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(57) ABSTRACT 

An apparatus for manufacturing a semiconductor device is 
disclosed Which comprises a chamber Which holds a to-be 
processed substrate having a ?lm containing at least one 
kind of metal element Which Will become a component of a 
volatile metal compound, a heater Which heats the substrate 
held in the chamber, and an adsorbent Which is provided in 
the chamber and Which adsorbs the volatile metal compound 
generated from the ?lm by heating the substrate. 
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SEMICONDUCTOR DEVICE, APPARATUS AND 
METHOD FOR MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2003-032426, ?led Feb. 10, 2003, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a thermal treatment 
process in the manufacturing process of semiconductor 
devices. In particular, the present invention relates to appa 
ratus and method for manufacturing a semiconductor device, 
Which are applied to a heating process When forming elec 
trodes of FeRAM capacitor devices using metal oxide. 

[0004] 2. Description of the Related Art 

[0005] For instance, in one kind of semiconductor devices, 
that is, FeRAM (Ferroelectric Random Access Read 
Memory), the insulating ?lm of capacitor device is formed 
using oXide ferroelectric material ?lm in order to achieve the 
number of 1012 reWritable times or more. For eXample, PZT 
(Pb—Zr—Ti—O) is given as the above oXide ferroelectric 
material ?lm. In addition, in the FeRAM, the electrode of the 
capacitor device is formed using metal oXide conductor in 
order to prevent the degradation of electrical characteristics 
of the oXide ferroelectric material ?lm. For example, SRO 
(SrRuO3) is given as the above metal oXide conductor. The 
SRO is crystalliZed, thereby having conductivity. In order to 
crystalliZe the SRO, heat treatment process is required When 
forming SRO electrode. 

[0006] HoWever, one component of the SRO, that is, Ru is 
easy to generate a volatile substance, that is, RuO4 in the 
heat treatment process of the SRO electrode. The generated 
RuO4 is decomposed after adhering to the surface of the 
SRO electrode (SRO ?lm); as a result, RuOX crystal par 
ticles (abnormal particles) are generated on the surface of 
the SRO ?lm, as shoWn in FIG. 4. The above RuOX crystal 
particles have a diameter of about 0.5 pm or more. For this 
reason, it is almost impossible to remove the RuOX crystal 
particles from the SRO electrode by after-cleaning. As a 
result, the RuOX crystal particles on the SRO electrode has 
a possibility of causing the operation failure of the capacitor. 
In addition, the RuOX crystal particles have a possibility of 
reducing semiconductor device performance, quality and 
reliability. Consequently, the RuOX crystal particles are a 
factor of reducing semiconductor device yield, and thus, 
increasing the manufacturing cost of semiconductor devices. 

BRIEF SUMMARY OF THE INVENTION 

[0007] According to an aspect of the present invention, 
there is provided an apparatus for manufacturing a semi 
conductor device, comprising: a chamber Which holds a 
to-be-processed substrate having a ?lm containing at least 
one kind of metal element Which Will become a component 
of a volatile metal compound; a heater Which heats the 
substrate held in the chamber; and an adsorbent Which is 
provided in the chamber and Which adsorbs the volatile 
metal compound generated from the ?lm by heating the 
substrate. 
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[0008] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device, comprising: providing an adsorbent in a 
chamber holding a to-be-processed substrate and heating the 
substrate, the substrate having a ?lm containing at least one 
kind of metal element Which Will become a component of a 
volatile metal compound; and causing the adsorbent to 
adsorb the volatile metal compound generated from the ?lm 
by heating the substrate. 

[0009] According to a further aspect of the present inven 
tion, there is provided a semiconductor device comprising: 
a semiconductor substrate having a ?lm containing at least 
one kind of metal element Which Will become a component 
of a volatile metal compound, the semiconductor substrate 
having being heated by an apparatus for manufacturing a 
semiconductor device, the apparatus comprising: a chamber 
Which holds the semiconductor substrate; a heater Which 
heats the semiconductor substrate held in the chamber; and 
an adsorbent Which is provided in the chamber and Which 
adsorbs the volatile metal compound generated from the ?lm 
by heating the semiconductor substrate. 

[0010] According to yet another aspect of the present 
invention, there is provided a semiconductor device com 
prising: a semiconductor substrate having a ?lm containing 
at least one kind of metal element Which Will become a 
component of a volatile metal compound, the semiconductor 
substrate having being heated by a method of manufacturing 
a semiconductor device, the method comprising: providing 
an adsorbent in a chamber holding the semiconductor sub 
strate and heating the semiconductor substrate; and causing 
the adsorbent to adsorb the volatile metal compound gen 
erated from the ?lm by heating the semiconductor substrate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0011] FIG. 1 is a cross-sectional vieW shoWing an appa 
ratus for manufacturing a semiconductor device according to 
one embodiment of the present invention; 

[0012] FIG. 2A is a cross-sectional vieW shoWing a pro 
cess in a method of manufacturing a semiconductor device 
according to one embodiment of the present invention; 

[0013] FIG. 2B is a cross-sectional vieW shoWing a pro 
cess in the method of manufacturing a semiconductor device 
according to one embodiment of the present invention; 

[0014] FIG. 2C is a cross-sectional vieW shoWing a pro 
cess in the method of manufacturing a semiconductor device 
according to one embodiment of the present invention; 

[0015] FIG. 3 is a diagram plotting the relationship 
betWeen the number of particles generated When heating 
Wafer and the number of processing Wafers; and 

[0016] FIG. 4 is a photograph shoWing abnormal particle 
generated When heating Wafer by a method of manufacturing 
a semiconductor device according to the conventional tech 
nique. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 
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[0018] First, an apparatus for manufacturing a semicon 
ductor device according to one embodiment Will be 
described referring to FIG. 1. FIG. 1 is a cross-sectional 
vieW shoWing an apparatus for manufacturing a semicon 
ductor device according to one embodiment of the present 
invention. 

[0019] As shoWn in FIG. 1, the apparatus for manufac 
turing a semiconductor device according to the embodiment 
(hereinafter, referred simply to as “apparatus”) 1 includes a 
chamber 2, a heater 3 and adsorbent 4. The apparatus 1 is a 
so-called thermal treatment apparatus (annealer). 

[0020] The chamber 2 houses a processing substrate 
(Wafer) 5 therein. The Wafer 5 includes a ?lm 34 containing 
a metal element, Which is a component of a volatile metal 
compound. The Wafer 5 is housed in the chamber 2, and 
thereafter, heated. The chamber 2 has the part corresponding 
to the heater 3 described later, Which is formed of materials 
capable of transmitting thermal rays emitting from the 
heater, at least. The part corresponding to the heater 3 of the 
chamber 2 is formed of quartZ, for eXample. The chamber 2 
is provided With a support table 6 for supporting the Wafer 
5. 

[0021] The above heater 3 is provided outside the chamber 
2. The heater 3 heats the Wafer 5 housed in the chamber 2. 
The heater 3 is composed of several heating lamps 7. The 
heating lamps 7 are arranged so as to simultaneously heat 
both (front and back) principal surfaces of the Wafer 5 
housed in the chamber 2. The heating lamps 7 may be Xenon 
lamps or tungsten halogen lamps. By doing so, it is possible 
to heat the ?lm 34 by heating method calling RTA (Rapid 
Thermal Anneal) or RTP (Rapid Thermal Process). In other 
Words, the ?lm 34 can be effectively heated for short time. 

[0022] The adsorbent 4 is provided in the chamber 2 so 
that it can be freely taken in and out (removable) in order to 
adsorb the volatile metal compound generated from the ?lm 
34 included in the Wafer 5 When heating the Wafer 5. The 
adsorbent 4 adsorbs the volatile metal compound generated 
from the ?lm 34. The volatile metal compound can thereby 
be prevented from adhering to the surface of the ?lm 34. 
More speci?cally, the volatile metal compound adheres to 
the surface of the ?lm 34. As a result, no crystal particles 
(abnormal particles) containing metal element of the volatile 
metal compound Will be generated on the surface of the ?lm 
34. Thus, the adsorbent 4 may be also called an inhibitor. 
The adsorbent 4 is previously provided in the chamber at 
least before the ?lm 34 (i.e., Wafer 5) is heated. The crystal 
particles in the chamber 2 are used as the adsorbent 4, using 
the volatile metal compound generating from the ?lm 34 as 
material. The adsorbent 4 remains in the chamber 2 in the 
method described in the folloWing. 

[0023] Before the Wafer 5 (?lm 34) is heated, a dummy 
substrate (dummy Wafer) 8 having the same quality ?lm 34 
as the ?lm 34 of the Wafer 5 is heated in the chamber 2. In 
this case, the dummy Wafer 8 is heated in the same atmo 
sphere as in the actual heating treatment of the Wafer 5. By 
doing so, the gaseous volatile metal compounds are gener 
ated from the ?lm 34 of the dummy Wafer 8 so that it can 
adhere to an inner Wall surface of the chamber 2. 

[0024] The volatile metal compound adheres to the inner 
Wall surface of the chamber 2, and thereafter, is decomposed 
into a gas component and a solid component containing 
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metal elements of the volatile metal compound. The solid 
component groWs as crystal particles 4 in a state of adhering 
to the inner Wall surfaces of the chamber 2, and then, 
remains on the inner Wall surface of the chamber 2. The 
above-mentioned decomposition reaction is reversible. 
HoWever, a reverse reaction is hard to occur. In other Words, 
any component is hard to gasify once it is a crystalliZed 
(solidi?ed). Therefore, the crystal particles 4, adhering to the 
inner Wall surface of the chamber 2 are hard to revert to the 
volatile metal compound. In addition, the volatile metal 
compound can be easily adsorbed to the crystal particles 4 
containing the same metal element. For this reason, When 
the crystal particles 4 is once generated, the volatile metal 
compounds generating from the ?lm 34 are almost adsorbed 
to the crystal particles 4. Since the volatile metal compounds 
adsorbed to the crystal particles 4 cause the decomposition 
reaction and crystal groWth on the crystal particles 4, neW 
crystal particles 4 are formed. 

[0025] As described above, the decomposition reaction 
and crystal groWth continuously occur While the volatile 
metal compounds are generated from the ?lm 34. Similarly, 
the same reaction as described above occurs While the 

volatile metal compounds are generated from the ?lm 34 
When heating the Wafer 5. That is, once the crystal particles 
4 are formed at portions other than the Wafer 5 (?lm 34), 
most of the volatile metal compounds to be generated later 
from the ?lm 34 is consumed as the material for crystal 
particles 4 groWing at the portions other than the Wafer 5. 
Therefore, even if the Wafer 5 is repeatedly heated in the 
chamber 2, there is almost no possibility that the volatile 
metal compounds are ?lled or saturated in the chamber 2. In 
addition, there is almost no possibility that the crystal 
particles 4 groW in the above reversible reaction (decompo 
sition reaction) at the portions other than the inner Wall 
surface of the chamber 2. In the manner described above, the 
volatile metal compound generating from the ?lm 34 can be 
prevented from adhering to the surface of the ?lm 34 When 
the Wafer 5 is heated. As a result, it is possible to prevent the 
crystal particles 4 containing metal element of the volatile 
metal compound can be prevented from being generated on 
the surface of the ?lm 34. 

[0026] The dummy Wafer 8 is heated until the crystal 
particles 4 adhering to the inner Wall surface often chamber 
2 reaches a predetermined amount. More speci?cally, the 
predetermined amount can adsorb and crystalliZe the volatile 
metal compounds generated from each ?lm 34 of the desired 
number of processed Wafers 5. Of course, the predetermined 
amount previously includes, the crystal particles 4 Which 
have been generated from the volatile metal compound 
made from the ?lm 34 on each Wafer 5 and Which function 
as adsorbent. If the amount of the crystal particles 4 used as 
adsorbent is smaller than the predetermined amount When 
only one dummy Wafer 8 is heated, several dummy Wafers 
8 may be heated until the amount of the crystal particles 4 
reaches the predetermined amount. As described above, 
metal compound (crystal particles) 4 are used as adsorbent 
4. The metal compound contains metal element, Which is a 
component of the volatile metal compound generated from 
the ?lm 34 of the Wafer 5, and is generated from the volatile 
metal compound. The detailed component of the above ?lm 
34, the volatile metal compound and adsorbent 4, and the 
chemical reaction taking place in the chamber 2 When the 
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Wafer 5 and the dummy Wafer 8 are heated Will be described, 
in conjunction With the following method of manufacturing 
a semiconductor device. 

[0027] The method of manufacturing a semiconductor 
device according to one embodiment of the present inven 
tion Will be described With reference to FIG. 1 to FIG. 3. 
FIG. 2A to FIG. 2C are cross-sectional vieWs shoWing the 
processes in the method of manufacturing a semiconductor 
device according to the present embodiment. FIG. 3 is a 
diagram plotting the relationship betWeen the number of 
particles generated When heating Wafer and the number of 
processed Wafers. 

[0028] The method of manufacturing a semiconductor 
device according to the present embodiment relates to an 
annealing process using the annealer 1 described before. In 
particular, the method of the present invention relates to an 
annealing process When forming part of a capacitor device 
electrode having COP type FeRAM memory cell using 
metal oxide conductor. Tungsten is used as material for 
forming a contact plug positioned beloW capacitor device. A 
lamination ?lm comprising a thin silicon carbide (SiC) ?lm 
and a thin titanium (Ti) ?lm is interposed betWeen the 
contact plug and iridium (Ir) ?lm forming part of the loWer 
electrode of capacitor device. 

[0029] As illustrated in FIG. 2A, shalloW trench isolation 
10 is formed on the surface layer of a P-type Si substrate 
main body 9. The shalloW trench isolation 10 is formed, 
burying a SiO2 layer in an isolation trench (not shoWn) 
formed at the surface layer of the substrate main body 9. The 
isolation trench is formed at regions other than transistor 
active regions formed on the surface layer of the substrate 
main body 9. Hereinafter, the substrate main body 9 pro 
vided With capacitor device 28 and various electronic 
devices described later is referred to as processing substrate 

(Wafer) 5. 

[0030] A transistor 12 for making a sWitch operation is 
formed on the surface layer of the substrate main body 9. An 
oxide ?lm 13 of, for example, SiO2 is formed on the entire 
surface of the substrate main body 9 by hot oxidation until 
it has a ?lm thickness of about 6 nm. An arsenic (As)-doped 
n+ type polycrystalline silicon ?lm 14 is formed on the 
entire surface of the SiO2 ?lm 13. A WSiX ?lm 15 and a 
nitride ?lm 16 such as SiN are further formed on the surface 
of the polycrystalline silicon ?lm 14. The polycrystalline 
silicon ?lm 14, WSiX ?lm 15 and SiN nitride ?lm 16 are 
processed by normal photolithography and RIE. A gate 
electrode 17 is thereby formed on the surface of the substrate 
main body 9. A nitride ?lm 18 such as SiN is deposited on 
the surface of the substrate main body 9 and covers the gate 
electrode 17. Thereafter, the SiN ?lm 18 is processed by 
RIE, i.e., normal process of leaving sideWalls. The sideWall 
of the gate electrode 17 is therefore provided With a spacer 
18. A source/drain region 19 is formed on the surface layer 
of the substrate main body 9 by normal ion implantation and 
thermal treatment, Which is not described here. As a result, 
the transistor 12 is formed on the surface layer of the 
substrate main body 9. 

[0031] As seen from FIG. 2B, contact plugs 20 and 21 are 
formed on the surface of the substrate main body 9 having 
the transistor 12, in the folloWing manner. First, an oxide 
?lm (d-TEOS ?lm) such as SiO2 is deposited on the entire 
surface of the substrate main body 9 by CVD process so as 
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to cover the transistor 12. Thereafter, the surface of the 
d-TEOS ?lm 22 is temporarily planariZed by CMP process. 
A contact hole (not shoWn) through the d-TEOS ?lm 22 is 
made, exposing one surface of the source/drain region 19 
exposed. Athin titanium (Ti) ?lm is deposited in the contact 
hole and on the surface of the d-TEOS ?lm 22 by sputtering 
or CVD. Thereafter, the Ti ?lm 23 is heated in a predeter 
mined forming gas, forming a TiN ?lm 23 can be formed. 
Tungsten 24 is deposited on the entire surface of the TiN 
?lm 23 by CVD. Thereafter, CMP is performed, removing 
extra TiN ?lm 23 and tungsten 24 from the surface of the 
d-TEOS ?lm 22. The TiN ?lm 23 and tungsten 24 is 
therefore buried in the contact hole. Thus, one contact plug 
20 electrically connected to one of the source/drain region 
19 is formed. 

[0032] A nitride ?lm 25 such as SiN is deposited on the 
entire surface of the d-TEOS ?lm 22 formed With the contact 
plug 20 by CVD. Thereafter, the other contact plug 21 
electrically connected to the other of the source/drain region 
19 is formed according to the same method as forming the 
above contact plug 20. First, a contact hole (not shoWn) is 
made in the SiN ?lm 25 and the d-TEOS ?lm 22, exposing 
the other surface of the source/drain region 19. A thin TiN 
?lm 26 is formed in the contact hole and on the surface of 
the SiN ?lm 25. Tungsten 27 is deposited on the entire 
surface of the TiN ?lm 26. Thereafter, CMP is performed, 
burying the TiN ?lm 26 and tungsten 27 are buried in the 
contact hole. Another contact plug 21 electrically connected 
to the other of the source/drain region 19 is thereby formed. 
The contact plug 21 thus formed is electrically connected to 
capacitor device 28, Which Will be described later. 

[0033] As depicted in FIG. 2C, a capacitor device 28 is 
formed on the SiN ?lm 25 having the contact plug 21. 
Before forming the capacitor device 28, a front-end layer 29 
of the capacitor device 28 is formed on the surface of the 
contact plug 21 and the SiN ?lm 25, in the folloWing 
manner. First, a silicon carbide ?lm (SiC) 30 is deposited by 
sputtering, on the entire surface of the SiN ?lm 25 until it has 
a ?lm thickness of about 10 nm. Further, a titanium (Ti) ?lm 
31 is deposited by sputtering, on the entire surface of the SiC 
?lm 30 until it has a ?lm thickness of about 3 nm. The 
front-end layer 29 of the capacitor device 28 comprising the 
lamination ?lm of SiC ?lm 30 and Ti ?lm 31 is thereby 
formed. 

[0034] The loWer electrode 28a of the capacitor device 28 
is formed on the surface of the Ti ?lm 31 in the folloWing 
manner. First, an iridium (Ir) ?lm 32 is deposited by sput 
tering, on the entire surface of the Ti ?lm 31 until it has a 
?lm thickness of about 30 nm. Similarly, a ?rst platinum (Pt) 
?lm 33 is deposited by sputtering, on the entire surface of the 
Ir ?lm 32 until it has a ?lm thickness of about 20 nm. 
Further, a metal oxide ?lm, that is, ?rst SrRuO3 (SRO) ?lm 
34 is formed by sputtering, on the surface of the Pt ?lm 33 
until it has a ?lm thickness of about 10 nm. The ?rst SRO 
?lm 34 is a portion (?lm) contacting With a capacitor 
insulating ?lm 28b described later of the capacitor electrode 
28a. In this case, the SRO ?lm 34 is formed Within a 
temperature range from room temperature to about 600° C. 

[0035] In order to develop electric conductivity in the 
SRO ?lm 34, the SRO ?lm 34 is crystalliZed. More speci? 
cally, the chamber 2 of the annealer 1 is ?lled With oxygen 
(O2). The SRO ?lm 34 is heated Within a temperature range 
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from about 550 to 650° C. The SRO ?lm 34 is therefore 
crystallized. The crystallization Will be described in detail. 

[0036] One component of the SRO ?lm 34, or, Ru (ruthe 
nium), is easy to generate the volatile metal compound, i.e., 
RuO4 in heating process. The RuO4 generates RuOX crystal 
particles (abnormal particles) after decomposed on the SRO 
?lm 34, as in the conventional technique. More speci?cally, 
a chemical reaction expressed by the folloWing chemical 
formula occurs on the surface of the SRO ?lm 34 based on 
RuO4 generated from the SRO ?lm 34. 

[0037] The RuO2 crystal particles have a diameter of about 
0.5 pm or more even if they are small. For this reason, it is 
almost impossible to remove the RuO2 crystal particles 
generated on the surface SRO ?lm 34 can hardly be removed 
from there by after-cleaning process. The RuO2 crystal 
particles on the surface SRO ?lm 34 may cause the operation 
failure of the capacitor device 28. In addition, the RuO2 
crystal particles may degrade the performance, quality, and 
reliability of the semiconductor device. Consequently, the 
yield of the semiconductor device Will decrease, and the 
manufacturing cost of the semiconductor device Will 
increase. 

[0038] As seen from the chemical formula, the decompo 
sition reaction of RuO4 is a reversible reaction. HoWever, the 
reverse reaction of the decomposition reaction, that is, the 
formation reaction of RuO4 is hard to occur. In other Words, 
the RuO2 crystal particles are hard to revert to RuO4. The 
RuO4 is easy to be adsorbed to the RuO2 crystal particles 
containing Ru. Thus, if the RuO2 crystal particles exist in the 
atmosphere (reaction system) Where the above reversible 
reaction occurs, the RuO4 is mostly adsorbed to the RuO2 
crystal particles. The RuO4 adsorbed to the RuO2 crystal 
particles make the above decomposition reaction and crystal 
groWth on the RuO2 crystal particles; as a result, it becomes 
neW RuO2 crystal particles. The decomposition reaction and 
crystal groWth continuously takes place While the RuO4 is 
generated. Namely, if the RuO2 crystal particles exist on 
portions other than the Wafer 5 (SRO ?lm 34), the RuO4 can 
be prevented from adhering to the surface of the SRO ?lm 
34. As a result, the RuO2 crystal particles can be prevented 
from being generated on the surface of the SRO ?lm 34. 
Therefore, in the heating process of the SRO ?lm 34, the 
above properties of RuO4 and RuO2 are used, and thereby, 
the RuO2 crystal particles can be prevented from being 
generated on the surface of the SRO ?lm 34. 

[0039] More speci?cally, as shoWn in FIG. 1, before the 
Wafer 5, Which Will be product, is heated, the dummy Wafer 
8 provided With the SRO ?lm 34 is heated in the chamber 2 
in the same manner as the Wafer 5. In this case, oxygen is 
previously supplied into the chamber 2, and then, the 
dummy Wafer 8 is heated at the temperature of about 500° 
C. That is, before the Wafer 5 is actually heated, the dummy 
Wafer 8 is heated under substantially the same oxygen 
atmosphere as heating to the Wafer 5. RuO4 is thereby 
generated from the SRO ?lm 34 of the dummy Wafer 8 and 
can adhere to the inner Wall surface of the chamber 2. The 
RuO4 adhering to the inner Wall surface of the chamber 2 is 
decomposed into RuO2 and O2. The RuO4 groWs as crystal 
particle in a state of adhering to the inner Wall surface of the 
chamber 2, and thereafter, remains on the inner Wall surface 
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of the chamber 2. By doing so, RuO2 crystal particles used 
as adsorbent 4 is provided on the inner Wall surface of the 
chamber 2. 

[0040] Heating to the dummy Wafer 8 ends after the 
amount of the RuO4 crystal particles adhering to the inner 
Wall surface of the chamber 2 reaches the amount capable of 
mostly adsorbing and crystalliZing RuO4 generated from the 
SRO ?lms of the desired number of Wafers 5. In other Words, 
the supply of the RuO2 crystal particles 4 used as adsorbent 
to the inside of the chamber 2 is completed. Thereafter, in 
the process of heating the Wafer 5, the RuO4 generated from 
the SRO ?lm 34 is adsorbed to the RuO2 crystal particles 4, 
and thereby, the RuO4 can be prevented from adhering to the 
surface of the SRO ?lm 34 of the Wafer 5. In addition, the 
RuO2 crystal particles can be prevented from being gener 
ated in the chamber 2. As a result, the RuO2 crystal particles 
(abnormal particles) can be prevented from being generated 
on the surface of SRO ?lm 34 of the Wafer 5. 

[0041] Here, the experiment conducted by the present 
inventors Will be described beloW With reference to FIG. 3. 
The present inventors heated the dummy Wafer 8 provided 
With the SRO ?lm 34 in the chamber 2, and thereafter, 
investigated the relationship betWeen the number of pro 
cessed Wafers and the number of RuO2 crystal particles 
generated on the surface of the SRO ?lm 34. FIG. 3 is a 
diagram plotting the relationship betWeen the number of 
RuO2 crystal particles generated When heating the dummy 
Wafer 8 and the number of processed dummy Wafers 8. In 
this case, only RuO2 crystal particles having grain siZe larger 
than 10 pm or more Was counted. As is evident from FIG. 
3, according to the experiment conducted by the present 
inventors, With the increase of the number of processed 
dummy Wafers 8, the number of generated RuO2 crystal 
particles decreased. According to the conventional annealing 
carried out by the present inventors, about 10 RuO2 crystal 
particles per Wafer constantly adhered to the surface of the 
SRO ?lm 34. According to the annealing process of the 
embodiment, it Was found that the number of RuO2 crystal 
particles adhered onto the surface of the SRO ?lm 34 Was 
reduced to about one or tWo per Wafer. Therefore, according 
to the annealing process of the embodiment, it Was found 
that the generated number of RuO2 crystal particles could be 
greatly reduced. Namely, it Was found that the number of 
RuO2 crystal particles adhering to the Wafer could greatly be 
reduced. 

[0042] After the predetermined amount of RuO2 crystal 
particles adhere to the inner Wall surface of the chamber 2, 
heating to the Wafer 5 is started. By doing so, the SRO ?lm 
34 of the Wafer 5 is crystalliZed in a proper and clean state 
and has electric conductivity. Thus, the capacitor electrode 
28a comprising the lamination ?lm of the above Ir ?lm 32, 
Pt ?lm 33 and ?rst SRO ?lm (SRO electrode) 34 is formed 
on the front-end layer 29 comprising the lamination ?lm of 
the above SiC ?lm 30 and Ti ?lm 31. Almost no RuO2 
crystal particles adhere to the surface of the crystalliZed ?rst 
SRO ?lm 34, so that clean state is given. Therefore, the SRO 
?lm 34 Would not reduce electrical characteristics of the 
insulating ?lm 28b of the capacitor device 28 formed 
contacting With the surface. In addition, the electrical char 
acteristics of the interface betWeen the SRO ?lm 34 and the 
capacitor insulating ?lm 28b are scarcely degraded. Namely, 
this means that the ?rst SRO ?lm 34 is good quality as the 
constituent component of the capacitor loWer electrode 28a. 
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Consequently, the capacitor loWer electrode 28a having the 
above ?rst SRO ?lm 34 is also good quality. 

[0043] In this case, rapid thermal annealing (RTA) is 
performed to crystallize the ?rst SRO ?lm 34. By doing so, 
it is possible to reduce damages by heat given to the ?rst 
SRO ?lm 34. 

[0044] The capacitor insulating ?lm (capacitor ferroelec 
tric ?lm) 28b, that is, PZT ?lm (Pb—Zr—Ti—O ?lm) is 
formed on the surface of the ?rst SRO ?lm 34 by sputtering. 
The PZT ?lm 28b is temporally subjected to RTA under the 
oxygen atmosphere, and thereby, the PZT ?lm 28b is crys 
talliZed. The PZT ?lm 28b is crystalliZed by using the 
annealer 1. 

[0045] An upper electrode 28c of the capacitor electrode 
28 is formed on the surface of the PZT ?lm 28b, in the 
folloWing manner. First, a second SRO ?lm 35 having a 
thickness of about 10 nm is formed on the surface of the PZT 
?lm 28b according to the same method as forming the ?rst 
SRO ?lm 34. The second SRO ?lm 35 is a portion (?lm) 
contacting With the capacitor insulating ?lm 28b of the 
capacitor upper electrode 28c. In this case, heating for 
crystalliZing the second SRO ?lm 35 is carried out using the 
annealer 1. In the heating process, RTA is employed. This 
reduces damages by heat given to the second SRO ?lm 35. 

[0046] The amount of RuO2 crystal particle 4 adheres to 
the inner Wall surface of the chamber 2 before heating the 
?rst SRO ?lm 34. Of course, the amount includes an amount 
enough to mostly adsorb and crystallize RuO4 generated 
from the second SRO ?lm 35 of the desired number of 
Wafers 5. HoWever, in the actual heating process of the 
second SRO ?lm 35, the RuO2 crystal particles 4 previously 
adhering to the inner Wall surface of the chamber 2 and 
RuO2 particles, Which are neW crystal particles 4 generated 
in the heating process of the ?rst SRO ?lm 34, function as 
the adsorbent 4. Therefore, the amount of the RuO2 crystal 
particle 4 previously adhering to the inner Wall surface of the 
chamber 2 before heating the ?rst SRO ?lm 34 is set as 
folloWs. That is, the amount of RuO2 crystal particle 4 is 
sufficient so long as it can mostly adsorb and crystalliZe 
RuO4 generated from the ?rst SRO ?lm 34 of the desired 
number of Wafers 5. 

[0047] A second platinum (Pt) ?lm 36 is formed by 
sputtering, on the SRO ?lm 35. The capacitor upper elec 
trode 28c comprising lamination ?lm of the second SRO 
?lm (SRO electrode) 35 and the second PT ?lm 36 is thereby 
formed on the surface of the PZT ?lm 28b. 

[0048] Thereafter, oxide ?lm (SiO2 ?lm) (not shoWn) is 
temporally deposited as processing mask material on the 
surface of the SiN ?lm 25 by CVD process to cover the 
front-end layer 29, capacitor loWer electrode 28a, capacitor 
ferroelectric ?lm 28b and capacitor upper electrode 28c. The 
SiO2 ?lm is patterned While photo resist ?lm (not shoWn) 
being removed by normal photolithography and RIE. There 
after, the second Pt ?lm 36, second SRO ?lm 35, PZT ?lm 
28b and ?rst SRO ?lm 34 are shaped after being etched by 
RIE. The above ?rst Pt ?lm 33, Ir ?lm 32, Ti ?lm 31 and SiC 
?lm 30 are shaped after being successively patterned by 
photolithography and RIE processes. The process is carried 
out, and thereby, the capacitor device 28 having the desired 
siZe and shape can be formed on the front-end layer 29. 

[0049] As illustrated in FIG. 2C, an oxide ?lm (d-TEOS 
?lm) 37 such as SiO2 is deposited on the surface of the SiN 
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?lm 25 by CVD to cover the capacitor device 28. Under 
oxygen atmosphere, the d-TEOS ?lm 37 is heated at about 
600° C. This serves to reduce damages given to the PZT ?lm 
28b in the above-mentioned processing and shaping. When 
the heating process is completed, the process of forming the 
capacitor device 28 ends. In this case, too, the heating 
process is performed by the annealer 1. 

[0050] In the heating process, the oxygen permeates 
through the capacitor device 28 contribute to the recovery of 
damages to the PZT ?lm 28b. Further, part of oxygen 
permeates through the capacitor loWer electrode 28a. On the 
other hand, the Ir ?lm 32 has oxygen diffusion inhibitory 
effect in some degree by itself. In addition, the lamination 
?lm (front-end layer) 29 comprising the Ti ?lm 31 and SiO 
?lm 30 has diffusion barrier properties. Thus, there is almost 
no possibility that the contact plug 21 provided beloW the 
capacitor device 28 is oxidiZed. The lamination ?lm 29 
comprising the Ti ?lm 31 and SiO ?lm 30 hardly reacts With 
the Ir ?lm 32, ?rst Pt ?lm 33 or tungsten plug 21. Therefore, 
the heating process and each heating process in the oxygen 
atmosphere, in the manufacturing process of the capacitor 
device 28, scarcely cause hindrance to the capacitor device 
28. 

[0051] Thereafter, a desired COP type FeRAM is formed 
via the folloWing processes, although illustration and details 
are omitted. Among the processes are: a process of forming 
a contact plug connected to the upper electrode of the 
capacitor device 28, a process of forming drive lines and bit 
lines, and a process of forming upper-layer metal intercon 
nects. Thus, the process of manufacturing the semiconductor 
device according to the embodiment ends. 

[0052] As described above, according to one embodiment, 
in the heating process for crystalliZing the ?rst and second 
SRO ?lms 34 and 35, it is possible to prevent RuO4 from 
being generated from each of the SRO ?lms 34 and 35. In 
addition, RuO2 crystal particles (abnormal particles) gener 
ated from RuO4 can be prevented from occurring on each 
surface of the SRO ?lms 34 and 35. Namely, the SRO ?lms 
34 and 35 have a clean surface having almost no unneces 
sary adherent substances (impurities); therefore, good-qual 
ity thin SRO ?lms 34 and 35 can be stably formed. 

[0053] With the increase of the number of processing 
times of Wafer 5, the amount of RuO2 crystal particles 
adhering to the inner Wall surface of the chamber 2 
increases. In other Words, With the increase of the number of 
processing times of Wafer 5, the amount of adsorbent 
(inhibitor) 4 increases. Therefore, With the increase of the 
number of processing times of Wafer 5, each surface of the 
?rst and second SRO ?lms 34 and 35 becomes clean. As a 
result, With the increase of the number of processing times 
of Wafer 5, good-quality thin SRO ?lms 34 and 35 can be 
stably formed. 

[0054] In the FeRAM using ferroelectric ?lm as the 
capacitor insulating ?lm, a material hard to reduce electrical 
characteristics of the capacitor ferroelectric ?lm is usually 
used as the portion contacting the capacitor ferroelectric ?lm 
of the capacitor electrode. By doing so, the reliability of the 
capacitor device can be secured. For example, if one of 
metal oxide ferroelectric ?lms, that is, PZT ?lm is used as 
the capacitor ferroelectric ?lm, it is general to use the SRO 
?lm as the portion contacting the PZT ?lm of the capacitor 
electrode. As described above, according to the present 
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embodiment, good-quality thin SRO ?lms 34 and 35 is 
stably formed; therefore, it is possible to prevent the reduc 
tion of electrical characteristics of the PZT ?lm 28b and the 
operation failure of the capacitor device 28. As a result, it is 
possible to improve performance, quality and reliability of 
the COP type FeRAM that has the capacitor device 28. In 
addition, it is possible to improve the FeRAM yield, and to 
reduce the manufacturing cost of the FeRAM. 

[0055] The annealer 1 is used in all heating processes of 
crystalliZing the PZT ?lm 28b, and thereby, it is possible to 
simplify and fast perform the process of manufacturing the 
above COP type FeRAM. In addition, the FeRAM manu 
facturing system including the annealer 1 can be simpli?ed. 
It is therefore possible to improve production efficiency of 
FeRAM, and to reduce the manufacturing cost thereof. 

[0056] The apparatus and method for manufacturing a 
semiconductor device according to the present invention is 
not limited to the above-mentioned embodiment. Various 
modi?cations of the constitution or part of processes may be 
made Without departing from the scope of the inventive 
concept, or various setups may be properly combined. 

[0057] For instance, in the front-end layer 29 of the 
capacitor device 28, the Ti ?lm 31 is formed on the SiO ?lm 
30; hoWever, the ?lm formed on SiO ?lm 30 is not limited 
to the Ti ?lm 31. In place of the Ti ?lm 31, for example, Zr, 
Hf, V, Nb or Ta ?lms may be formed on the SiO ?lm 30. In 
other Words, the portion contacting With the capacitor loWer 
electrode 28a of the front-end layer 29 may be formed of 
materials containing metal elements of at least one kind of 
groups IV-B and V-B. 

[0058] The PZT ?lm is sued as the capacitor ferroelectric 
?lm 28b; hoWever, the ferroelectric ?lm is not limited to the 
PZT ?lm. In place of the PZT ?lm, for example, an 
Sr—Bi—Ta—O ?lm (SBT ?lm) may be used as the same 
ferroelectric ?lm. The crystalliZation temperature of the SBT 
?lm is higher than that of the PZT ?lm. For this reason, in 
order to properly form the STB ?lm, heating at a tempera 
ture higher than the PZT ?lm is required. HoWever, accord 
ing to the present invention, the same effect as the case of 
employing the PZT ?lm can be obtained. 

[0059] Besides, Ba—Sr—Ti—O ?lm (BST ?lm) and 
Sr—Ti—O ?lm (STO ?lm) containing alkaline earth metal 
elements such as Ba and Sr may be sued as the above 
capacitor ferroelectric ?lm 28b. the above PZT, SBT, BST 
and STO are ferroelectric ?lms having a so-called perovs 
kite-type crystal structure. If the ferroelectric ?lms having 
so-called perovskite-type crystal structure are used as fer 
roelectric ?lm, at least one metal element forming the Asite 
is used, Which is selected from groups II-A, III-B and IV-A 
as metal element forming the A site. Similarly, if the 
ferroelectric ?lms having so-called perovskite-type crystal 
structure are used as ferroelectric ?lm, at least one metal 
element forming the B site is used, Which is selected from 
groups IV-B and V-B as metal element forming the B site. 
For example, Zr, La, Nb or Sn is given in addition to the 
above metal elements. Pb—Ti—O (PT ?lm), BaTiO3, 
PbZnO3, Ta2O5 or Bi4Ti3O12 ?lms may be used as the above 
capacitor ferroelectric ?lm 28b. 

[0060] The capacitor ferroelectric ?lm 28b is not limited 
to ferroelectric ?lms. Normal dielectric ?lms may be used. 

[0061] The heating process for crystalliZing the ?rst and 
second SRO ?lms 34 and 35 is not limited to the temperature 
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range from about 550 to 650° C. described before. Accord 
ing to the experiment conducted by the present inventors, it 
Was found that the same particles inhibitory effect as the 
heating process at the above temperature range Was obtained 
in the heating process at the temperature range from about 
450 to 700° C. obtained. 

[0062] The ?rst and second Pt ?lms 33 and 36 are used as 
part of the capacitor loWer and upper electrodes 28a and 28c; 
hoWever, the capacitor electrode is not limited to the above 
Pt ?lms 33 and 36. In place of the Pt ?lms 33 and 36, for 
example, single metal ?lms such as Ir ?lm and Ru ?lm may 
be used. In addition, conductor ?lms comprising of metal 
compound (metal oxide) such as strontium ruthenium oxide 
may be used. Namely, in the capacitor loWer and upper 
electrodes 28a and 28c, the portion provided With the Pt 
?lms 33 and 36 may be formed of materials containing metal 
elements included in at least one kind of groups II-A and 
VIII. 

[0063] The ?rst and second SRO ?lms 34 and 35 are used 
as the portion (?lm) contacting With the capacitor insulating 
?lm 28b of the capacitor loWer and upper electrodes 28a and 
28c; hoWever, the contacting portion is not limited to the 
SRO ?lms 34 and 35. In addition to the above SRO ?lms 34 
and 35, the folloWing ?lm may be used. That is, the ?lm is 
formed of materials containing predetermined noble metal 
elements having the volatile metal compound component or 
metal elements having high melting point. More speci?cally, 
in place of the SRO ?lms 34 and 35, the ?lm may be formed 
of material containing at least one metal element selected 
from groups II-A, IV-B, VII-B, VIII and I-B. For example, 
the ?lm may be formed of material containing at least one 
metal element of Ru, sr, Ti, Pt, Re, Ir, Os, Pd, Rh and Au. 
[0064] The experiment conducted by the present inventors 
shoWed that the same effect as the SRO ?lms 34 and 35 Was 
obtained even if the ?lm formed of material containing at 
least one of the metal elements given above Was used in 
place of the SRO ?lms 34 and 35. Further, it Was found that 
the ?lm used in place of the SRO ?lms 34 and 35 could 
obtain the same effect as the SRO ?lms 34 and 35 so long 
as the ?lm contains at least one of the metal elements given 
above even if it is formed of a single metal. Further, if the 
?lm used in place of the SRO ?lms 34 and 35 Was formed 
of metal compound conductor, it Was found that the metal 
compound should be metal oxide. 

[0065] The adsorbent 4 supplied into the chamber 2 is not 
limited to the RuO2 described before. The adsorbent 4 may 
contain at least one of the metal elements given above 
contained in the portion contacting With the capacitor insu 
lating ?lm 28b of the capacitor loWer and upper electrodes 
28a and 28c. The experiment conducted by the present 
inventors con?rmed that the same effect Was obtained even 
if the adsorbent 4 Was either single metal or metal com 
pound. If the adsorbent 4 Was metal compound, it Was 
con?rmed that the metal compound should be metal oxide. 
Further, according to the experiment conducted by the 
present inventors, it Was con?rmed that the adsorbent 4 
might contain at least one metal element of IV-B in addition 
to the metal elements given above. For example, Ti is given 
as the metal element. In either case, the adsorbent 4 supplied 
into the chamber 2 may be any other forms so long as it can 
develop the same action and effect as the adsorbent 4. 

[0066] The method of providing (supplying) the adsorbent 
4 in the chamber 2 is not limited to the process of heating the 
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dummy Wafer 8. For example, heating to the dummy Wafer 
8 has no need to be carried out under the same atmosphere 
as actual heating to Wafer 5 so long as the adsorbent is 
obtained. Another method of providing the adsorbent 4 in 
the chamber 2 may be performed, in Which the adsorbent 4 
is directly coated onto the inner Wall surface of the chamber 
2. Further, the adsorbent 4 may adhere to the inner Wall 
surface of the chamber 2 by sputtering and CVD processes. 
Further, the gaseous volatile metal compound is supplied 
into the chamber 2 so that the volatile metal compound can 
adhere to the inner Wall surface of the chamber 2, thereafter, 
the metal compound may be crystalliZed as the adsorbent 4. 

[0067] The place provided With the adsorbent 4 is not 
limited to the inner Wall surface of the chamber 2. For 
example, the adsorbent 4 may adhere to the support table 6. 
Further, the chamber 2 is provided With an adsorbent holder 
(not shoWn), and thereby, the adsorbent 4 may be held onto 
the adsorbent holder. In addition, the adsorbent 4 adheres to 
the inner Wall surface of the chamber 2, the heater 3 does not 
properly heat the Wafer 5. In this case, the adsorbent 4 is 
applied to portions of the inner Wall surface, but not to the 
part facing the heater 3. 

[0068] The adsorbent 4 has no need to be alWays provided 
in the chamber 2. In this case, the folloWing proper amount 
of adsorbent 4 is supplied into the chamber (processing 
atmosphere). The proper amount is an amount capable of 
adsorbing the volatile metal compounds generated from the 
?lm 34 and 35 When heating the portions (?lms) 34 and 35 
contacting With the capacitor insulating ?lm 28b betWeen 
the upper and loWer capacitor electrodes 28c and 28a. That 
is, When heating the ?lm containing metal elements having 
the volatile metal compound component, the proper amount 
of adsorbent capable of adsorbing the volatile metal com 
pounds generated from the ?lm is supplied into the chamber 
2. 

[0069] With the increase of the number of processing 
times of Wafers 5, the amount of RuO2 crystal particle 4 
adhering to the inner Wall surface of the chamber 2 
increases. In other Words, With the increase of the number of 
processing times of Wafers 5, the amount of adsorbent 
(inhibitor) 4 in the chamber 2 increases. Therefore, With the 
increase of the number of processing times of Wafers 5, each 
surface of the ?rst and second SRO ?lms 34 and 35 becomes 
cleaner. In other Words, With the increase of the number of 
processing times of Wafers 5, high-quality thin SRO ?lms 34 
and 35 can be stably formed. Consequently, before heating 
to the Wafer 5, there is no need of previously providing the 
amount of adsorbent 4 capable of adsorbing RuO4 generated 
from all SRO ?lms 34 and 35 of the desired number of 
Wafers 5 in the chamber 2. 

[0070] The method of providing a large amount of RuO2 
crystal particles 4 into the inner Wall surface of the chamber 
2 is not limited to the method of heating several dummy 
Wafers 8. For eXample, the thickness of the ?lm 34 provided 
in one dummy Wafer 8 is set thicker than that provided in 
Wafer 5. In this case, the ?lm thickness is set so that the 
amount of RuO2 crystal particle 4 adhering to the inner Wall 
surface of the chamber 2 reaches the predetermined amount 
described before by one-time heating to the dummy Wafer 8. 
It is therefore possible to shorten time spent for the process 
of providing the adsorbent 4 in the chamber 2. This can 
contribute to improving the productivity of semiconductor 
devices. 
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[0071] After heating to the desired number of Wafers 5 is 
completed, it is desirable that the chamber 2 is supplied With 
etching gas capable of removing the adsorbent 4 adhered in 
the chamber 2. In this case, the component, ?oW rate, 
temperature and pressure of the etching gas are set to the 
condition capable of mostly removing the adsorbent 4 
remaining in the chamber 2. By doing so, the used chamber 
2 is cleaned, so that the chamber 2 can be held at a clean state 
as non-used. In addition, the inside of the using chamber 2 
can be set to proper and clean conditions. Several processing 
substrate (Wafers) 5 have mutually different metal com 
pound ?lms 34, and each substrate is continuously heated. In 
this case, the inside of the chamber 2 is cleaned by etching 
gas every When heating to each substrate 5. The ?lm 34 of 
each substrate 5 can be therefore continuously heated in 
proper and clean conditions. The adsorbent 4 is provided so 
that it can be freely taken in and out (removable). The 
adsorbent 4 comprising of material corresponding to the 
volatile metal compound to be adsorbed is used. By doing 
so, the adsorbing action and effect of the adsorbent 4 can be 
effectively developed With respect to various volatile metal 
compounds. 

[0072] The shape of the capacitor device 28 is not limited 
to the plane type described before. The capacitor device 28 
may be formed into a so-called stack type. More speci?cally, 
the capacitor device 28 may be formed into various solid 
shapes such as so-called cylinder, concave, conveX or ped 
estal types. 

[0073] The process of manufacturing the semiconductor 
device to Which the present invention is applied is not 
limited to the portion (?lm) contacting With the capacitor 
insulating ?lm 28b betWeen the capacitor loWer and upper 
electrode 28a and 28c. From the same reason as described 
before, the present invention is applicable to heating pro 
cesses for various members in Which particles Will be 
generated. In addition, the semiconductor device formed 
according to the present invention is not limited to the 
above-mentioned COP type FeRAM. For eXample, DRAM 
and MRAM having the capacitor insulating ?lm 28b formed 
of normal dielectrics can be manufactured according to the 
present invention. Further, the semiconductor device formed 
according to the present invention is not limited to memory 
type semiconductor devices. For eXample, CPUs can be of 
course manufactured according to the present invention. 

[0074] The above heating process is not limited to RTA 
(RTP). Aso-called spike anneal may be employed Which can 
carry out heating in shorter time. The apparatus (annealer) 1 
for manufacturing the semiconductor device is not limited to 
the heater using lamps such as rapid thermal annealer (RTA) 
(rapid thermal processor The apparatus 1 for manu 
facturing the semiconductor device may be a furnace, for 
eXample. In addition, the apparatus 1 for manufacturing the 
semiconductor device may be con?gured as a heater com 
bining the rapid thermal annealer (RTA). The apparatus 1 for 
manufacturing the semiconductor device may be either 
single Wafer processing type or batch processing type. 

[0075] As described above, the apparatus and method for 
manufacturing the semiconductor device according to the 
present invention is not limited to the above embodiment. 
When the processing substrate provided With ?lm containing 
metal element having the volatile metal compound compo 
nent is heated, the volatile metal compound generated from 
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the ?lm is prevented from adhering to the surface of the ?lm. 
Therefore, clean conductive ?lms can be formed. In addi 
tion, the semiconductor device according to the present 
invention includes a semiconductor substrate having the 
following conductive ?lms. The conductive ?lms contain 
metal element having the volatile metal compound compo 
nent. They are formed at a clean state, preventing the volatile 
metal compound from adhering to the surface of the ?lms. 

[0076] 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. An apparatus for manufacturing a semiconductor 

device, comprising: 

a chamber Which holds a to-be-processed substrate having 
a ?lm containing at least one kind of metal element 
Which Will become a component of a volatile metal 
compound; 

a heater Which heats the substrate held in the chamber; 
and 

an adsorbent Which is provided in the chamber and Which 
adsorbs the volatile metal compound generated from 
the ?lm by heating the substrate. 

2. The apparatus according to claim 1, Wherein the ?lm is 
made of the metal element or a metal compound containing 
the metal element. 

3. The apparatus according to claim 1, Wherein the metal 
element is at least one kind of metal element included in 
groups II-A, IV-B, VII-B, VIII and I-B. 

4. The apparatus according to claim 1, Wherein the 
adsorbent contains the metal element. 

5. The apparatus according to claim 1, Wherein the 
adsorbent contains at least one kind of metal element of a 
group IV-B. 

6. The apparatus according to claim 1, Wherein the 
adsorbent adheres to an inner Wall surface of the chamber. 

7. The apparatus according to claim 3, Wherein the metal 
element is at least one of Ru, Sr, Ti, Pt, Re, Ir, Os, Pb, Rh 
and Au. 

8. The apparatus according to claim 4, Wherein the 
adsorbent is a metal compound containing the metal ele 
ment. 

9. The apparatus according to claim 5, Wherein the 
adsorbent is Ti. 

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

providing an adsorbent in a chamber holding a to-be 
processed substrate and heating the substrate, the sub 
strate having a ?lm containing at least one kind of metal 
element Which Will become a component of volatile a 
metal compound; and 

causing the adsorbent to adsorb the volatile metal com 
pound generated from the ?lm by heating the substrate. 
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11. The method according to claim 10, Wherein a dummy 
substrate having a ?lm containing the metal element is 
heated in the chamber, and the adsorbent adheres to an inner 
Wall surface of the chamber. 

12. The method according to claim 10, Wherein the 
adsorbent is deposited directly on an inner Wall surface of 
the chamber and adheres thereto. 

13. The method according to claim 10, Wherein the 
adsorbent is applied to an inner Wall surface of the chamber 
by sputtering or CVD. 

14. A semiconductor device comprising: 

a semiconductor substrate having a ?lm containing at 
least one kind of metal element Which Will become a 
component of a volatile metal compound, the semicon 
ductor substrate having being heated by an apparatus 
for manufacturing a semiconductor device, the appa 
ratus comprising: 

a chamber Which holds the semiconductor substrate; 

a heater Which heats the semiconductor substrate held 
in the chamber; and 

an adsorbent Which is provided in the chamber and 
Which adsorbs the volatile metal compound gener 
ated from the ?lm by heating the semiconductor 
substrate. 

15. The device according to claim 14, Wherein the ?lm is 
made of the metal element or a metal compound containing 
the metal element. 

16. The device according to claim 14, Wherein the metal 
element is at least one kind of metal element included in 
groups II-A, IV-B, VII-B, VIII and I-B. 

17. The device according to claim 14, Wherein the adsor 
bent contains the metal element. 

18. The device according to claim 14, Wherein the adsor 
bent contains at least one kind of metal element of a group 
IV-B. 

19. The device according to claim 14, Wherein the adsor 
bent adheres to an inner Wall surface of the chamber. 

20. The device according to claim 14, Wherein the ?lm 
contacts a capacitor insulating ?lm provided in a capacitor 
electrode of a capacitor device. 

21. The device according to claim 16, Wherein the metal 
element is at least one of Ru, Sr, Ti, Pt, Re, Ir, Os, Pb, Rh 
and Au. 

22. The device according to claim 17, Wherein the adsor 
bent is metal compound containing the metal element. 

23. The device according to claim 18, Wherein the adsor 
bent is Ti. 

24. The device according to claim 20, Wherein the capaci 
tor insulating ?lm is a ferroelectric ?lm. 

25. A semiconductor device comprising: 

a semiconductor substrate having a ?lm containing at 
least one kind of metal element Which Will become a 
component of a volatile metal compound, the semicon 
ductor substrate having being heated by a method of 
manufacturing a semiconductor device, the method 
comprising: 

providing an adsorbent in a chamber holding the semi 
conductor substrate and heating the semiconductor 
substrate; and 
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causing the adsorbent to adsorb the volatile metal 
compound generated from the ?lm by heating the 
semiconductor substrate. 

26. The device according to claim 25, Wherein a dummy 
substrate having a ?lm containing the metal element is 
heated in the chamber, and the adsorbent adheres to an inner 
Wall surface of the chamber. 

27. The device according to claim 25, Wherein the adsor 
bent is deposited directly on an inner Wall surface of the 
chamber and adheres thereto. 
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28. The device according to claim 25, Wherein the adsor 
bent is applied to an inner Wall surface of the chamber by 
sputtering or CVD. 

29. The device according to claim 25, Wherein the ?lm 
contacts a capacitor insulating ?lm provided in a capacitor 
electrode of a capacitor device. 

30. The device according to claim 29, Wherein the capaci 
tor insulating ?lm is a ferroelectric ?lm. 

* * * * * 


