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(57) ABSTRACT 
A semiconductor fabrication technique for forming a ferro 
electric capacitor, in Which the thermal burden is reduced by 
using an SBT-based ferroelectric thin ?lm such as 

SrXBiVTaZO9 (‘SBT’) or SrXBiV(TaiNb]-)2O9 (‘SBT(N)’) as 
the dielectric medium. The method includes the following 
steps. Astrontium-bismuth-tantalum oxide ?lm is formed on 
a semiconductor substrate, With a conductive ?lm for a 
loWer electrode having been formed on the semiconductor 
substrate (?rst step). An NH3 gas is ?owed at a stabilizing 
step of a rapid thermal annealing so as to reduce organic 
materials bonded With metal elements of the strontium 
bismuth-tantalum oxide ?lm (second step). An oxide gas is 
?owed at a temperature of 450~650° C. at an annealing step 
of the rapid thermal annealing so as to induce a perovskite 
nuclear formation in the strontium-bismuth-tantalum oxide 
?lm (third step). A furnace annealing is then carried out so 
as to induce a grain groWth in the strontium-bismuth 
tantalum oxide ?lm (fourth step). 
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FIG. 1A 
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FIG. 2 
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METHOD OF FORMING FERROELECTRIC 
CAPACITOR IN SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
fabrication technique. Particularly, the present invention 
relates to a method for forming a ferroelectric capacitor, in 
Which a ferroelectric thin ?lm is used as the dielectric 
medium. More speci?cally, the present invention relates to 
a method for forming a ferroelectric capacitor, in Which 
there is used a strontium(Sr)-bismuth(Bi)-tanta 
lum(Ta)(SBT)-based ferroelectric thin ?lm such as 
SrXBiVTaZO9 (to be called ‘SBT’ beloW) or 
SrXBiy(TaiNb]-)2O9 (to be called ‘SBT(N)’ beloW) as the 
dielectric medium. 

BACKGROUND OF THE INVENTION 

[0002] Ferroelectric material has a high dielectric con 
stant, and shoWs a nonvolatile polariZation, and therefore, it 
is used as a semiconductor material. That is, ferroelectric 
material has become a neW semiconductor material for a 
high density (1Gb or more) DRAM (dynamic random access 
memory), and for the ferroelectric memory (FeRAM). 

[0003] Depending upon the method of connection to the 
substrate, the ferroelectric capacitor is classi?ed as a NPP 
(non-plug poly) structure or a PP (plug poly) structure. First, 
in the ferroelectric capacitor of the NPP structure, the 
junction of the MOS transistor is connected to the upper 
electrode through a metal Wiring, so that the upper electrode 
can serve as a storage node and the loWer electrode can serve 

as a cell plate. 

[0004] On the other hand, in the ferroelectric capacitor of 
the PP structure, the junction of the MOS transistor is 
connected to the loWer electrode through a polysilicon plug, 
so that the loWer electrode can serve as a storage node, and 
the upper electrode can serve as a cell plate. 

[0005] If the density of the device is considered, the 
ferroelectric capacitor of the PP structure is preferable to the 
ferroelectric capacitor of the NPP structure. HoWever, if the 
PP structure is adopted, a process difficulty is encountered. 
That is, When forming the upper and loWer electrodes and 
the dielectric medium, and When carrying out the post 
thermal process, oxygen is diffused to form a loW dielectric 
constant silicon oxide (SiO2) on the polysilicon plug. As a 
result, most of the externally supplied voltage is supplied to 
the loW dielectric constant silicon oxide, thereby forming a 
fatal defect. 

[0006] MeanWhile, the SBT, or SBT(N), is formed by 
carrying out a heat treatment for realiZing crystalliZation, so 
that superior electrical properties can be obtained. The 
crystalliZing heat treatment includes a rapid thermal anneal 
ing (RTA) and a furnace annealing. The RTA is carried out 
under an oxygen atmosphere so as to remove a metal 

containing organic material and so as to realiZe a nuclear 
formation, While the furnace annealing is carried out for the 
groWth of grains. 

[0007] Under this condition, the RTA (rapid thermal 
annealing) is carried out at a temperature of about 725° C., 
and the furnace annealing is carried out at a temperature of 
about 800° C. Therefore, if a certain polariZation value is to 
be obtained, there is a problem in that a thermal budget is 
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imposed. Increase of the thermal budget aggravates the 
formation of the silicon oxide in the PP structure. Conse 
quently, the barrier metal ?lm is degraded, thereby reducing 
the reliability of the device. 

SUMMARY OF THE INVENTION 

[0008] The present invention is intended to overcome the 
above described disadvantages of the conventional tech 
nique. 
[0009] Therefore it is an object of the present invention to 
provide a method of forming a ferroelectric capacitor in a 
semiconductor device, in Which the thermal burden can be 
reduced by using an SBT-based ferroelectric thin ?lm. 

[0010] In achieving the above object, the method for 
forming a ferroelectric capacitor in a semiconductor device 
according to the present invention includes the steps of 
forming a strontium-bismuth-tantalum oxide ?lm on a semi 
conductor substrate, With a conductive ?lm for a loWer 
electrode having been formed on the semiconductor sub 
strate (?rst step); ?oWing an NH3 gas at a stabiliZing step of 
a rapid thermal annealing so as to reduce organic materials 
bonded With metal elements of the strontium-bismuth-tan 
talum oxide ?lm (second step); ?oWing an oxide gas at a 
temperature of 450~650° C. at an annealing step of the rapid 
thermal annealing so as to induce a perovskite nuclear 
formation in the strontium-bismuthtantalum oxide ?lm 
(third step); and carrying out a furnace annealing so as to 
induce a grain groWth in the strontiumbismuth-tantalum 
oxide ?lm (fourth step). 

[0011] Preferably, the second step is carried out at a 
temperature of 300~450° C. 

[0012] Preferably, the oxide gas is at least one selected 
from the group consisting of: 02, N20, H2O, H202 and O3. 

[0013] Preferably, the strontium-bismuth-tantalum oxide 
?lm is SrXBiyTa2O9 or SrXBiy(TaiNb]-)2O9. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above object and other advantages of the 
present invention Will become more apparent by describing 
in detail the preferred embodiments of the present invention 
With reference to the attached draWings in Which: 

[0015] FIGS. 1a to 1c illustrate the process for forming 
the ferroelectric capacitor according to the present inven 
tion; 
[0016] FIG. 2 is a graphical illustration shoWing the rapid 
thermal process for an SBT(N) ?lm according to the present 
invention; and 

[0017] FIG. 3 is a graphical illustration shoWing the rapid 
thermal process for the conventional SBT(N) ?lm. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] The preferred embodiments of the present inven 
tion Will be described in detail beloW so that those ordinarily 
skilled in the art can easily carry out the present invention. 

[0019] FIGS. 1a to 1c illustrate the process for forming 
the ferroelectric capacitor according to the present inven 
tion. 
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[0020] The process for forming the ferroelectric capacitor 
according to the present invention is carried out in the 
following manner. First as shoWn in FIG. 1a, a device 
isolating ?lm 11, a Word line 12 and a bit line 14 are formed 
on a silicon substrate 10. Then interlayer insulating ?lms 13 
and 15 that have been formed during the above step are 
etched to form a contact hole. Then a polysilicon plug 16 and 
a silicide/ barrier metal layer 17 are formed to ?ll the contact 
hole, and then, a loWer electrode 18 is formed. 

[0021] Under this condition, the silicide is for an ohmic 
contact, and Ti silicide should preferably be used, While the 
barrier metal layer is made of Ti—Al—N, Ti—Si—N, or the 
like. Further, for the loWer electrode 18, there is used a metal 
or a metal compound such as Ir, IrOX, Ru, RuOX, Pt, LSCO 
(La, Sr, Co, O), or YBCO (Y, Ba, Co, O). Thus the loWer 
electrode 18 is deposited to a thickness of 500~3000A by 
carrying out the MOCVD, PVD or PECVD method. 

[0022] Then as shoWn in FIG. 1b, an SBT ?lm 19 is 
deposited upon the loWer electrode 18, after Which a rapid 
thermal annealing is carried out at the stabiliZing step by 
introducing an NH3 gas to remove the metal-bonded organic 
materials, and to induce the perovskite nuclear groWth. 

[0023] This procedure Will be described in more detail 
beloW. 

[0024] The SBT ?lm 19 can be deposited by carrying out 
any one selected from among: PVD (physical vapor depo 
sition) method, MOCVD (metal organic chemical vapor 
deposition) method, PE-MOCVD (plasma enhanced 
MOCVD) method, and LSMCD (liquid source mist chemi 
cal deposition) method. The content proportion y of Bi 
should be preferably 2.05~2.5, and the content proportion X 
of Sr should be preferably 0.7~1.0. 

[0025] MeanWhile, When a spin-on method is adopted to 
miX the starting materials (metal poWders) such as Sr, Bi and 
Ta, octane is used as the solvent. Further, n-butyl acetate is 
used as a stabiliZing agent for the liquid metal poWder 
miXture. 

[0026] Then a rapid thermal annealing is carried out. FIG. 
2 is a graphical illustration shoWing the rapid thermal 
process for an SBT(N) ?lm according to the present inven 
tion. FIG. 3 is a graphical illustration shoWing the rapid 
thermal process for the general SBT(N) ?lm. 

[0027] First, referring to FIG. 3, the conventional rapid 
thermal annealing includes a heating-up step (F), a stabiliZ 
ing step (G), a temperature raising step (H), an annealing 
step (I), and a cooling step At the stabiliZing step (G), a 
temperature of about 400° C. is maintained so that the Wafer 
can be protected from damage arising from abrupt variation 
of the temperature. Under this condition, the atmospheric 
gas is O2 (or NZO, H2O, H202, O3). The annealing step (I) 
is carried out at a temperature of about 725° C. under an O2 
atmosphere. 

[0028] MeanWhile, the rapid thermal annealing according 
to the present invention also includes a heating-up step (A), 
a stabiliZing step (B), a temperature raising step (C), an 
annealing step (D), and a cooling step HoWever, the 
stabiliZing step B is carried out at a temperature of about 
300° C. to 450° C. by ?oWing an NH3 gas instead of O2 gas, 
thereby reducing the metal-bonded organic materials Thus, 
the annealing step (D) is carried out after removing the 
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metal-bonded organic materials, and therefore, the annealing 
temperature can be loWered from the conventional 725° C. 
to 450~650° C. This oWes to the folloWing fact. That is, at 
the conventional annealing step (I), the organic material 
removal and the perovskite nuclear formation proceed 
simultaneously, Whereas, in the present invention, the 
organic materials are removed at the loW temperature sta 
biliZing step (B) by ?oWing the NH3 gas, and therefore, the 
perovskite nuclear formation has only to be induced at the 
annealing step 

[0029] Thereafter, a furnace annealing is carried out to 
make the grains groW. 

[0030] Then, as shoWn in FIG. 1c, an upper electrode 20 
is deposited. For the upper electrode, there is used a metal 
or a metal compound such as Ir, IrOX, Ru, RuOX, Pt, LSCO 
(La, Sr, Co, O), or YBCO (Y, Ba, Co, O), and the deposition 
is carried out by applying the MOCVD, PVD, or PECVD 
method. 

[0031] In another embodiment of the present invention, 
SBT(N) is used instead of SBT as the ferroelectric material. 
Under this condition, the content of Nb Within the SBT(N) 
should preferably be limited to 20~30%. 

[0032] In the above described process, the metal-bonded 
organic materials are removed in advance by ?oWing the 
NH3 gas at the stabiliZing step, and then, the annealing step 
is carried out. Accordingly, the annealing temperature can be 
loWered, and therefore, the thermal burden on the device can 
be alleviated. 

[0033] In the above, the present invention Was described 
based on the speci?c preferred embodiments and the 
attached draWings, but it should be apparent to those ordi 
narily skilled in the art that various changes and modi?ca 
tions can be added Without departing from the spirit and 
scope of the present invention, Which Will be de?ned in the 
appended claims. 

[0034] For eXample, the above description assumed that 
the PP structure Was adopted, but the present invention can 
be applied also to forming the ferroelectric capacitor When 
the NPP structure is adopted. 

[0035] According to the present invention as described 
above, the thermal burden can be alleviated by using the 
SBT(N) thin ?lm in forming the ferroelectric capacitor, and 
therefore, reliability and yield can be improved. 

What is claimed is: 

1. A method for forming a ferroelectric capacitor in a 
semiconductor device, comprising the steps of: 

forming a strontium-bismuth-tantalum oXide ?lm on a 
semiconductor substrate, With a conductive ?lm for a 
loWer electrode having been formed on the semicon 
ductor substrate (?rst step); 

?oWing an NH3 gas at a stabiliZing step of a rapid thermal 
annealing so as to reduce organic materials bonded 
With metal elements of the strontium-bismuth-tantalum 
oXide ?lm (second step); 

?oWing an oXide gas at a temperature of 450~650° C. at 
an annealing step of the rapid thermal annealing so as 
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to induce a perovskite nuclear formation in the stron 
tium-bismuth-tantalum oxide ?lm (third step); and 

carrying out a furnace annealing so as to induce a grain 
growth in the strontium-bismuth-tantalum oXide ?lm 
(fourth step). 

2. The method as claimed in claim 1, Wherein the second 
step is carried out at a temperature of 300~45° C. 

3. The method as claimed in claim 1, Wherein the oXide 
gas is at least one selected from the group consisting of: 02, 
N20, H2O, H202, and 03. 

Jun. 13, 2002 

4. The method as claimed in claim 1, Wherein the stron 
tium-bismuth-tantalum oXide ?lm is SrXBiyTa2O9 or 
SrXBiy(TaiNb]-)2O9. 

5. The method as claimed in claim 2, Wherein the oXide 
gas is at least one selected from the group consisting of: 02, 
N20, H2O, H202, and O3. 

6. The method as claimed in claim 2, Wherein the stron 
tium-bismuth-tantalum oXide ?lm is SrXBiyTa2O9 or 
SrXBiy(TaiNb]-)2O9. 


