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(57) ABSTRACT

Disclosed 1s a method for fabricating a dielectric capacitor
that comprises a lover electrode made of at least one of Ir,
Pd, Ru and Rh or containing at least one of those elements,
a dielectric film of a ferroelectric or high dielectric substance
as formed on the lower electrode, and an upper electrode as
formed on the dielectric film. The method comprises a first
heat treatment step for completing the formation of the
dielectric film 1in an oxygen-containing vapor atmosphere
followed by a second heat treatment step to be effected 1n a
nitrogen or inert gas atmosphere at a temperature not lower
than that for the first heat treatment. The method solves the
problem with the dielectric layer of a ferroelectric substance
of SBT or the like, of which the characteristics are worsened
after forming gas annealing especially when the dielectric
layer 1s formed on a lower electrode of a noble metal except
platinum and gold.
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METHOD FOR FABRICATING DIELECTRIC
CAPACITOR

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method for
fabricating dielectric capacitors, and precisely to a method
for fabricating dielectric capacitors usable m ferroelectric
nonvolatile memories, etc.

[0002] Ferroelectric memories are fast-reloadable non-
volatile ones for which are used high-speed polarization
inversion and remanence ol ferroelectric thin films. In
conventional ferroelectric memories, transistors and ferro-
electric capacitors were aligned 1n the plane direction of a
substrate. The ferroelectric capacitor 1s formed by laminat-
ing, on a silicon oxide film, a buffer layer of a titanium metal
f1lm having a thickness of 30 nm or so, a lower electrode of,

for example, a platinum film having a thickness of 200 nm
or so, a ferroelectric film of a PZT [Pb (Zr, T1) O,] film or

SBT (SrBi,Ta,0;) film having a thickness of 200 nm or so,
and an upper electrode of a platinum film having a thickness
of 200 nm or so, 1n that order.

0003] To increase the information recording density in
those memories, transistors and ferroelectric capacitors must
be disposed on a substrate 1n layers, for which the capacitors
are so-called stack-type capacitors. In that structure, each
transistor 1s electrically connected with the lower electrode
of each ferroelectric capacitor via a silicon plug.

[0004] However, reactive ion etching (RIE) of platinum is
difficult, and fine working to give capacitors having a lower
clectrode of platinum 1s difficult.

[0005] Forming a ferroelectric film in capacitor fabrica-
tion generally requires heat treatment at high temperatures
falling between 600° C. and 800° C., which, however,
involves thermal diffusion between a silicon plug and the
lower electrode that underlies the film whereby silicon
having diffused into the lower electrode 1s oxidized in the
upper layer of the lower electrode to retard the electrocon-
ductivity of the lower electrode, or, as the case may be,
silicon further diffuses mto the ferroelectric film to signifi-
cantly worsen the capacitor characteristics.

[0006] On the other hand, fabricating ordinary MOS
memory structures requires forming gas annecaling at tem-
peratures falling between 400° C. and 500° C. for transistor
recovery, prior to metal wiring operation. However, 1t 1s
known that such forming gas annealing worsens the char-
acteristics of ferroelectrics such as SBT, etc. In addition,
where the lower electrode 1n capacitors 1s made of a noble
metal except platinum and gold, the noble metal 1s oxidized
through heat treatment for dielectrics. Forming gas anneal-
ing after fabrication of ferroelectric capacitors having a
lower electrode of a noble metal except platinum and gold
much more worsens the dielectric characteristics of the
capacitors than those of capacitors where the electrode 1s
made of platinum or the like that 1s not oxidized at all. This
1s because the noble metal oxide having formed through the
heat treatment for dielectric formation i1s reduced through
the forming gas annealing, thereby bringing about a signifi-
cant change 1n the capacitor structure.

SUMMARY OF THE INVENTION

[0007] The present invention is to solve the problems with
the related art noted above, and its object 1s to provide a
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method for fabricating dielectric capacitors. The {irst
embodiment of the invention 1s a method for fabricating a
dielectric capacitor that comprises a lower electrode made of
at least one of 1iridium, palladium, ruthenium and rhodium or
containing at least one of those elements, a dielectric film of
a ferroelectric or high dielectric substance as formed on the
lower electrode, and an upper electrode as formed on the
dielectric film, and the method comprises a first heat treat-
ment step for completing the formation of the dielectric film
In an oxygen-containing vapor atmosphere followed by a
second heat treatment step to be effected 1n a nitrogen or
inert gas atmosphere. The second heat treatment 1s effected
at a temperature not lower than that for the first heat
treatment.

[0008] In the first embodiment of the method for fabricat-
ing the dielectric capacitor, the lower electrode 1s made of at
least one of iridium, palladium, ruthenium and rhodium or
contains at least one of those elements. In this, therefore, the
lower electrode 1s etched more easily than platinum elec-
trodes. In addition, 1in the method, the first heat treatment
step for completing the formation of the dielectric film 1n an
oxygen-containing vapor atmosphere 1s followed by the
second heat treatment step to be effected 1n a nitrogen or
iert gas atmosphere at a temperature not lower than that for
the first heat treatment. Therefore, 1n this, even though the
lower electrode will be also oxidized in the first heat
treatment step, the oxidized part of the lower electrode could
be reduced i the second heat treatment step when the
oxidation 1s so minor that it could not be detected 1n analysis,
for example, through X-ray diffractometry.

[0009] In the dielectric capacitor thus fabricated in this
method, the dielectric film overlies the lower electrode made
of or containing the above-mentioned, non-oxidized metal.
Therefore, the capacitor has no part to be reduced 1n the
subsequent forming gas annealing, and exhibits stable char-
acteristics. Accordingly, the characteristics of the dielectric
capacitor fabricated 1n this method are prevented from being
worsened after forming gas annealing.

[0010] The second embodiment of the invention is a
method for fabricating a dielectric capacitor that comprises
a lower electrode made of at least one of 1ridium, palladium,
ruthenium and rhodium or contaming at least one of those
clements, a dielectric film of a ferroelectric or high dielectric
substance as formed on the lower electrode, and an upper
electrode as formed on the dielectric film, and the method
comprises a heat treatment step for completing the formation
of the dielectric film 1n an oxXygen-containing vapor atmo-
sphere followed by a reduction step for reducing the oxide
having been formed 1n the lower electrode through oxidation
in the heat treatment step.

[0011] In the second embodiment of the method for fab-

ricating the dielectric capacitor, the lower electrode 1s etched
more c¢asily than platinum electrodes for the same reasons as
in the first embodiment noted above. In addition, in the
method, the heat treatment step for completing the formation
of the dielectric film 1n an oxXygen-containing vapor atmo-
sphere 1s followed by the reduction step for reducing the
oxide having been formed in the lower electrode through
oxidation 1n the heat treatment step. Therefore, 1n this, the
lower electrode will be also oxidized in the heat treatment
step but the oxidized part of the lower electrode 1s reduced
in the reduction step, even though the oxidation 1s promoted
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to such a high degree that 1t 1s detected 1n analysis, for
example, through X-ray diffractometry.

[0012] In the dielectric capacitor thus fabricated in this
method, the dielectric film overlies the lower electrode made
of or containing the above-mentioned, non-oxidized metal.
Therefore, the capacitor has no part to be reduced 1n the
subsequent forming gas annealing, and exhibits stable char-
acteristics. Accordingly, the characteristics of the dielectric
capacitor fabricated in this method are prevented from being
worsened after forming gas annealing.

[0013] The third embodiment of the invention is a method
for fabricating a dielectric capacitor that comprises a lower
clectrode made of at least one of 1ridium, palladium, ruthe-
nium and rhodium or containing at least one of those
clements, a dielectric film of a ferroelectric or high dielectric
substance as formed on the lower electrode, and an upper
electrode as formed on the dielectric film, and the method
comprises a first heat treatment step for completing the
formation of the dielectric film in an oxygen-containing
vapor atmosphere followed by a reduction step for reducing,
the oxide having been formed 1n the lower electrode through
oxidation 1n the first heat treatment step and by a second heat
treatment step to be effected after the reduction step in a
nitrogen or 1nert gas atmosphere at a temperature not lower
than that for the first heat treatment.

[0014] The method may additionally comprise another
heat treatment step for oxygen supply to be effected after the
reduction step and before the second heat treatment step 1n
an oxygen-containing atmosphere at a temperature lower
than that at which the substance having been reduced in the
reduction step may be oxidized.

[0015] In the third embodiment of the method for fabri-
cating the dielectric capacitor, the lower electrode 1s etched
more e¢aslly than platinum electrodes for the same reasons as
in the first embodiment noted above. In addition, 1in the
method, the first heat treatment step to be effected 1n an
oxygen-containing vapor atmosphere 1s followed by the
reduction step. Therefore, 1n this, the lower electrode will be
also oxidized 1n the first heat treatment step but the oxidized
part of the lower electrode 1s reduced 1n the reduction step,
even though the oxidation 1s promoted to such a relatively
higch degree that 1t 1s detected 1n analysis through X-ray
diffractometry. In addition, in this, the dielectric character-
1stics of the capacitor fabricated are further improved in the
seccond heat treatment step after the reduction step. The
second heat treatment step 1n the third embodiment differs
from that 1n the first embodiment noted above 1n that the
reduction of the oxidized part of the lower electrode 1is
required 1n the latter but not in the former. Therefore, the
second heat treatment step 1n the third embodiment does not
require such high temperatures as are required by the first
heat treatment step therein.

0016] In the dielectric capacitor thus fabricated in this
method, the dielectric film overlies the lower electrode made
of or containing the above-mentioned, non-oxidized metal.
Theretfore, the capacitor has no part to be reduced m the
subsequent forming gas annealing, and exhibits stable char-
acteristics. Accordingly, the characteristics of the dielectric
capacitor fabricated in this method are prevented from being
worsened after forming gas annealing.

[0017] In the method that further comprises the additional
heat treatment step for oxygen supply to be effected after the
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reduction step and before the second heat treatment step in
an oxygen-containing atmosphere at a temperature lower
than that at which the substance having been reduced 1n the
reduction step may be oxidized, oxygen may well be sup-
plied to the dielectric film without oxidizing the lower
clectrode even when the dielectric film 1s 1n an oxygen-poor
condition as a result of its reduction in the previous reduc-
tion step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1A to FIG. 1C are graphical views showing
the first embodiment of the method for fabricating a dielec-
tric capacitor of the invention.

10019] FIG. 2A to FIG. 2C are graphical views showing

the second embodiment of the method for fabricating a
dielectric capacitor of the mvention.

10020] FIG. 3A to FIG. 3C are graphical views showing

the third embodiment of the method for fabricating a dielec-
tric capacitor of the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] One example of the first embodiment of the method
for fabricating a dielectric capacitor of the invention 1is
described with reference to FIG. 1A to FIG. 1C. In the
following description, the names of substances are indicated
by the symbols of elements.

[10022] As in FIG. 1A, a Ti film to be a bonding layer 21

1s formed through sputtering on an Si1 substrate 11 to have a
thickness of, for example, 20 nm; then IrHfO to be a
diffusion-preventing layer 22 1s deposited thereover to have
a thickness of, for example, 100 nm; and Ir to be a lower
electrode 23 1s formed thereover to have a thickness of, for
example, 20 nm. In this, the lower electrode 23 1s made of
Ir, but may also be made of any of Pd, Ru and Rh.

[0023] Next, a film of SBT is formed over the lower

clectrode 23 1n a sol-gel rotary coating method. As the
sol-gel source (not shown) for this, for example, used is a
liquid composition of Sr 0.8/B12.2/Ta 2.0. The liquid sol-gel
source 1s applied onto the lower electrode 23 according to a
rotary coating method, and baked to remove the organic
solvent from the resulting film (not shown). The baking may
be effected, for example, in air at 250° C. for 7 minutes.
Next, this 1s subjected to a first heat treatment step for rapid
thermal annealing (RTA) to give SBT phyllo-perovskite
crystals. As one example of the condition for RTA, the vapor
atmosphere 1s comprised of N, and O, 1n a ratio of 4/1 by
volume, the heating rate is 760° C./10 sec, the ultimate
temperature is 760° C., and the substrate is kept at the
ultimate temperature for 30 seconds. The RTA atmosphere 1s
the mixed gas of N, and O,, which could minimize the
oxidation of Ir that constitutes the lower electrode 23. The
process of sol-gel rotary coating and RTA 1s repeated three
times to give a dielectric film 24 of thin SBT having a
thickness of 170 nm.

10024] Next, the dielectric film 24 of thin SBT is subjected

to a second heat treatment step 1n an N, or inert gas
atmosphere at a temperature not lower than that for the first
heat treatment. For this, for example, the dielectric film 24
is heated in an N, atmosphere at 800° C. for 1 hour. As a
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result of this second heat treatment, the oxide having been
formed 1 the lower electrode 23 1s reduced.

10025] Next, as in FIG. 1B, an upper electrode 25 of Pt is
formed on the dielectric film 24, and then heated 1n a
nitrogen atmosphere at 650° C. for 10 minutes. After this,
the ferroelectric characteristics of the dielectric film 24 are

measured. In this example, 2 Pr=20 #C/cm~, and 2 Vc= 1.8
V. These data of 2 Pr and 2 Vc indicate that the dielectric

f1lm 24 of ferroelectric SBT 1s good.

[0026] Next, this is subjected to forming gas annealing (in
a vapor mixture of N,/H,=96/4 by volume, at 400° C. for 1
hour) and then to recovery annealing (in N, at 450° C. for
30 minutes), and the ferroelectric characteristics of the
dielectric film 24 are again measured. In this, 2 Pr=20
uC/cm and 2 Vc=1.8 V, which are the same as those before
forming gas annealing. As a result of this process illustrated
herein, obtained 1s a dielectric capacitor 1 having good
resistance to forming gas annealing, as in FIG. 1C.

[0027] In order to obtain the dielectric capacitor 1 having
ogood resistance to forming gas annealing, the structure that
comprises the bonding layer 21 having a thickness of 20 nm,
the diffusion-preventing layer 22 of IrHIO as formed on the
layer 21 to have a thickness of 100 nm and the lower
clectrode 23 of Ir having a thickness of 20 nm must be
subjected to the second heat treatment 1n a nitrogen or inert
gas atmosphere at a temperature not lower than 770° C.

[0028] In order to overcome the difficulty in etching the
upper electrode 235, 1t 1s desirable that the upper electrode 25
1s also made of a noble metal except Pt and Au, such as Ir,
Pd, Ru or Rh, like the lower electrode 23. However, the
upper electrode 25 has a greater influence on the dielectric
characteristics of the capacitor than the lower electrode 23.
Therefore, 1n this embodiment, the upper electrode 25 1is
made of Pt as having better repetitive reproducibility.

10029] In the first embodiment of dielectric capacitor
fabrication mentioned hereinabove, the lower electrode 23 1s
made of Ir, and therefore can be etched more easily than Pt
clectrodes. In this, in addition, the dielectric film 24 having
been formed as a result of the first heat treatment step as
ciiected 1n the O,-containing vapor atmosphere 1s subjected
to the second heat treatment. Theretfore, 1n this, even though
the lower electrode 23 1s also oxidized in the first heat
treatment step, the oxidized part of the lower electrode 23 1s
reduced 1n the second heat treatment step. In the dielectric
capacitor 1 fabricated in this method, the dielectric film 24
overlies the lower electrode 23 of non-oxidized Ir. There-
fore, the capacitor 1 has no part that may be reduced 1n the
subsequent forming gas annealing, and exhibits stable
dielectric characteristics. Accordingly, the characteristics of
the dielectric capacitor 1 fabricated in this method are
prevented from being worsened after forming gas annealing.

[0030] A comparative example to the first embodiment of
the 1nvention 1s mentioned below, 1n which the same con-
stituent parts as 1n the first embodiment are indicated by the
same numeral references as therein so as to ensure easy
comparison between the comparative example and the first
embodiment.

[0031] In the comparative example, the dielectric film 24
of thin SBT is heated in an O, atmosphere at 800° C. for 1
hour for the second heat treatment, but not mn an N,

atmosphere at 800° C. for 1 hour. The other steps for the
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comparative example are the same as those for the first
embodiment of the 1nvention mentioned hereinabove.

[0032] After the process, an upper electrode 25 of Pt is
formed on the dielectric film 24, and then heated 1n an N,
atmosphere at 650° C. for 10 minutes, and the ferroelectric
characteristics of the dielectric film 24 are measured. In the
comparative example, 2 Pr=20 uC/cm>, and 2 Vc=1.8 V. In
this stage, the data of 2 Pr and 2 Vc indicate that the
dielectric film 24 of ferroelectric SBT 1s good.

[0033] Next, this is subjected to forming gas annealing
and then to recovery annealing 1n the same manner as in the
first embodiment of the mmvention mentioned above. Mea-
surement of the ferroelectric characteristics of the dielectric
film 24 1n the capacitor fabricated i1n this comparative
example was tried but was 1mpossible as the capacitor
entirely short-circuited. As 1n this comparative example
where ordinary heat treatment 1n an O, atmosphere 1s
employed 1n forming the dielectric film over the lower
clectrode 23 of Ir, the capacitor fabricated could not have
resistance to forming gas annecaling.

[0034] As in the first embodiment of the invention men-
tioned above, the second heat treatment must be effected 1n
an N, (or inert gas) atmosphere at a temperature not lower
than that for the first heat treatment to prevent the dielectric
characteristics of the capacitor from being worsened.

[0035] One example of the second embodiment of the
method for fabricating a dielectric capacitor of the mnvention
1s described with reference to FIG. 2A to FIG. 2C, 1n which
the same constituent parts as 1n F1G. 1A to FI1G. 1C for the
first embodiment are indicated by the same numeral refer-
ences as therein. Also in the following description, the
names ol substances are indicated by the symbols of ele-
ments.

[0036] In the second embodiment, used i1s a substrate 10
which 1s composed of an Si1 substrate 11 and an S10, film as
formed thereon to have a thickness of, for example, 300 nm,
as 1n FI1G. 2A. In the same manner as 1n the first embodiment
mentioned above, a T1 film to be a bonding layer 21 1is
formed through sputtering on the substrate 10 to have a
thickness of, for example, 20 nm; then IrHIO to be a
diffusion-preventing layer 22 1s deposited thereover to have
a thickness of, for example, 100 nm; and Ir to be a lower
clectrode 23 1s formed thereover to have a thickness of, for
example, 20 nm.

[0037] Next, also in the same manner as in the first
embodiment, a film of SBT 1s formed over the lower
clectrode 23 1 a sol-gel rotary coating method, and then
baked to remove the organic solvent from 1it. Next, this 1s
subjected to a heat treatment step (this corresponds to the
first neat treatment step 1n the first embodiment mentioned
above) for RTA to give SBT phyllo-perovskite crystals. The
process of sol-gel rotary coating and RTA 1s repeated three
times to give a dielectric film 24 of thin SBT having a
thickness of 170 nm. X-ray diffractometric analysis of the
coated substrate gave a peak for the oxide, IrO, formed in
the lower electrode.

|0038] Next, this is subjected to a reduction step of heat

freatment 1 a mixed vapor atmosphere of N, and H,
(N,/H,= 96/4 by volume) at 400° C. for 1 hour. After the
reduction, the peak for IrO.,, disappeared in X-ray diffracto-
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metry. This verifies the reduction of the oxidized part (not
shown) of the lower electrode 23.

[0039] Next, the dielectric film 24 of thin SBT is subjected
to a second heat treatment step 1n a nitrogen atmosphere at
750° C. for 1 hour. This second heat treatment step is for
crystallizing the dielectric film 24 without oxidizing the
lower electrode 23 of Ir, in which, therefore, the heat
treatment may be effected in N, as herein, or 1n an 1nert gas
atmosphere, at a temperature falling between 700° C. and

750° C. or so.

[0040] Next, in the same manner as in the first embodi-
ment, the dielectric film 24 1s coated with a film of Pt to be
an upper electrode 235, as 1n F1G. 2B, and then again heated
in a nitrogen atmosphere at 650° C. for 10 minutes. After
this, the ferroelectric characteristics of the dielectric film 24
are measured. In this example, 2 Pr=19 uC/cm~, and 2 Vc=

1.8 V. These data of 2 Pr and 2 V¢ indicate that the dielectric
film 24 of ferroelectric SBT 1s good.

[0041] Next, this is subjected to forming gas annealing (in
a vapor mixture of N,/H,=96/4 by volume, at 400° C. for 1
hour) and then to recovery annealing (in N, at 450° C. for
30 minutes), and the ferroelectric characteristics of the
dielectric film 24 are again measured. In this, 2 Pr=19
uC/cm and 2 Vc=1.8 V, which are the same as those before
forming gas annealing. As a result of this process illustrated
herein, obtamned 1s a dielectric capacitor 2 having good
resistance to forming gas annealing, as in FIG. 2C.

10042] In the second embodiment, the lower electrode 23
1s reduced 1n a hydrogen-containing vapor atmosphere,
being different from that 1n the first embodiment. Therefore,
in the second embodiment, the second heat treatment does
not require high temperatures of 770° C. or higher as in the
first embodiment, but may be eifected at a temperature
falling between 700° C. and 750° C. or so to obtain the

capacitor 2 having good ferroelectric characteristics.

[0043] In order to overcome the difficulty in etching the
upper electrode 235, 1t 1s desirable that the upper electrode 25
1s also made of a noble metal except Pt and Au, such as Ir,
Pd, Ru or Rh, like the lower electrode 23, as so mentioned
hereinabove for the first embodiment. However, the upper
clectrode 25 has a greater influence on the dielectric char-
acteristics of the capacitor than the lower electrode 23.
Therefore, 1n this embodiment, the upper electrode 25 is
made of Pt as having better repetitive reproducibility.

10044] In the second embodiment of dielectric capacitor
fabrication mentioned hereinabove, the lower electrode 23 1s
made of Ir, and therefore can be etched more easily than Pt
electrodes, for the same reasons as those mentioned here-
mabove for the first embodiment. In this, in addition, the
dielectric {ilm 24 having been formed as a result of the heat
treatment step as effected 1n the O,-containing vapor atmo-
sphere 1s subjected to the reduction step. Therefore, 1n this,
the lower electrode 23 1s also oxidized 1n the heat treatment
step but the oxidized part of the lower electrode 23 1is
reduced 1n the reduction step, even though the oxidation is
promoted to such a high degree that 1t 1s detected 1n analysis,
for example, through X-ray diffractometry. In the dielectric
capacitor 2 fabricated in this method, the dielectric film 24
overlies the lower electrode 23 of non-oxidized Ir. There-
fore, the capacitor 2 has no part that may be reduced 1n the
subsequent forming gas annealing, and exhibits stable
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dielectric characteristics. Accordingly, the characteristics of
the dielectric capacitor 2 fabricated in this method are
prevented from being worsened after forming gas annealing.

[0045] A comparative example to the second embodiment
of the invention 1s mentioned below, 1n which the same
constituent parts as 1n the second embodiment are indicated
by the same numeral references as therein so as to ensure
casy comparison between the comparative example and the
second embodiment.

[0046] In the comparative example, the reduction step
taken 1n the second embodiment 1s omitted but the other
steps are the same as those 1n the second embodiment
mentioned heremnabove. After having been subjected to
forming gas annecaling followed by recovery annealing, the
capacitor was tested to measure the ferroelectric character-
istics of the dielectric film 24 but in vain, as it entirely
short-circuited. As 1n this comparative example where the
reduction of the lower electrode 23 of Ir 1s omiatted, the
capacitor fabricated could not have resistance to forming gas
annealing,.

[0047] As in the second embodiment of the invention
mentioned above, the reduction step makes 1t possible to
prevent the dielectric characteristics of the capacitor from
being worsened.

[0048] The third embodiment of the invention is illustrated
in FI1G. 3A to F1G. 3C. As 1n F1G. 3A, an S10,/S1 substrate

10 as prepared by forming an S10,, film 12 of, for example,
300 nm thick on an S1 substrate 11 i1s used in the third
embodiment. Though not shown, the S1 substrate 11 only
may be used herein. In the same manner as in the first
embodiment mentioned above, a T1 film to be a bonding
layer 21 1s formed through sputtering on the substrate 10 to
have a thickness of, for example, 20 nm; then IrHIO to be
a diffusion-preventing layer 22 1s deposited therecover to
have a thickness of, for example, 100 nm; and Ir to be a
lower electrode 23 1s formed thercover to have a thickness
of, for example, 20 nm.

[0049] Next, a film of SBTN 1is formed over the lower
clectrode 23 1n a sol-gel rotary coating method. As the
sol-gel source for this, for example, used 1s a liquid com-
position of Sr 0.8/B1 2.2/Ta 1.75/Nb 0.25. The liquid sol-gel
source 1s applied onto the lower electrode 23, and baked to
remove the organic solvent from the resulting film, 1n the
same manner as 1n the first embodiment mentioned above.
Next, this 1s subjected to a first heat treatment step for rapid
thermal annealing (RTA) to give SBTN phyllo-perovskite
crystals. As one example of the condition for RTA, the vapor
atmosphere 1s comprised of N, and O, 1n a ratio of 4/1 by
volume, the heating rate is 740° C./10 sec, the ultimate
temperature is 740° C., and the substrate is kept at the
ultimate temperature for 30 seconds. The RTA atmosphere 1s
the mixed gas of N, and O,, which could minimize the
oxidation of Ir that constitutes the lower electrode 23. The
process of sol-gel rotary coating and RTA 1s repeated three
times to give a dielectric film 24 of thin SBTN having a
thickness of 170 nm.

[0050] Next, this is subjected to a reduction step of heat
freatment 1 a mixed vapor atmosphere of N, and H,

(N,/H,= 96/4 by volume) at 400° C. for 1 hour.

[0051] Next, this is subjected to a heat treatment step for
oxygen supply to the thin SBTN film formed on the lower
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clectrode 23, for which the film 1s heated 1n an O, atmo-
sphere at 400° C. for 1 hour. The temperature for the heat
treatment may fall between 250° C. and 650° C., preferably
between 350° C. and 500° C., when the lower electrode 1s
made of Ir; or between 250° C. and 600° C., preferably
between 350° C. and 500° C., when the lower electrode 1s
made of Pd; or between 250° C. and 600° C., preferably
between 350° C. and 500° C., when the lower electrode 1s
made of Ru; or between 250° C. and 600° C., preferably
between 350° C. and 500° C., when the lower electrode 1s
made of Rh.

[0052] Next, the dielectric film 24 of thin SBTN is sub-
jected to a second heat treatment step 1n a nitrogen atmo-
sphere at 750° C. for 1 hour. This second heat treatment step
1s for crystallizing the dielectric film 24 without oxidizing
the lower electrode 23 of Ir, in which, therefore, the heat
treatment may be effected in N, as herein, or 1n an 1nert gas
atmosphere, at a temperature falling between 700° C. and

750° C. or so.

[0053] Next, in the same manner as in the first embodi-
ment, the dielectric film 24 1s coated with a film of Pt to be
an upper electrode 25, as in FI1G. 3B, and then again heated
in a nitrogen atmosphere at 650° C. for 10 minutes. After
this, the ferroelectric characteristics of the dielectric film 24
are measured. In this example, 2 Pr=18 uC/cm?, and 2 V¢ 32
2.0 V. These data of 2 Pr and 2 V¢ indicate that the dielectric
film 24 of ferroelectric SBTN 1s good.

[0054] Next, this is subjected to forming gas annealing (in
a vapor mixture of N,/H,=96/4 by volume, at 400° C. for 1
hour) and then to recovery annealing (in N, at 450° C. for
30 minutes), and the ferroelectric characteristics of the
dielectric film 24 are again measured. In this, 2 Pr=18
uC/cm and 2 Vc=2.0 V, which are the same as those before
forming gas annealing. As a result of this process 1llustrated
herein, obtaimned 1s a dielectric capacitor 3 having good
resistance to forming gas annealing, as in FI1G. 3C.

[0055] In the third embodiment, the lower electrode 23 is
reduced 1n a hydrogen-containing vapor atmosphere, being
different from that 1n the first embodiment. Therefore, in the
third embodiment, the second heat treatment does not
require high temperatures of 770° C. or higher as in the first
embodiment, but may be effected at a temperature falling
between 700° C. and 750° C. or so to obtain the capacitor 3
having good ferroelectric characteristics.

[0056] In order to overcome the difficulty in etching the
upper electrode 285, 1t 1s desirable that the upper electrode 25
1s also made of a noble metal except Pt and Au, such as Ir,
Pd, Ru or Rh, like the lower electrode 23, as so mentioned
hereinabove for the first embodiment. However, the upper
clectrode 25 has a greater influence on the dielectric char-
acteristics of the capacitor than the lower electrode 23.
Therefore, 1n this embodiment, the upper electrode 25 1is
made of Pt as having better repetitive reproducibility.

[0057] In the third embodiment of dielectric capacitor
fabrication mentioned hereinabove, the lower electrode 23 1s
made of Ir, and therefore can be etched more easily than Pt
electrodes, for the same reasons as those mentioned here-
imnabove for the first embodiment. In this, in addition, the
dielectric film 24 having been formed as a result of the heat
treatment step as effected in the O,-containing vapor atmo-
sphere 1s subjected to the reduction step. Therefore, 1n this,
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the lower electrode 23 1s also oxidized in the heat treatment
step but the oxidized part of the lower electrode 23 1is
reduced 1n the reduction step, even though the oxidation is
promoted to such a degree that 1t 1s detected 1n analysis, for
example, through X-ray diffractometry.

[0058] The third embodiment illustrated herein comprises
the additional heat treatment step for oxygen supply. In this,
therefore, oxygen may well be supplied to the dielectric film
24 even when the dielectric film 24 1s 1n an oxygen-poor
condition as a result of its reduction 1n the previous reduc-
tion step. In addition, the lower electrode 23 1s not oxidized
in this heat treatment step, since the temperature for the heat
treatment 1n the step 1s not enough for the oxidization of the
lower electrode 23.

[0059] In the diclectric capacitor 3 fabricated in this
method, the dielectric film 24 overlies the lower electrode 23
of non-oxidized Ir. Therefore, the capacitor 3 has no part that
may be reduced in the subsequent forming gas annealing,
and exhibits stable dielectric characteristics. Accordingly,
the characteristics of the dielectric capacitor 3 fabricated 1n
this method are prevented from being worsened after form-
Ing gas annealing.

[0060] A comparative example to the third embodiment of
the mvention 1s mentioned below, in which the same con-
stituent parts as 1n the second embodiment are indicated by
the same numeral references as therein so as to ensure easy
comparison between the comparative example and the third
embodiment.

[0061] In the comparative example, the heat treatment in
O, at 400° C. taken after the reduction step in the third
embodiment 1s omitted but the other steps are the same as
those 1n the third embodiment mentioned hereinabove. After
having been subjected to forming gas annealing followed by
recovery annealing, the capacitor was tested to measure the
ferroelectric characteristics of the dielectric film 24. As a
result, in one comparative capacitor in which the substrate
10 was comprised of the Sisubstrate 11 and the S10,, film 12
formed thereon, 2 Pr=18 uC/cm” and 2 Vc=1.8 V. These data
of 2 Pr and 2 Vc indicate that the dielectric film 24 of
ferroelectric SBTN formed on the S10,/S1 substrate 10 1s
cgood. On the other hand, 1n another comparative capacitor in
which the substrate 10 was the S1 substrate 11 only, 2 Pr=14
uC/cm” and 2 Ve=2.2 V. These data indicate that the capaci-
tor having the S1 substrate 11 not coated with S10, 1s not
o00d.

[0062] Si10, has low thermal conductivity. Therefore, in
the first heat treatment step for RTA, the substantial tem-
perature of the lower electrode 23 formed on the S10,/S1
substrate 10 1s higher than that of the lower electrode 23
formed on the S1 substrate 11 not coated with S10.,, thereby
resulting 1n that the amount of the oxide formed in the lower
clectrode 23 on the S10,/S1 substrate 10 after RTA 1s larger
than that of the oxide formed in the lower electrode 23 on the
S1 substrate 11 not coated with S10,. In such different
conditions, where the lower electrode 23 1s reduced to the
same degree, one on the S1 substrate 11 not coated with S10,
1s reduced more than the other on the S10,/S1 substrate 10,
thereby resulting 1n that the dielectric film 24 on the former
1s 1n an oxygen-poor condition. In those conditions, where
the dielectric film 24 1s heated for oxygen supply in an
O,-containing atmosphere at a temperature at which any of
Ir, Pd, Rh and Rh is not oxidized, oxygen may well be
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supplied to the dielectric film 24 without oxidizing the lower
electrode 23. For these reasons, 1n the third embodiment of
the 1mnvention, the dielectric capacitor 3 having good resis-
tance to forming gas annealing can be fabricated on any of
the Si substrate 11 not coated with S10, or the $10,/S1
substrate 10.

[0063] In the first to third embodiments of the invention
concretely 1llustrated hereinabove, the lower electrode 23 1s
made of Ir, which, however, 1s not limitative. Using lower
electrodes made of at least one of Pd, Ru and Rh or
containing at least one of those elements also produces the
same results as above. In those embodiments, the dielectric
film 24 1s made of SBT or SBTN, which 1s not also
limitative. Using dielectric films of any other ferroelectric or
high dielectric substances such as PZT, BST [(Ba, Sr) Ti0,]

and others also produces the same results as above.

[0064] In the first to third embodiments concretely illus-
trated heremnabove, the diffusion-preventing layer 22 1is
made of IrHfO. In the invention, the substance for the
diffusion-preventing layer 22 may be represented by
Ir—M—O where M 1s at least one selected from hafnium
(Hf), tantalum (Ta), zirconium (Zr), niobium (Nb), vana-
dium (V), molybdenum (Mo), tungsten (W), yttrium (Y) and
rare earth metal elements. The diffusion-preventing layer 22
prevents the thermal diffusion of S1 from the underlying S1
plug to the lower electrode even when the ferroelectric film
1s formed 1n ordinary high-temperature heat treatment at
high temperatures falling between 600° C. and 800° C. As
a result, S1 1s prevented from diffusing into the upper layer
of the lower electrode and even 1nto the dielectric film that
overlies the lower electrode. If not, S1 having diffused into
the upper layer of the lower electrode 1s oxidized to retard
the electroconductivity of the lower electrode, and, in addi-
tion, S1 will further diffuse into the dielectric film to greatly
worsen the characteristics of the capacitor.

[0065] In the first to third embodiments concretely illus-
trated hereinabove, the dielectric film 24 1s made of SBT,
SBTN or the like. In the invention, the dielectric film 24 may
be made of any ferroelectric substance 1n which the essential
crystalline layers are of a substance to be represented by the
following chemical formula (1) and contain oxides of at

least one of Bi, Ta and Nb (the oxides also include composite
oxides of at least two of Bi, Ta and Nb).

Bi (Sr,Ca,Ba),(Ta,Nb),O, (1)
[0066] wherein 1.70=x=2.50, 0.60=y=1.20, z=9xd,
0=d= 1.0.

[0067] Apart from this, the dielectric film 24 may also be
made of a ferroelectric substance 1in which the essential
crystalline layers are of a substance to be represented by the
following chemical formula (2) and contain oxides of at leas

one of Bi and Ta (the oxides also include composite oxides
of both Bi and Ta).

Bi, Sr,Ta,0, (2)
[0068] wherein 1.70=x=2.50, 0.60=y=1.20, z=9=xd,
0=d= 1.0.

[0069] In addition, the dielectric film 24 may be of a high

dielectric substance such as PZT, BST, etc.

[0070] In the first to third embodiments concretely illus-
trated hereinabove, the dielectric film 24 1s formed accord-

ing to a sol-gel rotary coating method. Apart from this, the
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f1lm 24 may also be formed according to any other method
of, for example, CVD, sputtering or the like.

[0071] The invention has been described in detail herein-
above with reference to its preferred embodiments. In the
first embodiment of the mvention for dielectric capacitor
fabrication where a dielectric film 1s formed on a lower
electrode of Ir, Pd, Ru or Rh, the heat treatment (first heat
treatment) for forming the dielectric film in an oxygen-
containing atmosphere gives an oxide 1n the lower electrode.
In this, however, the oxide formed is reduced 1n the second
heat treatment. Accordingly, since the lower electrode 1s not
oxidized 1n this embodiment, it 1S not reduced 1n the sub-
sequent forming gas annecaling for recovery of transistor
characteristics. As a result, the dielectric capacitor as fabri-
cated 1n the first embodiment of the invention has good
resistance to forming gas annealing.

[0072] In the second embodiment of the invention for
dielectric capacitor fabrication where a dielectric film 1is
formed on a lower electrode of Ir, Pd, Ru or Rh, the heat
treatment (first heat treatment) for forming the dielectric film
In an oxXygen-containing atmosphere gives an oxide in the
lower electrode. In this, however, the oxide formed 1s
reduced 1n the reduction step. Accordingly, since the lower
electrode 1s not oxidized i1n this embodiment, it 1S not
reduced 1n the subsequent forming gas annealing for recov-
ery of transistor characteristics. As a result, the dielectric
capacitor as fabricated in the second embodiment of the
invention has good resistance to forming gas annealing.

[0073] Inthe third embodiment of the invention for dielec-
tric capacitor fabrication where a dielectric film 1s formed on
a lower electrode of Ir, Pd, Ru or Rh, the heat treatment (first
heat treatment) for forming the dielectric film in an oxygen-
containing atmosphere gives an oxide 1n the lower electrode.
In this, however, the oxide formed 1s reduced 1n the reduc-
tion step. Accordingly, since the lower electrode 1s not
oxidized 1n this embodiment, it 1s not reduced 1n the sub-
sequent forming gas anncaling for recovery of transistor
characteristics. As a result, the dielectric capacitor as fabri-
cated 1n the third embodiment of the ivention has good
resistance to forming gas annealing. In addition, even if the
dielectric film 1s 1n an oxygen-poor condifion after the
reduction step, 1t 1s subjected to additional heat treatment for
oxygen supply thereto 1n an oxXygen-containing atmosphere
that does not oxidize the lower electrode. In this additional
heat treatment step, oxygen may well be supplied to the
dielectric film whereby the characteristics of the dielectric
film are prevented from being worsened.

[0074] While the invention has been described in detail
and with reference to specific embodiments thereof, 1t will
be apparent to one skilled 1n the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

What 1s claimed 1s:
1. A method for fabricating a dielectric capacitor that
COmMprises;

a lower electrode made of at least one of 1ridium, palla-
dium, ruthentum and rhodium or containing at least one
of those elements,

a dielectric film of a ferroelectric or high dielectric
substance as formed on said lower electrode, and
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an upper electrode as formed on said dielectric film;

the method comprising a first heat treatment step for
completing the formation of said dielectric film 1n an
oxygen-containing vapor atmosphere followed by a
second heat treatment step to be effected 1n a nitrogen
or 1mert gas atmosphere.

2. The method for fabricating a dielectric capacitor as
claimed 1n claim 1, wherein said second heat treatment 1s
clfected at a temperature not lower than that for said first
heat treatment.

3. A method for fabricating a dielectric capacitor that
COmprises;

a lower electrode made of at least one of iridium, palla-
dium, ruthenium and rhodium or containing at least one
of those elements,

a dielectric film of a ferroelectric or high dielectric
substance as formed on said lower electrode, and

an upper electrode as formed on said dielectric film,

the method comprising a heat treatment step for complet-
ing the formation of said dielectric film 1n an oxygen-
containing vapor atmosphere followed by a reduction
step for reducing the oxide having been formed 1n said
lower electrode through oxidation 1n said heat treat-
ment step.

4. A method for fabricating a dielectric capacitor that
COmMprises;

a lower electrode made of at least one of iridium, palla-
dium, ruthentum and rhodium or containing at least one
of those elements,

a dielectric film of a ferroelectric or high dielectric
substance as formed on said lower electrode, and

an upper electrode as formed on said dielectric film,

the method comprising a first heat treatment step for
completing the formation of said dielectric film 1n an
oxygen-containing vapor atmosphere followed by a
reduction step for reducing the oxide having been
formed 1n said lower electrode through oxidation 1n
said first heat treatment step, and

a second heat treatment step to be effected after the
reduction step 1n a nitrogen or 1nert gas atmosphere.

5. The method for producing a dielectric capacitor as
claimed 1n claam 4, which additionally comprises another
heat treatment step for oxygen supply to be effected after
said reduction step and before said second heat treatment
step 1n an oxygen-containing atmosphere at a temperature
lower than that at which the substance having been reduced
in said reduction step may be oxidized.

6. The method for producing a dielectric capacitor as
claimed 1n claim 1, wherein a diffusion-preventing layer that
COMprises;

iridium,

at least one of hafnium, tantalum, zirconium, niobium,
vanadium, molybdenum, tungsten, yttrium and rare
carth metal elements, and

oxygen,

1s formed below said lower electrode.
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7. The method for producing a dielectric capacitor as
claimed 1n claim 2, wherein a diffusion-preventing layer that
COMPrises;

1ridium,
at least one of hatnium, tantalum, zirconium, niobium,

vanadium, molybdenum, tungsten, yttrium and rare
carth metal elements, and

oxygen,

1s formed below said lower electrode.

8. The method for producing a dielectric capacitor as
claimed 1n claim 3, wherein a diffusion-preventing layer that
COMpPrises;

1ridium,
at least one of hatnium, tantalum, zirconium, niobium,

vanadum, molybdenum, tungsten, yttrium and rare
earth metal elements, and

oxygen,

1s formed below said lower electrode.

9. The method for producing a dielectric capacitor as
claimed 1n claim 4, wherein a diffusion-preventing layer that
COMPrises;

iridium,
at least one of hafnium, tantalum, zirconium, niobium,

vanadium, molybdenum, tungsten, yttrium and rare
earth metal elements, and

oxygen,

1s formed below said lower electrode.

10. The method for producing a dielectric capacitor as
claimed 1n claim 5, wherein a diffusion-preventing layer that
COMprises;

iridium,
at least one of hafnium, tantalum, zirconium, niobium,

vanadium, molybdenum, tungsten, yttrium and rare
earth metal elements, and

oxygen,

1s formed below said lower electrode.

11. The method for producing a dielectric capacitor as
claimed 1n claim 1, wherein said dielectric film 1s of a
bismuth phyllo-perovskite structured, ferroelectric sub-
stance.

12. The method for producing a dielectric capacitor as
claimed 1n claim 2, wherein said dielectric film 1s of a
bismuth phyllo-perovskite structured, ferroelectric sub-
stance.

13. The method for producing a dielectric capacitor as
claimed 1n claim 3, wherein said dielectric film 1s of a
bismuth phyllo-perovskite structured, ferroelectric sub-
stance.

14. The method for producing a dielectric capacitor as
claimed 1n claim 4, wherein said dielectric film 1s of a
bismuth phyllo-perovskite structured, ferroelectric sub-
stance.

15. The method for producing a dielectric capacitor as
claimed 1n claim 5, wherein said dielectric film 1s of a
bismuth phyllo-perovskite structured, ferroelectric sub-
stance.
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16. The method for producing a dielectric capacitor as
claimed 1n claim 11, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth,

tantalum and niobium: Bi(Sr,Ca,Ba),(Ta,Nb),0,
1.70=x=2.50, 0.60=y=1.20, z=9xd, 0=d< 1.0. |
17. The method for producing a dielectric capacitor as

claimed i1n claim 12, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth,

tantalum and niobium:  Bi(Sr,Ca,Ba),(Ta,Nb),0,
1.70=x=2.50, 0.60=y=1.20, z=9+d, 0=d=< 1.0. |
18. The method for producing a dielectric capacitor as

claimed 1n claim 13, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth,

tantalum and niobium:  Bi(Sr,Ca,Ba),(Ta,Nb),0,
1.70=x<2.50, 0.60<y=<1.20, z=9+d, 0=d=< 1.0.
19. The method for producing a dielectric capacitor as

claimed 1n claim 14, wheremn said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth,

tantalum and niobium:  Bi(Sr,Ca,Ba),(Ta,Nb),O,
1.70=x<2.50, 0.60=y=1.20, z=9xd, 0=d= 1.0. |
20. The method for producing a dielectric capacitor as

claimed in claim 15, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth,

tantalum and niobium:  Bi(Sr,Ca,Ba),(Ta,Nb),0,
1.70=x<2.50, 0.60<y=1.20, z=9+d, 0=d=< 1.0.
21. The method for producing a dielectric capacitor as

claimed 1n claim 11, wherein said ferroelectric substance

wherein

wherein

wherein

wherein

wherein
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comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth

and tantalum: BiSr,Ta,O, wherein 1.70=x=2.50, 0.60=y=1.20,
z=9+d, 0=d= 1.0.

22. The method for producing a dielectric capacitor as
claimed 1n claim 12, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth

and tantalum: Bi,Sr,Ta,O, wherein 1.70=x=2.50, 0.60=y=1.20,
z=9xd, 0=d= 1.0.

23. The method for producing a dielectric capacitor as
claimed 1n claim 13, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth

and tantalum: Bi,Sr,Ta,O, wherein 1.70=x=2.50, 0.60=y=1.20,
z=9=d, 0=d= 1.0.

24. The method for producing a dielectric capacitor as
claimed 1n claim 14, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth

and tantalum: BiSr,Ta,O, wherein 1.70=x=2.50, 0.60=y=1.20,
z=9xd, 0=d< 1.0.

25. The method for producing a dielectric capacitor as
claimed 1n claim 15, wherein said ferroelectric substance
comprises essential crystalline layers of a substance to be
represented by the following chemical formula and said
crystalline layers contain oxides of at least one of bismuth

and tantalum: Bi,Sr,Ta,O, wherein 1.70=x<2.50, 0.60<y=1.20,
z=9xd, 0=d< 1.0.
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