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- _ - _ A semiconductor device having a capacitor. The capacitor 
(73) Asslgnee' Electromcs Co" Ltd" SuWOn includes a ?rst electrode, a dielectric layer formed of a metal 

oxide layer including a Ta2O5 layer, and a second electrode 
(21) APPL NO; 09/862,733 composed of ?rst and second metal nitride layers sequen 

tially stacked. Each of the ?rst and second metal nitride 
(22) Filed; May 21, 2001 layers has a TiN layer and a WN layer. The second electrode 

of the capacitor is a double-layered structure having the ?rst 
Related US, Application Data and second metal nitride layers, and thus annealing after 

forming the second electrode is performed at 750° C. or less, 
(62) Division of application No.09/209,651,?led on Dec. to thereby reduce an equivalent oxide thickness of the 

10, 1998, noW Pat. No. 6,261,890. dielectric layer. 
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SEMICONDUCTOR DEVICE HAVING CAPACITOR 
AND METHOD OF MANUFACTURING THE SAME 

[0001] This application is a divisional of US. patent Ser. 
No. 09/209,651, ?led on Oct. 10, 1998, noW pending, Which 
is herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
device and a method of manufacturing the same, and more 
particularly, to a semiconductor device including a capaci 
tor, and to a method of manufacturing the same. 

[0004] 2. Description of the Related Art 

[0005] In general, in a semiconductor device, e.g., a 
DRAM (dynamic random access memory) including a 
capacitor, as the integration increases, a cell area decreases, 
and thus an area occupied by the capacitor is reduced. Thus, 
a method for increasing capacitance must be developed to 
manufacture a high-integrated semiconductor device. 

[0006] So as to increase the cell capacitance, a capacitor 
dielectric layer employs a dielectric layer having a high 
dielectric constant, e.g., a tantalum oXide (Ta2O5) layer 
instead of a silicon nitride layer or a silicon oXide layer. A 
capacitor employing a tantalum oXide layer as the dielectric 
layer includes a ?rst electrode and a second electrode 
formed of polysilicon on the dielectric layer. HoWever, in a 
structure in Which the Ta2O5 layer contacts With the poly 
silicon layer, silicon of the polysilicon layer reacts With 
oXygen of the tantalum oXide layer to form a silicon oXide 
layer on an interface. Thus, an overall equivalent thickness 
to SiO2, i.e., a thickness of an effective oXide layer increases, 
to thereby loWer capacitance, and oXygen in the tantalum 
oXide layer is de?cient, to thereby increase leakage current. 

[0007] Therefore, there has been provided a method of 
forming the second electrode on the dielectric layer of a high 
dielectric constant using a metal single layer of WN or TiN. 

[0008] HoWever, When the second electrode is a single 
layer of WN, step coverage of the WN layer is poor, so that 
it is difficult to use the WN layer for a high-integrated 
semiconductor device. Also, When the second electrode is a 
single layer of TiN, a predetermined thin thickness, e.g., 
approximately 100 A is required to reduce the leakage 
current density. When the TiN layer is approximately 100 A, 
a polysilicon layer must be further formed on the TiN layer 
to be used as an interconnection. In a case that the polysili 
con layer is formed on the TiN layer, annealing after forming 
the polysilicon layer must be performed at 750° C. or higher, 
e.g., 850° C. Thus, the equivalent oXide thickness of the 
dielectric layer increases. 

[0009] Further, the annealing temperature of 750° C. or 
higher is not desired in the high-integrated semiconductor 
device. 

SUMMARY OF THE INVENTION 

[0010] To solve the above problems, it is an object of the 
present invention to provide a semiconductor device having 
a capacitor. 

[0011] It is a further object of the present invention to 
provide a method of manufacturing the semiconductor 
device. 
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[0012] Accordingly, to achieve the object of the present 
invention, there is provided a semiconductor device having 
a capacitor. The capacitor includes a ?rst electrode, a dielec 
tric layer composed of a metal oXide layer including a Ta2O5 
layer, and a second electrode composed of ?rst and second 
metal nitride layers sequentially stacked. Each of the ?rst 
and second metal nitride layers is a TiN layer and a WN 
layer. 
[0013] To achieve the further object of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device including a capacitor. By the method, a 
?rst electrode of a capacitor is formed on a semiconductor 
substrate, and a dielectric layer having a metal oXide layer 
on the ?rst electrode is formed. Then, a ?rst and second 
metal nitride layers are sequentially formed on the dielectric 
layer, to thereby form a second electrode of a capacitor 
composed of the ?rst and second metal nitride layers. Each 
of the ?rst and second metal nitride layers is a TiN layer and 
a WN layer. 

[0014] According to the present invention, the second 
electrode of the capacitor is a double-layered structure 
including ?rst and second metal nitride layers so that anneal 
ing after forming the second electrode is performed at 750° 
C. or less, to thereby reduce an equivalent oXide thickness of 
the dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings in Which: 

[0016] FIG. 1 is a sectional vieW of a semiconductor 
device including a capacitor according to the present inven 
tion; and 

[0017] FIGS. 2 through 5 are sectional vieWs for illus 
trating a method of manufacturing a semiconductor device 
including a capacitor according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] Referring to FIG. 1, a semiconductor device 
includes a ?rst electrode 5 of a capacitor, The ?rst electrode 
5 is formed of an impurity-doped polysilicon layer and 
connected to a semiconductor substrate 1 through a ?rst 
interlevel dielectric layer 3 having a contact hole. A dielec 
tric layer 7 including a metale oXide layer, e.g., a tantalum 
oXide (Ta2O5) layer, is formed on the ?rst electrode 5, and 
?rst and second metal nitride layers 9 and 11 are sequentially 
formed on the dielectric layer 7 to form a second electrode 
of the capacitor composed of double layers. The ?rst and 
second metal nitride layers are formed of a TiN layer and a 
WN layer, respectively. A second interlevel dielectric layer 
13 is formed on the second electrode of the capacitor. 

[0019] FIGS. 2 through 5 are sectional vieWs for illus 
trating a method of manufacturing a semiconductor device 
including a capacitor according to the present invention. 

[0020] FIG. 2 shoWs the step of forming a ?rst interlevel 
dielectric layer 3 and a ?rst electrode 5 of a capacitor. 

[0021] In detail, the insulating layer is formed on a semi 
conductor substrate 1 and patterned to form a ?rst interlevel 
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dielectric layer 3 having a contact hole exposing the semi 
conductor substrate 1. Subsequently, a conductive layer, 
e.g., a polysilicon layer doped With an impurity is formed to 
bury the contact hole and patterned to form the ?rst electrode 
5 of the capacitor. Here, the impurity is arsenic or 
phosphorus FIG. 3 shoWs the step of forming a dielec 
tric layer 7. 

[0022] In detail, the dielectric layer 7 having a high 
dielectric constant, e. g., a Ta2O5 layer is formed on the entire 
surface of the semiconductor substrate 1 With a thickness of 
30~200 Thus, the dielectric layer 7 is formed around the 
?rst electrode 5 of the capacitor and on the ?rst interlevel 
dielectric layer 3. FIG. 4 shoWs the step of forming a ?rst 
metal nitride layer 9. 

[0023] In detail, the ?rst metal nitride layer 9 is formed on 
the dielectric layer 7. Here, the ?rst metal nitride layer 9 
employing a TiN layer is formed at 600~700° C. With a 
thickness of 10~1000 A using a chemical vapor deposition 
(CVD) method. Here, the ?rst metal nitride layer 9 is formed 
using a chemical vapor deposition (CVD) method because 
of excellent step coverage. The thickness of the TiN layer 
used for the ?rst metal nitride layer 9 can be variously 
formed by the second metal nitride layer to be formed. That 
is, the thickness of the TiN layer may be higher or loWer 
compared to 100 A thickness used in the conventional art. 

[0024] FIG. 5 shoWs the step of forming a second metal 
nitride layer 11. 

[0025] In detail, the second metal nitride layer 11 is 
formed on the ?rst metal nitride layer 9 by the CVD method, 
particularly a plasma enhanced CVD (PECVD) method. 
Here, the second metal nitride layer is formed of a WN layer, 
at 300~400° C. to 100~1000 Since a formation tempera 
ture is loW and the step coverage is good, the second metal 
nitride layer 11 is formed by the CVD method. The ?rst and 
second metal nitride layers 9 and 11 as double layers become 
a second electrode of the capacitor. 

[0026] When the second electrode of the capacitor are 
double-layered, i.e., have a TiN layer and a WN layer, the 
annealing after forming the WN layer may be performed at 
750° C. or less, since a polysilicon layer is not formed as the 
conventional art. Thus, an equivalent oXide thickness of a 
dielectric layer 7 is reduced, so that the capacitance 
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increases and it is advantageous to a high-integrated semi 
conductor device manufactured at a loWer temperature. 

[0027] It should be understood that the invention is not 
limited to the illustrated embodiment and that many changes 
and modi?cations can be made Within the scope of the 
invention by a person skilled in the art. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising the steps of: 

forming a ?rst electrode of a capacitor on a semiconductor 

substrate; 
forming a dielectric layer having a metal oXide layer on 

the ?rst electrode; and 

sequentially forming ?rst and second metal nitride layers 
on the dielectric layer to form a second electrode of a 
capacitor composed of the ?rst and second metal nitride 
layers. 

2. The method of claim 1, Wherein the ?rst and second 
metal nitride layers are formed by depositing a TiN layer and 
a WN layer. 

3. The method of claim 2, in Which the TiN layer is 
deposited to a thickness of about 10~1,000 A and the WN 
layer is deposited to a thickness of about 100~1000 

4. The method of claim 1, Wherein the metal oXide layer 
is a Ta2O5 layer. 

5. The method of claim 1, Wherein forming the ?rst and 
second metal nitride layers further comprises a chemical 
vapor deposition (CVD) method. 

6. The method of claim 1, further comprising a step of 
annealing, Wherein said annealing is performed at 750° C. or 
less. 

7. The method of claim 1, Wherein the metal oXide layer 
is a Ta2O5 layer, and Wherein the ?rst and second metal 
nitride layers are formed by depositing a TiN layer and a WN 
layer on the Ta2O5 layer. 

8. The method of claim 7 in Which the Ta2O5 layer has an 
as-deposited thickness in the range of of 30~200 A, and the 
device is annealed at a temperature up to 750° C. after 
deposition of the TiN and WN layers, the Ta2O5 layer 
retaining substantially said as-deposited thickness after 
annealing. 


