer to form a 
patterned material layer with a third opening therein. A bot 
tom electrode material layer is formed on a sidewall of the 
patterned material layer in the third opening. The patterned 
material layer is then removed. And, a capacitor dielectric 
layer and a top electrode layer are formed on the bottom 
electrode material layer to complete fabrication of the capaci 
tOr. 

Preferred embodiments of the invention providing meth 
ods for forming capacitors by using a pattern formed by 
self-aligned hemispherical grain structures as a mask and 
then transferring the pattern to a relatively thick mask. Use of 
the relatively thick mask and Subsequent processes yields a 
capacitor having increased capacitance without requiring an 
additional photolithography mask. The preferred embodi 
ments of the present invention will be described in greater 
detail in the following embodiments with reference to the 
accompanying drawings. It is noted that in accompanying 
drawings, like and/or corresponding elements are referred to 
by like reference numerals. 

Embodiment 1 

A first embodiment of a method for forming a capacitor of 
the invention will now be described with reference to FIGS. 
1-8. Referring to FIG. 1, an integrated circuit substrate 200 is 
provided. A transistor comprises a gate (not shown) and 
source/drain regions 100 is formed in and on the integrated 
circuit substrate 200. The integrated circuit substrate 200 may 
comprise silicon (Si), germanium (Ge), gallium arsenide 
(GaAs), strained silicon, SiGa, InP, diamond, an epitaxy 
layer, and/or similar. An interlayer dielectric layer 220 is then 
formed on the integrated circuit substrate 200. By using 
lithography and etching processes, the predetermined portion 
of the interlayer dielectric layer 220 is etched to form a 
contact hole. The contact hole exposes the source/drain 
region 100. The contact hole is then filled with a conductive 
material, thereby forming a contact plug 120 which electri 
cally connects to the source/drain region 100 and a bottom 
electrode of DRAM formed in subsequent processes. The 
interlayer dielectric layer 220 may include silicon oxide, sili 
con oxynitride or other dielectric material. The conductive 
material for forming the contact plug 120 may include poly 
Si, poly SiGe, molybdenum, tungsten or similar. 

Next, a bottom electrode material layer 240 is deposited on 
the interlayer dielectric layer 220 and the contact plug 120. A 
first mask layer 260 is deposited on the bottom electrode 
material layer 240. A second mask layer 280 is deposited on 
the first mask layer 260. Finally, a photoresist layer 300 is 
formed on the second mask layer 280. The bottom electrode 
material layer 240 may comprise TiN, Ru, Pt. polysilicon 
(poly-Si) or other conductive material. The first mask layer 
260 may comprise silicon oxide, silicon nitride or similar. 
Preferably, the first mask layer 260 has a thickness of about 
100 nm to 500 nm. The second mask layer 280 may be made 
of a material having a high etching selectivity with respect to 
the first mask layer 260. For example, polysilicon or silicon 
nitride is preferably used for forming the second mask layer 
280. The second mask layer 280 may have a thickness of 
about 10 nm to 100 nm. In a preferred embodiment of the 
invention, the first mask layer 260 is made of silicon oxide, 
and the second mask layer 280 is made of polysilicon. 

Referring now to FIG. 2, the photoresist layer 300 and the 
second mask layer 280 are patterned by photolithography and 
etching processes. The patterned photoresist layer 300' and 
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4 
the patterned second mask layer 280' are disposed in a pre 
determined region, in which a capacitor will be formed. The 
patterned photoresist layer 300' is then removed, while the 
patterned second mask layer 280" remains. 

Referring to FIG. 3, a seeding layer 320 is conformally 
deposited on the patterned second mask layer 280' and the 
uncovered portion of the first mask layer 260. The seeding 
layer 320 preferably comprises a material which can be trans 
formed into a hemispherical grainstructure or nano crystal by 
performing a heat treatment or other similar methods. Pref 
erably, silicon, germanium or PtC) is utilized to the seeding 
layer 320. In a preferred embodiment of the invention, the 
seeding layer 320 is made of amorphous silicon (a-Si). 

Referring to FIG.4, an anisotropic etching is carried out to 
etch the seeding layer 320 on the first mask layer 260 and on 
the top portion of the patterned second layer 280'. Thus, a 
patterned seeding layer 320' is formed on a sidewall of the 
patterned second mask layer 280'. The anisotropic etching 
may include plasma etching or reactive ion etching (RIE). A 
top view of the resulting structure after completion of the 
etching process is illustrated in FIG. 5. 

Referring to FIG. 6, a heat treatment process is performed 
to transform the patterned seeding layer 320' into a plurality 
of hemispherical grain structures 320", thereby forming the 
hemispherical grain structures 320" on the sidewall of the 
patterned second mask layer 280'. Preferably, the manufac 
turing process conditions are precisely controlled in order 
that height ofsidewall of the patterned second mask layer 280' 
is Substantially the same size as the hemispherical grainstruc 
ture 320". Thus, only one hemispherical grain is formed in the 
vertical direction of the sidewall of the patterned second mask 
layer 280'. A subsequently formed capacitor will conse 
quently be provided with the largest possible surface area. In 
one example, the patterned second mask layer 280' is poly 
silicon with a thickness of about 10 nm to 100 nm, and the 
patterned seeding layer 320' is amorphous silicon (a-Si). 
Under Such circumstances, a seeding method may be per 
formed to allow the amorphous silicon to grow into HSG 
silicon (hemispherical grained silicon). The size of the HSG 
silicon is about 10 to 100 nm. By properly controlling the 
manufacturing process, only one HSG silicon is formed in the 
vertical direction of the sidewall of the polysilicon. Addition 
ally, when the seeding layer 320 is made of another material 
which can be transformed into nano crystal, one of ordinary 
skill may perform a heat treatment or other similar method to 
form the nano crystal structure on the sidewall of the pat 
terned second mask layer 280'. 

Referring to FIG. 7, an anisotropic etching is carried out. 
The first mask layer 260 is etched by using the patterned 
second mask layer 280' and the hemispherical grainstructures 
320" as a mask. The patterned second mask layer 280' and the 
hemispherical grainstructures 320" are then removed. Thus, 
the first mask layer 260 is patterned to form a cylinder pattern 
having a plurality of grooves on its Surface. In other words, 
the cylinder pattern has a concave-convex surface. The aniso 
tropic etching may include plasma etching or reactive ion 
etching (RIE). 

Referring to FIG. 8, an anisotropic etching is performed to 
etch the bottom electrode material layer 240 by using the 
patterned first mask layer 260 as a mask. The patterned first 
mask layer 260 is then removed. The cylinder pattern having 
a plurality of grooves on its surface (or the cylinder pattern 
having a concave-convex surface) is thus transferred to the 
bottom electrode material layer 240. Accordingly, a patterned 
bottom electrode material layer 240 having a plurality of 
grooves on its surface (or having a concave-convex surface) is 
formed on the interlayer dielectric layer 220. Next, a capaci 
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tor dielectric layer (not shown) and a top electrode material 
layer (not shown) are sequentially formed on the patterned 
bottom electrode material layer 240, thereby forming a solid 
cylinder capacitor having a plurality of grooves on its Surface 
(or having a concave-convex surface) and electrically con 
necting to the contact plug 120. 

In a preferred embodiment of the invention, a thickness of 
the bottom electrode material layer 240 is more than about 1 
um, and a thickness of the patterned second mask layer 280' or 
the hemispherical grain structure 320" is about 10 nm to 100 
nm. It is difficult to achieve an optimal profile of the bottom 
electrode layer by directly using the relatively thin second 
mask layer 280' and hemispherical grainstructures 320" as an 
etching mask. As a result, the first mask layer 260, which is 
thicker than the second mask layer 280, is used as a mask for 
etching the bottom electrode material layer 240, rather than 
directly using the patterned second mask layer 280' and the 
hemispherical grainstructure 320" as the mask for etching the 
relatively thick bottom electrode material layer 240. 

Embodiment 2 

A second embodiment of a method for forming a capacitor 
will now be described with reference to FIGS. 9-17. In this 
embodiment, elements similar to those described in FIGS. 
1-8 are only briefly described for clarity. 

Referring to FIG.9, an integrated circuit substrate 200 with 
an interlayer dielectric layer 220 thereon is provided. A con 
tact plug 120 is formed within the interlayer dielectric layer 
220 and electrically connects to a source/drain region 100 in 
the integrated circuit substrate 200 and a bottom electrode of 
DRAM formed in subsequent processes. A material layer 340 
is then deposited on the interlayer dielectric layer 220 and the 
contact plug 120. A first mask layer 260 is deposited on the 
material layer 340. A second mask layer 280 is deposited on 
the first mask layer 260. Finally, a photoresist layer 300 is 
formed on the second mask layer 280. The material layer 340 
may include silicon oxide, silicon nitride, ZrO2, Hf), Ta-Os, 
TiO, Al-O or other dielectric material. The material layer 
340 may comprise a material having a high etching selectivity 
with respect to the first mask layer 260. In a preferred embodi 
ment of the invention, the material layer 340 comprises sili 
con nitride; the first mask layer 260 comprises silicon oxide: 
and the second mask layer 280 comprises polysilicon. 

Referring to FIG. 10, the photoresist layer 300 and the 
second mask layer 280 are patterned to form a first opening 
310 therein by using photolithography and etching processes. 
The opening 310 is provided at a predetermined region in 
which a capacitor will be formed. The patterned photoresist 
layer 300' is then removed while the patterned second mask 
layer 280" remains. 

Referring to FIG. 11, a seeding layer 320 is conformally 
deposited on the patterned second mask layer 280' and in the 
opening 310. The seeding layer 320 preferably comprises a 
material which can be transformed into a hemispherical grain 
structure or nano crystal by performing a heat treatment or 
other similar methods. Preferably, the seeding layer 320 com 
prises silicon, germanium or PtC). In a preferred embodiment 
of the invention, the seeding layer 320 is amorphous silicon 
(a-Si). 

Referring to FIG. 12, an anisotropic etching is carried out 
to etch the seeding layer 320 on the top surface of the pat 
terned second mask layer 280' and on the first mask layer 260. 
A patterned seeding layer 320' is thereby formed on a sidewall 
of the patterned second mask layer 280' in the first opening 
310. The anisotropic etching may include plasma etching or 
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6 
reactive ion etching (RIE). After completing the etching pro 
cess, a top view of the resulting structure is illustrated in FIG. 
13. 

Referring to FIG. 14, aheat treatment process is performed 
to transform the patterned seeding layer 320' into a plurality 
of hemispherical grain structures 320", thereby forming 
hemispherical grain structures 320" on the sidewall of the 
patterned second mask layer 280' in the first opening 310. 
Preferably, manufacturing process conditions are precisely 
controlled in order that height of the sidewall of the patterned 
second mask layer 280' is substantially the same size as the 
hemispherical grain structure 320". Thus, only one hemi 
spherical grain is formed in the vertical direction of the side 
wall of the patterned second mask layer 280'. A subsequently 
formed capacitor will consequently be provided with the 
largest possible Surface area. In one example, the patterned 
second mask layer 280' is polysilicon with a thickness of 
about 10 nm to 100 nm, and the patterned seeding layer 320 
is amorphous silicon (a-Si). Under Such circumstances, a 
seeding method may be performed to allow the amorphous 
silicon to grow into HSG Silicon (hemispherical grained sili 
con). The size of the HSG silicon is about 10 to 100 nm. By 
precisely controlling the manufacturing process, only one 
HSG silicon is formed in the vertical direction of the sidewall 
of the polysilicon. When the seeding layer 320 comprises 
other material which can be transformed into nano crystal, 
one of ordinary skill may perform a heat treatment or other 
similar methods to form the nano crystal structure on the 
sidewall of patterned second mask layer 280' in the first 
opening 310. 

Referring to FIG. 15, an anisotropic etching is carried out. 
The first mask layer 260 is etched to form a second opening 
270 therein by using the patterned second mask layer 280' and 
the hemispherical grain structures 320" as a mask. The pat 
terned second mask layer 280' and the hemispherical grain 
structures 320" are then removed. The first mask layer 260 is 
thus patterned to form a plurality of grooves on a sidewall of 
the second mask layer 260 in the second opening 270. In other 
words, the sidewall of the second mask layer 260 in the 
second opening 270 is provided with concave-convex Sur 
face. The anisotropic etching may include plasma etching or 
reactive ion etching (RIE). 

Referring to FIG. 16, an anisotropic etching is performed 
to etch the material layer 340 by using the patterned first mask 
layer 260 as a mask. Hence, a third opening 350 is formed 
within the material layer 340. The patterned first mask layer 
260 is then removed. The material layer 340 is thus patterned 
to form a plurality of grooves on a sidewall of the material 
layer 340 in the third opening 350. In other words, the side 
wall of the material layer 340 in the third opening 350 is 
provided with concave-convex surface. 
A layer of bottom electrode material is formed on the 

sidewall of the material layer 340 in the third opening 350. 
Afterwards, the material layer 340 is removed, thereby form 
ing a hollow bottom electrode layer 360, as shown in FIG. 17. 
The hollow bottom electrode layer 360 is provided with a 
concave-convex surface. In other words, the hollow bottom 
electrode layer 360 has a plurality of grooves on its surface. 
Next, a capacitor dielectric layer and a top electrode layer are 
sequentially formed on the hollow bottom electrode layer 
360, thereby forming a hollow cylinder capacitor having a 
plurality of grooves on its Surface (or having a concave 
convex surface) and electrically connecting to the contact 
plug 120. 

While the invention has been described by way of example 
and in terms of the preferred embodiments, it is to be under 
stood that the invention is not limited to the disclosed embodi 
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ments. To the contrary, it is intended to cover various modi 
fications and similar arrangements (as would be apparent to 
those skilled in the art). Therefore, the scope of the appended 
claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 
What is claimed is: 
1. A method for forming a capacitor, comprising: 
providing a Substrate; 
forming a material layer on the Substrate; 
forming a first mask layer on the material layer, 
forming a second mask layer on the first mask layer; 
patterning the second mask layer to form a first opening 

therein, wherein the first opening is provided in a pre 
determined region for formation of a capacitor; 

forming a plurality of hemispherical grain structures on a 
sidewall of the patterned second mask layer in the first 
opening: 

etching the first mask layer by using the hemispherical 
grain structures and the patterned second mask layer as 
a mask, thereby forming a patterned first mask layer 
having a pattern and with a second opening therein; 

transferring the pattern of the patterned first mask layer to 
the material layer to form a patterned material layer with 
a third opening therein; 

forming a bottom electrode material layer on a sidewall of 
the patterned material layer in the third opening; 

removing the patterned material layer, and 
forming a capacitor dielectric layer and a top electrode 

layer on the bottom electrode material layer to form the 
capacitor. 

2. The method for forming a capacitor as claimed in claim 
1, wherein the hemispherical structures comprise nano crys 
tal. 

3. The method for forming a capacitor as claimed in claim 
1, wherein a sidewall of the patterned first mask layer in the 
second opening has a plurality of grooves on its surface. 

4. The method for forming a capacitor as claimed in claim 
3, wherein the sidewall of the material layer in the third 
opening has a plurality of grooves on its Surface after trans 
ferring the pattern from the patterned first mask layer to the 
material layer. 

5. The method for forming a capacitor as claimed in claim 
4, wherein the bottom electrode material layer comprises a 
hollow cylinder pattern. 

6. The method for forming a capacitor as claimed in claim 
1, wherein the step of forming the hemispherical grain struc 
tures on the sidewall of the patterned second mask layer in the 
first opening comprises: 

forming a seeding layer on the sidewall of the patterned 
second mask layer in the first opening; 
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8 
performing a heat treatment to transform the seeding layer 

into the hemispherical structures. 
7. The method for forming a capacitor as claimed in claim 

6, wherein the step of forming the seeding layer on the side 
wall of the patterned second mask layer in the first opening 
comprises: 

conformally forming the seeding layer on the patterned 
second mask layer, on the sidewall of the patterned sec 
ond mask layer and on the first mask layer within the first 
opening: 

etchingaportion of the seeding layer to form spacers on the 
sidewall of the patterned second mask layer in the first 
opening. 

8. The method for forming a capacitor as claimed in claim 
1, wherein height of the patterned second mask layer is Sub 
stantially the same as size of the hemispherical grain struc 
tures. 

9. The method for forming a capacitor as claimed in claim 
1, wherein the hemispherical grain structures have about one 
grain in the height of the patterned second mask layer. 

10. The method for forming a capacitor as claimed in claim 
1, wherein forming the hemispherical grain structures com 
prises performing a seeding method. 

11. The method for forming a capacitor as claimed in claim 
1, wherein the bottom electrode material layer comprises 
TiN, Ru, Pt or polysilicon. 

12. The method for forming a capacitor as claimed in claim 
1, wherein the first mask layer comprises silicon oxide or 
silicon nitride. 

13. The method for forming a capacitor as claimed in claim 
1, wherein the first mask layer has a thickness of about 100 nm 
to 500 nm. 

14. The method for forming a capacitor as claimed in claim 
1, wherein the second mask layer comprises polysilicon or 
silicon nitride. 

15. The method for forming a capacitor as claimed in claim 
1, wherein the second mask layer has a thickness of about 10 
nm to 100 nm. 

16. The method for forming a capacitor as claimed in claim 
1, wherein the seeding layer comprises amorphous silicon, 
germanium or PtC). 

17. The method for forming a capacitor as claimed in claim 
1, wherein the Substrate comprises a source/drain region 
therein. 

18. The method for forming a capacitor as claimed in claim 
1, further comprising a contact plug formed on the Substrate 
and electrically connecting to the source/drain region and the 
bottom electrode material layer. 

19. A method for forming a capacitor as claimed in claim 1, 
wherein the material layer comprises a dielectric layer. 

k k k k k 


