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ABSTRACT

The vacuum degree in a reactor is Set to as low as 0.1 Torr.

In this state, a butyl acetate solution in which Pb(DPM) is
dissolved at a concentration of 0.1 mol is transported from
a Pb Source generator to an evaporator, while the flow rate
of the butyl acetate Solution is controlled to a predetermined
flow rate by a massflow controller, to evaporate the

Pb(DPM), dissolved together with the butyl acetate by the

8, 2000, which is a continuation of application No.

evaporator. Helium gas is added to these at a flow rate of 250
Sccm, and the mixed gas is transported to a shower head.
With this operation, Source gases are Supplied to a wafer in
the reactor, while the partial preSSure of each Source gas is

PCT/JPOO/O1233, filed on Mar. 2, 2000.

set low.
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THIN FILM FORMINGAPPARATUS

the like in the Subsequent proceSS. Many dry processes using
plasmas, Such as interconnection patterning, must be per

BACKGROUND OF THE INVENTION

formed.

0001. The present invention relates to a thin film forming
method and thin film forming apparatus for forming a PZT

thin film Serving as a ferroelectric film containing lead (Pb),
Zirconium (Zr), titanium (TI), and oxygen (O).
0002 Ferroelectric memory elements have received a
great deal of attention as a next-generation nonvolatile
memory, and extensive Studies have been made on them.
This ferroelectric memory element is formed as a memory
cell using a ferroelectric capacitor formed by Sandwiching a

ferroelectric film between two electrodes. A ferroelectric has

“Self-polarization' characteristics, i.e., characteristics in
which polarization remains even at a Zero Voltage once a
Voltage is applied to the ferroelectric. A ferroelectric
memory element is a nonvolatile memory using this.

0003) A Pb(Zr, Ti)O(PZT) film is widely used as the

ferroelectric film of Such a ferroelectric memory element.
0004. The arrangement of a ferroelectric memory ele
ment using a PZT thin film will be described below. In this
memory element, as shown in FIG. 9, basically, a stacked
capacitor using a ferroelectric film is connected to a MOS
transistor formed on a silicon Substrate 901. The MOS

transistor is made up of a gate electrode 903 formed on the
Semiconductor Substrate 901 through a gate insulating film
902 and a source and drain 904 formed from diffusion layers
formed on two sides of the gate electrode 903. The capacitor
is made up of a Pt/TiN lower electrode 921, a PZT ferro
electric film 922 formed on the lower electrode 921, and an

Ir/IrO upper electrode 923 formed on the ferroelectric film
922.

0005) An interlevel insulating film 905 is formed to cover
the gate electrode 903. An interconnection layer 906 serving
as a bit line, which does not appear in the section of FIG. 9,
is formed on the interlevel insulating film 905. An interlevel
insulating film 907 is formed on the interconnection layer
906. The interconnection layer 906 is connected to one of the
Source and drain 904. An interconnection layer 908 is
formed on the interlevel insulating film 907. The capacitor
is formed on an interlevel insulating film 909 formed to
cover the interconnection layer 908. The lower electrode 921
constructing the capacitor is connected to the other of the

source and drain 904 through a tungsten (W) plug 910

formed in a through hole formed to extend through the
interlevel insulating films 905, 907, and 909.
0006 An insulating film 911 is formed to cover the
capacitor. An interconnection layer 912 connected to the
upper electrode 923 is formed on the insulating film 911.
0007 AS described above, when a ferroelectric film of
PZT or the like is used, the ferroelectric film is located on an

upper layer in the integrated circuit due to the following
CaSO.

0008 PZT is an oxide and readily reduced in an reducing
atmosphere, degrading the ferroelectric characteristics. The
ferroelectric characteristics readily degrade in a highly reac
tive environment of dry etching or the like.
0009. A portion formed in the initial stage in the general
manufacturing process of Semiconductor devices tends to be
exposed in a reducing atmosphere of hydrogen annealing or

0010. In the structure of a conventional DRAM or the
like in which a capacitor is arranged immediately above a
transistor, a capacitor is formed in the initial Stage of the
manufacture of the Semiconductor device, and an intercon

nection structure is formed on the capacitor. A PZT film
constructing a capacitor must undergo many processes in an
atmosphere where the above-mentioned characteristics
readily degrade.
0011. In a ferroelectric memory element having a capaci
tor formed from a PZT thin film, the capacitor is located
above, e.g., a multilevel interconnection Structure of a
Semiconductor device. The capacitor is formed in the final
Stage in the manufacture of the Semiconductor device.
0012. As described above, since the capacitor is formed
above the interconnection structure, the PZT thin film which

forms the capacitor is formed at a temperature of 450° C. or
leSS due to the following reason. The interconnection Struc
ture located below the capacitor is generally made of a metal
material Such as aluminum, and the metal material cannot

Stand at high temperatures exceeding 450° C.
0013 There is proposed a technique of forming a PZT
film at a temperature of 450° C. or less in consideration of
the heat-resistant temperature of the underlying aluminum
interconnection. This PZT thin film forming method will be
described below. Organic metal source gases of Pb and Ti
and an oxidizing gas Such as NO, O, or NO are Supplied
at a pressure as low as 5 mTorr to a substrate heated to 445
C. A PbTiO crystal nucleus is formed by chemical vapor
deposition (CVD) using organic metal (MO) materials.
While keeping the pressure as low as 5 mTorr, organic metal
Source gases of Pb, Zr, and Ti and an oxidizing gas Such as
NO are supplied to the substrate kept at 445 C. Since the
PbTiOs crystal nucleus is already present on the Substrate, a
PZT crystal grows even at the temperature as low as 445 C.
to form a PZT thin film of perovskite crystal on the Substrate.
0014. According to the conventional method, a PZT thin
film cannot be formed with a uniform composition on the
entire Substrate. The nonuniform composition results in
variations in ferroelectric characteristics in the resultant PZT

thin film. The variations in composition of the resultant thin
film may be caused by the molecular flow of the MO source
gases Supplied to the Substrate. Conventionally, the MO
Source gases are Supplied at a pressure as low as Several

mTorr (high vacuum State) as described above. In the high
Vacuum State, the flow of each MO Source gas becomes a
molecular flow state. It is very difficult to uniformly supply
each MO source gas to the substrate in this molecular flow
State.

SUMMARY OF THE INVENTION

0015. It is, therefore, a principal object of the present
invention to provide a thin film forming method and thin
film forming apparatus in which a composition is uniform.
0016. In order to achieve the above object, according to
the present invention, there is provided a thin film forming
method comprising the first Step of forming a crystal nucleus
of perovskite Structure of an oxide made up of lead and
titanium on a Substrate, and the Second Step of Setting the
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Substrate having the crystal nucleus at a predetermined
temperature, Supplying an oxide gas and organic metal
Source gases of lead, Zirconium, and titanium diluted with a
diluent gas to the Substrate, and forming on the Substrate a
ferroelectric film of perovskite crystal Structure of an oxide
made up of lead, Zirconium, and titanium at a preSSure of not
less than 0.1 Torr.

0.017. According to the present invention, the second step
comprises Supplying the organic metal Source gases in a
Viscous flow State changed from an intermediate flow State
due to the pressure of not less than 0.1 Torr.
0.018. According to the present invention, there is pro
Vided a thin film forming apparatus comprising a Sealable
reactor in which a Substrate as a film formation target is
placed, evacuating means for evacuating the interior of the
reactor to a predetermined pressure, first Source gas genera
tion means for generating a lead Source gas made up of an
organic metal compound containing lead and a titanium
Source gas made up of an organic metal compound contain
ing titanium, Second Source gas generation means for gen
erating a lead Source gas, titanium Source gas, and Zirconium
Source gas made up of an organic metal compound contain
ing Zirconium, oxidizing gas generation means for generat
ing an oxidizing gas, dilution means for diluting the gas
generated by the Second Source gas generation means with
a diluent gas, Source gas Supply means for Supplying to the
Substrate in the reactor the gas generated by the first Source
gas generation means and the gas diluted by the dilution
means, and oxidizing gas Supply means for Supplying to the
Substrate in the reactor the oxidizing gas generated by the
Oxidizing generation means.
0.019 According to the present invention, since the film
forming apparatus comprises the dilution means, the partial
preSSure of each Source gas Supplied from the Second Source
gas generation means through the Source gas Supply means
to the reactor becomes low. For this reason, the reaction

between the Source gases and the oxidizing gas in a gaseous
phase in the reactor is Suppressed from progressing before
the Source gases and the oxidizing gas reach the Substrate,
and the oxidation reaction progresses on the Substrate, thus
forming on the substrate a PZT thin film having a good
crystalline State.
BRIEF DESCRIPTION OF THE DRAWINGS

0020 FIG. 1 is a diagram showing the arrangement of a
film forming apparatus used in the first embodiment of the
present invention;
0021 FIG. 2A is a graph for comparing the film forma
tion state of the first embodiment of the present invention
with that of the prior art;
0022 FIG. 2B is a graph for comparing the film forma
tion state of the first embodiment of the present invention
with that of the prior art;
0023 FIG. 3 is a diagram showing the arrangement of a
film forming apparatus used in the Second embodiment of
the present invention;
0024 FIG. 4A is a graph for comparing the film forma
tion State of the Second embodiment of the present invention
with that of the prior art;
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0025 FIG. 4B is a graph for comparing the film forma
tion State of the Second embodiment of the present invention
with that of the prior art;
0026 FIG. 5 is a diagram showing the arrangement of a
film forming apparatus used in the third embodiment of the
present invention;
0027 FIG. 6A is a graph for comparing the film forma
tion state of the third embodiment of the present invention
with that of the prior art;
0028 FIG. 6B is a graph for comparing the film forma
tion state of the third embodiment of the present invention
with that of the prior art;
0029 FIG. 7 is graph showing the correlation between
the Supply amount of Source gases and the film formation
rate,

0030 FIG. 8 is a diagram showing the arrangement of a
film forming apparatus used in the fourth embodiment of the
present invention; and
0031 FIG. 9 is a sectional view showing the arrange
ment of a ferroelectric memory element.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

0032 Embodiments of the present invention will be
described below with reference to the accompanying draw
ings.

0033) <First Embodiment>
0034) First of all, the first embodiment of the present
invention will be described. In the first embodiment, a PZT

thin film is formed by using, e.g., a film forming apparatus
as shown in FIG. 1. The film forming apparatus includes a
wafer stage 102 and a shower head 103 arranged opposite to
the wafer stage 102 in a reactor 101. The wafer stage 102
incorporates a heater 102a, and the heater 102a heats a wafer
104 placed on the wafer stage 102. The wafer 104 is
comprised of, e.g., a Silicon Substrate, and an integrated
circuit made up of a plurality of transistors, interconnection
layers, and the like is already formed on the Surface of the
wafer 104. Some of the above transistors constitute memory
cells, and a lower electrode, made of platinum or the like, of
a capacitor to be connected to each corresponding transistor
is already formed. A case wherein a PZT thin film serving as
a capacitor insulating film is formed on the lower electrode
will be described as an example in the following description
including other embodiments. Therefore, Supplying gas to a
wafer means Supplying gas to the lower electrode, made of
platinum or the like, formed on the wafer.
0035 Generated MO source gases are supplied from two
Pb source generators 105 and 106, a Zr source generator
107, and a Ti source generator 108 to the reactor 101, in
which the wafer 104 is placed. An oxidizing gas such as NO
or O is Supplied from an oxidizing gas generator 109.

0036) First, a butyl acetate solution in which Pb(DPM)

is dissolved at a concentration of 0.1 mol is prepared in the
Pb source generator 105. The butyl acetate solution supplied
from the Pb source generator 105, in which the Pb source is
dissolved, is transported to an evaporator 105b, while the
flow rate of the butyl acetate solution is controlled by a flow

rate control means (MFC) 105.a. DPM stands for “dipiv
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aloylmethanate CHO. Evaporation of the butyl acetate
solution by the evaporator 105b allows the resultant butyl

acetate gas and Pb(DPM) gas to be supplied through the

shower head 103 to the reactor 101. Note that the resultant

gases together with a carrier gas Such as helium is trans
ported from the evaporator 105b to the shower head 103.
The carrier gas is a diluent gas for decreasing the concen
tration of a Source gas, and the evaporator 105b generates a
Source gas and at the same time, functions as a dilution
means for diluting the Source gas with a diluent gas.

0037 Also, in the Pb source generator 106, Pb(DPM) is
prepared. The Pb(DPM). Sublimates by heating to a tem
perature of about 170° C. to generate a Pb source gas. In the
Zr source generator 107, Zr(O-t-Bu) is prepared. The Zr(Ot-Bu). Sublimates by heating to a temperature of about 80°
C. to generate a Zr Source gas. The Zr Source gas is Supplied
through the shower head 103 to the reactor 101, while the
flow rate of the Source gas is controlled by a flow rate control
means 107a. Similarly, in the Ti source generator 108,

Ti(O-i-Pr), is prepared. The Ti(O-i-Pr). Sublimates by heat

ing to a temperature of about 75 C. to generate a TiSource
gas. The TiSource gas is Supplied through the shower head
103 to the reactor 101, while the flow rate of the source gas
is controlled by a flow rate control means 108a.
0.038) Note that an oxidizing gas to be transported from
the oxidizing gas generator 109 is Supplied through the
shower head 103 to the reactor 101, while the flow rate of

the oxidizing gas is controlled by a flow rate control means
109a. In the first embodiment, the Pb source generator 106
and Ti Source generator 108 constitute the first Source gas
generation means, and the Pb Source generator 105, Zr
Source generator 107, and TiSource generator 108 constitute
the Second Source gas generation means.
0.039 The above source gases are mixed with each other
in the shower head 103 and then supplied to the reactor 101.
A plurality of discharge nozzles are arranged on the reactor
101 side of the shower head 103. The source gas mixture is
uniformly Supplied through the plurality of discharge
nozzles to the wafer 104 placed on the wafer stage 102. The
Source gas System of the shower head 103 constitutes a
Source gas Supply means. On the other hand, the oxidizing
gas transported to the shower head 103 is discharged through
another path, i.e., a plurality of dedicated discharge nozzles
provided on the reactor 101 side of the shower head 103
without being mixed with the Source gases in the shower
head 103. The oxidizing gas system of the shower head 103
constitutes an oxidizing gas Supply means. The discharged
oxidizing gas is mixed with the Source gases on the wafer
104 placed on the wafer stage 102. This prevents the source
gases and the oxidizing gas from being mixed with each
other in the shower head 103. Accordingly, Since generation
of a reaction product as a result of a reaction between the
Source gases and the oxidizing gas in the shower head 103
can be prevented, each Source gas can Stably be Supplied to
the wafer 104.

0040. The reactor 101 communicates with a vacuum
pump 112 through a cold trap 110 and pressure control
means 111, and these constitute an evacuating means. The
reactor 101 is So arranged as to obtain a reduced-pressure
state by the vacuum pump 112 under the control of the
preSSure control means 111. The reduced-pressure State is
controlled to fall within the range of, e.g., about 0.001 to 10
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Torr. Note that the cold trap 110 removes a substance
discharged from the reactor 101, which liquefies or solidifies
at a low temperature.
0041. In the first embodiment, by using the apparatus
described above, a PZT thin film is formed on the wafer 104

in the following manner.

0042) First of all, a crystal nucleus of PbTiO, is formed on

the wafer 104.

0043 First, the wafer 104 is placed on the wafer stage
102, and the heater 102a heats the wafer 104 to a tempera
ture within the range of 400 to 450° C. The vacuum degree

(pressure) in the reactor 101 is set at 0.001 to 0.01 Torr by,
e.g., evacuation using the vacuum pump 112.
0044) Next, NO as an oxidizing gas is supplied to the

wafer 104, and Subsequently, gas (Pb Source gas) obtained
by Sublimating Pb(DPM) is transported at a flow rate of 0.4
sccm from the Pb source generator 106 to the shower head
103. The gas is then supplied from the shower head 103 to
the wafer 104, and PbO is drawn by Suction onto the surface
of the wafer 104. After that, while supplying NO and the Pb

Source gas, gas (Ti Source gas) obtained by Sublimating

Ti(O-i-Pr), is transported at a flow rate of 0.3 sccm from the

Ti source generator 108 to the shower head 103. The Ti
Source gas is mixed with the Pb Source gas in the shower
head 103 and supplied to the wafer 104. NO as the
oxidizing gas is transported at a flow rate of 6 ScCm to the
shower head 103. As described above, the Ti source gas
transported to the shower head 103 is mixed with the Pb
Source gas in the shower head 103 and supplied to the wafer
104 in the reactor 101. On the other hand, NO is supplied
to the wafer 104 in the reactor 101 without being mixed with
the source gases in the shower head 103.
0045. As a result, in the first embodiment, while keeping
the pressure in the reactor 101 to about 0.01 to 0.001 Torr,
i.e., in a high vacuum State, a crystal nucleus of PbTiO is
formed on the heated wafer 104. The formation of crystal
nuclei is performed for about 50 sec.
0046) Subsequent to this nucleus formation, a PZT thin
film is formed in the following manner.
0047 First, the heating temperature of the wafer 104 is
held at the same temperature as in the previous Step. The
vacuum degree in the reactor 101 is set to as low as 0.1 Torr.
In this State, generation of the PbSource gas is Switched from
the Pb source generator 106 to the Pb source generator 105.
More specifically, a butyl acetate Solution in which

Pb(DPM), is dissolved at a concentration of 0.1 mol is
transported from the Pb source generator 105 to the evapo
rator 105b, while the flow rate of the butyl acetate solution
is controlled to a predetermined flow rate by the flow rate
control means 105a, to evaporate by the evaporator 105b the

Pb(DPM) dissolved together with the butyl acetate. Helium
gas is added to these at a flow rate of 250 ScCm, and the
mixed gas is transported to the shower head 103. At this
time, the transport flow rate of the Pb Source gas, i.e., the

evaporated Pb(DPM) transported from the evaporator 105b

is set at about 0.4 scem in a normal state. Note that the

transport flow rate of the evaporated butyl acetate is about 27
SCC.

0048 Also, the TiSource gas is transported at a flow rate
of 0.35 scom to the shower head 103.

US 2002/0166507 A1
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0049. In addition, fresh Zr source gas is supplied to the
wafer 104. The Zr Source gas, i.e., a gas obtained by

Sublimating Zr(O-t-Bu) is transported at a flow rate of 0.3

sccm to the shower head 103. As a result, in the shower head

103, butyl acetate, helium, and the Zr Source gas are added
to the PbSource gas and TiSource gas and mixed with each
other. The PbSource gas, TiSource gas, Zr Source gas, butyl
acetate, and helium mixed in advance are Supplied to the
wafer 104. NO is also supplied to the wafer 104 separately
from the Source gases.
0050. At this time, on the wafer 104 in the reactor 101,

the partial pressure of Pb(DPM) as the Pb source gas is 0.1
Torrx{0.4/(0.4+27+250+0.3+0.35+6)}s0.000141

Torr.

Also, the partial pressure of Ti(O-i-Pr) as the TiSource gas

is 0.1 Torrx{0.3/(0.4+27+250+0.3+0.35+6)}=0.000105
Torr, and that of Zr(O-t-Bu), as the Zr source gas is 0.1
Torrx{0.35/(0.4+27+250+0.3+0.35+6)}=0.0001.23 Torr.

0051 AS described above, in the first embodiment, the
pressure in the reactor 101 after nucleus formation is as low
as about 0.1 Torr. Supplying as a diluent gas a gas irrelevant
to film formation, Such as the evaporated gas of an organic
Solvent or helium makes the partial preSSure of each Sup
plied Source gas low. In addition, Since a crystal nucleus of
PbTiO is already formed on the wafer 104, a PZT thin film
having a perovskite crystal Structure is formed using the
formed crystal nucleus as a Seed. In the first embodiment,
Since in forming a PZT thin film, the vacuum degree in the
reactor 101 is Set to as low as 0.1 Torr, each gas Supplied to
the reactor 101 is supplied not in a molecular flow state but
in a viscous flow state changed from an intermediate flow
State.

0.052 As a result, according to the first embodiment, a
uniform gas Supply effect is obtained for each gas Supplied
to the wafer 104 due to use of the shower head 103, thus

forming a PZT thin film on the wafer 104 with a uniform
composition.
0053 FIGS. 2A and 2B show the results obtained by
comparing the above PZT thin film with a PZT thin film
formed by a conventional method. FIG. 2A shows the

variations in ratio Pb/(Zr+Ti) of the formed PZT film on the

wafer. That is, the ordinate of the graph shown in FIG. 2A

shows the ratio Pb/(Zr+TI). FIG. 2B shows the variations in
ratio Zr/Ti of the formed PZT film on the wafer. That is, the

ordinate of the graph shown in FIG. 2B shows the ratio
Zr/Ti. In both graphs, black dots show the results obtained
in the first embodiment, and Square bullets show the results
of the PZT film formed by a conventional method.
0.054 AS is apparent from the results shown in FIGS. 2A
and 2B, according to the first embodiment, a PZT film of
perovskite crystal can be formed in the wafer with a uniform
composition.
0055. Note that although in the first embodiment, the
evaporated gas of the organic Solvent is used as a diluent gas,
it is preferable that the evaporated gas of the organic Solvent
be Supplied not in a large amount. An amount necessary to
evaporate and Supply Sources is preferably used. For
example, in the above case, the amount of the evaporated gas
of the organic solvent is preferably limited up to 100 times
the amount of the Sources. Also, although helium gas is used
as a diluent gas, the diluent gas is not limited to this. Other
inert gases Such as argon gas may be used, and nitrogen gas
may also be employed.

0056 <Second Embodiment>
0057 Next, the second embodiment of the present inven
tion will be described. In the second embodiment, a PZT thin
film is formed by using, e.g., a film forming apparatus as
shown in FIG. 3. The film forming apparatus includes a
wafer stage 302 and a shower head 303 arranged opposite to
the wafer stage 302 in a reactor 301. The wafer stage 302
incorporates a heater 302a, and the heater 302a heats a wafer
304 placed on the wafer stage 302. The wafer 304 is
comprised of, e.g., a Silicon Substrate, and an integrated
circuit made up of a plurality of transistors, interconnection
layers, and the like is already formed on the Surface of the
wafer 304. These parts are almost the same as in the first
embodiment.

0058 Generated MO source gases are supplied from a Pb
Source generator 305, Zr source generator 306, and Tisource
generator 307 to the reactor 301. An oxidizing gas such as
NO or O is also Supplied from an oxidizing gas generator
308 to the reactor 301. First, a butyl acetate solution in

which Pb(DPM) is dissolved at a concentration of 0.1 mol

is prepared in the PbSource generator 305. The butyl acetate
solution supplied from the Pb source generator 305, in which
the Pb Source is dissolved, is transported to an evaporator
305b, while the flow rate of the butyl acetate solution is

controlled by a flow rate control means (MFC) 305a. Evapo

ration of the butyl acetate solution by the evaporator 305b

allows the resultant butyl acetate gas and Pb(DPM) gas to

be supplied through the shower head 303 to the reactor 301.
Note that the resultant gases together with a carrier gas Such
as helium is transported from the evaporator 305b to the
shower head 303.

0059) Also, in the Zr source generator 306, Zr(O-t-Bu).
is prepared. The Zr(O-t-Bu). Sublimates by heating to gen

erate a Zr Source gas. The generated Source gas is Supplied
through the shower head 303 to the reactor 301, while the
flow rate of the Source gas is controlled by a flow rate control
means 306a.

0060 Similarly, in the Ti source generator 307, Ti(O-iPr) is prepared. The Ti(O-i-Pr)4 also sublimates by heating

to generate a Ti Source gas. The generated Source gas is
supplied through the shower head 303 to the reactor 301,
while the flow rate of the source gas is controlled by a flow
rate control means 307a. In the second embodiment, the Pb

Source generator 305 and TiSource generator 307 constitute
the first Source gas generation means, and the Pb Source
generator 305, Zr source generator 306, and Ti source
generator 307 constitute the Second Source gas generation
CS.

0061 Note that an oxidizing gas generated in the oxidiz
ing gas generator 308 is Supplied through the shower head
303 to the reactor 301, while the flow rate of the oxidizing
gas is controlled by a flow rate control means 308a.
0062) The above source gases are mixed with each other
in the shower head 303 and then supplied to the reactor 301.
A plurality of discharge nozzles are arranged on the reactor
301 side of the shower head 303. The source gas mixture is
uniformly Supplied through the plurality of discharge
nozzles of the shower head 303 to the wafer 304 placed on
the wafer Stage 302. On the other hand, the oxidizing gas
transported to the shower head 303 is discharged through
another path, i.e., a plurality of dedicated discharge nozzles
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provided on the reactor 301 side of the shower head 303
without being mixed with the Source gases in the shower
head 303. The discharged oxidizing gas is mixed with the
Source gases on the wafer 304 placed on the wafer stage 302.
0.063. The reactor 301 communicates with a vacuum
pump 312 through a cold trap 310 and pressure control
means 311. The reactor 301 is so arranged as to obtain a
reduced-pressure State by the vacuum pump 312 under the
control of the pressure control means 311. The reduced
pressure state in the reactor 301 is controlled to fall within
the range of, e.g., about 0.001 to 10 Torr. Note that the cold
trap 310 removes a substance discharged from the reactor
301, which liquefies at a low temperature.
0064. In the second embodiment, by using the apparatus
described above, a PZT thin film is formed on the wafer 304

in the following manner.

0065. First of all, a crystal nucleus of PbTiO is formed
on the wafer 304.

0.066 First, the wafer 304 is placed on the wafer stage
302, and the heater 302a heats the wafer 304 to a tempera
ture within the range of 400 to 450° C. The vacuum degree
in the reactor 301 is Set at 0.1 Torrby, e.g., evacuation using
the vacuum pump 312.

0067 Next, after NO as the oxidizing gas is supplied to
the wafer 304, Pb source gas is supplied in the following

manner. A butyl acetate solution in which Pb(DPM) is

dissolved at a concentration of 0.1 mol is transported from
the Pb source generator 305 to the evaporator 305b, while
the flow rate of the butyl acetate solution is controlled to a
0.15 g/min by the flow rate control means 305a, to evaporate

the Pb(DPM) dissolved together with the butyl acetate by
the evaporator 305b. Helium gas is added to these at a flow
rate of 250 Scem, and the mixed gas is transported to the
shower head 303. The Pb source gas is then supplied from
the shower head 303 to the wafer 304. At this time, the

transport flow rate of the PbSource gas, i.e., the evaporated

Pb(DPM) transported from the evaporator 305b is set at
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supplied to the wafer 304 is set low, a crystal nucleus of

PbTiO, is formed on the heated wafer 304. The formation of

crystal nuclei is performed for about 50 sec.
0071 Next, subsequent to the nucleus formation, a PZT
thin film is formed in the following manner.
0072 First, while the heating temperature of the wafer
304 and the vacuum degree in the reactor 301 are held at the
Same level as in the previous Step, Zr Source gas is Supplied
to the wafer 304. The Zr Source gas, i.e., a gas obtained by

Sublimating Zr(O-t-Bu) is transported at a flow rate of 0.33

sccm from the Zr source generator 306 to the shower head
303. As a result, in the shower head 303, the Zr source gas
is added to the Pb Source gas, Ti Source gas, butyl acetate,
and helium and mixed with each other. The Pb source gas,
TiSource gas, Zr Source gas, butyl acetate and helium mixed
in advance are supplied to the wafer 304. NO is also
Supplied to the wafer 304 Separately from the Source gases.
0073. At this time, on the wafer 304 in the reactor 301,

the partial pressure of Pb(DPM) as the Pb source gas is 0.1

Torrx{0.35/(0.35+27+250+0.31+0.33+6)}=0.0001.23 Torr.

Also, the partial pressure of Ti(O-i-Pr) as the TiSource gas
is 0.000109 Torr, and that of Zr(O-t-Bu) as the Zr source

gas is 0.000116 Torr.
0074 As described above, in the second embodiment, the
pressure in the reactor 301 is about 0.1 Torr, i.e., in a low
Vacuum State. Adding as a diluent gas a gas irrelevant to film
formation, Such as the evaporated gas of an organic Solvent
or helium makes the partial preSSure of each Source gas
Supplied to the wafer low. In addition, Since a crystal nucleus
of PbTiO is already formed on the wafer 304, a PZT thin
film having a perovskite crystal Structure is formed on the
wafer 304 using the formed crystal nucleus as a seed. In the
second embodiment, since in forming a PZT thin film, the
vacuum degree in the reactor 301 is set to as low as 0.1 Torr,
each gas Supplied to the reactor 301 is Supplied not in a
molecular flow State but in a Viscous flow State changed from
an intermediate flow State.

about 0.35 sccm in a normal state. Also, the transport flow
rate of the evaporated butyl acetate is about 27 sccm. NO
is transported to the shower head 303 at a flow rate of 6

0075. As a result, according to the second embodiment, a
uniform gas Supply effect is obtained for each gas Supplied

SCC.

forming a PZT thin film on the wafer 304 with a uniform
composition.
0.076 FIGS. 4A and 4B show the results obtained by
comparing the above PZT thin film with a PZT thin film
formed by a conventional method. FIG. 4A shows the

0068. After supplying the oxidizing gas and Pb source
gas is performed for a predetermined time, while Supplying

these gases, gas (Ti source gas) obtained by Sublimating

Ti(O-i-Pr), is transported at a flow rate of 0.31 sccm from the

TiSource generator 307 to the shower head 303. As a result,
the Pb Source gas, Ti Source gas, butyl acetate, and helium
transported to the shower head 303 are mixed with each
other in the shower head 303 and Supplied to the wafer 304
in the reactor 301. On the other hand, NO is supplied to the
wafer 304 in the reactor 301 without being mixed with the
Source gases.

0069. At this time, on the wafer 304 in the reactor 301,
the partial pressure of Pb(DPM) as the Pb source gas is 0.1

Torrx{0.35/(0.35+27+250+6+0.31)}s0.000123 Torr. Also,
Torrx{0.31/(0.35+27+250+6+0.31)}=0.000109 Torr.

the partial pressure of Ti(O-i-Pr), as the Tisource gas is 0.1

0070 AS described above, in the second embodiment, the
pressure in the reactor 301 is about 0.1 Torr, i.e., in a low
Vacuum State. Since the partial preSSure of each Source gas

to the wafer 304 due to use of the shower head 303, thus

variations in ratio Pb/(Zr+Ti) of the formed PZT film on the

wafer. That is, the ordinate of the graph shown in FIG. 4A

shows the ratio Pb/(Zr+TI). FIG. 4B shows the variations in

ratio Zr/Ti of the formed PZT film on the wafer. That is, the

ordinate of the graph shown in FIG. 4B shows the ratio
Zr/Ti. In both graphs, black dots show the results obtained
in the Second embodiment, and Square bullets show the
results of the PZT film formed by a conventional method.
0077. As is apparent from the results shown in FIGS. 4A
and 4B, according to the second embodiment, a PZT film of
perovskite crystal can also be formed in the wafer with a
uniform composition.
0078. Note that although in the second embodiment, the
evaporated gas of the organic Solvent is used as a diluent gas,
it is preferable that the evaporated gas of the organic Solvent
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be Supplied not in a large amount. An amount necessary to
evaporate and Supply Sources is preferably used. For
example, in the above case, the amount of the evaporated gas
of the organic solvent is preferably limited up to 100 times
the amount of the Sources. Also, although helium gas is used
as a diluent gas, the diluent gas is not limited to this. Other
inert gases Such as argon gas may be used, and nitrogen gas
may also be employed.
0079) <Third Embodiment>
0080 Next, the third embodiment of the present inven
tion will be described. In the third embodiment, a PZT thin

film is formed by using, e.g., a film forming apparatus as
shown in FIG. 5. The film forming apparatus includes a
wafer stage 502 and a shower head 503 arranged opposite to
the wafer stage 502 in a reactor 501. The wafer stage 502
incorporates a heater 502a, and the heater 502a heats a wafer
504 placed on the wafer stage 502. The wafer 504 is
comprised of, e.g., a Silicon Substrate, and an integrated
circuit made up of a plurality of transistors, interconnection
layers, and the like is already formed on the Surface of the
wafer 504. These parts are almost the same as in the first and
Second embodiments.

0.081 Generated MO source gases are supplied from a Pb
Source generator 505, Zr source generator 506, and TiSource
generator 507 to the reactor 501. An oxidizing gas such as
NO or O is also Supplied from an oxidizing gas generator
508 to the reactor 501.

0082) First, in the Pb source generator 505, Pb(DPM) is
prepared. The Pb(DPM). Sublimates by heating to generate
a Pb Source gas. The generated Source gas is Supplied
through the shower head 503 to the reactor 501, while the
flow rate of the Source gas is controlled by a flow rate control

means 505a.

0.083 Also, in the Zr source generator 506, Zr(O-t-Bu)
is prepared. The Zr(O-t-Bu). Sublimates by heating to gen

erate a Zr Source gas. The generated Source gas is Supplied
through the shower head 503 to the reactor 501, while the
flow rate of the Source gas is controlled by a flow rate control

means 506a.

0084. Similarly, in the Ti source generator 507, Ti(O-iPr) is prepared. The Ti(O-i-Pr) also sublimates by heating

to generate a Ti Source gas. The generated Source gas is
supplied through the shower head 503 to the reactor 501,
while the flow rate of the Ti source gas is controlled by a
flow rate control means 507a.

0085. Note that an oxidizing gas generated in the oxidiz
ing gas generator 508 is Supplied through the shower head
503 to the reactor 501, while the flow rate of the oxidizing
gas is controlled by a flow rate control means 508a.
0.086 The above source gases are mixed with each other
in the shower head 503 and then supplied to the reactor 501.
A plurality of discharge nozzles are arranged on the reactor
501 side of the shower head 503. The source gas mixture is
uniformly Supplied through the plurality of discharge
nozzles of the shower head 503 to the wafer 504 placed on
the wafer stage 502. On the other hand, the oxidizing gas
transported to the shower head 503 is discharged through
another path, i.e., a plurality of dedicated discharge nozzles
provided on the reactor 501 side of the shower head 503
without being mixed with the Source gases in the shower
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head 503. The discharged oxidizing gas is mixed with the
Source gases on the wafer 504 placed on the wafer stage 502.
0087. A film forming apparatus used in the third embodi
ment further includes a diluent gas generator 509, and in the
film forming apparatus, a diluent gas made of an inert gas
such as helium is transported to the shower head 503, while
the flow rate of the diluent gas is controlled by a flow rate
control means 509a. The diluent gas is mixed with the
Source gases in the shower head 503 and Supplied to the
reactor 501.

0088. The reactor 501 communicates with a vacuum
pump 512 through a cold trap 510 and pressure control
means 511. The reactor 501 is so arranged as to obtain a
reduced-pressure State by the vacuum pump 512 under the
control of the pressure control means 511. The reduced
pressure state in the reactor 501 is controlled to fall within
the range of, e.g., about 0.001 to 10 Torr. Note that the cold
trap 510 removes a substance discharged from the reactor
501, which liquefies at a low temperature.
0089. In the third embodiment, by using the apparatus
described above, a PZT thin film is formed on the wafer 504

in the following manner.
0090 First of all, a crystal nucleus of PbTiO is formed
on the wafer 504.

0091 First, the wafer 504 is placed on the wafer stage
502, and the heater 502a heats the wafer 504 to a tempera
ture within the range of 400 to 450° C. The vacuum degree
in the reactor 501 is set at 0.1 Torrby, e.g., evacuation using
the vacuum pump 512.

0092 Under the above setting conditions, NO as the

oxidizing gas is supplied to the wafer 504, and then a Pb
Source gas obtained by heating to a temperature of 170° C.

and Sublimating Pb(DPM) is transported at a flow rate of

0.4 sccm from the Pb source generator 505 to the shower
head 503. The Pb source gas is then supplied to the wafer
504. Note that NO is transported to the shower head 503 at
a flow rate of 5 sccm.

0093. After supplying the oxidizing gas and Pb source
gas is performed for a predetermined time, while Supplying
these gases, a Ti Source gas obtained by heating to a

temperature of 80° C. and Sublimating Ti(O-i-Pr) is trans
ported at a flow rate of 0.3 sccm from the TiSource generator
507 to the shower head 503. In addition, in the third

embodiment, nitrogen gas as a diluent gas is transported at
a flow rate of 250 sccm from the diluent gas generator 509
to the shower head 503.

0094. With the above process, the Pb source gas, Ti
Source gas, and the diluent gas transported to the shower
head 503 are mixed in the shower head 503 and Supplied to
the wafer 504 in the reactor 501. On the other hand, NO is
supplied to the wafer 504 in the reactor 501 without being
mixed with the source gases in the shower head 503.
0.095 At this time, on the wafer 504 in the reactor 501,

the partial pressure of Pb(DPM) as the Pb source gas is 0.1

Torrx{0.4/(0.4+0.3+250+5)}=0.000156 Torr. Also, the par
Torrx{0.3/(0.4+0.3+250+5)}=0.000117 Torr.

tial pressure of Ti(O-i-Pr) as the Ti source gas is 0.1

0096. As described above, in the third embodiment, the
pressure in the reactor 501 is about 0.1 Torr, i.e., in a low
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Vacuum State. Since the partial preSSure of each Source gas
supplied to the wafer 504 is set low by adding a diluent gas,
a crystal nucleus of PbTiO is formed on the heated wafer
504. The formation of crystal nuclei is performed for about
50 Sec.

0097 Next, subsequent to the nucleus formation, a PZT
thin film is formed in the following manner.
0.098 First, while the heating temperature of the wafer
504 and the vacuum degree in the reactor 501 are held at the
Same level as in the previous Step, Zr Source gas is Supplied

to the wafer 504. Gas (Zr source gas) obtained by Sublimat
ing Zr(O-t-Bu) is transported at a flow rate of 0.3 sccm from

the Zr source generator 506 to the shower head 503. The
transport flow rate of the TiSource gas is Set at 0.35 Sccm.
0099. As a result, in the shower head 503, the Zr source
gas is added to the Pb Source gas, Ti Source gas, and the
diluent gas and mixed with each other. The Pb Source gas,
TiSource gas, Zr Source gas, and the diluent gas mixed in
advance is supplied to the wafer 504. NO is also supplied
to the wafer 504 separately from the source gases.
0100. At this time, on the wafer 504 in the reactor 501,

the partial pressure of Pb(DPM) as the Pb source gas is 0.1

Torrx{0.4/(0.4+0.35+0.3+250+5)}s0.000156 Torr. Also, the

partial pressure of Ti(O-i-Pr) as the Ti Source gas is
0.000137 Torr, and that of Zr(O-t-Bu) as the Zr source gas
is 0.000117 Torr.

0101 AS described above, in the third embodiment, the
pressure in the reactor 501 is about 0.1 Torr, i.e., in a low
Vacuum State. Adding as a diluent gas nitrogen gas irrelevant
to film formation makes the partial pressure of each Source
gas supplied to the wafer 504 low. In addition, since a crystal
nucleus of PbTiO is already formed on the wafer 504, a
PZT thin film having a perovskite crystal structure is formed
on the wafer 504 using the formed crystal nucleus as a seed.
0102) In the third embodiment, since in forming a PZT
thin film, the vacuum degree in the reactor 501 is set to as
low as 0.1 Torr, each gas supplied to the reactor 501 is
Supplied not in a molecular flow State but in a Viscous flow
State changed from an intermediate flow State.
0103) As a result, according to the third embodiment, a
uniform gas Supply effect is obtained for each gas Supplied
to the wafer 504 due to use of the shower head 503, thus

forming a PZT thin film on the wafer 504 with a uniform
composition.
0104 FIGS. 6A and 6B show the results obtained by
comparing the above PZT thin film with a PZT thin film
formed by a conventional method. FIG. 6A shows the

variations in ratio Pb/(Zr+Ti) of the formed PZT film on the

wafer. That is, the ordinate of the graph shown in FIG. 6A

shows the ratio Pb/(Zr+TI). FIG. 6B shows the variations in
ratio Zr/Ti of the formed PZT film on the wafer. That is, the

ordinate of the graph shown in FIG. 6B shows the ratio
Zr/Ti. In both graphs, black dots show the results obtained
in the third embodiment, and square bullets show the results
of the PZT film formed by a conventional method.
0105. As is apparent from the results shown in FIGS. 6A
and 6B, according to the third embodiment, a PZT film of
perovskite crystal can also be formed in the wafer with a
uniform composition.
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0106 Note that although in the third embodiment, helium
gas is used as a diluent gas, the diluent gas is not limited to
this. Other inert gases Such as argon gas may be used, and
nitrogen gas may also be employed.
0107. In a thin film forming method according to the
present invention, as described in the above first to third
embodiments, Since the vacuum degree is Set to as low as 0.1
Torr at the Stage of forming a PZT thin film, Source gases and
the like can be Supplied in a larger amount to a reactor. In
this manner, Since a larger amount of Source gases can be fed
to the reactor, the PZT film formation rate can be increased.

0.108 FIG. 7 is a graph showing the correlation between
the Supply amount of Source gases and the film formation
rate. As is apparent from FIG. 7, the film formation rate can
be increased by increasing the Supply amount of Source
gaSeS.

0109) <Fourth Embodiment>
0110. Next, the fourth embodiment of the present inven
tion will be described. In the fourth embodiment, a PZT thin

film is formed by using, e.g., a film forming apparatus as
shown in FIG. 8. The film forming apparatus includes a
wafer stage 802 and a shower head 803 arranged opposite to
the wafer stage 802 in a reactor 801. The wafer stage 802
incorporates a heater 802a, and the heater 802a heats a wafer
804 placed on the wafer stage 802. The wafer 804 is
comprised of, e.g., a Silicon Substrate, and an integrated
circuit made up of a plurality of transistors, interconnection
layers, and the like is already formed on the Surface of the
wafer 804. These parts are almost the same as in the first
embodiment.

0111 Generated MO source gases are supplied from a
crystal nucleus source generator 805 and crystal film source
generator 806 to the reactor 801. A generated oxidizing gas
Such as NO or O is also Supplied from an oxidizing gas
generator 808 to the reactor 801.

0112 First, a butyl acetate solution in which Pb(DPM)
and Ti(i-OCH7) are dissolved is prepared in the crystal
nucleus source generator 805. The butyl acetate solution fed
from the crystal nucleus source generator 805, in which the
Pb Source, Ti Source, and Zr Source are dissolved, is trans

ported to an evaporator 805b, while the flow rate of the butyl
acetate Solution is controlled by a flow rate control means

(MFC) 805a. Evaporation of the butyl acetate solution by

the evaporator 805b allows the resultant butyl acetate gas,

Pb(DPM), gas, and Ti(i-OC-H) a gas mixed in advance to

be supplied through the shower head 803 to the reactor 801.
Note that the resultant gases together with a carrier gas Such
as helium is transported from the evaporator 805b to the
shower head 803.

0113 Also, a butyl acetate solution in which Pb(DPM),
Ti(i-OCH7), and Zr(t-OCHo) are dissolved is prepared in

the crystal film source generator 806. The butyl acetate
Solution, in which the PbSource, TiSource, and Zr Source fed

from the crystal film source generator 806 are dissolved, is
transported to an evaporator 806b, while the flow rate of the
butyl acetate solution is controlled by a flow rate control

means (MFC) 806.a. Evaporation of the butyl acetate solu

tion by the evaporator 806b allows the resultant butyl acetate

gas, Pb(DPM) gas, Ti(i-OCH7) gas, and Zr(t-OCHo).

mixed in advance to be Supplied through the shower head

803 to the reactor 801.
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0114) Note that an oxidizing gas generated in the oxidiz
ing gas generator 808 is Supplied through the shower head
803 to the reactor 801, while the flow rate of the oxidizing
gas is controlled by a flow rate control means 808a.
0115 The above source gases are supplied from the
shower head 803 to the reactor 801. A plurality of discharge
nozzles are arranged on the reactor 801 side of the shower
head 803. The source gas mixture is uniformly supplied
through the plurality of discharge nozzles of the shower head
803 to the wafer 804 placed on the wafer stage 802. On the
other hand, the oxidizing gas transported to the shower head
803 is discharged through another path, i.e., a plurality of
dedicated discharge nozzles provided on the reactor 801 side
of the shower head 803 without being mixed with the source
gases in the shower head 803. The discharged oxidizing gas
is mixed with the source gases on the wafer 804 placed on
the wafer stage 802.
0116. The reactor 801 communicates with a vacuum
pump 812 through a cold trap 810 and pressure control
means 811. The reactor 801 is so arranged as to obtain a
reduced-pressure State by the vacuum pump 812 under the
control of the pressure control means 811. The reduced
pressure state in the reactor 801 is controlled to fall within
the range of, e.g., about 0.001 to 10 Torr. Note that the cold
trap 810 removes a substance discharged from the reactor
801, which liquefies at a low temperature.
0117 Next, formation of a PZT thin film by using the
apparatus described above will be explained.

0118 First of all, a crystal nucleus of PbTiO is formed
on the wafer 804.

0119 First, the wafer 804 is placed on the wafer stage
802, and the heater 802a heats the wafer 804 to a tempera
ture within the range of 400 to 450° C. The vacuum degree
in the reactor 801 is Set at 0.1 Torrby, e.g., evacuation using
the vacuum pump 812.
0120 Abutyl acetate solution in which the PbSource and
Ti Source are dissolved is transported from the crystal
nucleus source generator 805 to the evaporator 805b, while
the flow rate of the butyl acetate solution is controlled to a
predetermined flow rate by the flow rate control means 805a,
to evaporate the Sources dissolved together with the butyl
acetate by the evaporator 805b. Helium gas is added to these
at a predetermined flow rate, and the mixed gas is trans
ported to the shower head 803.
0121 With the above process, the Pb source gas, Ti
Source gas, butyl acetate, and helium mixed in advance are
transported to the shower head 803 and supplied uniformly
through the shower head 803 to the wafer 804 in the reactor
801. On the other hand, NO is supplied to the wafer 804 in
the reactor 801 without being mixed with the source gases
in the shower head 803. In the fourth embodiment, the

pressure in the reactor 801 is about 0.1 Torr, i.e., also in a
low vacuum State. When the partial pressure of each Sup
plied Source gas is set low in the same manner as in the
above second embodiment, a crystal nucleus of PbTiO is
formed on the heated wafer 804.

0122) Next, subsequent to the nucleus formation, a PZT
thin film is formed in the following manner.
0123 First, while the heating temperature of the wafer
804 and the vacuum degree in the reactor 801 are held at the
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Same level as in the previous Step, abutyl acetate Solution in
which the PbSource, TiSource, and Zr Source are dissolved

is transported from the crystal film source generator 806 to
the evaporator 806b, while the flow rate of the butyl acetate
solution is controlled to a predetermined flow rate. The
Sources dissolved together with the butyl acetate are evapo
rated by the evaporator 806b. Helium gas is added to these
at a predetermined flow rate, and the mixture gas is trans
ported to the shower head 803.
0.124 With the above process, the Pb source gas, Ti
Source gas, Zr Source gas, butyl acetate, and helium mixed
in advance are transported to the shower head 803 and
supplied uniformly from the shower head 803 to the wafer
804 in the reactor 801. On the other hand, NO is supplied
to the wafer 804 in the reactor 801 without being mixed with
the source gases in the shower head 803. As a result, the
Source gases, in which the PbSource gas, TiSource gas, butyl
acetate, helium, and Zr Source gas are mixed, are Supplied
from the shower head 803 to the wafer 804. Note that NO
is also supplied to the wafer 804 separately from the source
gaSeS.

0.125. In the fourth embodiment, the pressure in the
reactor 801 is also set to about 0.1 Torr, i.e., in a low vacuum

State. When the partial preSSure of each Supplied Source gas
is set low in the same manner as in the above Second

embodiment, a PZT thin film having a perovskite crystal
structure is formed on the wafer 804 using the formed crystal
nucleus as a Seed. In the fourth embodiment, Since in

forming a PZT thin film, the vacuum degree in the reactor
801 is also set to as low as 0.1 Torr, each gas supplied to the
reactor 801 is supplied not in a molecular flow state but in
a Viscous flow State changed from an intermediate flow State.
0126. According to the fourth embodiment, since the
Source gases mixed in advance are transported to the shower
head 803, a PZT thin film can be formed on the wafer 804

with a uniform composition.
0127. Note that although in the fourth embodiment, the
evaporated gas of the organic Solvent is used as a diluent gas,
it is preferable that the evaporated gas of the organic Solvent
be Supplied not in a large amount. An amount necessary to
evaporate and Supply Sources is preferably used. For
example, in the above case, the amount of the evaporated gas
of the organic solvent is preferably limited up to 100 times
the amount of the Sources. Also, although helium gas is used
as a diluent gas, the diluent gas is not limited to this. Other
inert gases Such as argon gas may be used, and nitrogen gas
may also be employed.
0128. As described above, according to the present
invention, in the Second step, the organic metal Source gases
and the like are Supplied in a Viscous flow State changed
from an intermediate flow State. Since the organic metal
Source gases are Supplied after undergoing dilution with a
diluent gas, the partial preSSure of each Source gas on a
substrate is as low as less than 0.01 Torr, even at a high
preSSure. That is, in the Second Step, film formation is
performed in a high vacuum State. As a result, according to
the present invention, Since the organic metal Sources and
the like can uniformly be supplied, a PZT film of perovskite
crystal used for a capacitor dielectric film or the like of a
DRAM can uniformly be formed at a low temperature of
450° C. or less.
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What is claimed is:

1. A thin film forming method comprising:
the first Step of forming a crystal nucleus of perovskite
Structure of an oxide made up of lead and titanium on
a Substrate; and

the Second Step of Setting the Substrate having the crystal
nucleus at a predetermined temperature, Supplying an
oxide gas and organic metal Source gases of lead,
Zirconium, and titanium diluted with a diluent gas to the
Substrate, and forming on the Substrate a ferroelectric
film of perovskite crystal Structure of an oxide made up
of lead, Zirconium, and titanium at a preSSure of not leSS
than 0.1 Torr.

2. A method according to claim 1, wherein
the first Step comprises
Setting the Substrate at the predetermined temperature,
Supplying the oxide gas and organic metal Source
gases of lead and titanium to the Substrate at a
pressure of 0.001 to 0.01 Torr, and forming the
crystal nucleus on the SubStrate.
3. A method according to claim 1, wherein
the first Step comprises
Setting the Substrate at the predetermined temperature,
Supplying the oxide gas and organic metal Source
gases of lead and titanium diluted with the diluent
gas to the substrate at a pressure of 0.001 to 0.01
Torr, and forming the crystal nucleus on the Sub
Strate.

4. A method according to claim 1, wherein
the first Step comprises
Setting the Substrate at the predetermined temperature,
Supplying the oxide gas and organic metal Source
gases of lead and titanium diluted with the diluent
gas to the Substrate at a pressure of not leSS than 0.1
Torr, and forming on the Substrate the crystal
nucleus.

5. A method according to claim 1, wherein
the first Step comprises
Setting the Substrate at the predetermined temperature,
Supplying the oxide gas and organic metal Source
gases of lead and titanium diluted with a diluent gas
made up of an evaporated gas of an organic Solvent
and another gas to the Substrate by dissolving at least
one of the organic metal Sources of lead and titanium
in the organic Solvent and evaporating and Supplying
the organic Solvent, and forming the crystal nucleus
on the Substrate.
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6. A method according to claim 1, wherein
the Second step comprises
Supplying organic metal Source gases of lead, Zirco
nium, and titanium diluted with the diluent gas, to
which an evaporated gas of an organic Solvent is
added, by dissolving at least one of organic metal
Sources of lead and titanium in the organic Solvent
and evaporating and Supplying the organic Solvent.
7. A method according to claim 1, wherein
the oxidizing gas and organic metal Sources are respec
tively Supplied to the Substrate through different paths.
8. A method according to claim 1, wherein
the diluent gas is irrelevant to formation of a ferroelectric
film.

9. A method according to claim 8, wherein
the diluent gas is an inert gas.
10. A thin film forming apparatus, comprising:
a Sealable reactor in which a Substrate as a film formation

target is placed;
evacuating means for evacuating an interior of the reactor
to a predetermined pressure;
first Source gas generation means for generating a lead
Source gas made up of an organic metal compound
containing lead and a titanium Source gas made up of
an organic metal compound containing titanium;
Second Source gas generation means for generating the
lead Source gas, the titanium Source gas, and a Zirco
nium Source gas made up of an organic metal com
pound containing Zirconium;
Oxidizing gas generation means for generating an oxidiz
ing gas,
dilution means for diluting a gas generated by Said Second
Source gas generation means with a diluent gas,
Source gas Supply means for Supplying to the Substrate in
Said reactor a gas generated by Said first Source gas
generation means and a gas diluted by Said dilution
means, and

oxidizing gas Supply means for Supplying to the Substrate
in Said reactor an oxidizing gas generated by Said
Oxidizing generation means.
11. An apparatus according to claim 10, wherein
Said evacuating means is capable of evacuating the inte
rior of said reactor to a pressure of not more than 0.001
Torr.

