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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a method of manufacturing the device, more 
speci?cally, to a semiconductor device including a capacitor 
using a dielectric ?lm, and a method of manufacturing the 
device. 

[0003] 2. Description of the Related Art 

[0004] In recent years, development of a ferroelectric 
random access memory (FeRAM), Which is a nonvolatile 
memory using a ferroelectric thin ?lm, has been advanced. 

[0005] For the FeRAM, ferroelectric materials such as 
PZT(Pb(ZrXTi1_,QO3), BIT(Bi4Ti3O12), and 
SBT(SrBi2Ta2O9) are used in a capacitor. All of these 
materials have a crystalline structure on the basis of a 
perovskite structure, Whose basic structure is an oXygen 
octahedron. Different from a conventional Si oXide ?lm, 
these materials do not have characteristic ferroelectricity in 
an amorphous state, and cannot therefore be used in amor 
phous. Therefore, processes for crystalliZation, such as a 
crystalliZing heat treatment at a high temperature, and an 
in-situ crystalliZation process at the high temperature are 
required. In general, the temperature required for the crys 
talliZation is in a range of at least 400 to 700° C., depending 
on the material. Examples of a ?lm forming method include 
an MOCVD process, a sputtering process, and a chemical 
solution deposition (CSD) process. 

[0006] Moreover, a method of manufacturing a semi 
conductor device using such ferroelectric thin ?lm has been 
disclosed in Jpn. Pat. Appln. KOKAI Publication No. 2000 
260954. 

[0007] The FeRAM using PZT Which is a Pb compound as 
a typical ferroelectric material as described above essentially 
contains Wear-out factors, and is therefore requested to 
include a conductive oXide material as an electrode. As the 
conductive oXide material, conductive perovskite oXide 
?lms such as an SrRuO3 ?lm are used Which have a 
satisfactory interface matching property With the perovskite 
oXide materials such as PZT. 

[0008] HoWever, When SrRuO3 containing an Ru element 
is employed to an electrode ?lm, eXcess Pb reacts With Ru 
at a ?lm interface betWeen PZT and SrRuO3 and at a PZT 
grain boundary to form a conductive material (Pb2Ru2O7_X, 
and the like), Which act as a leak path, and an increase of a 
leak current caused by the path leads to a characteristics 
deterioration problem. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to an aspect of the invention, there is 
provided a semiconductor device comprising: a semicon 
ductor substrate; a capacitor including a loWer electrode 
disposed above the semiconductor substrate, a dielectric ?lm 
disposed above the loWer electrode, and an upper electrode 
disposed above the dielectric ?lm; the upper electrode 
including metal oXide formed of ABO3 perovskite oXide and 
containing at least an Ru element as a B site element; and a 
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metal ?lm containing a Ti element being disposed betWeen 
the dielectric ?lm and the upper electrode. 

[0010] According to another aspect of the invention, there 
is provided a semiconductor device comprising: a semicon 
ductor substrate; and a capacitor including a loWer electrode 
disposed above the semiconductor substrate, a dielectric ?lm 
disposed above the loWer electrode, and an upper electrode 
disposed above the dielectric ?lm; the upper electrode 
including metal oXide formed of ABO3 perovskite oXide and 
containing at least an Ru element and a Ti element as B site 
elements. 

[0011] According to another aspect of the invention, there 
is provided a method of manufacturing a semiconductor 
device, comprising: disposing a loWer electrode disposed 
above a semiconductor substrate; disposing a dielectric ?lm 
above the loWer electrode; disposing a metal ?lm containing 
a Ti element above the dielectric ?lm; and disposing an 
upper electrode including metal oXide formed of ABO3 
perovskite oXide and containing at least an Ru element as a 
B site element above the metal ?lm to form a capacitor. 

[0012] According to another aspect of the invention, there 
is provided a method of manufacturing a semiconductor 
device, comprising: disposing a loWer electrode above a 
semiconductor substrate; disposing a dielectric ?lm above 
the loWer electrode; and disposing an upper electrode 
including metal oXide formed of ABO3 perovskite oXide and 
containing at least an Ru element and a Ti element as B site 
elements above the dielectric ?lm to form a capacitor. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0013] FIG. 1A is a sectional vieW shoWing a process of 
manufacturing an FeRAM according to a ?rst embodiment; 

[0014] FIG. 1B is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the ?rst embodi 
ment; 

[0015] FIG. 1C is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the ?rst embodi 
ment; 

[0016] FIG. 2A is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to a second embodi 
ment; 

[0017] FIG. 2B is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the second embodi 
ment; 

[0018] FIG. 2C is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the second embodi 
ment; 

[0019] FIG. 3A is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to a third embodi 
ment; 

[0020] FIG. 3B is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the third embodi 
ment; 

[0021] FIG. 3C is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the third embodi 
ment; 



US 2005/0274999 A1 

[0022] FIG. 4A is a sectional vieW showing the process of 
manufacturing the FeRAM according to a fourth embodi 
ment; 

[0023] FIG. 4B is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the fourth embodi 
ment; 

[0024] FIG. 4C is a sectional vieW shoWing the process of 
manufacturing the FeRAM according to the fourth embodi 
ment; and 

[0025] FIG. 5 is a diagram shoWing leak current charac 
teristics of PZT capacitors formed by a manufacturing 
process of the embodiment and a conventional manufactur 
ing process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Embodiments Will hereinafter be described With 
reference to the draWings. 

[0027] FIGS. 1A, 1B, and 1C are sectional vieWs shoWing 
a process of manufacturing an FeRAM according to a ?rst 
embodiment. In the ?rst embodiment, in a capacitor, a metal 
?lm containing titanium (Ti) having a ?lm thickness of 2.5 
nm is disposed betWeen a ferroelectric ?lm, Which is a PZT 
(Pb(ZrXTi1_)QO3) ?lm, and a metal oxide ?lm constituting 
an upper electrode, Which is an SrRuO3 ?lm. An example of 
application of this capacitor to an offset type FeRAM cell 
Will hereinafter be described. 

[0028] First, as shoWn in FIG. 1A, a trench for isolating 
devices is formed in a region other than a transistor active 
region of a surface of a P type Si substrate S, then an SiO2 
is buried in the trench to form an isolation 101 (shalloW 
trench isolation). Subsequently, a transistor for operating 
sWitches is formed. 

[0029] First, an oxide ?lm 102 having a thickness of about 
6 nm is formed on the entire surface of the Si substrate S by 
thermal oxidation, subsequently, an n+ type polycrystalline 
silicon ?lm 103 doped With arsenic is formed on the entire 
surface of the oxide ?lm 102, further a WSiX ?lm 104 is 
formed on the polycrystalline silicon ?lm 103, and a nitride 
?lm 105 is formed on the WSiX ?lm 104. Thereafter, the 
polycrystalline silicon ?lm 103, WSLg ?lm 104, and nitride 
?lm 105 are processed by conventional photolithography 
and RIE processes to form a gate electrode 100. 

[0030] Furthermore, a nitride ?lm 106 is deposited, and a 
spacer is formed on a side Wall of the gate electrode 100 
leaving the side Wall spacer by anisotropic RIE. Moreover, 
although details of the process are omitted from the descrip 
tion, sources/drains 107 are formed by ion implantations and 
heat treatments. 

[0031] Next, as shoWn in FIG. 1B, a CVD oxide ?lm 108 
is deposited on the entire surface. Thereafter, the surface is 
once planariZed by CMP, and a contact hole 109 connecting 
With one of the source/drain 107 of a transistor is formed. 
Thereafter, a thin titanium ?lm is deposited by sputtering or 
CVD, and a heat treatment is performed in a forming gas to 
form a TiN ?lm 110. Subsequently, a CVD tungsten 111 is 
deposited on the entire surface, the tungsten 111 is removed 
from a region other than the contact hole 109 by CMP 
process, so that the tungsten is buried in the contact hole 
109. 
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[0032] Thereafter, a CVD nitride ?lm 112 is deposited on 
the entire surface, a contact hole 113 connecting With the 
other source/drain 107 of the transistor is formed, another 
TiN ?lm 114 is similarly formed, and a tungsten 115 is 
buried in the contact hole 113 to form a plug connecting With 
a capacitor. 

[0033] Thereafter, as shoWn in FIG. 1C, a titanium ?lm 
116 having a thickness of 10 nm is deposited on the entire 
surface of the CVD nitride ?lm 112 by sputtering, and 
subsequently a platinum ?lm 117 having a thickness of 
about 100 nm is deposited on the entire surface of the 
titanium ?lm 116 by sputtering. Thereafter, a ?rst SrRuO3 
?lm 118 serving as a loWer electrode 200 of the capacitor 
and having a thickness of 10 nm is deposited on the entire 
surface of the platinum ?lm 117 by sputtering, and the ?rst 
SrRuO3 ?lm 118 is once crystalliZed by rapid thermal anneal 
(RTA) in oxygen. In this case, When the ?rst SrRuO3 ?lm 
118 is deposited, for example, at a temperature of 550° C., 
it is possible to easily form a crystalline SrRuO3 ?lm having 
a satisfactory quality. 

[0034] Furthermore, a PZT ?lm 119 serving as a capacitor 
dielectric ?lm 300 is formed on the ?rst SrRuO3 ?lm 118 by 
sputtering, and the PZT ?lm 119 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen. Thereafter, a titanium ?lm 
120 having a thickness of 2.5 nm is deposited on the PZT 
?lm 119 by sputtering, and a second SrRuO3 ?lm (ABO3 
perovskite oxide ?lm) 121 serving as an upper electrode 400 
of the capacitor and having a thickness of 10 nm is deposited 
on the titanium ?lm 120, and the second SrRuO3 ?lm 121 is 
once crystalliZed in oxygen by rapid thermal anneal (RTA). 
In this case, When the second SrRuO3 ?lm 121 is deposited, 
for example, at a temperature of 550° C., it is possible to 
easily form the SrRuO3 ?lm having a satisfactory quality. 
Thereafter, a platinum ?lm 122 is formed on the second 
SrRuO3 ?lm 121 by sputtering. 
[0035] Subsequently, once a CVD oxide ?lm is deposited 
as a processing mask material, the CVD oxide ?lm is 
patterned by photolithography and RIE processes. After a 
photo resist is removed, the platinum ?lm 122, second 
SrRuO3 ?lm 121, titanium ?lm 120, and PZT ?lm 119 are 
etched by RIE (processes). Furthermore, the ?rst SrRuO3 
?lm 118, platinum ?lm 117, and titanium ?lm 116 are 
patterned in order by a combination of the photolithography 
and RIE (processes) to complete the forming of a capacitor 
10. The capacitor 10 has a nonvolatile memory function. 
Thereafter, a CVD oxide ?lm 123 is deposited all over the 
surface of the capacitor 10 to cover the capacitor 10, and a 
heat treatment is performed in oxygen at about 650° C. in 
order to recover damage in the PZT ?lm 119 generated 
during the processing. 

[0036] Thereafter, although the details are omitted, a drive 
line and a bit line are formed, further, a Wiring 50 is formed 
to connect a contact connecting With the other source/drain 
107 of the transistor and the platinum ?lm 122, then an 
upper-layer metal Wiring is formed. Through this process, 
the FeRAM is completed. 

[0037] It is to be noted that a BaRuO3 ?lm may also be 
used instead of the second SrRuO3 ?lm 121. Moreover, the 
titanium ?lm 120 may also be formed by a CVD process or 
a sol-gel process instead of the sputtering process. 

[0038] As described above, in the capacitor of FeRAM of 
the ?rst embodiment, a metal ?lm containing Ti is disposed 
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between the upper electrode including metal oxide contain 
ing Ru and the PZT ?lm. This prevents reaction of excess Pb 
With Ru at a ?lm interface betWeen the PZT ?lm and the 
upper electrode and at a PZT grain boundary, so that leak 
current is reduced. 

[0039] FIGS. 2A, 2B, and 2C are sectional vieWs shoWing 
a process of manufacturing an FeRAM according to a 
second embodiment. In the second embodiment, in a capaci 
tor, an SrRuO3 ?lm as a metal oxide constituting an upper 
electrode is doped With titanium to form an Sr(Ru, Ti)O3 
?lm having a thickness of 10 nm. Another example of the 
application of this capacitor to the offset type FeRAM cell 
Will hereinafter be described. It is to be noted that remaining 
structure is similar to that of the ?rst embodiment. 

[0040] First, as shoWn in FIG. 2A, a trench for isolating 
the devices is formed in a region other than a transistor 
active region of a surface of a P type Si substrate S, then an 
SiO2 is buried in the trench to form an isolation 201 (shalloW 
trench isolation). Subsequently, a transistor for operating 
sWitches is formed. 

[0041] First, an oxide ?lm 202 having a thickness of about 
6 nm is formed on the entire surface of the Si substrate S by 
thermal oxidation, subsequently, an n+ type polycrystalline 
silicon ?lm 203 doped With arsenic is formed on the entire 
surface of the oxide ?lm 202, further a WSiX ?lm 204 is 
formed on the polycrystalline silicon ?lm 203, and a nitride 
?lm 205 is formed on the WSiX ?lm 204. Thereafter, the 
polycrystalline silicon ?lm 203, WSLi ?lm 204, and nitride 
?lm 205 are processed by conventional photolithography 
and RIE processes to form a gate electrode 100. 

[0042] Furthermore, a nitride ?lm 206 is deposited, and a 
spacer is formed on the side Wall of the gate electrode 100 
leaving the side Wall spacer by anisotropic RIE. Moreover, 
although the details of the process are omitted from the 
description, sources/drains 207 are formed by ion implan 
tations and heat treatments. 

[0043] Next, as shoWn in FIG. 2B, a CVD oxide ?lm 208 
is deposited on the entire surface. Thereafter, the surface is 
once planariZed by CMP, and a contact hole 209 connecting 
With one of the source/drain 207 of a transistor is formed. 
Thereafter, a thin titanium ?lm is deposited by sputtering or 
CVD, and a heat treatment is performed in a forming gas to 
form a TiN ?lm 210. Subsequently, a CVD tungsten 211 is 
deposited on the entire surface, the tungsten 211 is removed 
from the region other than the contact hole 209 by CMP, so 
that the tungsten is buried in the contact hole 209. 

[0044] Thereafter, a CVD nitride ?lm 212 is deposited on 
the entire surface, a contact hole 213 connecting With the 
other source/drain 207 of the transistor is formed, another 
TiN ?lm 214 is similarly formed, and a tungsten 215 is 
buried in the contact hole 213 to form a plug connecting With 
a capacitor. 

[0045] Thereafter, as shoWn in FIG. 2C, a titanium ?lm 
216 having a thickness of 10 nm is deposited on the entire 
surface of the CVD nitride ?lm 212 by sputtering, and 
subsequently a platinum ?lm 217 having a thickness of 
about 100 nm is deposited on the entire surface of the 
titanium ?lm 216 by sputtering. Thereafter, an SrRuO3 ?lm 
218 serving as a loWer electrode 200 of the capacitor and 
having a thickness of 10 nm is deposited on the entire 
surface of the platinum ?lm 217 by sputtering, and the 
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SrRuO3 ?lm 218 is once crystalliZed by rapid thermal anneal 
(RTA) in oxygen. In this case, When the SrRuO3 ?lm 218 is 
deposited, for example, at a temperature of 550° C., it is 
possible to easily form the crystalline SrRuO3 ?lm having 
the satisfactory quality. 
[0046] Furthermore, a PZT ?lm 219 serving as a capacitor 
dielectric ?lm 300 is formed on the SrRuO3 ?lm 218 by 
sputtering, and the PZT ?lm 219 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen. Thereafter, an Sr(Ru, Ti)O3 
?lm (ABO3 perovskite oxide ?lm) 220 serving as an upper 
electrode 400 of the capacitor and having a thickness of 10 
nm is deposited on the PZT ?lm 219 by sputtering, and the 
Sr(Ru, Ti)O3 ?lm 220 is once crystalliZed in oxygen by rapid 
thermal anneal (RTA). It is to be noted that the Sr(Ru, Ti)O3 
?lm 220 is a ?lm obtained by doping the SrRuO3 ?lm With 
titanium, and the content of Ti in Sr(Ru, Ti)O3 is less than 
50%. In this case, When the Sr(Ru, Ti)O3 ?lm 220 is 
deposited, for example, at a temperature of 550° C., it is 
possible to easily form the Sr(Ru, Ti)O3 ?lm having a 
satisfactory quality. Thereafter, a platinum ?lm 221 is 
formed on the Sr(Ru, Ti)O3 ?lm 220 by sputtering. 
[0047] Subsequently, once a CVD oxide ?lm is deposited 
as a processing mask material, the CVD oxide ?lm is 
patterned by the photolithography and RIE processes. After 
a photo resist is removed, the platinum ?lm 221, Sr(Ru, 
Ti)O3 ?lm 220, and PZT ?lm 219 are etched by RIE (pro 
cesses). Furthermore, the SrRuO3 ?lm 218, platinum ?lm 
217, and titanium ?lm 216 are patterned in order by the 
combination of the photolithography and RIE (processes) to 
complete the forming of a capacitor 20. The capacitor 20 has 
the nonvolatile memory function. Thereafter, a CVD oxide 
?lm 222 is deposited on the entire surface of the capacitor 
20 to cover the capacitor 20, then a heat treatment is 
performed in oxygen at about 650° C. in order to recover the 
damage in the PZT ?lm 219 generated during the process 
ing. 
[0048] Thereafter, although the details are omitted, a drive 
line and bit line are formed, further, the Wiring 50 is formed 
to connect the contact connecting With the other source/drain 
207 of the transistor and the platinum ?lm 221, then an 
upper-layer metal Wiring is formed. Through this process, 
the FeRAM is completed. 

[0049] It is to be noted that the Sr(Ru, Ti)O3 ?lm 220 
formed by doping SrRuO3 With titanium is formed as the 
upper electrode of the capacitor, but the material is not 
limited to this, and a Ba(Ru, Ti)O3 ?lm, and the like may 
also be used. 

[0050] As described above, in the capacitor of FeRAM of 
the second embodiment the upper electrode using metal 
oxide containing Ru and Ti is applied. This prevents a 
reaction of excess Pb With Ru at the ?lm interface betWeen 
the PZT ?lm and the upper electrode and at the PZT grain 
boundary, and the leak current can be reduced. 

[0051] FIGS. 3A, 3B, and 3C are sectional vieWs shoWing 
the process of manufacturing an FeRAM according to a third 
embodiment. In the third embodiment, a tungsten is used in 
a plug material positioned under a capacitor, and a metal ?lm 
containing titanium (Ti) having a ?lm thickness of 2.5 nm is 
disposed betWeen a PZT ?lm Which is a ferroelectric ?lm 
and an SrRuO3 ?lm Which is metal oxide constituting an 
upper electrode of the capacitor. An example of the appli 
cation to a COP type FeRAM cell Will hereinafter be 
described. 
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[0052] First, as shown in FIG. 3A, a trench for isolating 
the devices is formed in a region other than a transistor 
active region of the surface of a P type Si substrate S, then 
an SiO2 is buried in the trench to form an isolation 301 
(shallow trench isolation). Subsequently, a transistor for 
operating sWitches is formed. 

[0053] First, an oxide ?lm 302 having a thickness of about 
6 nm is formed on the entire surface of the Si substrate S by 
thermal oxidation, subsequently, an n+ type polycrystalline 
silicon ?lm 303 doped With arsenic is formed on the entire 
surface of the oxide ?lm 102, further a WSiX ?lm 304 is 
formed on the polycrystalline silicon ?lm 303, and a nitride 
?lm 305 is formed on the WSLg ?lm 304. Thereafter, the 
polycrystalline silicon ?lm 303, WSiX ?lm 304, and nitride 
?lm 305 are processed by conventional photolithography 
and RIE processes to form a gate electrode 100. 

[0054] Furthermore, a nitride ?lm 306 is deposited, and a 
spacer is formed on a side Wall of the gate electrode 100 
leaving the side Wall spacer by anisotropic RIE. Moreover, 
although the details of the process are omitted from the 
description, sources/drains 307 are formed by ion implan 
tations and heat treatments. 

[0055] Next, as shoWn in FIG. 3B, after depositing a CVD 
oxide ?lm 308 on the entire surface, the surface is once 
planariZed by CMP, and a contact hole 309 connecting With 
one of the source/drain 307 of the transistor is formed. 
Thereafter, a thin titanium ?lm is deposited by sputtering or 
CVD, and a heat treatment is performed in a forming gas to 
form a TiN ?lm 310. Subsequently, a CVD tungsten 311 is 
deposited on the entire surface, the tungsten 311 is removed 
from the region other than the contact hole 309 by CMP, and 
the tungsten is buried in the contact hole 309. 

[0056] Thereafter, a CVD nitride ?lm 312 is deposited on 
the entire surface, a contact hole 313 connecting With the 
other source/drain 307 of the transistor is formed, another 
TiN ?lm 314 is similarly formed, and a tungsten 315 is 
buried in the contact hole 313 to form a plug connecting With 
a capacitor. 

[0057] Thereafter, as shoWn in FIG. 3C, a titanium ?lm 
316 having a thickness of 10 nm is deposited on the entire 
surface of the CVD nitride ?lm 312 by sputtering, and 
subsequently an iridium ?lm 317 having a thickness of about 
100 nm is deposited on the entire surface of the titanium ?lm 
316 by sputtering. Thereafter, a platinum ?lm 318 having a 
thickness of about 50 nm is deposited on the entire surface 
of the iridium ?lm 317 by sputtering. Thereafter, a ?rst 
SrRuO3 ?lm 319 forming a loWer electrode 200 of the 
capacitor and having a thickness of 10 nm is deposited on 
the entire surface of the platinum ?lm 318 by sputtering, and 
the ?rst SrRuO3 ?lm 319 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen. In this case, When the ?rst 
SrRuO3 ?lm 319 is deposited, for example, at a temperature 
of 550° C., it is possible to easily form the crystalline 
SrRuO3 ?lm having a satisfactory quality. 

[0058] Furthermore, a PZT ?lm 320 serving as a capacitor 
dielectric ?lm 300 is formed on the ?rst SrRuO3 ?lm 319 by 
sputtering, and the PZT ?lm 320 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen Thereafter, a titanium ?lm 
321 having a thickness of 2.5 nm is deposited on the PZT 
?lm 320 by sputtering. Furthermore, a second SrRuO3 ?lm 
(ABO3 perovskite oxide ?lm) 322 serving as an upper 
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electrode 400 of the capacitor and having a thickness of 10 
nm is deposited on the titanium ?lm 321 by sputtering, and 
the second SrRuO3 ?lm 322 is once crystalliZed in oxygen 
by rapid thermal anneal (RTA). In this case, When the second 
SrRuO3 ?lm 322 is deposited, for example, at a temperature 
of 550° C., it is possible to easily form the Sr(Ru, Ti)O3 ?lm 
having a satisfactory quality. Thereafter, a platinum ?lm 323 
is formed on the second SrRuO3 ?lm 322 by sputtering. 

[0059] Subsequently, once a CVD oxide ?lm is deposited 
as a processing mask material, the CVD oxide ?lm is 
patterned by the photolithography and RIE processes. After 
a photo resist is removed, the platinum ?lm 323, second 
SrRuO3 ?lm 322, titanium ?lm 321, and PZT ?lm 320 are 
etched by RIE. Furthermore, the ?rst SrRuO3 ?lm 319, 
platinum ?lm 318, iridium ?lm 317, and titanium ?lm 316 
are patterned in order by the combination of the photoli 
thography and RIE (processes) to complete the forming of a 
capacitor 30. The capacitor 30 has the nonvolatile memory 
function. Thereafter, a CVD oxide ?lm 324 is deposited on 
the entire surface of the capacitor 30 to cover the capacitor 
30, and a heat treatment is performed in oxygen at about 
650° C. in order to recover the damage in the PZT ?lm 320 
generated during the processing. In this case, oxygen also 
penetrates to the capacitor 30 to contribute to recovery from 
the damage. On the other hand, a part of oxygen also reaches 
the loWer electrode 200, but the iridium ?lm 317 has an 
oxygen diffusion preventing effect, and therefore underlying 
tungsten 315 is not oxidiZed. 

[0060] Thereafter, although the details are omitted, a drive 
line and bit line are formed, then an upper-layer metal Wiring 
is formed. Through this process, the FeRAM is completed. 

[0061] It is to be noted that in the third embodiment, the 
iridium ?lm 317 is formed, but noble metal materials such 
as ruthenium and its oxide may also be used instead of 
iridium. Moreover, BaRuO3, and the like may also be used 
instead of SrRuO3 for the ?lms 319, 322 having a ?lm 
thickness of 10 nm. The titanium ?lm 321 may also be 
formed by a CVD process or a sol-gel process instead of the 
sputtering process. 

[0062] As described above, in the capacitor of FeRAM of 
the third embodiment, the metal ?lm containing Ti is dis 
posed betWeen the upper electrode using metal oxide con 
taining Ru and the PZT ?lm. This prevents the reaction of 
excess Pb With Ru at the ?lm interface betWeen the PZT ?lm 
and the upper electrode and at the PZT grain boundary, so 
that the leak current can be reduced. 

[0063] FIGS. 4A, 4B, and 4C are sectional vieWs shoWing 
the process of manufacturing an FeRAM according to a 
fourth embodiment. In the fourth embodiment, a tungsten is 
used in a plug material positioned under a capacitor, and an 
SrRuO3 ?lm serving as an upper electrode of the capacitor 
and formed of metal oxide is doped With titanium to form an 
Sr(Ru, Ti)O3 ?lm having a ?lm thickness of 10 nm. Another 
example of the application to the COP type FeRAM cell Will 
hereinafter be described. It is to be noted that the remaining 
structure is similar to that of the third embodiment. 

[0064] First, as shoWn in FIG. 4A, a trench for isolating 
devices is formed in a region other than a transistor active 
region of the surface of a P type Si substrate S, and an SiO2 
is buried in the trench to form an isolation 401 (shalloW 
trench isolation). Subsequently, a transistor for operating 
sWitches is formed. 
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[0065] First, an oxide ?lm 402 having a thickness of about 
6 nm is formed on the entire surface of the Si substrate S by 
a thermal oxidation, subsequently, an n+ type polycrystalline 
silicon ?lm 403 doped With arsenic is formed on the entire 
surface of the oxide ?lm 402, further a WSiX ?lm 404 is 
formed on the polycrystalline silicon ?lm 403, and a nitride 
?lm 405 is formed on the WSiX ?lm 404. Thereafter, the 
polycrystalline silicon ?lm 403, WSiX ?lm 404, and nitride 
?lm 405 are processed by conventional photolithography 
and RIE processes to form a gate electrode 100. 

[0066] Furthermore, a nitride ?lm 406 is deposited, and a 
spacer is formed on a side Wall of the gate electrode 100 
leaving the side Wall spacer by anisotropic RIE. Moreover, 
although the details of the process are omitted from the 
description, sources/drains 407 are formed by ion implan 
tations and heat treatments. 

[0067] Next, as shoWn in FIG. 4B, after depositing a CVD 
oxide ?lm 408 on the entire surface, the surface is once 
planariZed by CMP, and a contact hole 409 connecting With 
one of the source/drain 407 of the transistor is formed. 
Thereafter, a thin titanium ?lm is deposited by sputtering or 
CVD, and a heat treatment is performed in a forming gas to 
form a TiN ?lm 410. Subsequently, a CVD tungsten 411 is 
deposited on the entire surface, the tungsten 411 is removed 
from the region outside the contact hole 409 by CMP, and 
the tungsten is buried in the contact hole 409. 

[0068] Thereafter, a CVD nitride ?lm 412 is deposited on 
the entire surface, a contact hole 413 connecting With the 
other source/drain 407 of the transistor is formed, a TiN ?lm 
414 is similarly formed, and a tungsten 415 is buried in the 
contact hole 413 to form a plug connecting With the capaci 
tor. 

[0069] Thereafter, as shoWn in FIG. 4C, a titanium ?lm 
416 having a thickness of 10 nm is deposited on the entire 
surface of the CVD nitride ?lm 412 by sputtering, and 
subsequently, an iridium ?lm 417 having a thickness of 
about 100 nm is deposited on the entire surface of the 
titanium ?lm 416 by sputtering. Thereafter, a platinum ?lm 
418 having a thickness of about 50 nm is deposited on the 
entire surface of the iridium ?lm 417 by sputtering. There 
after, an SrRuO3 ?lm 419 serving as a loWer electrode 200 
of the capacitor and having a thickness of 10 nm is deposited 
on the entire surface of the platinum ?lm 418 by sputtering, 
and the SrRuO3 ?lm 419 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen. In this case, When the 
SrRuO3 ?lm 419 is deposited, for example, at a temperature 
of 550° C., it is possible to easily form the crystalline 
SrRuO3 ?lm having a satisfactory quality. 

[0070] Furthermore, a PZT ?lm 420 serving as a capacitor 
dielectric ?lm 300 is formed on the SrRuO3 ?lm 419 by 
sputtering, and the PZT ?lm 420 is once crystalliZed by rapid 
thermal anneal (RTA) in oxygen. Thereafter, an Sr(Ru, Ti)O3 
?lm (ABO3 perovskite oxide ?lm) 421 serving as an upper 
electrode 400 of the capacitor and having a thickness of 10 
nm is deposited on the PZT ?lm 420 by sputtering, and the 
Sr(Ru, Ti)O3 ?lm 421 is once crystalliZed in oxygen by rapid 
thermal anneal (RTA). It is to be noted that the Sr(Ru, Ti)O3 
?lm 421 is a ?lm obtained by doping the SrRuO3 ?lm With 
titanium, and the content of Ti in Sr(Ru, Ti)O3 is less than 
50%. In this case, When the Sr(Ru, Ti)O3 ?lm 421 is 
deposited, for example, at a temperature of 550° C., it is 
possible to easily form the Sr(Ru, Ti)O3 ?lm having a 
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satisfactory quality. Thereafter, a platinum ?lm 422 is 
formed on the Sr(Ru, Ti)O3 ?lm 421 by sputtering. 

[0071] Subsequently, once a CVD oxide ?lm is deposited 
as a processing mask material, the CVD oxide ?lm is 
patterned by photolithography and RIE processes. After a 
photo resist is removed, the platinum ?lm 422, Sr(Ru, Ti)O3 
?lm 421, and PZT ?lm 420 are etched by RIE (processes). 
Furthermore, the SrRuO3 ?lm 419, platinum ?lm 418, iri 
dium ?lm 417, and titanium ?lm 416 are patterned in order 
by a combination of photolithography and RIE (processes) 
to complete the forming of a capacitor 40. The capacitor 40 
has the nonvolatile memory function. Thereafter, a CVD 
oxide ?lm 423 is deposited on the entire surface of the 
capacitor 40 to cover the capacitor 40, and a thermal 
treatment is performed in oxygen at about 650° C. in order 
to recover a damage in the PZT ?lm 420 generated during 
the processing. In this case, oxygen also penetrates to the 
capacitor 40 to contribute to the recovery from the damages. 
On the other hand, a part of oxygen also reaches the loWer 
electrode 200, but the iridium ?lm 417 then has an oxygen 
diffusion preventing effect, and therefore underlying tung 
sten 415 is not oxidiZed. 

[0072] Thereafter, although the details are omitted, a drive 
line and bit line are formed, and an upper-layer metal Wiring 
is formed. Through this process, the FeRAM is completed. 

[0073] It is to be noted that in the fourth embodiment, the 
iridium ?lm 417 is formed, but the noble metal materials 
such as ruthenium and its oxide may also be used instead of 
iridium. Moreover, Ba(Ru, Ti)O3, and the like may also be 
used instead of Sr(Ru, Ti)O3 for the ?lm 421 having a ?lm 
thickness of 10 nm. 

[0074] As described above, in the capacitor of FeRAM of 
the fourth embodiment, the upper electrode including metal 
oxide containing Ru and Ti is applied. This prevents the 
reaction of excess Pb With Ru at the ?lm interface betWeen 
the PZT ?lm and the upper electrode and at the PZT grain 
boundary, so that the leak current can be reduced. 

[0075] FIG. 5 is a diagram shoWing leak current charac 
teristics of PZT capacitors formed by the manufacturing 
processes of the present embodiment and a conventional 
technique. In FIG. 5, the leak current characteristics offered 
by the present embodiments are shoWn by open circles, and 
those of the conventional technique are shoWn by solid 
circles. 

[0076] For the PZT capacitor produced by the manufac 
turing process of the present embodiment, after forming a 
titanium ?lm having a thickness of 10 nm on an SiO2 ?lm 
formed on an Si substrate, a 100 nm thick platinum ?lm is 
formed, and further a 10 nm thick SrRuO3 ?lm is formed. 
Subsequently, a 140 nm thick PZT ?lm, 2.5 nm to 5 nm (e. g., 
2.5 nm) thick titanium ?lm, 10 nm thick SrRuO3 ?lm, and 
50 nm thick platinum ?lm are successively deposited. 

[0077] For the PZT capacitor produced by the manufac 
turing process of the related art, after forming a titanium ?lm 
having a thickness of 10 nm on an SiO2 ?lm formed on an 
Si substrate, a 100 nm thick platinum ?lm is formed, and 
further a 10 nm thick SrRuO3 ?lm is formed. Subsequently, 
a 140 nm thick PZT ?lm, 10 nm thick SrRuO3 ?lm, and 50 
nm thick platinum ?lm are successively deposited. 

[0078] In both the present embodiment and the conven 
tional technique, for the SrRuO3 ?lm and the PZT ?lm 
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formation, amorphous ?lms are formed by sputtering, and 
the ?lms are annealed and accordingly crystallized in an 
oxygen atmosphere. As shoWn in FIG. 5, When the titanium 
?lm is applied at the interface betWeen the PZT ?lm and the 
upper SrRuO3 ?lm as in the present embodiment, the leak 
current can be reduced as compared With that in the con 
ventional technique. 

[0079] As described above, the capacitor of FeRAM pro 
duced by the present embodiment applies the metal ?lm 
containing Ti, Which is disposed betWeen the upper elec 
trode including the metal oXide containing Ru and the PZT 
?lm, or the upper electrode including the metal oXide 
containing Ru and Ti is applied. In this structure containing 
Ti, eXcess Pb is prevented from reacting With Ru at the ?lm 
interface betWeen the PZT ?lm and the upper electrode and 
at the PZT grain boundary, thus the leak current can be 
reduced. Therefore, it is possible to realiZe the FeRAM 
having superior characteristics, and it is also possible to 
provide a semiconductor device high in reliability. 

[0080] It is to be noted that in the capacitor of the present 
embodiment, not only PZT but also ferroelectric materials 
such as BIT(Bi4Ti3O12) and SBT(SrBi2Ta2O9) may be used. 
Moreover, the capacitor using the ferroelectric ?lm of the 
present embodiment may be applied not only to the FeRAM 
but also to a DRAM, and the DRAM having ?ne and highly 
integrated superior characteristics. Therefore, it is possible 
to provide a highly reliable FeRAM and ?ne DRAM. 

[0081] According to the embodiments of the present 
invention, there can be provided a semiconductor device in 
Which a leak current in a capacitor using a dielectric ?lm is 
reduced, and a method of manufacturing the device. That is, 
according to the present invention, it is possible to form a 
stable capacitor superior in characteristics, and it is possible 
to provide semiconductor devices such as an FeRAM and 
DRAM Which are high in reliability, ?ne, and high in density 
and integration. 

[0082] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 

1. A semiconductor device comprising: 

a semiconductor substrate; 

a capacitor including a loWer electrode disposed above the 
semiconductor substrate, a dielectric ?lm disposed 
above the loWer electrode, and an upper electrode 
disposed above the dielectric ?lm; 

the upper electrode including metal oXide formed of 
ABO3 perovskite oXide and containing at least an Ru 
element as a B site element; and 

a metal ?lm containing a Ti element being disposed 
betWeen the dielectric ?lm and the upper electrode. 
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2. A semiconductor device comprising: 

a semiconductor substrate; and 

a capacitor including a loWer electrode disposed above the 
semiconductor substrate, a dielectric ?lm disposed 
above the loWer electrode, and an upper electrode 
disposed above the dielectric ?lm; 

the upper electrode including metal oXide formed of 
ABO3 perovskite oXide and containing at least an Ru 
element and a Ti element as B site elements. 

3. The semiconductor device according to claim 1, 
Wherein the dielectric ?lm contains at least Pb. 

4. The semiconductor device according to claim 2, 
Wherein the dielectric ?lm contains at least Pb. 

5. The semiconductor device according to claim 1, 
Wherein metal oXide is at least one of SrRuO3 and BaRuO3. 

6. The semiconductor device according to claim 2, 
Wherein metal oXide is at least one of Sr(Ru, Ti)O3 and 
Ba(Ru, Ti)O3. 

7. The semiconductor device according to claim 1, 
Wherein the capacitor includes a ferroelectric substance and 
has a nonvolatile memory function. 

8. The semiconductor device according to claim 2, 
Wherein the capacitor includes a ferroelectric substance and 
has a nonvolatile memory function. 

9. A method of manufacturing a semiconductor device, 
comprising: 

disposing a loWer electrode disposed above a semicon 
ductor substrate; 

disposing a dielectric ?lm above the loWer electrode; 

disposing a metal ?lm containing a Ti element above the 
dielectric ?lm; and 

disposing an upper electrode including metal oXide 
formed of ABO3 perovskite oXide and containing at 
least an Ru element as a B site element above the metal 
?lm to form a capacitor. 

10. A method of manufacturing a semiconductor device, 
comprising: 

disposing a loWer electrode above a semiconductor sub 

strate; 

disposing a dielectric ?lm above the loWer electrode; and 

disposing an upper electrode including metal oXide 
formed of ABO3 perovskite oXide and containing at 
least an Ru element and a Ti element as B site elements 
above the dielectric ?lm to form a capacitor. 

11. The method according to claim 9, Wherein the dielec 
tric ?lm contains at least Pb. 

12. The method according to claim 10, Wherein the 
dielectric ?lm contains at least Pb. 

13. The method according to claim 9, Wherein metal oXide 
is at least one of SrRuO3 and BaRuO3. 

14. The method according to claim 10, Wherein metal 
oXide is at least one of Sr(Ru, Ti)O3 and Ba(Ru, Ti)O3. 

15. The method according to claim 9, further comprising: 
forming metal oXide by one of a sputtering process, a CVD 
process, and a sol-gel process. 

16. The method according to claim 10, further compris 
ing: forming metal oXide by one of a sputtering process, a 
CVD process, and a sol-gel process. 

* * * * * 


