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Description

Technical Field

[0001] The present invention relates to a mixing box (chamber), a thin film-manufacturing system (apparatus) and a
method for producing (depositing) a thin film and, in particular, the present invention relates to a mixing box used in the
production (deposition) of a thin film according to the CVD process such as the MOCVD process, a thin film-manufacturing
system equipped with this mixing box and a method for depositing a thin film.

Background Art

[0002] There have conventionally been used a simple box-like mixing box as a mixing box for admixing a plurality of
gases having different masses. In the case of such a conventional mixing box, the internal volume of the box should be
changed depending on the flow rates and kinds of material gases and reactive gases and therefore, it is necessary to
use a larger mixing box as the molecular weight ratio of the material gases (raw gases) to the reactive gas increases.
[0003] In general, when forming a thin film according to the CVD process such as the MOCVD process, a film-forming
gas (a film-depositing gas) comprising vaporized gases and reactive gases is introduced into a vacuum-processing
chamber serving as a reactor (a reaction chamber). However, it is necessary to establish the uniform distribution of the
flow rate and concentration of the film-forming gas as well as the uniform temperature distribution just above a substrate
in order to form a thin film having uniform film quality and uniform film thickness distribution. To establish a uniform film-
forming gas stream, the formation of any turbulent flow whose control is quite difficult should be prevented. Thus, the
vaporized gas and the reactive gas are uniformly admixed together prior to the introduction of the mixture thereof into
the reactor to thus feed the same to the surface of the substrate. For this reason, the vaporized gas and reactive gas
are uniformly admixed together in a mixing box equipped with a slit and then introduced into the reactor and fed to the
area proximity to the substrate.
[0004] Alternatively, there has also been proposed a method comprising the steps of feeding a vaporized gas and a
reactive gas to a region proximity to a substrate in a reactor and mixing these gases therein to form a uniform film-
forming gas.
[0005] Japanese patent application JP6124903A, published 6.5.1994, discloses a chemical vapor growth apparatus
comprising a mixer for reaction gases.
[0006] Moreover, when feeding material gases using a system for vaporizing liquid materials, the pressure within the
vaporization system greatly affects, for instance, the stable vaporization of the liquid (raw) materials, the formation of
residue and the service life of the vaporizer and therefore, it has in general been recognized that the pressure within the
vaporizer is preferably as low as possible. For this reason, the pressure within the mixing box has conventionally been
reduced to a level as low as possible so as to reduce the pressure within the vaporization chamber
[0007] In such conventional techniques, however, the following problems arise. If the size of the mixing box increases
in the conventional mixing box, the mixing box cannot directly be connected to the reactor from the viewpoint of the
structures thereof or the mixing box and the reactor should be kept apart from each other. If they are arranged while
they are kept apart from one another, the path for the introduction of the film-forming gas becomes too long and the
uniformly admixed film-forming gas would again be converted into a laminar flow during the introduction thereof into the
reactor and supply thereof to the region above a substrate in a reactor. For this reason, the mixing box should have a
limited size such that it can directly be connected to the reactor and the size of the former cannot be increased at any time.
[0008] On the other hand, when increasing the size of a conventional mixing box, a problem arises such that the gas
mixture comprising a vaporized gas and a reactive gas becomes a laminar flow when the molecular weight of the
vaporized gas is greatly different from that of the reactive gas, in the mixing box having a conventionally known structure,
and that it is quite difficult to uniformly admix these gases.
[0009] When admixing the vaporized gas (raw gas) and the reactive gas in a mixing box provided with a conventional
slit and when the molecular weight of the former is greatly different from that of the latter, the resulting mixed gas may
pass through the slit while maintaining the laminar flow condition. Thus, it has been needed to use a complicated
mechanism for, for instance, rotating the slit and therefore, there has been desired for the development of a mixing box
having a simple structure of construction.
[0010] Moreover, in the case of the foregoing method in which a uniform film-forming gas is prepared by admixing
vaporized gases (raw material) and reactive gases in the proximity to a substrate, a turbulent flow is formed by the
injection of the vaporized gas and it becomes impossible to control the film-forming gas flow comprising the vaporized
gases and reactive gases. This accordingly results in a problem such that the thin film formed on the substrate is
deteriorated in, for instance, the film quality and the film thickness distribution.
[0011] Moreover, when supplying a deposit gas to a reactor using the foregoing system for vaporizing the liquid
materials and when using a conventional mixing box, it is quite difficult to design the box in such a manner that an internal
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pressure thereof can be reduced. For this reason, when the pressure within the mixing box is high, even if the vaporized
gas can uniformly be admixed with the reactive gas, the pressure within the vaporizer on its primary side is necessarily
high and a problem accordingly arises such that an unstable film-forming gas is introduced into the reactor, a large
amount of residue is formed and the maintenance cycle of the vaporization region is shortened.
[0012] Incidentally, a CVD system is employed for forming or depositing a desired thin film on a substrate such as a
silicon wafer and has a vacuum reactor equipped with a vacuum exhaust means. A stage on which a substrate is placed
is arranged in the interior of the vacuum reactor and a gas head is placed at the upper portion of the reactor in such a
manner that it is opposite to the stage. A reactive gas and a vaporized gas (raw gas) are fed to a gas-mixing box fitted
to this gas head through a gas piping work. When forming a thin film, a mixed gas (film-forming gas) comprising a reactive
gas and a vaporized gas mixed together in a desired mixing ratio is introduced into the vacuum reactor, which is maintained
at a desired degree of vacuum, through the gas head to induce a gas phase chemical reaction and to thus form a desired
thin film on the substrate. In this respect, the exhaust gas containing, for instance, the mixed gas, which does not
contribute to the film-forming process, is discharged to the exterior by a vacuum exhaust means.
[0013] In this case, to make uniform the distribution of the film thickness and that of the composition of the thin film
formed on the substrate and to improve the reproducibility thereof, one should make uniform the flow of the mixed gas
in the vacuum reactor. In this respect, if a non-uniform flow of the mixed gas is established in the vacuum reactor and
a film grows on the inner wall of the vacuum reactor, not only the maintenance of the reactor should frequently be carried
out, but also the dust of films thus formed may adversely affect the CVD process.
[0014] Thus, in the CVD process in which a mixed gas is introduced into a vacuum reactor while evacuating the same
with a vacuum exhaust means, it is necessary to prevent the occurrence of any uncontrollable convection current and
turbulent flow in the vacuum reactor. To this end, it is quite important to subject the exhaust gas to isotropic discharge
from the peripheral region of the substrate. Moreover, when the CVD process is carried out while applying heat, the
occurrence of any heat convection would make the gas flow non-uniform and therefore, one should devise a measure
to inhibit the occurrence of any heat convection.
[0015] As an example of the means for solving these problems concerning, for instance, the flows of mixed gases
and exhaust gases, there has conventionally been proposed a technique in which a fin is fitted to a stage and the stage
is rotated during the formation of a film to thus minimize the influence of, for instance, any turbulent flow, convection
current and heat convection (see Japanese Un-Examined Patent Publication No. Sho 61-2318). In this case, however,
if a system for rotating the stage is placed within the vacuum reactor, a problem arises such that not only the structure
of the CVD system becomes complicated, but also the production cost of the film increases. Moreover, in this case, a
substrate should be transported to the stage while going round the fin and therefore, a complicated substrate-transporting
means should thus be used.
[0016] In addition to the foregoing, there has conventionally been known a single wafer-processing type CVD system
equipped with a load-lock chamber. According to this system, however, a port for transporting substrates, provided with
a gate valve, is positioned on the upper side of the stage and therefore, a problem arises such that the presence of this
port for transporting substrates becomes a cause of convection current and/or turbulent flow. In this case, the vacuum
reactor may be enlarged to make the influence of such convection current and/or turbulent flow small. However, a new
problem arises such that a vacuum pump having a high evacuation ability should be used and that this method is
economically unfavorable and runs counter to the recent requirement for the miniaturization of the system.
[0017] Accordingly, it is an object of the present invention to solve the problems associated with the foregoing con-
ventional techniques and more particularly to provide a mixing box, which has a simple structure, whose voluminal size
is not influenced by the flow rate and kind of the gas to be introduced into the same and which can uniformly admix a
plurality of gases having different molecular weights in a high efficiency under a low pressure; a thin film-manufacturing
system, which is provided with this mixing box, has a simple structure, permits the deposition of a thin film at a low cost
and which can suppress any occurrence of a turbulent flow, a convection flow and heat convection to thus make the
flow of the mixed gas uniform; and a method for preparing a thin film.

Disclosure of the Invention

[0018] Thus, the mixing box of the present invention developed for the achievement of the foregoing object comprises
a stirring chamber for stirring and mixing gases in which two gas-introduction pipes for introducing gases having different
masses are arranged in such a manner that the gas-introduction inlets thereof are opposed to one another and a diffusion
chamber for diffusing a gas mixture formed by the stirring and mixing operations in the stirring chamber, wherein a
partition plate is positioned between the stirring chamber and the diffusion chamber in such a manner that the volume
of the diffusion chamber is larger than that of the stirring chamber, wherein a gas-supply opening is arranged, on the
partition plate, at a desired position on the lower side of the direction perpendicular to the straight line connecting the
gas-introduction inlets and wherein the mixed gas is diffused from the stirring chamber to the diffusion chamber through
the gas-supply opening.
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[0019] The mixing box according to the present invention is designed in such a manner that a gas mixture formed by
stirring and admixing a plurality of gases in the stirring chamber diffuses into the diffusion chamber through the gas-
supply opening formed at a desired position on the partition plate and thus a plurality of gases can uniformly be admixed
together without using a mixing box having a large volume even when the molecular weights of the gases introduced
are greatly different from one another. Therefore, according to the mixing box of the present invention, it is not needed
to change the volume of the mixing box depending on the flow rates and kinds of a plurality of gases having greatly
different molecular weights, when admixing the plurality of gases. For this reason, the mixing box can directly and
efficiently be connected to the processing bath or chamber required for the subsequent step. Accordingly, the uniformly
admixed gas is never returned to its laminar flow state when it is used in the subsequent step. Each gas component
introduced into the stirring chamber of the mixing box moves along, for instance, the surface of the partition plate having
a shape as will be detailed below to thus generate a convection current and as a result, the gas mixture introduced into
the stirring chamber can highly efficiently, certainly and uniformly be stirred and admixed therein. Moreover, the appro-
priate control of the position and size of the foregoing gas-supply opening would permit the optimum stirring and mixing
of the gases introduced into the chamber and as a result, these gas components can be introduced into the diffusion
chamber in the form of a uniformly admixed gas mixture.
[0020] The partition plate arranged in the mixing box of the present invention has a shape of a curve of second degree,
which is convex with respect to the bottom of the mixing box. As has been discussed above in detail, a desired mixing
box having a quite simple structure can be obtained simply by arranging a partition plate having a desired curved surface
in the mixing box.
[0021] In addition, the gas-supply opening formed on the partition plate of the mixing box according to the present
invention is designed such that a pressure difference is established between the stirring chamber and the diffusion
chamber by appropriately selecting the position and the size of the opening, that the gases having different molecular
weights are uniformly admixed together due to a strong convection current thus generated in the stirring chamber and
that the mixed gas thus formed is diffused from the stirring chamber to the diffusion chamber having a wider space. For
instance, this gas-supply opening is preferably arranged at a position corresponding to � time the vertical distance from
the periphery of the foregoing partition plate to the bottom thereof. Thus, the uniformly admixed gas mixture can efficiently
be diffused from the stirring chamber to the diffusion chamber.
[0022] The foregoing two gas-introduction pipes may comprise, for instance, a vaporized gas-introduction pipe and a
reactive gas-introduction pipe and the mixed gas may be a film-forming gas consisting of a vaporized gas and a reactive
gas.
[0023] To accomplish the foregoing object, a first thin film-manufacturing system according to the present invention
comprises a mixing box, which comprises a stirring chamber for stirring and mixing gases in which a vaporized gas-
introduction pipe and a reactive gas-introduction pipe for introducing gases having different masses are arranged in
such a manner that the gas-introduction inlets thereof are opposed to one another and a diffusion chamber for diffusing
a film-forming gas consisting of the vaporized gas and the reactive gas and formed by the stirring and mixing operations
in the stirring chamber, and a vacuum reactor directly connected to the diffusion chamber of the mixing box, wherein
the mixing box is designed in such a manner that a partition plate is positioned between the stirring chamber and the
diffusion chamber in such a manner that the volume of the diffusion chamber is larger than that of the stirring chamber,
that a gas-supply opening is arranged, on the partition plate, at a desired position on the lower side of the direction
perpendicular to the straight line connecting the gas-introduction inlets and that the film-forming gas diffuses from the
stirring chamber to the diffusion chamber through the gas-supply opening. In this connection, it is preferred that this
partition plate is one having a shape similar to that specified above and that the gas-supply opening is arranged at a
position likewise similar to that specified above.
[0024] According to the first thin film-manufacturing system, a film-forming gas formed by the stirring and mixing
operations in the stirring chamber of the mixing box is then introduced into the gas-diffusion chamber, wherein the film-
forming gas is diffused by the spontaneous diffusion due to the difference in volume between the stirring and diffusion
chambers and thereafter the uniformly admixed film-forming gas is efficiently transferred from the diffusion chamber to
the reactor. Therefore, the film- forming gas is never converted into an uncontrollable turbulent flow. Accordingly, the
present invention can provide a thin film-manufacturing system having a simple structure in which a vaporized gas and
a reactive gas may be uniformly admixed together at a low pressure in the mixing box whose volume is not influenced
by the flow rates and kinds of these gases and the uniformly admixed film-forming gas is introduced into the reactor,
which is directly connected to the mixing box to thus inhibit the conversion of the film-forming gas into a turbulent flow
and to improve and stabilize the quality and thickness distribution of the film to be formed on a subject.
[0025] To accomplish the foregoing object, a first method for preparing a thin film according to the present invention
comprises the steps of providing a mixing box having a desired size and a hollow cylindrical shape and comprising a
stirring chamber, a diffusion chamber and a partition plate for separating the stirring chamber from the diffusion chamber;
introducing a vaporized gas and a reactive gas into the stirring chamber through gas-introduction inlets for the introduction
of the vaporized gas and the reactive gas respectively, which are arranged in such a manner that they are opposed to
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one another in the upper region of the stirring chamber; stirring and admixing the vaporized gas and the reactive gas
while the flow of the vaporized gas is separated by the reactive gas and the both gases flow along the surface of the
partition plate; smoothly introducing the film-forming gas consisting of the admixed vaporized gas and reactive gas into
the diffusion chamber through a gas-supply opening formed at a desired position on the partition plate to thus cause the
diffusion of the film-forming gas therein; introducing the uniformly admixed film-forming gas thus prepared into a vacuum
reactor through a gas head positioned at the upper portion of the vacuum reactor; and then forming a thin film on a
substrate placed in the reactor in a vacuum. According to this first method for forming a thin film, a film-forming gas
uniformly admixed can directly be introduced into the reactor. Therefore, the film-forming gas is never converted into an
uncontrollable turbulent flow and this method also permits the improvement and stabilization of the quality and thickness
distribution of the resulting thin film.
[0026] A second thin film-manufacturing system is provided as embodiment with the present invention, which comprises
a cylindrical vacuum reactor provided with a stage on which a substrate is placed and a gas head for introducing a mixed
gas comprising a vaporized gas and a reactive gas into the vacuum reactor arranged in the central region on the upper
face of the reactor and opposed to the stage, wherein a cylindrical sleeve member having a desired length is disposed
while it comes in close contact with the side wall of the stage in such a manner that an exhaust gas is discharged from
a first space formed by the gas head and the upper face of the stage without causing any convection current therein
through the interstice between the sleeve member and the inner wall surface constituting the reactor and wherein the
height of the stage can be established at the position at which the volume of a second space formed below the stage
and connected to a vacuum discharge means is larger than that of the first space.
[0027] According to the second thin film-manufacturing system of the present invention, if a mixed gas is introduced,
through the gas head, into the first space of the vacuum reactor in an evacuated condition for the formation of a desired
thin film on a substrate, a part of the mixed gas arrives at the substrate, while the exhaust gas containing, for instance,
the mixed gas, which does not contribute to the film-forming process reaches the second space through the interstice
formed between the sleeve member surrounding the periphery of the stage and the inner wall surface of the vacuum
reactor. Then the exhaust gas is then externally discharged by the action of an evacuation means arranged in the vacuum
reactor. In this case, the second space is designed so as to have a volume larger than that of the first space. Accordingly,
the exhaust gas passing through the interstice formed between the sleeve member and the inner wall surface of the
vacuum reactor is subjected to isotropic evacuation through the periphery of the sleeve member. Thus, the system would
permit the inhibition of the occurrence of any turbulent flow and/or convection current within the first space to thus
establish a uniform gas flow within the vacuum reactor.
[0028] Moreover, if a gas ring for uniformly introducing an inert gas into the foregoing vacuum reactor along the inner
wall surface of the reactor is disposed on the upper face of the reactor, the exhaust gas, which passes through the
interstice formed between the sleeve member and the inner wall surface of the vacuum reactor and is then guided to
the second space can more securely be subjected to isotropic discharge by the compulsory rectifying action of the inert
gas introduced through the gas ring, even in the cases in which heat convection may be induced under heating conditions
and accordingly, the generation of any heat convection can be controlled.
[0029] In this case, it is desirable to set up, for instance, a heating means such as a heater or a temperature control
means such as a heat exchanger so that the temperature of the inert gas fed to the gas ring can arbitrarily be adjusted.
[0030] Incidentally, if a substrate-conveyer port is arranged such that it faces to the first space, convection current
and/or a turbulent flow are generated due to the presence of such a substrate-conveyer port. For this reason, the foregoing
stage is desirably designed so as to be able to freely go up and down between the film-forming position above the
vacuum reactor and the substrate-conveying position below the vacuum reactor and to arrange the substrate-conveyer
port below the port for transporting the substrate into the vacuum reactor.
[0031] Moreover, it is preferred to prevent the generation of any dust during the film-forming steps to thus freely control
the temperature of the mixed gas. To this end, it is suitable to set up, for instance, a heating means such as a heater or
a temperature control means such as a heat exchanger.
[0032] In this respect, it is preferred that the interstice between the foregoing sleeve member and the inner wall surface
constituting the reactor is set at a level of not less than 10 mm and that the height of the sleeve member is set at a level
of not less than 70 mm.
[0033] The foregoing thin film-manufacturing system is suitably applied to the technique for forming a thin film according
to, in particular, the MOCVD technique.
[0034] In the second thin film-manufacturing system discussed above, it is preferred that the system is designed such
that the gas head positioned at the center of the upper face of the vacuum reactor is directly connected to the diffusion
chamber of the foregoing mixing box and that the mixed gas prepared in the mixing box can immediately be introduced
into the vacuum reactor.
[0035] Further, to achieve the foregoing object, a second method for manufacturing a thin film comprises the steps of
uniformly introducing an inert gas along the inner periphery of a cylindrical reactor provided therein with a stage on which
a substrate is placed, through a gas ring positioned on the top of the reactor, while introducing a mixed gas comprising
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a vaporized gas and a reactive gas and prepared in a mixing box into the vacuum reactor through a gas head positioned
at the center of the top surface of the reactor; letting an exhaust gas flow from the first space formed by the gas head
and the upper face of the stage to the second space formed on the lower side of the stage through the interstice formed
between the cylindrical sleeve member having a desired length and positioned close to the side wall of the stage and
the inner wall surface constituting the reactor, without inducing any convection current of the exhaust gas within the first
space and then discharging the exhaust gas to the exterior of the vacuum reactor; and establishing the height of the
stage during the film-forming step at such a level that the volume of the second space connected to an evacuation means
is greater than that of the first space to thus form or deposit a thin film on the substrate through the reaction of the
vaporized gas with the reactive gas thus introduced into the reactor.
[0036] This second method for manufacturing a thin film also comprises the steps of providing a mixing box having a
desired size and a hollow cylindrical shape and comprising a stirring chamber, a diffusion chamber and a partition plate
for separating the stirring chamber from the diffusion chamber; introducing a vaporized gas and a reactive gas into the
stirring chamber through gas-introduction inlets for the introduction of the vaporized gas and the reactive gas respectively,
which are arranged in such a manner that they are opposed to one another in the upper region of the stirring chamber;
stirring and admixing the vaporized gas and the reactive gas while the vaporized gas stream is separated by the reactive
gas stream and the both gases flow along the surface of the partition plate; smoothly introducing the film-forming gas
consisting of the admixed vaporized gas and reactive gas into the diffusion chamber through a gas-supply opening
formed at a desired position on the partition plate to thus cause the diffusion of the film-forming gas therein; introducing
the uniformly admixed gas mixture thus prepared into a vacuum reactor through a gas head positioned at the center on
the upper surface of the vacuum reactor; and then forming a thin film on a substrate placed on the stage arranged within
the reactor in a vacuum.
[0037] In the foregoing thin film-manufacturing method, it is preferred to adjust the flow rate of an inert gas introduced
into the vacuum reactor through the gas ring to the range of from 700 to 1500 sccm. For instance, the flow rate more
preferably ranges from 1000 to 1500 sccm in case where a PZT film is formed and 700 to 1200 seem for the deposition
of a BST film.

Brief Description of the Drawings

[0038] Fig. 1 is a cross sectional view schematically showing the internal structure of a mixing box according to an
embodiment of the present invention; Fig. 2(A) is a cross sectional view schematically showing the internal structure of
the stirring chamber of the mixing box according to an embodiment of the present invention; Fig. 2(B) is a top plan view
schematically showing the internal structure of the stirring chamber shown in Fig. 2(A); Fig. 3 is a block diagram showing
the general construction of a first thin film-manufacturing system according to an embodiment of the present invention;
Fig. 4(A) is a schematic diagram showing the outline of the thickness distribution observed for the thin film formed in
Example 1; Fig. 4(B) is a schematic diagram showing the outline of the thickness distribution observed for the thin film
formed in Comparative Example 1; Fig. 5 is a block diagram showing the general construction of a second thin film-
manufacturing system according to another embodiment of the present invention; Fig. 6(A) is a top plan view showing
the upper portion of the vacuum reactor shown in Fig. 5; Fig. 6(B) is a cross sectional view showing the periphery of a
stage shown in Fig. 5; Figs. 7(A) and (B) are diagrams for explaining the flow of a mixed gas observed when the position
of the stage is changed within the vacuum reactor in the device shown in Fig. 5; Fig. 8 is a graph showing the film
thickness distribution observed when PZT films are formed while changing the dimension of the interstice and height in
the second thin film-manufacturing system according to the present invention; Fig. 9 is a graph showing the film-forming
rate observed at the center of a substrate when PZT films are formed while changing the dimension of the interstice and
height in the second thin film-manufacturing system according to the present invention; Fig. 10 is a graph showing the
relation between the film thickness distribution and the dust generated during the film-forming step observed when PZT
films are formed on an electrode substrate having a size of 203.2 mm (8 inches) in the second thin film-manufacturing
system according to the present invention while an inert gas N2 is fed to the vacuum reactor of the device through a
gas ring at a flow rate ranging from 0 to 4000 sccm; and Fig. 11 is a graph showing the relation between the compositional
distribution and the film thickness distribution observed when PZT films are formed on an electrode substrate having a
size of 203,2mm (8 inches), in the second thin film-manufacturing system according to the present invention while an
inert gas N2 is fed to the vacuum reactor of the device through a gas ring at a flow rate ranging from 0 to 4000 sccm.

Best Mode for Carrying Out the Invention

[0039] First of all, embodiments of the mixing box and the first thin film-manufacturing system equipped with the mixing
box according to the present invention will be described below in detail with reference to the accompanying drawings.
The gases to be admixed in the mixing box will be described below, while taking a vaporized gas and a reactive gas by
way of example.
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[0040] Fig. 1 is a cross sectional view schematically showing the internal structure of the mixing box according to an
embodiment of the present invention; Fig. 2(A) is a cross sectional view schematically showing the internal structure of
the stirring chamber of the mixing box according to an embodiment of the present invention; and Fig. 2(B) is a schematic
top plan view showing the internal structure shown in Fig. 2(A). In addition, Fig. 3 is a block diagram showing the general
construction of a first thin film-manufacturing system according to an embodiment of the present invention. In Figs. 1 to
3, the same constituent elements are indicated by the same reference numerals. Incidentally, in Figs. 2(A) and (B),
arrows indicated by solid and dotted lines and alternate long and short dash lines and two-dot chain lines show tendencies
of the results obtained in the fluid analysis according to the computer simulation of the reactive gas stream and the
vaporized gas stream in relation to respective gas streams and gas distribution patterns.
[0041] As has been shown in Fig. 1, the mixing box 1 according to the embodiment of the present invention has a
hollow cylindrical shape of a desired size, comprises a stirring chamber 2, a diffusion chamber 3 and a partition plate 4
for separating the stirring chamber from the diffusion chamber and is directly connected to a reactor for carrying out the
subsequent processing using the resulting film-forming gas. A gas-introduction pipe 5 for the introduction of a plurality
of vaporized gases and a reactive gas-introduction pipe 6 are fitted to the upper portion of the stirring chamber 2 and
the gas-introduction inlets 5a and 6a thereof are arranged such that they are opposed to one another. The partition plate
4 is provided with a gas-supply opening 7 having a desired size and arranged at a desired position, which is on the lower
side of the direction perpendicular to the straight line connecting the gas-introduction inlets 5a and 6a and which corre-
sponds to about � time the vertical distance from the periphery of the foregoing partition plate 4 to the bottom thereof.
[0042] These vaporized gas-introduction pipe 5 and reactive gas-introduction pipe 6 are fitted to the upper wall surface
of the mixing box 1 and at positions corresponding to the central portion (near the inflection point) of the partition plate
4, which are in a point symmetrical relation with respect to the central point of the partition plate 4, as will be seen from
Fig. 1 and Figs. 2(A) and (B) and the gas-introduction inlets 5a and 6a are arranged in such a manner that the gas-
introduction directions thereof are opposed to one another.
[0043] In the foregoing mixing box, the partition plate 4 is formed into a semi-spherical shape having a convex partition
plane like a quadratic curve and are fitted on the side of the upper wall surface of the mixing box to which the vaporized
gas-introduction pipe 5 and the reactive gas-introduction pipe 6 are fitted.
[0044] The interior of the mixing box 1 is divided into the stirring chamber 2 and the diffusion chamber 3 and these
chambers are designed in such a manner that the volume of the diffusion chamber 3 is larger than that of the stirring
chamber 2. In this embodiment, the ratio of the volume of the stirring chamber 2 to that of the diffusion chamber 3 is not
restricted to specific one, but it is preferred that the ratio in general ranges from 1: 5 to about 1: 2 for the achievement
of satisfactory stirring, mixing and diffusion of gases used as a film-forming gas.
[0045] In the mixing box having the foregoing construction, a plurality of vaporized gases and a reactive gas may be
introduced into the stirring chamber 2 of the mixing box 1 through the respective gas-introduction inlets 5a and 6a of the
vaporized gas-introduction pipe 5 and the reactive gas-introduction pipe 6, while the reactor directly connected to the
mixing box is evacuated. Thus, as shown in Figs. 2(A) and (B), the vaporized gas stream is separated by the reactive
gas stream within the stirring chamber 2, the both gases flow along the partition plate 4 on the surface thereof and as
a result, a convection flow is generated so that the vaporized gases and the reactive gas are stirred and mixed together.
Then as has been shown in Fig. 1, the film-forming gas comprising the mixed vaporized gas and reactive gas is smoothly
introduced into the diffusion chamber 3 through the gas-supply inlet 7 and diffuses therein. As has been described above,
the volume of the diffusion chamber 3 is larger than that of the stirring chamber 2 and therefore, the film-forming gas
from the stirring chamber 2 is introduced into the diffusion chamber 3 and is diffused therein, because of the diffusion
phenomenon of the gas due to the difference in volume between these chambers when the gas is transferred from the
stirring chamber 2 to the diffusion chamber 3.
[0046] In the first thin film-manufacturing system according to this embodiment of the present invention, a wafer stage
33 for supporting a subject on which a thin film is to be deposited is placed and arranged within the reactor 32 of the
vacuum- processing tank connected to a vacuum evacuation system 31, as shown in Fig. 3. A gas head 34 is fitted to
the reactor 32 at the upper portion thereof and the gas head is directly connected to the mixing box 35, which is fitted
to the vacuum- processing tank on the top thereof. In addition, this mixing box 35 is connected to a vaporized gas-
vaporization system 36 and a reactive gas source. The film-forming gas uniformly admixed according to the foregoing
method is introduced into the gas head, which is arranged in the proximity to the mixing box 35 and directly connected
thereto in such a manner that the flow path thereof or the distance between the mixing box and the gas head is minimized
or reduced to a level as short as possible, as shown in Fig. 3, and then fed to the surface of the subject, which is placed
on the wafer stage 33 and on which a film is formed in the reactor without forming any laminar flow.
[0047] Since the foregoing mixing box is so designed that a vaporized gas and a reactive gas are stirred and mixed
together in the stirring chamber 2 and then the film-forming gas thus prepared by stirring and mixing the gases is diffused
in the diffusion chamber 3, the vaporized gas and the reactive gas can uniformly be admixed together even when these
gases have molecular weights greatly different from one another. Therefore, it is not necessary to use a mixing box
having a large volume. Accordingly, the volume of the mixing box is not largely influenced by the flow rate and kind of
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the film-forming gas and the mixing box can directly be connected to a reactor or a vacuum-processing chamber. For
this reason, the uniformly admixed film-forming gas is never converted into a laminar flow.
[0048] When using the mixing box in accordance with this embodiment of the present invention, the gas-supply inlet
7 disposed on the partition plate 4 is positioned in the vicinity of the vaporized gas-introduction pipe 5, as shown in Figs.
1, 2(A) and 2(B), the film-forming gas, which undergoes vigorous convection in this portion is smoothly introduced into
the diffusion chamber 3 through the gas-supply inlet 7. In this respect, the gas-supply inlet 7 disposed on the partition
plate 4 may likewise be arranged in the proximity to the reactive gas-introduction pipe 6. Moreover, since the volume of
the diffusion chamber 3 is larger than that of the stirring chamber 2, the film-forming gas is uniformly admixed, because
of the diffusion phenomenon of the gas due to the difference in volume between these chambers when the gas is
transferred from the stirring chamber 2 to the diffusion chamber 3. The film-forming gas thus uniformly admixed is
introduced into the gas head, which is arranged in the proximity to the mixing box and directly connected thereto in such
a manner that the flow path thereof between the mixing box and the gas head is minimized and then fed to a substrate
in the reactor without being returned back to any laminar flow.
[0049] The first thin film-manufacturing system according to this embodiment of the present invention is provided with
a mixing box in which a partition plate having a specific shape is arranged and a film-forming gas obtained by stirring
and mixing vaporized gas and reactive gas in the stirring chamber of the mixing box would spontaneously diffuse because
of the diffusion phenomenon due to the difference in volume between the stirring chamber and the diffusion chamber,
when the film-forming gas is introduced into the diffusion chamber. Accordingly, the use of this thin film-manufacturing
device would make the construction of the method of the present invention quite simple and permit the easy practice of
the method of the present invention.
[0050] The first thin film-manufacturing method of the present invention, which makes use of the foregoing thin film-
manufacturing system, permits the direct introduction of a uniformly admixed film-forming gas into the reactor. Accord-
ingly, the film-forming gas is never converted into any uncontrollable turbulent flow and the quality and thickness distri-
bution of the resulting thin film can be improved and/or stabilized.
[0051] The present invention is not restricted to the specific embodiments described above at all and the present
invention thus includes a variety of variations and modifications of these specific embodiments. For instance, a partition
plate having a semi-spherical shape is used in the foregoing embodiments as the partition plate, but the features of the
partition plate such as the curvature, shape (such as cylindrical, cubic and cone-like shapes) and size thereof may
variously be changed depending on the kinds of gases used and processes selected.
[0052] Moreover, the position on which the gas-supply inlet to be disposed on the partition plate and the shape thereof
can likewise be appropriately changed depending on the processes inasmuch as the mixing box is designed in such a
manner that the vaporized gas and the reactive gas are stirred and admixed and then uniformly introduced into the
diffusion chamber. If a gas-supply inlet is positioned in the proximity to the portion at which the film-forming gas undergoes
vigorous convection in the stirring chamber like the foregoing embodiment, the film-forming gas can be smoothly intro-
duced into the diffusion chamber. For instance, if a gas-supply inlet is positioned in a region falling within the range of
from +45 degrees to -45 degrees as expressed in terms of the angle between the center of the line connecting the
vaporized gas-introduction inlet and the reactive gas-introduction inlet and the upper and lower directions of the line, it
is possible to uniformly admix these gases and to smoothly introduce the uniform gas mixture into the diffusion chamber.
[0053] In the foregoing embodiment, the partition plate is fitted to the mixing box such that any interstice is not formed
between the partition plate and the wall surface on the gas-introduction side, but it is also possible to make an interstice
between the periphery of the partition plate and the wall surface of the mixing box on the gas-introduction side so far as
the film-forming gas is sufficiently stirred and admixed.
[0054] In addition, the foregoing embodiment has been described while taking a mixing box comprising one stirring
chamber and one diffusion chamber by way of example, but it is also possible to admix the film-forming gas mixture
using a mixing box comprising at least two stirring chambers and at least two diffusion chambers.
[0055] The aforementioned method for preparing a thin film permits the formation of an electrode film using, for
instance, Pt, Ir and Ru as a raw material; a barrier film such as that comprising a nitride film or an oxide film using, for
instance, Ti, Ta and Al as a raw material; and a dielectric film represented by PZT, BST and SBT or the like. Moreover,
to further improve the characteristic properties of the resulting thin film, other additives (sources of raw substances) such
as La, Sr and Ca may be used.
[0056] The mixing box of the present invention is effective in, in particular, the MOCVD technique using a raw material,
which is a liquid at ordinary temperature. This is because, such a raw material, which is a liquid at ordinary temperature,
is heavy even in the vaporized state.
[0057] Then, the second thin film-manufacturing system according to a preferred embodiment of the present invention
will hereunder be described with reference to Figs. 5 to 7. In Figs. 5 to 7, the same reference numeral represents the
same constituent element. This thin film-manufacturing system 51 comprises a cylindrical vacuum reactor 52 and a
cylindrical stage 53 for placing a substrate such as a silicon wafer is disposed within the vacuum reactor. This stage 53
is provided with a heating means (not shown) such as a heater for heating the substrate.
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[0058] Two exhaust ports 54 are formed on the lower side of the vacuum reactor 52 and a vacuum evacuation means
55 constituted by, for instance, a turbo molecular pump or a rotary pump is connected to the exhaust ports 54 through
an exhaust pipe 56. Moreover, a gas head 57 is positioned at the central portion on the upper surface of the vacuum
reactor 52 such that the gas head is opposed to the stage 53.
[0059] The mixing box 58 is connected to this gas head 57 at the upstream side thereof and a gas pipe 59 for a
vaporized gas one end of which is connected to a vaporized gas source and a gas pipe 60 for a reactive gas one end
of which is likewise connected to a reactive gas source are respectively connected to the mixing box 58 through the
remaining ends. Then the vaporized gas and the reactive gas are fed to the mixing box 58 while controlling the flow
rates of these gases by a mass flow controller (not shown) and the gas mixture uniformly admixed at a desired mixing
ratio in the mixing box 58 is injected towards the central portion of the substrate through the gas head 57.
[0060] Incidentally, when forming a thin film on a substrate according to a CVD process such as the MOCVD process,
if the temperature of the vaporized gas is reduced to not more than the evaporation point thereof, the vaporized gas is
separated out in the form of powder and this becomes a cause of the dust-formation during the film-forming step within
the vacuum reactor 52. For this reason, a heat exchanger 59a as a temperature control means is arranged in the gas
pipe 59 for vaporized gas. Moreover, a heating means such as a heater may be arranged on the external wall of the
vacuum reactor 52 and the stage in order to prevent any separation or deposition of the vaporized gas.
[0061] In this respect, to make, more uniform, the thickness distribution and compositional distribution of the thin film
formed on a substrate according to the CVD process and to further improve the reproducibility of these distributions, it
is quite important to isotropically evacuating the exhaust gas comprising, for instance, the mixed gas free of any contri-
bution to the process from the circumference of the substrate and to thus make the gas flow from the gas head 57 to
the vacuum exhaust means 55 uniform. To this end, it is in particular necessary to prevent the generation of any convection
current, turbulent flow within a first space 52a existing below the gas head 57 and above the stage 53.
[0062] The second thin film-manufacturing system according to a preferred embodiment of the present invention is
designed in such a manner that a sleeve member 61 having a desired height L surrounds the stage 53. In this case, the
volume of a second space 52b formed below the stage is set at a value larger than that of the first space 52a so that
the exhaust gas is isotropically discharged through a circular interstice formed by the sleeve member 61 and the inner
wall of the vacuum reactor 52. Moreover, in an isotropic exhaust port constituted by the sleeve member 61 and the outer
peripheral wall thereof, the member of the outer peripheral portion may be formed from an anti-adhesive plate. In addition,
a pressure control valve 56a may be disposed on the exhaust pipe 56 so that the pressure conditions may be adjusted
depending on the CVD processes.
[0063] Regarding the height or position of the stage 53 in the vacuum reactor, if the distance between the gas head
57 and the stage 53 is too long as shown in Fig. 7(A), the exhaust gas is not completely discharged and accordingly, a
convection current C may be generated at the upper corner of the vacuum reactor 52. On the other hand, if the distance
between the gas head 57 and the stage 53 is too short as shown in Fig. 7(B), the mixed gas injected from the gas head
57 is reflected by the substrate and thus a convection current C may be generated at the upper corner of the vacuum
reactor 52. For this reason, it is necessary to set the distance between the gas head 57 and the stage 53 during the
film-forming step at such a level that any such convection current C cannot easily be generated.
[0064] Moreover, if a substrate-conveying port 62 for transporting the substrate to the stage 53 is arranged in such a
region that the port is confronted by the first space 52a, a turbulent flow is generated at the periphery of the substrate-
conveying port 62. For this reason, it would be favorable that a means for ascending and descending the stage is
disposed on the stage 53 so that the stage 53 can freely go up and down between the film-forming position on the upper
side of the vacuum reactor 52 and the substrate-transporting position on the lower side of the reactor. Then the substrate-
conveying port 62 is arranged at a desired position on the side wall of the vacuum reactor 52 corresponding to the
substrate-transporting position.
[0065] In this respect, if a heating means for heating a substrate to a desired temperature is incorporated into the
stage 53, heat convection may be generated above the substrate. In this embodiment, a gas ring 63 for uniformly
introducing an inert gas into the vacuum reactor 52 along the inner wall of the reactor 52 is positioned above the vacuum
reactor 52 in such a manner that the ring may surround the gas head 57.
[0066] The injection of an inert gas through the gas ring 63 would permit more isotropic reliable discharge of the
exhaust gas, which passes through the interstice formed between the sleeve member 61 and the inner wall surface of
the vacuum reactor 52 and is then discharged into the second space 52b, from the periphery of the sleeve member 61,
due to the compulsory rectifying action of the inert gas. Thus, the occurrence of any turbulent flow, convection current
and heat convection in the first space can surely be eliminated. Incidentally, in this embodiment, the volume of the first
space observed when the stage 63 is in the film-forming position is set at 2.8 L, while the volume of the second space
is set at 13 L.
[0067] In this case, a temperature control means, for instance, a heating means such as a heater or a heat exchanger
64a can be fitted to the gas pipe 64 communicated with the gas ring so that the temperature of the inert gas injected
from the gas ring 63 can be controlled to thus prevent any separation of the vaporized gas in the form of powder in the
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CVD process such as the MOCVD process.
[0068] The present invention will hereunder be described in more detail with reference to the following Examples and
Comparative Examples.

(Example 1)

[0069] PZT thin films were prepared using thin film-manufacturing systems shown in Fig. 3 provided with a mixing box
1 (corresponding to the mixing box 35 in the figure) as shown in Fig. 1, Figs. 2(A) and 2(B) while taking, by way of
example, a case in which a vaporized gas for PZT as a ferroelectric substance and oxygen gas (O2) as a reactive gas
are admixed together, in which the kinds and the set values of flow rates of the vaporized gases were as follows:

[0070] The pressure in the reactor was adjusted to 6 Torr. At this stage, the pressure in the diffusion chamber of the
mixing box was found to be 1’730 Pa (13 Torr), while that in the region for obtaining the vaporized gas was found to be
2’400 Pa (18 Torr). In general, stable vaporization of a liquid material desirably takes place at a pressure of not more
than 30 Torr and therefore, the foregoing completely satisfied this requirement.
[0071] The foregoing vaporized gas and reactive gas were introduced into a mixing box 1 provided with a semi-
spherical partition plate 4, as shown in Figs. 1, 2(A) and 2(B), from the gas-introduction ports 5a and 6a through the
gas-introduction pipes 5 and 6, respectively to thus stir, mix and diffuse the gases, followed by the introduction of the
resulting film-forming gas prepared in the mixing box 1 into the reactor in which a PZT thin film was formed on a substrate
according to the MOCVD technique, which was conducted under the usual conditions. The thickness distribution of the
resulting thin film is roughly depicted on Fig. 4(A). In the figure, the numerical values 11, 12 and 13 represent a substrate,
thick film regions and thin film regions, respectively. As will be clear from this figure, the use of a mixing box provided
therein with a partition plate 4 permitted the continuous formation of a uniform film on the substrate 11. In this case, the
deviation in the film thickness distribution was found to be � 1.2% and thus, the resulting film completely satisfied such
a condition of not more than �3% required for improving the yield of semiconductor chips from the viewpoint of device
manufacture. These results clearly indicate that the use of a desired partition plate 4 permits the efficient convection,
stirring, mixing and diffusion of gases in the stirring chamber 2 and the diffusion chamber 3; the formation of a uniform
gas mixture comprising a vaporized gas and a reactive gas; and the formation of a thin film having a uniform thickness.
[0072] Moreover, the same procedures used above were repeated while changing the concentrations of the vaporized
gas and the set flow rates of the reactive gas, but the results obtained were almost identical to those obtained above.

(Comparative Example 1)

[0073] A PZT thin film was formed according to the procedures identical to those used in Example 1, except that a
conventional mixing box free of any partition plate was used, the same vaporized gas and reactive gas were introduced
into the mixing box, followed by mixing and diffusing the same and the formation of a thin film according to the MOCVD
technique. The thickness distribution of the thin film thus prepared is roughly depicted on Fig. 4(B). In this figure, reference
numerals 11, 12 and 13 are the same as those explained above in connection with Fig. 4(A). In this case, thicker film
regions 12 formed on a substrate 11 were unevenly distributed on the side of the reactive gas-introduction port, while
thinner film regions 13 were unevenly distributed on the vaporized gas-introduction port. A phenomenon in which regions
having a relatively high concentration of each gas were inverted with respect to the positions of the gas-introduction
ports took place at the bottom of a space in the mixing box (the total space of the stirring and diffusion chambers in case
where a partition plate is fitted to the box), unlike the fluid analysis shown in Figs. 2(A) and 2(B) and the inversion
phenomenon was maintained from the film-forming gas exhaust port to the gas head in a laminar flow state and accord-
ingly, it would be assumed that the concentration distribution was transferred to the substrate. In this case, the deviation

Vaporized Gas Conc. (mol/L) Set Flow Rate (mL/min)

Pb(DPM)2/THF 0.3 0.6

Zr(DPM)4/THF 0.3 0.3

Ti(i-PrO)2(DPM)2/THF 0.3 0.3

Carrier Gas: N2 - 500 sccm

Reactive Gas: O2 - 2000 sccm

Note: DMP: dipivaroyl methanato, C11H19O2; THF: tetrahydrofuran,
C4H8O; i-PrO: isopropoxy group.
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in the film thickness distribution was found to be �6.3%, which was not less than two times that required for the im-
provement of the yield of semiconductor chips (not more than �3%) from the viewpoint of the device manufacture and
therefore, the resulting film could not be acceptable as a material for device manufacture.
[0074] Moreover, in this case wherein any partition plate was not fitted to the mixing box, the same procedures used
above were repeated while changing the concentrations of the vaporized gas and the set flow rates of the reactive gas
like Example 1. As a result, it was found that the difference in film thickness between the thinner and thicker portions of
the resulting film increased as the set flow rates of the vaporized gas and reactive gas increased and that the area and
shape of the thicker film portion varied and there was not observed any reproducibility. Moreover, even in cases wherein
a film was continuously formed, such a tendency that the thicker film regions were unevenly distributed on the side of
the reactive gas-introduction port was observed, although the area of the thicker film region varied.

(Example 2)

[0075] The same procedures used in Example 1 were repeated to form a BST thin film except that a vaporized gas
for BST as a ferroelectric substance and oxygen gas (O2) as a reactive gas were admixed together, in which the kinds
and the set values of flow rates of the vaporized gases were as follows:

[0076] As in the case of Example 1, BST thin films were produced using a thin film-manufacturing system provided
with a mixing box equipped therein with a partition plate and the same tendency obtained in Example 1 was observed
for the film thickness distribution of the BST films thus formed and the use of the thin film-manufacturing system provided
with the mixing box of the present invention permitted efficient, continuous deposition of a thin film having a uniform film
thickness distribution. The resulting film completely satisfied the requirement concerning the film thickness distribution
(�3%).

(Comparative Example 2)

[0077] A BST thin film was formed according to the procedures identical to those used in Example 2, except that a
conventional mixing box free of any partition plate was used, the same vaporized gas and reactive gas were introduced
into the mixing box, followed by mixing and diffusing the same and the formation of a thin film according to the MOCVD
technique. The thickness distribution observed for the resulting film was considerably higher than � 3% as in the case
of Comparative Example 1.

(Example 3)

[0078] The same procedures used in Example 1 were repeated except that Zr(DMHD)4/THF was substituted for the
Zr(DPM)4/THF used in Example 1 as a vaporized gas for PZT as a ferroelectric substance. In this respect, "DMHD"
means dimethyl heptadionato (C7H13O2). The film quality and thickness distribution of the resulting thin film showed
tendencies identical to those observed in Example 1. In other words, the use of the thin film-manufacturing system
provided with the mixing box of the present invention permitted the efficient and continuous deposition of a thin film
having a uniform thickness distribution. The resulting thin film completely satisfied the requirement for the thickness
distribution (�3%).

(Example 4)

[0079] An example in which a PZT thin film was prepared according to the MOCVD technique using the second thin
film-manufacturing system 51 of the present invention as shown in Fig. 5 will be described below. The concentrations
and flow rates of vaporized gases for Pb, Zr and Ti as well as the flow rates of a carrier gas N2 and a reactive gas O2
used in this Example are specified below. Thus, a PZT film was deposited on an electrode substrate having a diameter

Vaporized Gas Conc.(mol/L) Set Flow Rate (mL/min)

Ba(DPM)2/THF 0.1 0.3

Sr(DPM)4/THF 0.1 0.3

Ti(i-PrO)2(DPM)2/THF 0.1 0.6

Carrier Gas: N2 - 250 sccm

Reactive Gas: O2 - 1800 sccm
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of 203.2 mm (8 inches). In this connection, the pressure in the vacuum reactor 52 was maintained at 667 Pa (5 Torr)
using a pressure-control valve 56a.

[0080] Fig. 8 shows the film thickness distribution observed when a PZT film having a thickness of 100 nm was
prepared while changing (30, 50, 70, 90 mm) the size of the interstice "r" (evacuation clearance r (mm)) formed between
the inner wall surface of the vacuum reactor 52 and the sleeve member 61 and the height L (mm) of the sleeve member
61. On the other hand, Fig. 9 shows the film-forming rates at the center of the substrate observed when forming PZT
films while changing the interstice r and the height L (30, 50, 70, 90 mm).
[0081] As will be clear from the data shown in Fig. 8, to maintain the film thickness distribution within 2%, the interstice
r should be set at a level of not less than 10 mm when the height L is not less than 70 mm. On the other hand, the film-
forming time is desirably not more than 3 minutes while taking into consideration the mass production ability and therefore,
the film-forming rate should be controlled to not less than 35 nm/min when forming a thin film having a film thickness of
100 nm. Accordingly, the measured results shown in Fig. 9 indicate that good film thickness distribution and the film-
forming rate suitable for the mass production can be obtained if the size r of the interstice is set at a level of not less
than 10 mm and preferably 10 to 17 mm; and the height L of the sleeve member is set at a level of not less than 70 mm.
[0082] Then the size of the interstice r was set at 15 mm and the height L of the sleeve member was set at 70 mm,
among the foregoing conditions and an inert gas N2, which did not contribute to the film-forming process was introduced
into the vacuum reactor 52 through the gas ring 63 arranged at the periphery of the gas head 57 to thus determine the
film thickness distribution and dust generated during the film-forming process. Fig. 10 shows the relation between the
film thickness distribution and the film-forming dust observed when a PZT film was formed on an electrode substrate
having a diameter of 8 inches, while changing the flow rate of the inert gas within the range of from 0 to 4000 sccm. The
data plotted on Fig. 10 indicate that the number of particles was minimized when the flow rate of the inert gas introduced
into the vacuum reactor through the gas ring 63 ranged from 1000 to 2000 sccm. This clearly indicates that the use of
inert gas is effective as compared with the case in which any inert gas is not used.
[0083] Fig. 11 shows the compositional ratio (line a) and the film thickness distribution (line b) observed when the size
of the interstice r was set at 15 mm and the height of the sleeve member L was set at 70 mm like the foregoing case
and an inert gas N2 was introduced into the vacuum reactor 52 through the gas ring 63, while changing the flow rate
thereof within the range of from 0 to 4000 sccm to thus form or deposit PZT films on an electrode substrate having a
diameter of 203.2 mm (8 inches). The data shown in Fig. 11 indicate that there was not observed any change in the film
thickness distribution even when changing the flow rate of the inert gas, but the compositional ratio went out of order in
the proximity to the flow rate of the inert gas of 2000 sccm. In this connection, the term "compositional ratio" herein used
means the ratio: Zr/(Zr + Ti).
[0084] The foregoing measured results clearly indicate that in the second thin film-manufacturing system according
to the foregoing embodiment, the inert gas per se introduced into the reactor through the gas ring 63 never became a
cause of any turbulent flow and/or convection flow and the inert gas showed the highest possible rectifying action if the
size of the interstice r was set at a level of not less than 10 mm, the height L of the sleeve member 61 was set at a level
of not less than 70 mm and the flow rate of the inert gas introduced into the reactor from the gas ring 63 was controlled
to the range of from 1000 to 1500 sccm. As a result, this film-manufacturing system permitted the achievement of
excellent and stable thickness distribution (not more than 2%), compositional ratio, compositional distribution and film-
forming rate of the resulting thin film, the considerable reduction of the dust generated during the film-forming process
(the number of particles having a particle size of not less than 0.2 Pm is not more than 20) and the continuous film-
forming procedures.

(Example 5)

[0085] BST films were formed under the conditions specified below. The inert gas per se introduced into the reactor

Vaporized Gas Conc. (mol/L) Set Flow Rate (mL/min)

Pb(DPM)2/THF 0.3 1.14

Zr(DMM)4/THF 0.3 0.58

Ti(i-PrO)2(DPM)2/THF 0.3 0.67

Carrier Gas: N2 - 500 sccm

Reactive Gas: O2 - 2500 sccm

Inert Gas: N2 - 0 to 4000 sccm
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through the gas ring 63 never became a cause of any turbulent flow and/or convection flow and the inert gas showed
the highest possible rectifying action if the size of the interstice r was set at a level of not less than 10 mm, the height L
of the sleeve member 61 was set at a level of not less than 70 mm and the flow rate of the inert gas introduced into the
reactor from the gas ring 63 was controlled to the range of from 700 to 1200 sccm, like the case described in Example
4. In this case, the pressure in the vacuum reactor 52 was maintained at 1066 Pa (8 Torr).

[0086] Moreover, even if any ascending and descending means is not fitted to the stage 53, a uniform mixed gas
stream can be obtained by arranging an anti-adhesive plate to thus isotropically discharge the exhaust gas without
generating any convection current, turbulent flow and heat convection.

Industrial Applicability

[0087] The mixing box of the present invention is designed in such a manner that it comprises a stirring chamber in
which two gas-introduction pipes are arranged in such a manner that the gas-introduction inlets thereof are opposed to
one another and a diffusion chamber for diffusing a gas mixture formed by the stirring and mixing operations in the
stirring chamber, that a partition plate having a specific curved shape is positioned between the stirring chamber and
the diffusion chamber, that a gas-supply opening is arranged, on the partition plate, at a desired position on the lower
side of the direction perpendicular to the straight line connecting the gas-introduction inlets and that the mixed gas is
diffused from the stirring chamber to the diffusion chamber through the gas-supply opening. Therefore, the mixing box
permits the easy and uniform mixing of gases having different masses; it is not necessary to increase the volume of the
mixing box used even if the gases have different masses; and the volume of the mixing box is not necessarily changed
depending on the flow rates and kinds of gases used. Accordingly, the use of this mixing box would permit the efficient
deposition of thin films having uniform film quality and thickness distribution according to the CVD techniques such as
MOCVD. A gas-supply opening is disposed at the position, on the partition plate having a curved shape, corresponding
to � time the vertical distance between the peripheral portion of the partition plate and the bottom thereof and this would
permit the easy and uniform mixing of gases having different masses and the efficient use of the resulting mixed gas in
the subsequent step.
[0088] The thin film-manufacturing system according to the present invention is equipped with a mixing box as has
been described above, which can admix a vaporized gas and a reactive gas uniformly and therefore, a vacuum reactor
can directly be connected to the mixing box and this makes the construction of the system quite simple. In addition,
since the thin film-manufacturing system is equipped with the foregoing mixing box, this permits the reduction of the
internal pressure in the mixing box during mixing and this in turn permits the reduction of the internal pressure in the
vaporizer to a level of not more than a predetermined value. For this reason, the cycle for the maintenance of the
vaporization region of the device can considerably be extended, the resulting stable film-forming gas mixture can be fed
to the reactor and as a result, a thin film having uniform film quality and film thickness distribution can be prepared
according to the CVD process.
[0089] Moreover, the thin film-manufacturing system of the present invention has a simple structure and can be
produced at a low cost. In addition, the system can inhibit the generation of any turbulent flow, convection current and/or
heat convection to thus form a uniform gas stream of a gas mixture. Accordingly, the system can make the film thickness
distribution and compositional distribution of the thin film formed on a substrate quite uniform and the system likewise
permits the achievement of high reproducibility and the device can efficiently be used in the CVD processes such as
the MOCVD process.

Vaporized Gas Conc. (mol/L) Set Flow Rate (mL/min)

Ba(DPM)2/THF 0.1 0.3

Sr(DMD)4/THF 0.1 0.3

Ti(i-PrO)2(DPM)2/THF 0.1 0.6

Carrier Gas: N2 - 250 sccm

Reactive Gas: O2 - 1800 sccm

Inert Gas: N2 - 1000 sccm
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Claims

1. A mixing chamber (1) comprising a stirring chamber (2) for stirring and mixing gases, in which two gas-introduction
pipes (5,6) for introducing gases having different masses are arranged in such a manner that the gas-introduction
inlets (5a,6a) thereof are opposed to one another, and a diffusion chamber (3) for diffusing a gas mixture formed
by the stirring and mixing operations in the stirring chamber, wherein a partition plate (4) is positioned between the
stirring chamber and the diffusion chamber in such a manner that the volume of the diffusion chamber is larger than
that of the stirring chamber, wherein a gas-supply opening (7) is arranged, on the partition plate, at a desired position
on the lower side of the direction perpendicular to the straight line connecting the gas-introduction inlets and wherein
the mixed gas is diffused from the stirring chamber to the diffusion chamber through the gas-supply opening.

2. The mixing chamber (1) of claim 1 wherein the partition plate (4) has a shape of a curve of second degree, which
is convex with respect to the bottom of the mixing chamber.

3. The mixing chamber (1) of claim 2 wherein the gas-supply opening (7) is arranged at a position corresponding to
� time the vertical distance from the periphery of the partition plate (4) to the bottom thereof.

4. The mixing chamber (1) as set forth in any one of claims 1 to 3 wherein the two gas-introduction pipes (5,6) consist
of a vaporized gas-introduction pipe (5) and a reactive gas-introduction pipe (6) and the mixed gas is a film-forming
gas.

5. A film-manufacturing system (51) comprising the mixing chamber (1,34) of claim 4, wherein
a vacuum reactor (32) is directly connected to the diffusion chambers (3) of the mixing chamber.

6. The film-manufacturing system (51) of claim 5, wherein the vacuum reactor (32) is a cylindrical vacuum reactor (52)
provided therein with a stage (53) for placing a substrate thereon and a gas head (57) for introducing the
film-forming gas into the vacuum reactor, the gas head being arranged in the central region on the upper face of
the reactor and opposed to the stage, wherein a cylindrical sleeve member (61) having a desired length is disposed
while it comes in close contact with the side wall of the stage in such a manner that an exhaust gas is discharged
from a first space (52a) formed by the gas head and the upper face of the stage without causing any convection
current therein through the interstice between the sleeve member and the inner wall surface constituting the reactor
and wherein the height of the stage can be established at the position at which the volume (31; 54-56) of a second
space (52b) formed below the stage and connected to a vacuum discharge means is larger than that of the first space.

7. The film-manufacturing system (51) of claim 6, wherein a gas ring (63) for uniformly introducing an inert gas into
the vacuum reactor (52) along the inner wall surface of the reactor is disposed on the upper face of the reactor.

8. The film-manufacturing system (51) of claim 7, wherein a temperature control means is set up so that the temperature
of the inert gas fed to the gas ring (63) can arbitrarily be adjusted.

9. The film-manufacturing system (51) as set forth in any one of claims 6 to 8, wherein the stage (53) is so designed
as to be able to freely go up and down between the film-forming position above the vacuum reactor (52) and the
substrate-conveying position below the vacuum reactor (52) and to arrange the substrate-conveyer port (62) below
the port for transporting the substrate into the vacuum reactor.

10. The film-manufacturing system (51) as set forth in any one of claims 6 to 9, wherein a temperature control means
is set up so as to freely control the temperature of the mixed gas.

11. The film-manufacturing system (51) as set forth in any one of claims 6 to 10, wherein the interstice between the
sleeve member (61) and the inner wall surface constituting the reactor (52) is set at a level of not less than 10 mm.

12. The film-manufacturing system (51) as set forth in any one of claims 6 to 11, wherein the height of the sleeve member
(61) is set at a level of not less than 70 mm.

13. A method for preparing a film comprising the steps of providing a mixing chamber (1), which has a desired size and
a hollow cylindrical shape and which comprises a stirring chamber (2), a diffusion chamber (3) and a partition plate
(4) for separating the stirring chamber from the diffusion chamber; introducing a vaporized gas and a reactive gas
into the stirring chamber through gas-introduction inlets (5a,6a) for the introduction of the vaporized gas and the
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reactive gas respectively, which are arranged in such a manner that they are opposed to one another in the upper
region of the stirring chamber; stirring and admixing the vaporized gas and the reactive gas while the flow of the
vaporized gas is separated by the reactive gas and the both gases flow along the surface of the partition plate;
smoothly introducing the film-forming gas consisting of the admixed vaporized gas and reactive gas into the diffusion
chamber through a gas-supply (7) opening formed at a desired position on the partition plate to thus cause the
diffusion of the film-forming gas therein; introducing the uniformly admixed film-forming gas thus prepared into a
vacuum reactor (32;52) through a gas head (34;57) positioned at the upper portion of the vacuum reactor; and then
forming a film on a subject, to be coated with a film, placed in the reactor in a vacuum.

Patentansprüche

1. Mischkammer (1) mit einer Rührkammer (2) zum Rühren und Mischen von Gasen, in der zwei Gaseinlassrohre (5,
6) zum Einleiten von Gasen unterschiedlicher Masse derart angeordnet sind, dass deren Gaseinlässe (5a, 6a)
einander gegenüberstehen, und einer Diffusionskammer (3) zum Diffundieren eines durch die Rühr- und Mischvor-
gänge in der Rührkammer gebildeten Gasgemischs, wobei zwischen der Rührkammer und der Diffusionskammer
eine Trennwand (4) derart angeordnet ist, dass das Volumen der Diffusionskammer grösser ist als das der Rühr-
kammer, wobei in der Trennwand an einer gewünschten Stelle im unteren Bereich in der Richtung senkrecht zu
der die Gaseinlässe verbindenden Geraden eine Gaszufuhröffnung (7) angeordnet ist, und wobei das gemischte
Gas durch die Gaszufuhröffnung von der Rührkammer in die Diffusionskammer diffundiert wird.

2. Mischkammer (1) nach Anspruch 1, wobei die Trennwand (4) die Form einer Kurve zweiter Ordnung aufweist, die
in Bezug auf den Boden der Mischkammer konvex ist.

3. Mischkammer (1) nach Anspruch 2, wobei die Gaszufuhröffnung (7) an einer Position entsprechend der Hälfte des
senkrechten Abstands vom Umfang der Trennwand (4) zu deren untersten Teil angeordnet ist.

4. Mischkammer (1) nach einem der Ansprüche 1 bis 3, wobei die beiden Gaseinlassrohre (5, 6) aus einem Einlassrohr
(5) für verdampftes Gas und einem Einlassrohr (6) für Reaktionsgas bestehen und das gemischte Gas ein Schicht-
bildungsgas ist.

5. Schichtherstellungssystem (51) mit der Mischkammer (1, 34) nach Anspruch 4, wobei ein Vakuumreaktor (32) direkt
mit der Diffusionskammer (3) der Mischkammer verbunden ist.

6. Schichtherstellungssystem (51) nach Anspruch 5, wobei der Vakuumreaktor (32) ein zylindrischer Vakuumreaktor
(52) mit einem darin angeordneten Substratträger (53) zum Daraufstellen eines Substrats und einem Gaskopf (57)
zum Einleiten des Schichtbildungsgases in den Vakuumreaktor, wobei der Gaskopf im Mittenbereich auf der Ober-
seite des Reaktors und gegenüber dem Substratträger angeordnet ist, wobei ein zylindrisches Hülsenelement (61)
einer gewünschten Länge in engem Kontakt mit der Seitenwand des Substratträgers stehend derart angeordnet
ist, dass ein Abgas durch den Spalt zwischen dem Hülsenelement und der den Reaktor bildenden Innenwandober-
fläche aus einem ersten durch den Gaskopf und die Oberseite des Substratträgers gebildeten Raum (52a) abgeführt
wird, ohne in diesem eine Konvektionsströmung zu bewirken, und wobei die Höhe des Substratträgers auf die
Position einstellbar ist, bei der das Volumen (31; 54 - 56) eines zweiten, unter dem Substratträger gebildeten und
mit einem Vakuum-Absaugmittel verbundenen Raums (52b) grösser ist als das des ersten Raums.

7. Schichtherstellungssystem (51) nach Anspruch 6, wobei ein Begasungsring (63) zum gleichmässigen Einleiten
eines Inertgases in den Reaktor (52) entlang der Innenwandoberfläche des Reaktors auf der Oberseite des Reaktors
angeordnet ist.

8. Schichtherstellungssystem (51) nach Anspruch 7, wobei ein Mittel zur Temperatursteuerung so angeordnet ist, dass
die Temperatur des dem Begasungsring (63) zugeführten Inertgases beliebig einstellbar ist.

9. Schichtherstellungssystem (51) nach einem der Ansprüche 6 bis 8, wobei der Substratträger (53) dazu ausgebildet
ist, dass er sich frei zwischen der Schichtbildungsstellung über dem Vakuumreaktor (52) und der Substratförder-
stellung unter dem Vakuumreaktor (52) auf und ab bewegen kann und die Öffnung (62) für den Substratförderer
unter der Öffnung zum Transportieren des Substrats in den Vakuumreaktor angeordnet werden kann.

10. Schichtherstellungssystem (51) nach einem der Ansprüche 6 bis 9, wobei ein Mittel zur Temperatursteuerung
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angeordnet ist, um die Temperatur des gemischten Gases frei zu steuern.

11. Schichtherstellungssystem (51) nach einem der Ansprüche 6 bis 10, wobei der Spalt zwischen dem Hülsenelement
(61) und der den Reaktor (52) bildenden Innenwandoberfläche nicht weniger als 10 mm beträgt.

12. Schichtherstellungssystem (51) nach einem der Ansprüche 6 bis 11, wobei die Höhe des Hülsenelements (61) nicht
weniger als 70 mm beträgt.

13. Verfahren zur Herstellung einer Schicht, enthaltend als Schritte Bereitstellen einer Mischkammer (1) einer gewünsch-
ten Grösse und mit einer hohlen zylindrischen Form, die eine Rührkammer (2), eine Diffusionskammer (3) und eine
Trennwand (4) zur Abtrennung der Rührkammer von der Diffusionskammer aufweist; Einleiten eines verdampften
Gases und eines Reaktionsgases in die Rührkammer durch Gaseinlässe (5a, 6a) zum Einleiten des verdampften
Gases bzw. des Reaktionsgases, die derart angeordnet sind, dass sie einander im oberen Bereich der Rührkammer
gegenüberstehen; Rühren und Vermischen des verdampften Gases und des Reaktionsgases, während der Strom
des verdampften Gases durch das Reaktionsgas aufgetrennt wird und die beiden Gase an der Oberfläche der
Trennwand entlangfliessen; sanftes Einleiten des Schichtbildungsgases bestehend aus dem mit dem verdampften
Gas vermischten Reaktionsgas in die Diffusionskammer durch eine an einer gewünschten Stelle in der Trennwand
ausgebildete Gaszufuhröffnung (7), um so die Verteilung des Schichtbildungsgases darin herbeizuführen; Einleiten
des so hergestellten gleichförmig vermischten Schichtbildungsgases in einen Vakuumreaktor (32; 52) durch einen
am oberen Teil des Vakuumreaktors befindlichen Gaskopf (34; 57) und anschliessendes Bilden einer Schicht auf
einem mit einer Schicht zu beschichtenden, in einem Vakuum im Reaktor befindlichen Gegenstand.

Revendications

1. Chambre de mélange (1) comprenant une chambre de brassage (2) pour brasser et mélanger des gaz, dans laquelle
sont agencés deux tuyaux d’introduction de gaz (5, 6) pour introduire des gaz ayant des masses différentes de telle
manière que leurs admissions d’introduction de gaz (5a, 6a) sont opposées l’une à l’autre, et une chambre de
diffusion (3) pour diffuser un mélange de gaz formé par les opérations de brassage et de mélange dans la chambre
de brassage, où une cloison (4) est positionnée entre la chambre de brassage et la chambre de diffusion de telle
manière que le volume de la chambre de diffusion est plus grand que celui de la chambre de brassage, où une
ouverture d’alimentation de gaz (7) est agencée dans la cloison en une position souhaitée du côté inférieur dans
la direction perpendiculaire à la droite reliant les admissions d’introduction de gaz et où le gaz mélangé est diffusé
de la chambre de brassage vers la chambre de diffusion à travers l’ouverture d’alimentation de gaz.

2. Chambre de mélange (1) selon la revendication 1, où la cloison (4) a la forme d’une courbe du deuxième degré,
laquelle est convexe par rapport au fond de la chambre de mélange.

3. Chambre de mélange (1) selon la revendication 2, où l’ouverture d’alimentation de gaz (7) est agencée en une
position correspondant à 1/2 fois la distance verticale de la périphérie de la cloison (4) jusqu’à la partie la plus basse
de celle-ci.

4. Chambre de mélange (1) selon l’une quelconque des revendications 1 à 3, où les tuyaux d’introduction de gaz (5,
6) comprennent un tuyau d’introduction de gaz évaporé (5) et un tuyau d’introduction de gaz réactif (6) et le gaz
mélangé est un gaz filmogène.

5. Système (51) filmogène comprenant la chambre de mélange (1, 34) selon la revendication 4, où un réacteur sous
vide (32) est directement relié à la chambre de diffusion (3) de la chambre de mélange.

6. Système filmogène (51) selon la revendication 5, où le réacteur sous vide (32) est un réacteur sous vide (52)
cylindrique pourvu à l’intérieur d’un porte-substrat (53) sur lequel peut être placé un substrat et d’une tête à gaz
(57) pour introduire le gaz filmogène dans le réacteur sous vide, la tête à gaz étant agencée dans la zone centrale
sur la face supérieure du réacteur et opposée au porte-substrat, où un élément manchon (61) cylindrique ayant une
longueur souhaitée est disposé en contact étroit avec la paroi latérale du porte-substrat de telle manière qu’un gaz
d’échappement est dégagé, par l’interstice entre l’élément manchon et la surface de la paroi intérieure constituant
le réacteur, d’un premier espace (52a) formé par la tête à gaz et la face supérieure du porte-substrat sans créer un
courant de convection dans celui-ci, et où la hauteur du porte-substrat peut être établie à la position à laquelle le
volume (31; 54 - 56) d’un deuxième espace (52b) formé sous le porte-substrat et relié à un moyen de dégagement



EP 1 452 626 B9

17

5

10

15

20

25

30

35

40

45

50

55

à vide est plus grand que celui du premier espace.

7. Système filmogène (51) selon la revendication 6, où un anneau de gazéification 63) pour l’introduction uniforme
d’un gaz inerte dans le réacteur sous vide (52) le long de la surface de la paroi intérieure du réacteur est disposé
sur la face supérieure du réacteur.

8. Système filmogène (51) selon la revendication 7, où un moyen de réglage de la température est mis en place de
telle manière que la température du gaz inerte alimenté à l’anneau de gazéification (63) est réglable arbitrairement.

9. Système filmogène (51) selon l’une quelconque des revendications 6 à 8, où le porte-substrat (53) est conçue de
manière à pouvoir monter et descendre librement entre la position filmogène au-dessus du réacteur sous vide (52)
et la position de transfert du substrat en-dessous du réacteur sous vide (52) et à agencer l’orifice (62) pour le
convoyeur du substrat en-dessous de l’orifice pour transporter le substrat dans le réacteur sous vide.

10. Système filmogène (51) selon l’une quelconque des revendications 6 à 9, où un moyen de réglage de la température
est mis en place de manière à régler librement la température du gaz mélangé.

11. Système filmogène (51) selon l’une quelconque des revendications 6 à 10, où l’interstice entre l’élément manchon
(61) et la surface de la paroi intérieure constituant le réacteur (52) est fixé à une valeur non inférieure à 10 mm.

12. Système filmogène (51) selon l’une quelconque des revendications 6 à 11, où la hauteur de l’élément manchon
(61) est fixée à une valeur non inférieure à 70 mm.

13. Procédé filmogène comprenant les étapes consistant à procurer une chambre de mélange (1) laquelle a une taille
souhaitée et une forme cylindrique creuse et comprend une chambre de brassage (2), une chambre de diffusion
(3) et une cloison (4) pour séparer la chambre de brassage de la chambre de diffusion; introduire un gaz évaporé
et un gaz réactif dans la chambre de brassage par des admissions d’introduction de gaz (5a, 6a) pour l’introduction
du gaz évaporé et du gaz réactif, respectivement, lesquelles sont agencées de telle manière qu’elles sont opposées
l’une à l’autre dans la zone supérieure de la chambre de brassage; brasser et mélanger le gaz évaporé et le gaz
réactif alors que le flux du gaz évaporé est séparé par le gaz réactif et les deux gaz s’écoulent le long de la surface
de la cloison; introduire doucement le gaz filmogène constitué du gaz évaporé et du gaz réactif mélangés dans la
chambre de diffusion par une ouverture d’alimentation de gaz (7) formée en une position souhaitée dans la cloison
pour engendrer ainsi la diffusion du gaz filmogène dans celle-ci; introduire le gaz filmogène uniformément mélangé
ainsi préparé dans un réacteur sous vide (32; 52) par une tête à gaz (34; 57) placée à la partie du haut du réacteur
sous vide; et puis former un film sur un sujet destiné à être revêtu d’un film, lequel est placé dans le réacteur sous
un vide.
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