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ABSTRACT (57) 
A capacitor includes an upper electrode formed by physical 
vapor deposition and chemical vapor deposition. The upper 
electrode of the capacitor may include a ?rst upper electrode 
formed by chemical vapor deposition and a second upper 
electrode formed by physical vapor deposition. Alterna 
tively, the upper electrode may include a ?rst upper elec 
trode formed by physical vapor deposition and a second 
upper electrode formed by chemical vapor deposition. The 
upper electrode of the capacitor is formed through tWo steps 
using chemical vapor deposition and physical vapor depo 
sition. Therefore, the upper electrode can be thick and 
rapidly formed, Whereby electrical characteristics of the 
upper electrode are not deteriorated. 

Ho-Kyu Kang, Yongin-shi (KR); 
Moon-Han Park, Yongin-shi (KR); 
Myong-Geun Yoon, Seoul (JP); 
Seok-Jun Won, Seoul (KR); Yong-Kuk 
J eong, Seoul (KR); Kyung-Hun Kim, 
SuWon (JP) 

NY 11554 (US) 

Samsung Electronics Co, Ltd. 

10/629,336 

Jul. 29, 2003 

Kim et al. 

DEVICE AND METHOD OF FABRICATING 
SAME 

Correspondence Address: 
Frank Chau 
F. CHAU & ASSOCIATES, LLP 
Suite 501 
1900 Hempstead Turnpike 
East Meadow, 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0084709 A1 

(54) CAPACITOR FOR A SEMICONDUCTOR 

(75) Inventors: Hong-Ki Kim, KWonsun-ku 

(73) Assignee: 

(21) Appl. No.: 

(22) Filed: 



Patent Application Publication May 6, 2004 Sheet 1 0f 7 US 2004/0084709 A1 

om mm 
8m Ag 

now 

mm 

wm Q 5 

mm mm 
om 

m E mw 
m 

3 
mw 

mmm 
0a SN 

22 5C5 ~ .wE 



Patent Application Publication May 6, 2004 Sheet 2 0f 7 US 2004/0084709 A1 

m2. '.\ ONT) gimw HUN 
2 

wNT/K O3\/\ / Ni\)/I\/ 33?:‘(W // 

mm? wm? 

w: m: we? 

mo? 3: w: om? mm? om? mm; $2 2N9. N2 0: m3 om? 
m2. 



Patent Application Publication May 6, 2004 Sheet 3 0f 7 US 2004/0084709 A1 

F1 g . 3 

104 

5 
F 
5 I 
5 

124% 26a 122 /L\/ 120 
125 

102 

Fig. 4 

125 

102 106112116 

118 



Patent Application Publication May 6, 2004 Sheet 4 0f 7 US 2004/0084709 A1 

104 

102 

Fig. 6 

134a 



Patent Application Publication May 6, 2004 Sheet 5 0f 7 US 2004/0084709 A1 

Flg. 7 
1 34b 

1 36 
1 30 

P 128 129> 

137 

128 ~/~l~ 

124 

\:i122}126a 1k; 120 \mms 
E1 

104 

102 

4208 4 2210 0 1111 4| 
b 1 6 1 2 1 

Fig. 8 

141a 141b 

x1 281268 
/\/125 

104 

102 

140 ~/\ 

124 ‘2614mm 
110 

\ 

_f 104 



Patent Application Publication May 6, 2004 Sheet 6 0f 7 US 2004/0084709 A1 

Fig. 9 

\\ % ~ wwo} 1521) EGAN & V 148 152a 
148$ 

142 142} 144}146b 144 146a 
140 ‘1* 141a 137 

1411) 134k) 
134a 
132 136 

._./130 

128 \-/h 129 ’1\—/128 

/////1//// / // 

126b{ \, 124}126a 
\J ///// ’l\_/ m {108 ‘ _ J 

106 112 116 102 
W 

+ 118 



Patent Application Publication May 6, 2004 Sheet 7 0f 7 US 2004/0084709 A1 

2 625 E250 wmmxmmj 

Appl ied Voltage (V) 



US 2004/0084709 A1 

CAPACITOR FOR A SEMICONDUCTOR DEVICE 
AND METHOD OF FABRICATING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a capacitor for a 
semiconductor device and a method of fabricating same. 
More speci?cally, the invention is directed to a capacitor for 
a semiconductor device having upper electrodes formed by 
physical vapor deposition (PVD) as Well as chemical vapor 
deposition (CVD) and a method for fabricating same. 

BACKGROUND OF THE INVENTION 

[0002] As semiconductor devices continue to be scaled 
doWn, the area of a memory cell becomes smaller. Although 
the memory cell is smaller, capacitor area has not been 
reduced because of a need to maintain appropriate levels of 
capacitance. For example, a unit cell needs an appropriate 
charge capacitance for durability against the soft error 
caused by ot-particles and a sensing signal margin. 

[0003] A number of alternatives for maintaining a capaci 
tance of a memory capacitor beyond a predetermined value 
are knoWn. In accordance With the equation C=e As/d (C 
being a capacitance, 6 being a dielectric constant, As being 
a surface area of an electrode, and d being a thickness of a 
dielectric ?lm), a ?rst approach has been to reduce the 
surface area of a dielectric ?lm A second approach has 
been to increase the surface area of an electrode (As), and a 
third approach has been to use a material having a high 
dielectric constant 

[0004] A problem With the ?rst approach is that as the 
thickness of a dielectric ?lm is reduced, leakage current 
increases. As a result, the second and third approaches have 
been used more often than the ?rst. In the second approach, 
When the surface area of an electrode is increased, a capaci 
tor structure is transformed into a three dimensional (3D) 
structure such as, for example, a simple stack structure, a 
concave structure, a cylindrical structure, and a multi-?n 
structure. The third approach uses a material With a high 
dielectric constant such as, for example, (Ba,Sr)TiO3(BST), 
(Pb,Zr)TiO3(PZT), and Ta2O5. 
[0005] As a result of the second approach, a capacitor 
having a cylindrical (or concave) structure has been sug 
gested to overcome a dif?culty in etching a loWer electrode 
as the height of a 3-dimensionally stacked capacitor 
increases. 

[0006] A semiconductor device With a conventional con 
cave-type capacitor is noW described beloW With reference 
to FIG. 1 in Which reference numerals 70 and 80 denote a 
cell region and a peripheral circuit region, respectively. 

[0007] Referring to FIG. 1, in the cell region 70 and 
peripheral circuit region 80, a MOS transistor is disposed on 
a substrate 2 Where a device isolation region 4 is formed. 
The MOS transistor has a gate electrode 11 and a source/ 
drain region 18. The gate electrode 11 has a polysilicon layer 
8 and a silicide layer 10 formed on a gate insulating layer 6. 
A spacer 14 is formed on sideWalls of the gate electrode 11. 
The source/drain region 18 includes a lightly doped region 
12 and a heavily doped region 16. 

[0008] A ?rst interlayer dielectric 20 is stacked on the 
substrate 2 including the MOS transistor. Contacts 26a, 26b, 
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and 26c are connected to the source/drain region 18 of the 
MOS transistor through the ?rst interlayer dielectric 20. A 
contact 26a' is coupled to the gate electrode 11. Each of the 
contacts 26a, 26b, 26c, and 26d includes barrier metal 22 
and a tungsten layer 24. 

[0009] A second interlayer dielectric 28 is stacked on a 
?rst interlayer dielectric 20 including the contacts 26a, 26b, 
26c, and 26d. In the cell region 70, a concave hole 29 is 
formed to expose the contact 26a through the second inter 
layer dielectric 28. A capacitor 36 coupled to the contact 26a 
is disposed in the concave hole 29. The capacitor 36 consists 
of a loWer electrode 30, a dielectric ?lm 32, and an upper 
electrode 34. 

[0010] In the cell region 70, a third interlayer dielectric 40 
is stacked on the second interlayer dielectric 28 including 
the capacitor 36. In the peripheral circuit region 80, a second 
interlayer dielectric 28 and a third interlayer dielectric 40 are 
sequentially stacked. 

[0011] In the cell region 70, a contact 46a is electrically 
connected to the upper electrode 34 of the capacitor 36 
through the third interlayer dielectric 40. The contact 46a is 
coupled to an interconnection 52a. A bitline contact 46b is 
electrically connected to the contact 26b through the third 
interlayer dielectric 40 and the second interlayer dielectric 
28. The bitline contact 46b is coupled to a bitline 52b. In the 
peripheral circuit region 80, contacts 46c and 46d are formed 
to be electrically connected to the contacts 26c and 26d 
through the third interlayer dielectric 40 and the second 
interlayer dielectric 28. The contacts 46c and 46d are 
coupled to interconnections 52c and 52d, respectively. The 
contacts 46a, 46b, 46c and 46d consist of barrier metal 42 
and a tungsten layer 44. The bitline 52b includes barrier 
metal 48 and a conductive layer 50. Similarly, each of the 
interconnections 52a, 52c, and 52d includes barrier metal 48 
and a conductive layer 50. 

[0012] In a semiconductor device having a concave-type 
(or cylindrical) capacitor in a capacitor under bitline (CUB) 
structure, the contacts 46a, 46b, 46c, and 46d may be formed 
by the folloWing method: the third interlayer 40 dielectric is 
etched to form an opening 41a exposing a surface of the 
upper electrode 34, and the third interlayer dielectric 40 and 
the second dielectric 28 are successively etched to form 
openings 41b exposing the contacts 26b, 26c, and 26d. 

[0013] Since the openings 41b exposing the contacts 26b, 
26c, and 26d are deeper than the opening 41a exposing the 
upper electrode 34, the upper electrode 34 may be 
overetched. Accordingly, there is a need for a method of 
rapidly forming a thick upper electrode in order to enhance 
a yield. 

[0014] In addition, data stored in a dynamic random 
access memory (DRAM) cell is maintained as an amount of 
charge stored in a capacitor and is retained by means of 
regular refresh operations. To normally operate DRAM, the 
stored charges must not be lost during the refresh operations. 
Accordingly, there is a need for a capacitor Which eliminates 
leakage current. 

SUMMARY OF THE INVENTION 

[0015] A capacitor, in accordance With the present inven 
tion, includes a loWer electrode formed on a semiconductor 
substrate, a dielectric ?lm stacked on the loWer electrode, 
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and an upper electrode formed on the dielectric ?lm, 
Wherein the upper electrode is formed by chemical vapor 
deposition (CVD) and physical vapor deposition (PVD). 

[0016] In alternate embodiments, the upper electrode may 
be made of one selected from the group consisting of 
titanium nitride, tantalum nitride, tungsten nitride, ruthe 
nium, platinum, iridium, and a combination thereof. The 
upper electrode may consist of a ?rst upper electrode formed 
by chemical vapor deposition and a second upper electrode 
formed by physical vapor deposition. Alternatively, the ?rst 
upper electrode may be formed by physical vapor deposition 
and the second upper electrode formed by chemical vapor 
deposition. The ?rst upper electrode and the second upper 
electrode may be sequentially stacked. The capacitor may be 
a concave-type capacitor. 

[0017] A method for fabricating a capacitor, in accordance 
With the present invention, includes forming a loWer elec 
trode on a semiconductor substrate, forming a dielectric ?lm 
on the loWer electrode, and forming an upper electrode by 
chemical vapor deposition and physical vapor deposition. 

[0018] In other methods, the upper electrode may be made 
of one selected from the group consisting of titanium nitride, 
tantalum nitride, tungsten nitride, ruthenium, platinum, iri 
dium, and a combination thereof. The step of forming the 
upper electrode may include forming a ?rst upper electrode 
by the chemical vapor deposition, and forming a second 
upper electrode by the physical vapor deposition or vice 
versa. When the ?rst upper electrode is formed by the 
physical vapor deposition, a bias poWer may be applied only 
to a target and no bias poWer is applied to the semiconductor 
substrate. 

[0019] Another method for fabricating a capacitor, in 
accordance With the present invention, includes forming an 
interlayer dielectric on a semiconductor substrate Where a 
conductive region is formed, selectively etching the inter 
layer dielectric to form a concave hole exposing the con 
ductive region, forming a loWer electrode conductive layer 
in the concave hole and on the interlayer dielectric, pattern 
ing the loWer electrode conductive layer to form a loWer 
electrode pattern on a bottom and a sideWall of the concave 
hole, forming a dielectric ?lm on the loWer electrode pattern, 
forming a ?rst upper electrode on the dielectric ?lm by 
physical vapor deposition, and forming a second upper 
electrode on the ?rst upper electrode. 

[0020] In alternate methods, When the ?rst upper electrode 
is formed by physical vapor deposition, a bias poWer may be 
applied only to a target and no bias poWer is applied to the 
semiconductor substrate. The second upper electrode may 
be formed by one of chemical vapor deposition and atomic 
layer deposition. 

[0021] A method for fabricating a semiconductor device, 
in accordance With the present invention, includes forming 
a ?rst interlayer dielectric on a substrate including a tran 
sistor, forming a ?rst opening to expose a drain region of the 
transistor through the ?rst interlayer dielectric and a second 
opening to eXpose a source region of the transistor through 
the ?rst interlayer dielectric, ?lling the ?rst opening and the 
second opening With a conductive material to form a ?rst 
contact and a second contact, forming a second interlayer 
dielectric on the ?rst interlayer dielectric including the ?rst 
and second contacts, forming a concave hole to eXpose the 
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?rst contact through the second interlayer dielectric, forming 
a loWer electrode conductive layer in the concave hole and 
on the second interlayer dielectric, patterning the loWer 
electrode conductive layer to form a loWer electrode on a 
bottom and a sideWall of the concave hole, forming a 
dielectric ?lm on the loWer electrode, and forming an upper 
electrode on the dielectric ?lm by physical vapor deposition 
and chemical vapor deposition. 

[0022] In alternate embodiments, the method for fabricat 
ing a semiconductor device may further include forming a 
third interlayer dielectric on the second interlayer dielectric, 
forming a third opening to eXpose the upper electrode is 
through the third interlayer dielectric and a fourth opening to 
eXpose the second contact, and ?lling the third opening and 
the fourth opening With a conductive material to form a third 
contact and a fourth contact. The step of forming the upper 
electrode may include forming a ?rst upper electrode by 
chemical vapor deposition, and forming a second upper 
electrode by physical vapor deposition, or forming a ?rst 
upper electrode by physical vapor deposition, and forming a 
second upper electrode the chemical vapor deposition. 
When the ?rst upper electrode is formed the physical vapor 
deposition, a bias poWer may be applied only to a target and 
no bias poWer is applied to the substrate. The loWer electrode 
may be cylindrical. 

[0023] Another capacitor, in accordance With the present 
invention, includes a loWer electrode formed on a semicon 
ductor substrate, a dielectric ?lm stacked on the loWer 
electrode, and an upper electrode formed on the dielectric 
?lm, Wherein the upper electrode is formed by physical 
vapor deposition and one of chemical vapor deposition and 
atomic layer deposition. 

[0024] Another method for fabricating a capacitor, in 
accordance With the present invention, includes forming a 
loWer electrode on a semiconductor substrate, forming a 
dielectric ?lm on the loWer electrode, and forming a upper 
electrode by physical vapor deposition and one of chemical 
vapor deposition and atomic layer deposition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Preferred embodiments of the invention can be 
understood in more detail from the folloWing descriptions 
taken in conjunction With the accompanying draWings in 
Which: 

[0026] FIG. 1 is a cross-sectional vieW of a semiconductor 
device including a conventional concave-type capacitor; 

[0027] FIG. 2 is a cross-sectional vieW of a semiconductor 
device including a concave-type capacitor according to an 
embodiment of the present invention; 

[0028] FIGS. 3 through 9 are cross-sectional vieWs of a 
concave-type capacitor for eXplaining a method of forming 
same according to an embodiment of the present invention; 
and 

[0029] FIG. 10 is a graph of leakage current characteris 
tics With respect to applied voltage When an upper electrode 
is formed by means of physical vapor deposition (PVD) 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] Preferred embodiments of the present invention 
Will noW be described more fully hereinafter beloW in more 
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detail With reference to the accompanying drawings, in 
Which preferred embodiments of the invention are shoWn. 
This invention may, hoWever, be embodied in different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided 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. Like numerals refer to 
like elements throughout the speci?cation. 

[0031] A semiconductor device including a concave-type 
capacitor according to the present invention is noW 
described beloW With reference to FIG. 2. 

[0032] Referring to FIG. 2, in a cell region 170, a MOS 
transistor is disposed on a semiconductor substrate 102 
Where a device isolation region 104 is formed. The MOS 
transistor includes a gate electrode 111 and a source/drain 
region 118. The gate electrode 111 includes a polysilicon 
layer 108 and a silicide layer 110 formed on a gate insulating 
layer 106. A spacer 114 is formed on sideWalls of the gate 
electrode 111. The source/drain region 118 has a lightly 
doped region 112 and a heavily doped region 116. A ?rst 
interlayer dielectric 120 is stacked on the substrate 102 
including the MOS transistor. A storage contact 126a is 
connected to the source region 118 through the ?rst inter 
layer dielectric 120. Acontact 126b is connected to the drain 
region 118 through the ?rst interlayer dielectric 120. Each of 
the contacts 126a and 126b includes barrier metal 122 and 
a tungsten layer 124. A second interlayer dielectric 128 is 
stacked on a ?rst interlayer dielectric 120 including the 
contacts 126a and 126b. A concave hole 129 is formed to 
eXpose the storage contact 126a through the second inter 
layer dielectric 128. A capacitor 136 coupled to the storage 
contact 126a is disposed in the concave hole 129. The 
capacitor 136 includes a loWer electrode 130, a dielectric 
?lm 132, a ?rst upper electrode 134a, and a second upper 
electrode 134b. The ?rst and second upper electrodes 134a 
and 134b may be formed by means of chemical vapor 
deposition (CVD) or physical vapor deposition (PVD), 
respectively, and vice versa. Athird interlayer dielectric 140 
is stacked on the second interlayer dielectric 128 Where the 
capacitor 136 is formed. A contact 146a is electrically 
connected to the upper electrode 134 of the capacitor 136 
through the third interlayer dielectric 140. The contact 146a 
is coupled to an interconnection 152a. Abitline contact 146b 
is electrically connected to the contact 126b through the 
third interlayer dielectric 140 and the second interlayer 
dielectric 128. The bitline contact 146b is coupled to a 
bitline 152b. The interconnection 152a includes barrier 
metal 148 and a conductive layer 150. Similarly, the bitline 
152b includes barrier metal 148 and a conductive layer 150. 

[0033] In a peripheral circuit region 180, a MOS transistor 
is disposed on a semiconductor substrate 102. A ?rst inter 
layer dielectric 120 is stacked on the semiconductor sub 
strate 102 including the MOS transistor. Contacts 126c and 
126d are connected to a source/drain region 118 or a gate 
electrode 111 of the MOS transistor through the ?rst inter 
layer dielectric 120. A second interlayer dielectric 128 and 
a third interlayer dielectric 140 are sequentially stacked on 
a ?rst interlayer dielectric 120 including the contacts 126c 
and 126d. Contacts 146c and 146d are electrically connected 
to the contacts 126c and 126d through the third interlayer 
dielectric 140 and the second interlayer dielectric 128. The 
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contacts 146c and 146d are coupled to interconnections 152c 
and 152d, respectively. The contacts 146a, 146b, 146c and 
146d consist of barrier metal 142 and a tungsten layer 144. 

[0034] The opening 141a, eXposing the upper electrodes 
134a and 134b of the capacitor, and the openings 141b, 
eXposing the contacts 126b, 126c, and 126d, are formed at 
the same time. HoWever, the upper electrodes 134a and 134b 
are resistant to overetching because the upper electrodes 
134a and 134b are thick enough to resist overetching. 

[0035] A method of forming a capacitor With the above 
described structure is noW described more fully beloW With 
reference to FIGS. 3 through 9, in Which only parts related 
to the capacitor 136 are illustrated. 

[0036] Referring to FIG. 3, a device isolation region 104 
is formed at a semiconductor substrate 102 to de?ne an 
active region. The gate insulating layer 106, a gate conduc 
tive layer 108, and a silicide layer 110 are sequentially 
stacked on the semiconductor substrate 102 Where the 
device isolation region 104 is formed. The gate insulating 
layer 106, the gate conductive layer 108, and the silicide 
layer 110 are successively patterned to form a gate electrode 
111. Using the gate electrode 111 and the device isolation 
region 104 as an ion implantation mask, a lightly doped 
region 112 is formed at the active region of the substrate 102. 
A spacer insulating layer is formed on an entire surface of 
the semiconductor substrate 102 Where the gate electrode 
111 is formed. By means of an anisotropic dry etch, the 
spacer insulating layer is removed to form a spacer 114 on 
sideWalls of the gate electrode 111. Using a gate electrode 
111 including the spacer 114 and the device isolation region 
104 as an ion implantation mask, a heavily doped region 116 
is formed at the active region of the semiconductor substrate 
102. The lightly and heavily doped regions 112 and 116 
correspond to source/drain regions 118 of the MOS transis 
tor. A ?rst interlayer dielectric 120 is stacked on entire 
surface of the substrate 102 including the MOS transistor. 
The ?rst interlayer dielectric 120 is selectively etched to 
form an opening 125 eXposing the source/drain region 118. 
Abarrier metal 122 and a tungsten layer 124 are stacked in 
the opening 125 and on the ?rst interlayer dielectric 120. 
Continuously, the tungsten layer 124 and the barrier metal 
122 are polished doWn to a top surface of the ?rst interlayer 
dielectric 120 by means of chemical mechanical polishing 
(CMP) to form contacts 126a and 126b ?lling the opening 
125. A second interlayer dielectric 128 is stacked on a ?rst 
interlayer dielectric 120 including the contacts 126a and 
126b. By means of a conventional photolithographic pro 
cess, the second interlayer dielectric 128 is selectively 
etched to form an opening 129 eXposing a surface of the 
contact 126a. 

[0037] A loWer electrode conductive layer 130 is confor 
mally formed in the opening 129 and on the second inter 
layer dielectric 128. The loWer electrode conductive layer 
130 may be formed of one of polysilicon, metal nitrides, 
such as titanium nitride (TiN), tantalum nitride (TaN) and 
tungsten nitride (WN), noble metal, such as ruthenium (Ru), 
platinum (Pt) and iridium (Ir), and a combination thereof, 
With a thickness ranging from about 50 angstroms to about 
2000 angstroms. 

[0038] Referring to FIG. 4, a sacri?cial layer 131 is 
formed on the loWer electrode conductive layer 130 to 
suf?ciently ?ll the opening 129. The sacri?cial layer 131 
may be formed of a photoresist layer or an oXide layer. 
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[0039] The sacri?cial layer 131 and the lower electrode 
conductive layer 130 are etched doWn to a top surface of the 
second interlayer dielectric 128 to form a loWer electrode 
pattern 130. After formation of the loWer electrode conduc 
tive is layer 130, annealing in an oxygen ambient or a 
nitrogen-containing ambient (e.g., NH3 plasma or N2 
plasma) or Wet cleaning may be carried out. 

[0040] Referring to FIG. 5, the sacri?cial layer 131 
remaining in the opening is removed by means of a Wet etch 
or a dry etch. The dielectric ?lm 132 is conformally formed 
on the loWer electrode pattern 130 and the second interlayer 
dielectric 128. The dielectric layer 132 may be made of one 
of silicon oxide (SiOZ), silicon nitride (SiN), aluminum 
oxide (AlO), tantalum oxide (TaO), titanium oxide (TiO), 
hafnium oxide (HfO), Zirconium oxide (ZrO), BST, PZT, 
and a combination thereof, With a thickness ranging from 
about 10 angstroms to about 1000 angstroms. After forma 
tion of the dielectric layer 132, annealing may be carried out 
in an oxygen-containing ambient (e.g., O2, 03, N20 and 
H20) or in an inert gas ambient (e.g., N2, Ar, etc.). 

[0041] Referring to FIG. 6, a ?rst upper electrode 134a is 
conformally formed on the dielectric layer 132. The ?rst 
upper electrode 134a may be made of one of metal nitrides, 
such as titanium nitride (TiN), tantalum nitride (TaN), and 
tungsten nitride (WN), noble metal, such as ruthenium (Ru), 
platinum (Pt), and iridium (Ir), and a combination thereof, 
With a thickness ranging from about 100 angstroms to about 
2000 angstroms, by means of CVD, atomic layer deposition 
(ALD) or PVD. 

[0042] Referring to FIG. 7, a second upper electrode 134b 
is formed on the ?rst upper electrode 134a. The method of 
forming the second upper electrode 134b may vary depend 
ing on the method of forming the ?rst upper electrode 134a. 
In a case Where CVD or ALD is used to form the ?rst upper 
electrode 134a, PVD is used to form the second upper 
electrode 134b. In the case Where PVD is used to form the 
?rst upper electrode 134a, CVD or ALD is used to form the 
second upper electrode 134b. As mentioned above, the 
upper electrode (i.e., the combination of the ?rst upper and 
second upper electrodes 134a, 134b) is formed through the 
tWo steps using CVD or ALD and PVD. Therefore, a thicker 
upper electrode may be rapidly and conformally formed. An 
anti-re?ective layer (ARL) 137, Which is made of silicon 
nitride or silicon oxynitride, may be formed on the second 
upper electrode 134b. The ARL 137 may act as an etch-stop 
layer and have a thickness ranging from about 400 ang 
stroms to about 500 angstroms. 

[0043] Referring to FIG. 8, a third interlayer dielectric 
140 is formed on a second interlayer dielectric 128 including 
the capacitor 136. The third interlayer dielectric 140 is 
selectively etched to form an opening 141a exposing the 
upper electrode 134b of the capacitor. Simultaneously, the 
third interlayer dielectric 140 and the second interlayer 
dielectric 128 are etched to form an opening 141b exposing 
the contact 126b. The opening 141a is overetched but, as 
described above, the upper electrodes 134a and 134b are 
formed, by means of CVD or ALD and PVD, to be thick 
enough to resist overetching. 

[0044] Referring to FIG. 9, a barrier metal 142 and a 
tungsten layer 144 are stacked in the openings 141a and 
141b and on the third interlayer dielectric 140. A CMP 
process is performed doWn to a top surface of the third 
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interlayer dielectric 140 to form contacts 146a and 146b. 
Barrier metal 148 and a conductive layer 150 are stacked on 
the third interlayer dielectric 140 including the contacts 
146a and 146b, and are patterned to form an interconnection 
152a and a bitline 152b. 

[0045] The capacitor 136 according to the invention 
includes the loWer electrode 130, a dielectric ?lm 132, a ?rst 
upper electrode 134a, and a second upper electrode 134b. 
The upper electrode of the capacitor 136 is formed by means 
of CVD or ALD, as Well as PVD. That is, CVD or ALD is 
used to form a ?rst upper electrode and then PVD is used to 
form a second upper electrode, and vice versa. 

[0046] When PVD is used to form the ?rst upper electrode 
134a and then CVD is used to form the second upper 
electrode 134b, data retention characteristics While in the 
data “0” state are not deteriorated With the lapse of time. On 
the other hand, When a negative voltage is applied, leakage 
current is increased to deteriorate data-retention character 
istics While in the data “1” state. 

[0047] Leakage current is increased due to plasma damage 
occurring When PVD is used to form a ?rst upper electrode 
134a. Accordingly, When PVD Was used to form the ?rst 
upper electrode 134a, experiments Were conducted to mea 
sure leakage current characteristics in tWo cases. The ?rst 
case is When bias poWer is applied only to a target, not to a 
semiconductor substrate and the second case is When bias 
poWer is applied to the target as Well as the semiconductor 
substrate. 

[0048] The capacitor used in the experiment Was formed 
under the folloWing conditions. A loWer electrode Was 
formed in a concave hole having a height of 8000 angstroms, 
a short axis Width of 0.2 micrometers, and a long axis Width 
of 0.5 micrometers. The loWer electrode Was made of 
titanium nitride (TiN) to a thickness of 200 angstroms by 
means of metal organic chemical vapor deposition 
(MOCVD). 
[0049] Tantalum oxide (TaO) ?lm Was deposited as a 
dielectric ?lm on the loWer electrode to a thickness of 60 
angstroms. An annealing process Was performed in oZone 
(O3) ambient. The tantalum oxide ?lm Was re-deposited on 
the resultant structure to a thickness of 90 angstroms by 
means of PVD. The annealing process Was re-performed in 
oZone ambient. 

[0050] As a ?rst upper electrode, a titanium nitride (TiN) 
?lm Was formed on the dielectric ?lm to a thickness of 800 
angstroms by means of PVD. As a second upper electrode, 
the titanium nitride ?lm Was formed on the ?rst upper 
electrode to a thickness of 400 angstroms by means of 
MOCVD. 

[0051] FIG. 10 illustrates a graph shoWing leakage current 
characteristics of capacitors formed under the foregoing 
conditions. In the graph of FIG. 10, there are tWo cases 
related to the leakage current characteristics. One case is that 
a ?rst upper electrode is formed Without applying a bias 
poWer to a semiconductor substrate (“Plasma-1”), and the 
other is that a ?rst upper electrode is formed by applying a 
bias poWer to a semiconductor substrate (“Plasma-2”). 
When a negative voltage is applied, there is notably less 
leakage current With respect to the “Plasma-2” electrode 
When compared to the “Plasma-1” electrode. 
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[0052] The following table (“Table 1”) shows a thickness 
of a ?rst upper electrode (hereinafter referred to as “PVD 
TiN”) and a thickness of a second upper electrode (herein 
after referred to as “CVD-TiN”) at a short axis sideWall and 
at a bottom of a concave hole, under the foregoing condi 
tions. 

TABLE 1 

thickness of upper electrode Plasma-1 Plasma-2 

Thickness on sidewall PVD-TiN 400 ~O 470 70 
a CVD-TiN 400 400 

thickness on bottom (A) PVD-TiN 590 390 510 310 
CVD-TiN 200 200 

[0053] As shoWn in Table 1, When the PVD-TiN is formed, 
a deposition thickness of the CVD-TiN is uniform at the 
bottom and sideWall of the concave hole (400 A and 200 A, 
respectively) irrespective of Whether the bias poWer is 
applied to the semiconductor substrate or not. 

[0054] When the PVD-TiN is formed on a sideWall of a 
concave hole, it has a thickness of about 70 angstroms under 
the “Plasma-2” conditions While having a thickness of Zero 
(0) angstroms under the “Plasma-1” conditions. 

[0055] As a result, the ?rst electrode (PVD-TiN) is also 
formed on the sideWall of the concave hole under the 
“Plasma-2” to reduce leakage current. That is, the purity of 
the PVD-TiN is higher than that of the CVD-TiN, and the 
PVD-TiN is entirely deposited in the concave hole to reduce 
leakage current. 

[0056] When an upper electrode is formed on a bottom of 
the concave hole, the upper electrode under the “Plasma-2” 
conditions is thinner than the upper electrode under the 
“Plasma-1” conditions. As the concave hole becomes nar 
roWer and the upper electrode deposited on the bottom of the 
concave hole becomes thicker, lifting of the upper electrode 
may more frequent. Under the “Plasma-2” conditions, there 
fore, a thinner upper electrode may be formed on the bottom 
of the concave hole to suppress the lifting. 

[0057] Although the illustrative embodiments have been 
described herein With reference to the accompanying draW 
ings, it is to be understood that the present invention is not 
limited to those precise embodiments, and that various other 
changes and modi?cations may be affected therein by one of 
ordinary skill in the related art Without departing from the 
scope or spirit of the invention. All such changes and 
modi?cations are intended to be included Within the scope of 
the invention as de?ned by the appended claims. 

What is claimed is: 
1. A capacitor comprising: 

a loWer electrode formed on a semiconductor substrate; 

a dielectric ?lm stacked on the loWer electrode; and 

an upper electrode formed on the dielectric ?lm, 

Wherein the upper electrode is formed by chemical vapor 
deposition and physical vapor deposition. 

2. The capacitor of claim 1, Wherein the upper electrode 
is made of one selected from the group consisting of 
titanium nitride, tantalum nitride, tungsten nitride, ruthe 
nium, platinum, iridium, and a combination thereof. 
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3. The capacitor of claim 1, Wherein the upper electrode 
includes a ?rst upper electrode formed by the chemical 
vapor deposition and a second upper electrode formed by the 
physical vapor deposition and the ?rst upper electrode and 
the second upper electrode are sequentially stacked. 

4. The capacitor of claim 1, Wherein the upper electrode 
includes a ?rst upper electrode formed by the physical vapor 
deposition and a second upper electrode formed by the 
chemical vapor deposition and the ?rst upper electrode and 
the second upper electrode are sequentially stacked. 

5. The capacitor of claim 1, Wherein the capacitor is a 
concave-type capacitor. 

6. A method for fabricating a capacitor, comprising: 

forming a loWer electrode on a semiconductor substrate; 

forming a dielectric ?lm on the loWer electrode; and 

forming an upper electrode by chemical vapor deposition 
and physical vapor deposition. 

7. The method of claim 6, Wherein the upper electrode is 
made of one selected from the group consisting of titanium 
nitride, tantalum nitride, tungsten nitride, ruthenium, plati 
num, iridium, and a combination thereof. 

8. The method of claim 6, Wherein the step of forming the 
upper electrode comprises: 

forming a ?rst upper electrode by the chemical vapor 
deposition; and 

forming a second upper electrode by the physical vapor 
deposition. 

9. The method of claim 6, Wherein the step of forming the 
upper electrode comprises: 

forming a ?rst upper electrode by the physical vapor 
deposition; and 

forming a second upper electrode by the chemical vapor 
deposition. 

10. The method of claim 9, Wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, a bias 
poWer is applied only to a target. 

11. The method of claim 9, Wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, no bias 
poWer is applied to the semiconductor substrate. 

12. A method for fabricating a capacitor, comprising: 

forming an interlayer dielectric on a semiconductor sub 
strate Where a conductive region is formed; 

selectively etching the interlayer dielectric to form a 
concave hole exposing the conductive region; 

forming a loWer electrode conductive layer in the concave 
hole and on the interlayer dielectric; 

patterning the loWer electrode conductive layer to form a 
loWer electrode pattern on a bottom and a sideWall of 
the concave hole; 

forming a dielectric ?lm on the loWer electrode pattern; 

forming a ?rst upper electrode on the dielectric ?lm by 
physical vapor deposition; and 

forming a second upper electrode on the ?rst upper 
electrode. 

13. The method of claim 12, Wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, a bias 
poWer is applied only to a target. 
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14. The method of claim 12, wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, no bias 
poWer is applied to the semiconductor substrate. 

15. The method of claim 12, Wherein the second upper 
electrode is formed by one of chemical vapor deposition and 
atomic layer deposition. 

16. A method for fabricating a semiconductor device, 
comprising: 

forming a ?rst interlayer dielectric on a substrate includ 
ing a transistor; 

forming a ?rst opening to eXpose a drain region of the 
transistor through the ?rst interlayer dielectric and a 
second opening to eXpose a source region of the 
transistor through the ?rst interlayer dielectric; 

?lling the ?rst opening and the second opening With a 
conductive material to form a ?rst contact and a second 

contact; 

forming a second interlayer dielectric on the ?rst inter 
layer dielectric including the ?rst and second contacts; 

forming a concave hole to eXpose the ?rst contact through 
the second interlayer dielectric; 

forming a loWer electrode conductive layer in the concave 
hole and on the second interlayer dielectric; 

patterning the loWer electrode conductive layer to form a 
loWer electrode on a bottom and a sideWall of the 
concave hole; 

forming a dielectric ?lrn on the loWer electrode; and 

forming an upper electrode on the dielectric ?lrn by 
physical vapor deposition and chemical vapor deposi 
tion. 

17. The method of claim 16, further comprising: 

forming a third interlayer dielectric on the second inter 
layer dielectric; 

forrning a third opening to eXpose the upper electrode 
through the third interlayer dielectric and a fourth 
opening to eXpose the second contact; and 
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?lling the third opening and the fourth opening With a 
conductive material to form a third contact and a fourth 
contact. 

18. The method of claim 16, Wherein the step of forming 
the upper electrode comprises: 

forming a ?rst upper electrode by the chemical vapor 
deposition; and 

forming a second upper electrode by the physical vapor 
deposition. 

19. The method of claim 16, Wherein the step of forming 
the upper electrode comprises: 

forming a ?rst upper electrode by the physical vapor 
deposition; and 

forming a second upper electrode by the chemical vapor 
deposition. 

20. The method of claim 19, Wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, a bias 
poWer is applied only to a target. 

21. The method of claim 19, Wherein When the ?rst upper 
electrode is formed by the physical vapor deposition, no bias 
poWer is applied to the substrate. 

22. The method of claim 16, Wherein the loWer electrode 
is cylindrical. 

23. A capacitor comprising: 

a loWer electrode formed on a semiconductor substrate; 

a dielectric ?lrn stacked on the loWer electrode; and 

an upper electrode formed on the dielectric ?lrn, 

Wherein the upper electrode is formed by physical vapor 
deposition and one of chemical vapor deposition and 
atomic layer deposition. 

24. A method for fabricating a capacitor, comprising: 

forming a loWer electrode on a semiconductor substrate; 

forming a dielectric ?lrn on the loWer electrode; and 

forming an upper electrode by physical vapor deposition 
and one of chemical vapor deposition and atomic layer 
deposition. 


