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PROCESS FOR FABRICATING CAPACITOR 
HAVING DIELECTRIC LAYER WITH 

PEROVSKITE STRUCTURE AND APPARATUS 
FOR FABRICATING THE SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to a capacitor incorporated in 
a semiconductor device and, more particularly, to a process 
for forming a capacitor and an apparatus for forming the 
capacitor. 

DESCRIPTION OF THE RELATED ART 

[0002] A dynamic random access memory is a typical 
example of the semiconductor device, and the dynamic 
random access memory cell is implemented by a series 
combination of an access transistor and a storage capacitor. 
The circuit components of the dynamic random access 
memory device have been scaled doWn. Although the area 
assigned to each storage capacitor is reduced, a data bit to be 
stored requires the storage capacitor to have a large capaci 
tance. Dielectric material With the perovskite structure has a 
large dielectric constant, and is attractive to the storage 
capacitor. Barium strontium titanate ((Ba, Sr)TiO3 and stron 
tium titanate SrTiO3 are examples of the material With the 
perovskite structure. 

[0003] Using the dielectric material With the perovskite 
structure, the prior art storage capacitor is fabricated as 
folloWs. First, a ruthenium layer is patterned into a loWer 
capacitor electrode. The barium strontium titanate is depos 
ited over the loWer capacitor electrode by using a chemical 
vapor deposition at 400 degrees in centigrade. The barium 
strontium titanate is treated at 650 degrees in centigrade for 
10 minutes, and is crystalliZed. The chemical vapor depo 
sition and the crystalliZation are repeated several times. 
Finally, ruthenium is deposited over the barium strontium 
titanate layer, and the ruthenium layer is patterned into an 
upper capacitor electrode. 

[0004] The prior art storage capacitor exhibits a large 
capacitance. HoWever, the data holding characteristics are 
not acceptable. This is because of the fact that the leakage 
current ?oWs across the barium strontium titanate layer. 
Moreover, the dielectric layer of barium strontium titanate is 
deteriorated, and the dielectric constant is loWered. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an important object of the present 
invention to provide a capacitor Which exhibits a large 
capacitance Without serious leakage current and free from 
the deterioration of the dielectric layer. 

[0006] The present inventors contemplated the problem, 
and found non-ignoreable amount of impurity in the barium 
strontium titanate. The impurity Was carbon and hydrogen, 
Which Were considered to be produced through an elimina 
tion reaction at 300 degrees to 400 degrees in centigrade. 
The present inventors concluded that a loW temperature heat 
treatment Was required for the impurity. 

[0007] The present inventors searched database for the 
loW temperature heat treatment against the impurity. TWo 
documents Were found. One of the documents Was disclosed 
by M. Kiyotoshi et al. in 1999 Symposium on VLSI Tech 
nology Digest of Technical Papers, pp. 101-102. The paper 
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taught a crystalliZation of barium strontium titanate through 
a heat treatment. HoWever, the paper is silent to the loW 
temperature heat treatment against the impurity. 

[0008] The other document is Japanese Patent Publication 
of Unexamined Application No. 11-243177. The Japanese 
Patent Publication of Unexamined Application taught tWo 
step formation of barium strontium titanate layer through a 
high temperature heat treatment. HoWever, the Japanese 
Patent Publication of Unexamined Application Was silent to 
the loW temperature heat treatment against the impurity. 

[0009] To accomplish the object, the present invention 
proposes to eliminate the impurity from the substance With 
the perovskite structure. 

[0010] In accordance With one aspect of the present inven 
tion, there is provided a process for fabricating a capacitor 
comprising the steps of a) preparing a semiconductor struc 
ture having a semiconductor substrate, b) forming a ?rst 
electrode on the semiconductor structure, c) depositing a 
complex oxide expressed as ABO3 on the ?rst electrode and 
d) completing a capacitor through a high temperature heat 
treatment for crystalliZing the complex oxide, a loW tem 
perature heat treatment for eliminating impurities causative 
of degradation from the complex oxide and forming a 
second electrode on the complex oxide. 

[0011] In accordance With another aspect of the present 
invention, there is provided an apparatus for fabricating a 
capacitor comprising a ?rst chamber for depositing a com 
plex oxide expressed as ABO3 on a semiconductor structure 
having a ?rst electrode, a second chamber for a high 
temperature heat treatment through Which the complex 
oxide is crystalliZed, a third chamber for a loW temperature 
heat treatment through Which impurity causative of degra 
dation is eliminated from the complex oxide and a transfer 
system for conveying the semiconductor structure from one 
of the ?rst to third chambers to another Without exposing the 
semiconductor structure to the atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The features and advantages of the process and the 
apparatus Will be more clearly understood from the folloW 
ing description taken in conjunction With the accompanying 
draWings in Which: 

[0013] FIG. 1 is a cross sectional vieW shoWing the 
structure of a dynamic random access memory cell incor 
porated in a semiconductor device according to the present 
invention; 
[0014] FIGS. 2A to 2H are cross sectional vieWs shoWing 
a process for fabricating the semiconductor device according 
to the present invention; 

[0015] FIG. 3 is a graph shoWing relation betWeen leak 
age current density and an applied voltage; and 

[0016] FIG. 4 is a schematic plane vieW shoWing the 
layout of chambers incorporated in a fabrication apparatus 
used in a process for fabricating a capacitor according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring to FIG. 1 of the draWings, a dynamic 
random access memory cell 12 is fabricated on a p-type 
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silicon substrate 13, and forms a part of a dynamic random 
access memory device. The dynamic random access 
memory cell 12 is implemented by a series combination of 
a storage capacitor 10 and a metal-oxide-semiconductor 
?eld effect transistor 11. 

[0018] Insulating material is selectively groWn in the 
p-type silicon substrate 13, and forms an isolating region 14. 
The isolating region 14 de?nes plural active regions in the 
p-type silicon substrate 13. In this instance, each of the 
active regions is assigned to a pair of dynamic random 
access memory cells 12. Since the dynamic random access 
memory cells are similar in structure to one another, only 
one of the dynamic random access memory cells 12 is 
described in detail. 

[0019] The active region is covered With a thin gate oxide 
layer 15, and a gate electrode 16 passes over the thin gate 
oxide layer 15. N-type source/drain regions 17 are formed in 
the active region, and are located on both sides of the gate 
electrode 16. The gate oxide layer 15, the gate electrode 16 
and the n-type source/drain regions 17 as a Whole constitute 
the metal-oxide-semiconductor ?eld effect transistor 11. 

[0020] The metal-oxide-semiconductor ?eld effect transis 
tor 11 is covered With a thick insulating layer 19, and a 
contact hole is formed in the thick insulating layer 19. The 
n-type source region 17 is exposed to the contact hole. A 
polysilicon plug 18 ?lls the contact hole, and is held in 
contact With the n-type source region 17. The storage 
capacitor 10 is formed on the thick insulating layer 19, and 
is electrically connected through the polysilicon plug 18 to 
the n-type source region 17 of the metal-oxide-semiconduc 
tor ?eld effect transistor 10. 

[0021] A silicon contact layer 20 and an anti-silicon dif 
fusion conductive layer 21 are laminated on the thick 
insulating layer 19, and the silicon contact layer 20 is held 
in contact With the polysilicon plug 18. A loWer capacitor 
electrode 22 is formed on the anti-silicon diffusion conduc 
tive layer 21, and the entire surface of the loWer capacitor 
electrode 22, the side surface of the anti-silicon diffusion 
conductive layer 21 and the side surface of the silicon 
contact layer 20 are covered With a dielectric layer 23. The 
dielectric layer 23 is covered With an upper capacitor elec 
trode 24. 

[0022] The dielectric layer 23 is formed of material With 
the perovskite structure. In this instance, the dielectric layer 
23 is formed of barium strontium titanate (Ba, Sr) TiO3. 
Strontium titanate SrTiO3 is available for the dielectric layer 
23. These kinds of material form extremely thin layers, and 
are appropriate to the storage capacitor 10. 

[0023] The dynamic random access memory cell 12 is 
fabricated through a process shoWn in FIGS. 2A to 2H. The 
process starts With preparation of a p-type silicon substrate 
13. Insulating material is selectively groWn, and forms the 
isolating region 14. The isolating region 14 de?nes the 
active regions. 

[0024] The ?eld effect transistor 11 is fabricated on the 
active region through a conventional process. In detail, the 
gate insulating layer 15 is groWn on the active region. The 
gate electrode 16 is patterned, and extends over the gate 
insulating layer 15. N-type dopant impurity is introduced 
into the active region, and forms the n-type source and drain 
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regions 17 on both sides of the gate electrode 16. The 
resultant semiconductor structure is shoWn in FIG. 2A. 

[0025] Subsequently, silicon dioxide, i.e., SiO2 is depos 
ited to 300 nanometers thick over the entire surface of the 
resultant semiconductor structure by using a chemical vapor 
deposition, and forms the thick insulating layer 19. A 
photo-resist etching mask (not shoWn) is formed on the thick 
insulating layer 19, and the thick insulating layer 19 is 
selectively etched aWay. Via-holes 25 are formed in the thick 
insulating layer 19, and the n-type source and drain regions 
17 are exposed to the via- holes 25, respectively. The 
resultant semiconductor structure is shoWn in FIG. 2B. 

[0026] Subsequently, phosphorous-doped amorphous sili 
con is deposited over the entire surface of the resultant 
semiconductor structure by using a chemical vapor deposi 
tion, and forms a phosphorous-doped amorphous silicon 
layer 26 as shoWn in FIG. 2C. The phosphorous-doped 
amorphous silicon layer 26 is treated With heat at 700 
degrees to 850 degrees in centigrade. The phosphorous 
doped amorphous silicon is crystalliZed, and is converted to 
phosphorous-doped polysilicon. 
[0027] The phosphorous-doped polysilicon is etched With 
out any etching mask until the thick insulating layer 19 is 
exposed, again. Then, the phosphorous-doped polysilicon is 
left in the via-holes 25. Thus, the via-holes 25 are plugged 
With the polysilicon plugs 18. The resultant semiconductor 
structure is shoWn in FIG. 2D. 

[0028] Subsequently, titanium Ti is deposited to 30 
nanometers thick over the entire surface of the resultant 
semiconductor structure by using a sputtering, and forms a 
titanium layer. Thereafter, titanium nitride TiN is deposited 
to 50 nanometers thick over the titanium layer by using a 
sputtering, and forms a titanium nitride layer. The titanium 
layer and the titanium nitride layer as a Whole constitute the 
anti-silicon diffusion conductive layer 21. The resultant 
semiconductor structure is placed in nitrogen atmosphere, 
and a rapid thermal annealing is carried out in the nitrogen 
atmosphere. The titanium reacts With the silicon, and the 
titanium silicide TiSi2 forms the silicon contact layer 20. The 
resultant semiconductor structure is shoWn in FIG. 2E. 

[0029] Subsequently, the resultant semiconductor struc 
ture is placed in a sputtering chamber of a direct current 
sputtering system, and ruthenium is deposited to 100 
nanometers thick over the anti-silicon diffusion conductive 
layer 21, and forms a ruthenium layer 22 as shoWn in FIG. 
2F. 

[0030] A photo-resist etching mask is patterned on the 
ruthenium layer 22, and the ruthenium layer 22, the anti 
silicon diffusion conductive layer 21 and the silicon contact 
layer 20 are selectively etched by using a plasma-assisted 
etching technique. Gaseous mixture containing oxygen and 
chlorine is used in the plasma-assisted etching. The ruthe 
nium layer 22, the anti-silicon diffusion conductive layer 21 
and the silicon contact layer 20 are patterned into the loWer 
capacitor electrodes 22/21/20. The resultant semiconductor 
structure is shoWn in FIG. 2G. 

[0031] Subsequently, substance With the perovskite struc 
ture such as, for example, barium strontium titanate (Ba, 
Sr)TiO3 is deposited to 20 nanometers thick over the entire 
surface of the resultant semiconductor structure by using a 
thermal chemical vapor deposition. The barium strontium 
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titanate is produced from gaseous mixture containing barium 
bis-dipivaloylmethanate Ba(DPM)2, strontium bis-dipiv 
aloylmethanate Sr(DPM)2, bis-dipivaloylmethanate 
titanisopropoxide Ti(i-OC3H7)2 (DPM)2 and oxygen at 400 
degrees to 480 degrees in centigrade. Bis-dipivaloylmetha 
nate is abbreviated as “DPM” in the above chemical for 
mulae. 

[0032] The substance With the perovskite structure is 
produced from the following reactant gases. The ?rst reac 
tant gas is one of or both of Ba(DPM)2 and Sr(DPM)2. The 
second reactant gas is one of or more than one of Ti(i 

OC3H7)2(DPM)2, TiO(DPM)2 and Ti(i-OC3H7)2(DPM)2. 
The third reactant gas is oxygen. The substance With the 
perovskite structure is produced form the gaseous mixture 
containing the ?rst reactant gas, the second reactant gas and 
the third reactant gas. 

[0033] Subsequently, the substance is crystalliZed in high 
temperature inert gas atmosphere. The inert gas atmosphere 
contains oxygen, and the oxygen is fallen Within the range 
from Zero to 5 percent. The heat treatment is carried out at 
the crystalliZing temperature ranging from 650 degrees to 
900 degrees in centigrade. The heat treatment is, by Way of 
example, carried out in nitrogen atmosphere containing the 
oxygen at 400 degrees in centigrade for an hour and, 
thereafter, in nitrogen atmosphere containing the oxygen at 
750 degrees in centigrade for 30 seconds by using a rapid 
thermal annealing technique. 
[0034] In case Where the substance With the perovskite 
structure is barium strontium titanate (Ba, Sr)TiO3, it is 
preferable to carry out the rapid thermal annealing at 600 
degrees to 900 degrees in centigrade for 1 second to 240 
seconds. It is more preferable to carry out the rapid thermal 
annealing at 650 degrees to 800 degrees in centigrade for 1 
second to 60 seconds. If the crystalliZation is carried out in 
a furnace, the heat treatment is continued for 1 minute to 480 
minutes at 520 degrees to 800 degrees in centigrade. It is 
more preferable to carry out the heat treatment in the furnace 
at 550 degrees to 650 degrees in centigrade for 10 minutes 
to 120 minutes. As a result, the loWer capacitor electrode 22, 
the anti-silicon diffusion conductive layer 21 and the silicon 
contact layer 20 are covered With the barium strontium 
titanate layer 23 With the perovskite structure as shoWn in 
FIG. 2H. 

[0035] After the heat treatment, ruthenium is deposited to 
50 nanometers thick over the entire surface of the barium 
strontium titanate layer 23 With the perovskite structure by 
using the direct current sputtering. The ruthenium forms the 
upper capacitor electrode 24. 
[0036] Finally, the resultant semiconductor structure is 
subjected to a loW temperature heat treatment. In detail, the 
resultant semiconductor structure is placed in the inert 
atmosphere containing oxygen at Zero to 5 percent. The 
resultant semiconductor structure is heated to 250 degrees to 
500 degrees in centigrade. The temperature range is loWer 
than the above-described crystalliZing temperature. The loW 
temperature heat treatment may be carried out at 300 
degrees in centigrade for 30 minutes. Although the barium 
strontium titanate contains a non-ignoreable amount of 
carbon and hydrogen, the carbon and the hydrogen are 
eliminated from the barium strontium titanate layer 23 in the 
loW temperature heat treatment. 

[0037] The dielectric constant e of the substance is raised 
over 50 through the high temperature heat treatment. HoW 
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ever, the loW temperature heat treatment is not expected to 
crystalliZe the material. For this reason, the loW temperature 
heat treatment is carried out at least 20 degrees loWer than 
the temperature range of the high temperature heat treat 
ment. The temperature range of the loW temperature heat 
treatment is loWer than the crystalliZing temperature by 150 
degrees to 400 degrees in centigrade. 

[0038] The present inventors evaluated the capacitor 11. 
The present inventors fabricated the prior art capacitors and 
the capacitors according to the present invention on the 
substrates. The prior art capacitors had the dielectric layers 
of the substance With the perovskite structure, and the 
substance Was crystalliZed through the high temperature heat 
treatment described in conjunction With FIG. 2H. HoWever, 
the dielectric layers Were not subjected to the loW tempera 
ture heat treatment after the deposition of the ruthenium for 
the upper capacitor electrodes. On the other hand, the 
capacitors 11 according to the present invention had the 
dielectric layers 23 of the substance With the perovskite 
structure. The substance Was crystalliZed through the high 
temperature heat treatment, and the dielectric layers 23 Were 
further subjected to the loW temperature heat treatment for 
the elimination of the carbon and hydrogen. 

[0039] The prior art capacitors and the capacitors 11 
according to the present invention Were applied With poten 
tial difference betWeen the loWer capacitor electrodes and 
the upper capacitor electrodes, and the leakage current 
density Was measured. The leakage current density in the 
prior art capacitor Was varied as indicated by small circles 
(see FIG. 3). On the other hand, the leakage current density 
in the capacitors 11 Was varied as indicated by dots. Com 
paring the leakage current density in the prior art capacitor 
With the leakage current density in the capacitor 11 accord 
ing to the present invention, the amount of leakage current 
density in the capacitor according to the present invention 
Was smaller than the amount of leakage current density in 
the prior art capacitor in the range betWeen —3 volts and +3 
volts. When the applied voltage Was betWeen —2 volts and 
+2 volts, the leakage current density in the capacitor 11 
according to the present invention Was reduced to the level 
of 1.10“8 ampere/cm2. Thus, the loW temperature annealing 
Was effective against the leakage current cross the dielectric 
layer. The leakage current Was due to the carbon and the 
hydrogen contained in the layer With the perovskite struc 
ture. It Was understood that the carbon and the hydrogen 
Were eliminated through the loW temperature heat treatment. 

[0040] The dielectric layer 23 is improved in leakage 
current through the loW temperature heat treatment. Even if 
the dielectric layer 23 is reduced in thickness, the capacitor 
11 exhibits good data holding characteristics. This results in 
increase of the capacitance. Thus, the loW temperature heat 
treatment is desirable for the capacitor fabricated on the 
semiconductor substrate. 

[0041] As Will be understood from the foregoing descrip 
tion, the loW temperature heat treatment at 250 degrees to 
500 degrees in centigrade makes the impurities such as 
carbon and hydrogen eliminated from the substance With the 
perovskite structure, and is effective against the leakage 
current and decrease of dielectric constant. In case Where the 
capacitor forms a part of the dynamic random access 
memory cell, the data holding characteristics are surely 
improved. 
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[0042] The loW temperature heat treatment is carried out 
in the inert atmosphere containing oxygen at Zero to 5 
percent. The loW oxygen containing inert atmosphere is 
effective against the oxidation of the ruthenium. 

[0043] Turning to FIG. 4 of the draWings, an fabrication 
apparatus 27 according to the present invention comprises a 
Wafer transfer system 28, plural chambers 29, 30, 31, 32 and 
33 and a controlling system 34. The fabrication apparatus is 
categoriZed in a single Wafer processing system, and a Wafer 
carrier (not shoWn) is conveyed from a chamber to another 
chamber by means of the Wafer transfer system 28. The 
chambers 29, 30, 31, 32 and 33 are arranged around the 
Wafer transfer system 28. The Wafers are loaded into and 
taken out from the chamber 33 called as “load-lock cham 
ber”. The other chambers 29, 30, 31 and 32 are assigned to 
the deposition of substance, the high temperature heat treat 
ment 30, the loW temperature heat treatment 31 and the 
deposition of conductive material for the upper capacitor 
electrode 24. 

[0044] Plural silicon Wafers are retained in the Wafer 
carrier, and the Wafer carrier is loaded into the fabrication 
apparatus through the load-lock chamber 33, and the Wafer 
carrier is conveyed from the load-lock chamber 33 through 
the other chambers 29, 30, 31 and 32 in the predetermined 
order by means of the Wafer transfer system 28. While the 
Wafer carrier is being transferred through the chambers 29, 
30, 31 and 32, the Wafer carrier and, accordingly, the silicon 
Wafers are never exposed to the atmosphere. The deposition 
of substance is carried out in the chamber 29, and the high 
temperature heat treatment is carried out in the chamber 30 
for the crystalliZation. The chamber 32 is used for the 
deposition of ruthenium, and the loW temperature heat 
treatment is carried out in the chamber 31 for eliminating the 
impurities. As Will be described hereinlater in detail, the 
Wafer carrier may be transferred in another order. Finally, the 
Wafer carrier is taken out from the fabrication apparatus 27 
through the load-lock chamber 33. The ruthenium layer is 
patterned into the upper capacitor electrode 24 outside of the 
fabrication apparatus 27. The depositions, the tWo kinds of 
heat treatment and the conveying are controlled by means of 
the controlling system 34. 

[0045] The Wafer transfer system 28 may convey the 
Wafer carrier from the load-lock chamber 33 through the 
deposition chamber 29, the chamber 31 for the loW tem 
perature heat treatment, the chamber 30 for the high tem 
perature heat treatment and the sputtering chamber 32 to the 
load-lock chamber 33. OtherWise, the Wafer transfer system 
28 may convey the Wafer carrier from the load-lock chamber 
33 through the deposition chamber 29, the chamber 30 for 
the high temperature heat treatment, the sputtering chamber 
32 and the chamber 31 for the loW temperature heat treat 
ment to the load-lock chamber 33. It is desirable that he high 
temperature heat treatment and the loW temperature heat 
treatment are carried out before the deposition of the con 
ductive material for the upper capacitor electrode 24. 

[0046] The ruthenium layer is formed into the upper 
capacitor electrode 24 through an etching. If the formation 
of upper capacitor electrode 24 is arranged betWeen the tWo 
kinds of heat treatments, either high temperature heat treat 
ment or loW temperature heat treatment is carried out after 
the etching. The etching system is separated from the 
fabrication apparatus. The silicon Wafers are to be loaded 
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into the fabrication apparatus tWice. On the other hand, the 
formation of upper capacitor electrode is divided into the 
deposition of ruthenium and the etching. The deposition of 
ruthenium, the high temperature heat treatment and the loW 
temperature heat treatment are continuously carried out, and, 
thereafter, the ruthenium layer is patterned into the upper 
capacitor electrode 24 through the etching. 

[0047] Although particular embodiments of the present 
invention have been shoWn and described, it Will be apparent 
to those skilled in the art that various changes and modi? 
cations may be made Without departing from the spirit and 
scope of the present invention. 

[0048] The loWer capacitor electrode layer 22 may be 
formed of platinum or conductive material With the perovs 
kite structure such as, for example, SrRuO3. 

[0049] Although the loW temperature heat treatment for 
the elimination of the impurities and the high temperature 
heat treatment for the crystalliZation are required for the 
capacitor according to the present invention, the manufac 
turer can arrange the tWo kinds of heat treatment in the 
fabrication process. The high temperature heat treatment and 
the loW temperature heat treatment are to be carried out after 
the groWth of the material. HoWever, the loW temperature 
heat treatment may be carried out before the high tempera 
ture heat treatment or before the formation of the upper 
capacitor electrode. The steps may be arranged as folloWs. 
The fabrication process may have the folloWing process 
sequence. The deposition of substance such as the barium 
strontium titanate, the tWo kinds of heat treatment and the 
formation of upper capacitor electrode may be arranged as 

[0050] the deposition of substance, the high tempera 
ture heat treatment after the deposition, the forma 
tion of the upper capacitor electrode after the high 
temperature heat treatment and the loW temperature 
heat treatment carried out after the formation; 

[0051] the deposition of substance, the loW tempera 
ture heat treatment carried out after the deposition, 
the high temperature heat treatment carried out after 
the loW temperature heat treatment and the formation 
of upper capacitor electrode; 

[0052] the deposition of substance, the high tempera 
ture heat treatment carried out after the deposition, 
the loW temperature heat treatment carried out after 
the high temperature heat treatment and the forma 
tion of upper capacitor electrode; or 

[0053] the deposition of substance, the formation of 
upper capacitor electrode, the high temperature heat 
treatment and the loW temperature heat treatment. 

[0054] The deposition of material and the high tempera 
ture heat treatment may be repeated plural times. In this 
instance, the loW temperature heat treatment is carried out 
after the repetition. Furthermore, the deposition of material, 
the high temperature heat treatment and the loW temperature 
heat treatment may be repeated. 

[0055] The loW temperature heat treatment under the 
crystalliZing temperature is effective against the impurities 
contained in the complex oxide With the perovskite structure 
expressed as ABO3 such as, for example, ABO3 type com 
plex oxide in Pb system 
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[0056] In the above description, the chemical expression 
“ABO3” stands perovskite oxide. In the chemical expres 
sion, “A” is selected from the group consisting of Ba, Sr and 
Pb, and “B” is selected from the group consisting of Ti, Zr 
and Hf. 

What is claimed is: 
1. A process for fabricating a capacitor, comprising the 

steps of: 

a) preparing a semiconductor structure having a semicon 
ductor substrate; 

b) forming a ?rst electrode on said semiconductor struc 
ture; 

c) depositing a ferroelectric complex oxide expressed as 
ABO3 on said loWer electrode; and 

d) completing a capacitor through a high temperature heat 
treatment for crystalliZing said ferroelectric complex 
oxide, a loW temperature heat treatment for eliminating 
impurities causative of degradation from said ferroelec 
tric complex oxide and forming a second electrode on 
said ferroelectric complex oxide. 

2. The process as set forth in claim 1, in Which said high 
temperature heat treatment is carried out in a temperature 
range for crystalliZing said ferroelectric complex oxide, and 
said loW temperature heat treatment is carried out under said 
temperature range. 

3. The process as set forth in claim 1, in Which said 
ferroelectric complex oxide has a perovskite structure. 

4. The process as set forth in claim 1, in Which said step 
d) includes the sub-, steps of 

d-1) carrying out said high temperature heat treatment in 
a temperature range for crystalliZing said ferroelectric 
complex oxide, 

d-2) depositing a conductive material on the layer of said 
ferroelectric complex oxide, 

d-3) carrying out said loW temperature heat treatment 
under said temperature range, and 

d-4) patterning the layer of said conductive layer into said 
second electrode. 

5. The process as set forth in claim 1, in Which said 
deposition of said ferroelectric complex oxide and said high 
temperature heat treatment are repeated before said loW 
temperature heat treatment. 

6. The process as set forth in claim 1, in Which said 
deposition of said ferroelectric complex oxide, said high 
temperature heat treatment and said loW temperature heat 
treatment are repeated before the formation of said second 
electrode. 

7. The process as set forth in claim 1, in Which said step 
d) includes the sub-steps of 

d-1) carrying out said loW temperature heat treatment 
under a temperature range for crystalliZing said ferro 
electric complex oxide, 

d-2) carrying out said high temperature heat treatment in 
said temperature range, and 

d-3) forming said second electrode. 
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8. The process as set forth in claim 1, in Which said step 
d) includes the sub-steps of 

d-1) carrying out said high temperature heat treatment in 
a temperature range for crystalliZing said ferroelectric 
complex oxide, 

d-2) carrying out said loW temperature heat treatment 
under said temperature range, and 

d-3) forming said second electrode. 
9. The process as set forth in claim 1, in Which said step 

d) includes the sub-steps of 

d-1) forming said second electrode, 

d-2) carrying out said high temperature heat treatment in 
a temperature range for crystalliZing said ferroelectric 
complex oxide, and 

d-3) carrying out said loW temperature heat treatment 
under said temperature range. 

10. The process as set forth in claim 1, in Which said loW 
temperature heat treatment is carried out in inert atmosphere 
containing oxygen at Zero to 5 percent. 

11. The process as set forth in claim 1, in Which said 
ferroelectric complex oxide is expressed as (Ba, Sr)TiO3, 
and said high temperature heat treatment and said loW 
temperature heat treatment are carried out in a ?rst tempera 
ture range betWeen 520 degrees and 900 degrees in centi 
grade and in a second temperature range betWeen 250 
degrees and 500 degrees in centigrade, respectively. 

12. An apparatus for fabricating a capacitor comprising 

a ?rst chamber for depositing a ferroelectric complex 
oxide expressed as ABO3 on a semiconductor structure 
having a ?rst electrode, 

a second chamber for a high temperature heat treatment 
through Which said ferroelectric complex oxide is crys 
talliZed, 

a third chamber for a loW temperature heat treatment 
through Which impurity causative of degradation is 
eliminated from said ferroelectric complex oxide, and 

a transfer system for conveying said semiconductor struc 
ture from one of said ?rst to third chambers to another 
Without exposing said semiconductor structure to the 
atmosphere. 

13. The apparatus as set forth in claim 12, further com 
prising a fourth chamber for depositing a conductive mate 
rial. 

14. The apparatus as set forth in claim 13, in Which said 
?rst chamber to said fourth chamber are arranged around 
said transfer system. 

15. The apparatus as set forth in claim 14, further com 
prising a load-lock chamber arranged around said transfer 
system together With said ?rst chamber to said fourth 
chamber. 


