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(57) ABSTRACT

Provided is a vaporizable source material container having
excellent corrosion resistance. The vaporizable source mate-
rial container for storing and vaporizing a metal halide for
thin film deposition S includes: a container main body
including a container wall; a lid body provided with a carrier
gas inlet and a mixed gas outlet; fastening members for
fixing the container main body with the lid body; and joint
members, wherein the container wall of the container main
body is fabricated of copper with 99 to 99.9999% purity,
aluminum with 99 to 99.9999% purity, or titanium with 99
to 99.9999% purity, and the container main body, the lid
body, the fastening members and the joint members are each
treated by fluorocarbon polymer coating and/or by electro-
Iytic polishing.
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VAPORIZABLE SOURCE MATERIAL
CONTAINER AND SOLID
VAPORIZATION/SUPPLY SYSTEM USING
THE SAME

TECHNICAL FIELD

[0001] This invention relates to a vaporizable source mate-
rial container, and to also a solid vaporization/supply system
using the vaporizable source material container. More spe-
cifically, this invention relates to a vaporizable source mate-
rial container having excellent corrosion resistance, and to a
solid vaporization/supply system using the vaporizable
source material container.

BACKGROUND ART

[0002] Vaporizable source material containers are conven-
tionally known as the containers for storing a vaporizable
source material, for example, in a chemical vapor deposition
(CVD) method, where stainless steel and the like have been
disclosed as materials out of which a vaporizer main body of
the vaporizable source material containers is fabricated
(refer to PTL 1).

CITATION LIST

Patent Literature

[0003] PTL 1: JP 2016-866 A
SUMMARY OF INVENTION
Technical Problem
[0004] However, in such a vaporizer as the one disclosed

in PTL 1, stainless steel is employed for its container wall.
The container wall made of stainless steel has good thermal
conductivity but has an issue of insufficient corrosion resis-
tance. While stainless steel, for example, is corrosion resis-
tant, it may be slightly corroded when getting in contact with
a vaporizable source material, and a very small amount of
impurity is incorporated in the vaporizable source material.
Further, even when other materials such as Hastelloy are
employed, a very small amount of impurity are likely to be
incorporated in the vaporizable source material similarly to
the case of stainless steel.

[0005] In recent years, use of metal halides as more
reactive vaporizable source material has been studied. Such
metal halides generate acid gases such as hydrogen chloride
by reacting with water, which raises a problem that such acid
gases cause more remarkable corrosion of the vaporizable
source material container.

[0006] Meanwhile, recently, there has been a demand for
much higher performance of semiconductor products.
Accordingly, a higher purity (that is, a lower rate of impurity
included) has been required for vaporizable source materi-
als. When an atomic layer deposition (ALD) method is used
for depositing a thin film, the thin film is required to be
defect free and uniform at the atomic level. Therefore it is
necessary to reduce the amount of impurity incorporated in
the vaporizable source material to the utmost limit. For these
reasons, measures against corrosion of the vaporizable
source material container have become further important.
[0007] The present invention has been made in view of the
above-described problems of the prior art, and accordingly
provides a vaporizable source material container having
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excellent corrosion resistance and a solid vaporization/
supply system using the vaporizable source material con-
tainer.

Solution to Problem

[0008] According to the present invention, a vaporizable
source material container and a solid vaporization/supply
system using the vaporizable source material container,
described below, are provided.

[0009] [1] A vaporizable source material container for
storing and vaporizing a metal halide for thin film deposition
to be used as a vaporizable source material, the vaporizable
source material container including:

[0010] a container main body including a container wall;
[0011] a lid body configured to be detachably fixed to the
container main body, and provided with a carrier gas inlet
for introducing a carrier gas into the container main body
and a mixed gas outlet for leading a mixed gas of the
vaporized metal halide for thin film deposition with the
carrier gas to the outside;

[0012] fastening members for fixing the container main
body with the 1id body; and

[0013] joint members arranged at the carrier gas inlet and
the mixed gas outlet of the lid body,

[0014] wherein the container wall of the container main
body is fabricated of copper with 99 to 99.9999% purity,
aluminum with 99 to 99.9999% purity, or titanium with 99
to 99.9999% purity, and

[0015] wherein the container main body, the lid body, the
fastening members, and the joint members are each treated
by fluorocarbon polymer coating and/or by electrolytic
polishing on its surface.

[0016] [2] The vaporizable source material container
according to [1], wherein the container wall has a double-
wall structure composed of an inner wall member and an
outer wall member, and wherein the carrier gas introduced
from the carrier gas inlet is led into the container main body
via a space between the inner and outer wall members of the
double-wall structure.

[0017] [3] The vaporizable source material container
according to [2], wherein an internal inlet for introducing the
carrier gas having passed between the inner and outer wall
members into the container main body is provided at a
bottom surface portion of the inner wall member constitut-
ing the container wall.

[0018] [4] The vaporizable source material container
according to any one of [1] to [3], wherein the fastening
members are each composed of a bolt member inserted into
a bolt insertion hole provided in both the container main
body and the lid body, and of a nut member screwed and
thereby fastened to the bolt member.

[0019] [5] The vaporizable source material container
according to any one of [1] to [4] further including at least
one plate-shaped shelf member suspended from the con-
tainer main body.

[0020] [6] The vaporizable source material container
according to [5], wherein at least one of the shelf members
has a shower head structure provided with a plurality of
through holes formed therein.

[0021] [7] The vaporizable source material container
according to [5], wherein at least one of the shelf members
is fabricated of a porous material.

[0022] [8] The vaporizable source material container
according to any one of [1] to [7] further including one or



US 2022/0090261 Al

more members having a spherical, spheroidal, leaf-like,
spiral shape or another irregular shape, being made of
aluminum or copper and having a maximum length of 1 to
30 mm in one direction in the container main body.

[0023] [9] The vaporizable source material container
according to any one of [1] to [8], wherein the metal halide
for thin film deposition to be used as the vaporizable source
material is a compound represented by a general formula (1)
described below;

General formula (1): MXn

(In the general formula (1), M represents any element among
Al, Hf, Zr, Ta, W, Ga, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Er, Tm, Yb and Co. X represents a halogen atom. n is the
number of X atoms.).

[0024] [10] The vaporizable source material container
according to any one of [1] to [9] to be used for thin film
deposition by a chemical vapor deposition method.

[0025] [11] The vaporizable source material container
according to any one of [1] to [9] to be used for thin film
deposition by an atomic layer deposition method.

[0026] [12] The vaporizable source material container
according to any one of [1] to [11] further including a valve
arranged at a portion of a gas flow path located more
downstream than the mixed gas outlet, the valve being a
vacuum valve having a CV value (in terms of water) of 0.2
or more.

[0027] [13] A solid vaporization/supply system including:
the vaporizable source material container according to any
one of [1] to [12]; and the metal halide for thin film
deposition to be used as the vaporizable source material that
is stored in the vaporizable source material container,
[0028] wherein the carrier gas is supplied from the carrier
gas inlet of the lid body, and a mixed gas obtained by mixing
the metal halide for thin film deposition having been vapor-
ized and the carrier gas is supplied from the mixed gas outlet
of the lid body.

[0029] [14] The solid vaporization/supply system accord-
ing to [13] further including a carrier gas supply means for
supplying the carrier gas into the container main body.
[0030] [15] The solid vaporization/supply system accord-
ing to [13] or [14],

[0031] wherein the container wall has a double wall struc-
ture composed of an inner wall member and an outer wall
member, and

[0032] wherein the mixed gas is produced by:

[0033] charging the metal halide for thin film deposition
into the vaporizable source material container;

[0034] heating the metal halide for thin film deposition in
the container main body by heating the container wall of the
container main body;

[0035] introducing a carrier gas from the carrier gas inlet
of the lid body, making the carrier gas pass through a space
between the inner and outer wall members constituting the
double wall structure of the heated container wall, and
introducing the carrier gas thus heated into the container
main body; and

[0036] mixing the vaporized metal halide for thin film
deposition with the carrier gas.

[0037] [16] The solid vaporization/supply system accord-
ing to any one of [13] to [15],

[0038] Wherein a valve for opening and closing the gas
flow path is arranged at a portion of a gas flow path for the
mixed gas located more downstream than the mixed gas
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outlet, and wherein the valve is a vacuum valve having a CV
value (in terms of water) of 0.2 or more.

Advantageous Effects of Invention

[0039] The vaporizable source material container accord-
ing to the present invention has an effect of being highly
corrosion resistant.

[0040] The solid vaporization/supply system according to
the present invention includes the above-mentioned vapor-
izable source material container of the present invention, and
has an effect of supplying a higher purity vaporizable source
material at a high flow rate.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG. 1 is a cross-sectional diagram schematically
showing an embodiment of a vaporizable source material
container according to the present invention.

[0042] FIG. 2 is a schematic cross-sectional diagram for
illustrating gas flow of a carrier gas, a vaporizable source
material having been vaporized and a mixed gas, in an
embodiment of the vaporizable source material container
according to the present invention.

[0043] FIG. 3 is a cross-sectional diagram schematically
showing another embodiment of a vaporizable source mate-
rial container according to the present invention.

[0044] FIG. 4 is a cross-sectional diagram schematically
showing still another embodiment of a vaporizable source
material container according to the present invention.
[0045] FIG. 5 is a top view schematically showing a shelf
member depicted in FIG. 4

DESCRIPTION OF EMBODIMENTS

[0046] Hereinafter, descriptions will be given of embodi-
ments for implementing the present invention, but the pres-
ent invention is not limited to the embodiments described
below. That is, it should be recognized that any embodiment
obtained by appropriately applying modification, refinement
or the like to the embodiments described below, in a range
not departing from the aim of the present invention and
based on general knowledge of a person skilled in the art, is
embraced within the scope of the present invention.

[1] Vaporizable Source Material Container:

[0047] An embodiment of a vaporizable source material
container according to the present invention is shown in
FIG. 1 as a vaporizable source material container 100. The
vaporizable source material container 100 is a vaporizable
source material container for storing and vaporizing a metal
halide for thin film deposition S used as a vaporizable source
material. The vaporizable source material container 100
includes a container main body 2, a lid body 4, fastening
members 6, and joint members 8. FIG. 1 is a cross-sectional
diagram schematically showing an embodiment of a vapor-
izable source material container according to the present
invention. FIG. 2 is a schematic cross-sectional diagram for
illustrating gas flow of a carrier gas G1, a vaporizable source
material having been vaporized (that is, vaporized metal
halide for thin film deposition G2) and a mixed gas G3, in
the embodiment of a vaporizable source material container
according to the present invention.

[0048] The container main body 2 has a container wall 12,
and is a substantial main body part of the vaporizable source
material container 100. The lid body 4 is configured to be
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detachably fixed to the container main body 2, and has a
carrier gas inlet 16 for introducing the carrier gas G1 into the
container main body 2 and a mixed gas outlet 18 for leading
the mixed gas G3 of the vaporized metal halide for thin film
deposition G2 with the carrier gas G1 to the outside. The
fastening members 6 are those for fixing the container main
body 2 with the lid body 4, for example, the fastening
members 6 may be those each composed of a bolt member
inserted into a bolt insertion hole provided in both the
container main body 2 and the lid body 4, and of a nut
member screwed and thereby fastened to the bolt member.
The joint members 8 are those for coupling the carrier gas
inlet 16 and the mixed gas outlet 18 of the lid body 4 with
a valve 30, a pressure gauge 32, a flow meter (not depicted)
or other components such as gas pipes.

[0049] In the vaporizable source material container 100 of
the present embodiment, the container wall 12 of the con-
tainer main body 2 is fabricated of copper with 99 to
99.9999% purity, aluminum with 99 to 99.9999% purity or
titanium with 99 to 99.9999% purity. A fluorocarbon poly-
mer coating 10 is applied to the container main body 2, the
lid body 4 and the joint members 8. To each of them,
electrolytic polishing may be applied on their surfaces,
instead of the fluorocarbon polymer coating 10. Besides, the
fluorocarbon polymer coating 10 may be further applied to
the surface of each of the bodies and members having been
treated by electrolytic polishing. As a result, the vaporizable
source material container 100 has excellent corrosion resis-
tance. Particularly, metal halides generate an acid gas, such
as of hydrogen chloride, by reacting with moisture, and
accordingly, when a conventional vaporizable source mate-
rial container is used, such an acid gas may cause corrosion
not only inside the vaporizable source material container but
also on the surfaces of the container main body, the lid body,
the fastening members including the bolt members and nut
members, and the joint members. In the vaporizable source
material container 100, the fluorocarbon polymer coating 10
and/or electrolytic polishing are applied to each of the
container main body 2, the lid body 4, the fastening mem-
bers 6, and the joint members 8, and particularly even at its
portions substantially not being in contact with the metal
halide for thin film deposition S, which results in extremely
excellent corrosion resistance.

[0050] Because the container wall 12 of the container
main body 2 is fabricated of copper with 99 to 99.9999%
purity, aluminum with 99 to 99.9999% purity or titanium
with 99 to 99.9999% purity, as described above, excellent
thermal conductivity is achieved and the inside of the
container wall 12 can be effectively heated. By making the
carrier gas G1 contact with the outer wall of the container
wall 12 before being introduced into the container main
body 2, the carrier gas G1 introduced into the container main
body 2 can be effectively heated, which promotes the
vaporization of the metal halide for thin film deposition S.
Here, the term “purity” means a proportion (weight ratio) of
the principal component in a sample determined by quanti-
tative analysis. It is unfavorable that the purity of copper,
aluminum or titanium constituting the container wall 12 is
lower than 99%, in that the thermal conductivity of the
container wall 12 is decreased. It is also unfavorable that the
purity of copper, aluminum or titanium constituting the
container wall 12 exceeds 99.9999%, in that the strength of
the container wall 12 is decreased.
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[0051] In concept, the “container wall 12” includes not
only the side wall but also the bottom wall. That is, it is
preferable that any wall portion with which a vaporizable
source material is in contact, when charged in the vaporiz-
able source material container 100, is referred to as the
container wall.

[0052] A material constituting the fluorocarbon polymer
coating 10 is not limited particularly, but may be any
coatable fluorocarbon polymer and, for example, may be a
polymer in which at least some of its hydrogen atoms are
substituted by fluorine atoms, or the like, specifically poly-
tetrafluoroethylene (product name “Teflon” (registered
trademark)) or the like. Using such a material is effective in
preventing impurities from being incorporated further into
the vaporizable source material.

[0053] While the thickness of the fluorocarbon polymer
coating 10 is not particularly limited, it is preferably set at,
for example, 150 to 500 pm, more preferably 200 to 400 pm,
and particularly preferably 250 to 350 um. Most preferably,
it is set at about 300 pm. When the thickness of the
fluorocarbon polymer coating 10 is smaller than the above-
mentioned lower limit value, it is likely that sufficient
corrosion resistance cannot be achieved. When the thickness
exceeds the above-mentioned upper limit value, it is likely
that the coating is too thick.

[0054] The fluorocarbon polymer coating 10 may be
formed by, for example, vapor deposition, where a vapor
deposition method employed there is not limited to any
specific ones, but may be any conventionally known one.
[0055] The fluorocarbon polymer coating 10 is preferably
applied to every part of the inner and outer surfaces of the
container main body 2, the inner and outer surfaces of the lid
body 4, surfaces of the fastening members 6 and surfaces of
the joint members 8. That is, the fluorocarbon polymer
coating 10 is preferably applied, not only to surfaces to be
in contact with the carrier gas G1, the vaporized metal halide
for thin film deposition G2 and the mixed gas G3, but to the
entire area of each of the bodies and members, including
their surfaces (outer surfaces) that are generally considered
not to be in contact with the above-mentioned gases.
[0056] The electrolytic polishing applied to the container
body 2 and the like is preferably, for example, a polishing
treatment performed under a condition (i) described below.
When such a polishing treatment is applied, in a case of
further applying the fluorocarbon polymer coating 10, adhe-
sion of the fluorocarbon polymer coating 10 is further
improved.

[0057] Condition (i):

[0058] Using an electrode with a diameter of 250 to 350
mm, the current density is set at 28.5 mA/cm? or lower, the
concentration of electrolytic solution at 15 to 30 wt %, the
solution flow rate at 1 to 8 [/min, and the pH of the
electrolytic solution at an alkaline value. Further, as polish-
ing conditions, the pressure is set at 20 to 60 kPa, the rotation
speed at 350 rpm or lower, and inorganic grains with grain
sizes from 0.020 to 0.10 um are used as abrasive grains.
[0059] In the condition (i) described above, the current
density is preferably set at 15 to 20 mA/cm®. The pH of the
electrolytic solution is preferably set at 11 to 11.5.

[0060] The rotation speed in the polishing conditions may
be set at 50 to 350 rpm. As the abrasive grains, inorganic
grains are used, where the inorganic grains are particularly
not limited and examples thereof include colloidal silica
(colloidal Si0,) and the like.
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[0061] Forexample, the inner surface of the container wall
12 processed by such polishing treatment may come to have
a surface roughness of Ra=0.8 to 1.1 um.

[0062] Whether or not such electrolytic polishing has been
performed on a surface may be confirmed by microscopic
observation of the surface using both an electron microscope
and an atomic force microscope (AFM), for instance. An
example of another method is to inspect the surface state by
secondary electron mass spectroscopy.

[0063] While, in the vaporizable source material container
100, the fluorocarbon polymer coating 10 and/or the elec-
trolytic polishing are applied to each of the container main
body 2, the lid body 4, the fastening members 6 and the joint
members 8, the electrolytic polishing may be replaced by
chemical polishing. Also with such a configuration, excel-
lent corrosion resistance can be given as well. When the
fluorocarbon polymer coating 10 is further applied after the
chemical polishing, adhesion of the fluorocarbon polymer
coating 10 is further improved as in the case where the
electrolytic polishing is applied. As a result, contamination
of moisture, oxygen or the like is reduced at the interface
with the fluorocarbon polymer coating 10 for example,
which leads to the improvement of adhesion of the fluoro-
carbon polymer coating 10.

[0064] Materials of the lid body 4 and the fastening
members 6 are not particularly limited, and examples thereof
may include aluminum, copper, titanium, nickel alloy, alu-
minum alloy, super stainless steel, and stainless steel.
Among them, examples of nickel alloy may include Has-
telloy, Inconel and the like, where “Hastelloy” and “Inconel”
are each an alloy containing Ni and Mo. When aluminum,
copper or titanium is used, it preferably has a purity of 99%
or higher, and more preferably a purity of 99 to 99.9999%.
[0065] The composition of “Hastelloy” may be appropri-
ately determined, and specifically is 40 to 60 wt % Ni with
30 to 50 wt % Mo.

[0066] The composition of “Inconel” may be appropri-
ately determined, and specifically is 20 to 50 wt % Ni with
70 to 50 wt % Mo.

[0067] “Super stainless steel” is a stainless steel contain-
ing 17.00 to 19.50 wt % Ni, 19.00 to 21.00 wt % Cr, 5.50
to 6.50 wt % Mo, 0.16 to 0.24 wt % N and 0.50 to 1.00 wt
% Cu, having a C content of 0.020 wt % or lower, a Si
content of 0.80 wt % or lower, a Mn content of 1.00 wt %
or lower, a P content of 0.030 wt % or lower and a S content
of 0.015 wt % or lower, and thus being given a further
improved corrosion resistance.

[0068] The container wall 12 preferably has a double-wall
structure 14 composed of an inner wall member 12a and an
outer wall member 126. Accordingly, the carrier gas G1
introduced from the carrier gas inlet 16 is preferably intro-
duced into the container main body 2 after passing through
a space between the inner and outer wall members 12a and
125 of the double-wall structure 14. This constitution makes
it possible to heat the carrier gas G1 introduced into the
container main body 2 at the same time, when the container
main body 2 is heated from the outside. Accordingly, the
heated carrier gas G1 in contact with the metal halide for
thin film deposition S charged in the container main body 2
enables the metal halide for thin film deposition S to be
vaporized stably at a high flow rate.

[0069] As shown in FIGS. 1 and 2, the vaporizable source
material container 100 has an internal inlet 20 to introduce
the carrier gas G1 passed through a space between the inner
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and outer wall members 124 and 124 into the container main
body 2 at a bottom surface portion of the inner wall member
124 constituting the container wall 12.

[0070] A reference sign 30 in FIGS. 1 and 2 denotes valves
30 for opening and closing flow channels of the vaporizable
source material container 100. By opening respective ones
of the valves 30, the carrier gas G1 can be introduced into
the vaporizable source material container 100 (into the
container main body 2), and the mixed gas G3 with the
carrier gas G1 can be led to the outside of the container main
body 2. In this way, the vaporizable source material con-
tainer 100 may include two or more on-off valves. A
reference sign 32 in FIG. 1 denotes a pressure gauge, and a
reference sign 34 in FIG. 2 denotes gas pipes.

[0071] As shown in FIG. 3, a vaporizable source material
container 200 may include one or more members made of
aluminum or copper whose maximum length is 1 to 30 mm
in one direction inside its container main body 2. The
vaporizable source material container 200 shown in FIG. 3
is illustrated to have a configuration further including one or
more spherical members 26 that are made of aluminum and
have a diameter of 2 to 30 mm. Here, such members to be
included in the container main body 2 (for example, the
spherical members 26 in FIG. 3) are preferably those having
a spherical, spheroidal, leaf-like, spiral shape or another
irregular shape. When the members are leaf-shaped ones,
their width is preferably about 1 to 2 cm. When they are
spheroidal or spiral members, their length in the longer
direction (in other words, the longitudinal direction) is
preferably about 1.5 to 3 cm. Also, when they are members
having another irregular shape, their length in the longer
direction is preferably about 1.5 to 3 cm. These members are
made of aluminum, copper, or titanium and the same mate-
rial as that of the container wall 12 may be used. For
example, when the container wall 12 is made of copper with
a purity of 99 to 99.9999%, the spherical members 26 are
preferably made of copper. FIG. 3 is a cross-sectional
diagram schematically showing another example of a vapor-
izable source material container. In FIG. 3, to similar com-
ponents to those of the vaporized material container 100
shown in FIGS. 1 and 2, identical reference signs are
assigned and their descriptions may be omitted.

[0072] Having the spherical members 26 made of alumi-
num shown in FIG. 3, for example, leads to an advantage
that thermal conductivity of the compounds in the container
main body 2 can be raised. The number of members to be
arranged in the container main body 2, such as the spherical
members 26 shown in FIG. 3, is not limited particularly, and
is preferably 10 to 20, for example.

[0073] The vaporizable source material container 100
shown in FIGS. 1 and 2 may be further equipped with at
least one plate-shaped shelf member 22 suspended in the
container main body 2. The metal halide for thin film
deposition S may be placed on the shelf member 22. One or
more through holes 24 are formed on the shelf member 22
to allow the carrier gas (G1, the vaporized metal halide for
thin film deposition G2 and the mixed gas G3 to flow in the
container main body 2.

[0074] The shelf member 22 may be fabricated of a porous
material, for example. In the shelf member 22 fabricated of
a porous material, one or more through holes 24 shown in
FIGS. 1 and 2 are not necessary to be formed. The porous
material constituting the shelf member 22 allows the carrier
gas (G1, the vaporized metal halide for thin film deposition
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(G2 and the mixed gas G3 to flow, in the container main body
2. Further, when the shelf member 22 is fabricated of a
porous material, the shelf member 22 itself has a function as
a filter and can collect and remove particles generated in the
container main body 2. The porous material constituting the
shelf member 22 may include ceramics.

[0075] As shown in a vaporizable source material con-
tainer 300 of FIG. 4, it is preferable that at least one of the
plate-shaped shelf members 22 suspended from the con-
tainer main body 2 is equipped with a shower head structure
in which a plurality of through holes 24 are formed. The
shower head structure refers to a structure in which a
plurality of through holes 24 formed in the shelf member 22
serve as ejection holes of the carrier gas G1 and the like,
thereby realizing shower-like flow of the gases. For
example, gas flow channels through which the carrier gas G1
and the like flow are formed into a grid pattern inside the
shelf member 22, and a plurality of through holes 24 are
formed on the top surface of the shelf member 22. Here,
FIG. 4 is a cross-sectional diagram schematically showing
still another example of a vaporizable source material con-
tainer. In FIG. 4, identical reference signs are assigned to
similar components to those of the vaporizable source
material container 100 shown in FIGS. 1 and 2, and descrip-
tions thereof may be omitted.

[0076] There is no specific restriction on arrangement of
the plurality of through holes 24 formed in the shelf member
22, and for example, as in a shelf member 22 shown in FIG.
5, the through holes 24 may be formed uniformly on the
surface of the shelf member 22. While it is not depicted in
any diagrams, an alternative arrangement of the plurality of
through holes 24 formed in the shelf member may be such
that the plurality of through holes are formed in a manner to
sequentially circle within the shelf member and accordingly
arranged to draw a spiral locus. FIG. 5 is a top view
schematically showing the shelf member depicted in FIG. 4.
[0077] The carrier gas G1 is not particularly limited, and
examples thereof include hydrogen, helium, nitrogen, oxy-
gen, argon, carbon monoxide, and carbon dioxide.

[0078] The metal halide for thin film deposition S to be
used as a vaporizable source material is preferably a com-
pound represented by a general formula (2) described below.

MXn General formula (2):

(Here, in the general formula (2), M represents any element
among Al, Hf, Zr, Ta, W, Ga, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Er, Tm, Yb and Co. X represents a halogen atom. n
is the number of X atoms.)

[0079] When the halogen atom X is chlorine (Cl),
examples of the compound represented by the general
formula (2) described above may include: aluminum chlo-
ride (AICl,), hafnium chloride (HfCl,), zirconium chloride
(ZxCl,), tantalum chloride (TaCly), tungsten pentachloride
(WCly), tungsten hexachloride (WCly), gallium chloride
(GaCl,), lanthanum chloride (LaCl,), cerium chloride (CeCl
5), praseodymium chloride (PrCly), neodymium chloride
(NdCl,), samarium chloride (SmCl,), europium chloride
(EuCly), gadolinium chloride (GdClsy), terbium chloride
(TbCly), dysprosium chloride (DyCl;), erbium chloride
(ErCly), thulium chloride (TmCl;), ytterbium chloride
(YbCl;) and cobalt chloride (CoCl,).

[0080] The vaporizable source material container of the
present embodiment can favorably store even a highly
corrosive vaporizable source material such as the above-
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mentioned compounds represented by the general formula
(2), and accordingly the proportion of impurities which
exists in the vaporizable source material becomes very
small.

[0081] The vaporizable source material container 100 of
the present embodiment is a container that is in contact with
a heating medium or a cooling medium capable of heating
or cooling from the outside, and accordingly can keep a
compound within the container in either a gas state or a solid
state.

[0082] The vaporizable source material container of each
of the present embodiments may be used as a container for
storing a vaporizable source material used for thin film
deposition by a chemical vapor deposition (CVD) method,
a metalorganic chemical vapor deposition (MOCVD)
method and an atomic layer deposition (ALD) method, and
preferably is used as a container for thin film deposition by
an atomic layer deposition (ALD) method. Specifically, an
atomic layer deposition (ALD) method enables formation of
a thinner film than that formed by a chemical vapor depo-
sition (CVD) method, and more specifically, a very thin film
of about a few-nm thickness can be formed by the ALD
method, while accuracy of the film is easily affected by
impurities contained in the vaporizable source material. In
this respect, by using the vaporizable source material con-
tainer of each of the present embodiments, impurities con-
tained in the vaporizable source material can be reduced to
an extremely small amount.

[0083] The vaporizable source material container of each
of the present embodiments may further include a valve
arranged at a portion of the gas flow path located more
downstream than the mixed gas outlet. The valve is prefer-
ably a valve having a CV value (in terms of water) of 0.2 or
more. In particular, the valve is more preferably a vacuum
valve represented by a bellows valve. By including such a
valve, supply of the mixed gas can be performed more
effectively. When the CV value (in terms of water) is less
than 0.2, the flow of a great amount of the mixed gas may
be hindered, and the mixed gas may stay in the valve. When
the mixed gas stays in the valve, a temperature may decrease
due to the heat of vaporization, the vaporizable source
material (metal halide for thin film deposition) may accord-
ingly stick in the valve, and the valve may be thereby
blocked. By providing a valve with a CV value (in terms of
water) of 0.2 or more, such blockage of the valve can be
effectively prevented, and the mixed gas can be supplied
without any trouble. The CV value of the valve is preferably
0.2 or more, more preferably 0.6 or more, and particularly
preferably 1.0 or more. While there is no specific upper limit
on the CV value, 3.0 or 2.5 may be given as an example of
the upper limit value. Examples of a valve having the
above-described CV value may include a diaphragm, a ball
valve, a bellows valve, and the like. These valves are
preferably independent of the valve function, body material,
seat material, and temperature.

[0084] The valve CV value described above is a value in
terms of water that is measured by fully opening the valve
and allowing water to flow through the valve. Specifically,
a flow rate of a fluid (water) flowing through the valve is
measured on both the inflow side and the outflow side of the
valve. For example, a flow rate Q of the fluid flowing
through the valve is measured using a flow meter. Next,
pressure gauges are placed in the front and the rear of the
valve, and a pressure loss AP of the fluid during its passing
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through the valve is measured. It is assumed that the flow
rate Q and the pressure loss AP of the fluid in passing
through the valve are measured in accordance with actual
usage conditions. For example, the measurement is per-
formed in a manner to make the values close to those of the
actual usage conditions. For example, the flow rate Q of
water can be determined from the specific gravity of the
mixed gas and the specific gravity of water. For example,
assuming that the specific gravity of water is 1, the specific
gravity of each vaporizable source material is its own value
(for example, 1.40 to 1.68) and the flow rate of a carrier gas
is 500 cc/min, the flow rate Q of water is calculated to be 300
cc/min. The CV value is measured under a condition of 15°
C.

[2] Fabrication Method of Vaporizable Source Material
Container:

[0085] For example, the vaporizable source material con-
tainer according to the present invention may be fabricated
as follows. First, the outer wall member of the container wall
constituting the container main body is produced by hol-
lowing out a material or welding a roll-shaped work piece,
using a conventionally known method. Subsequently, the
inner wall member of the container wall constituting the
container main body is made of copper, aluminum or tita-
nium having a purity of 99 to 99.9999%, respectively. Then,
the inner wall member is installed inside the outer wall
member to construct the container main body. Further, the
lid body configured to be detachably attached to the con-
tainer main body is produced. Further, the bolt insertion
holes for installing the fastening members are formed in
both the container main body and the lid body, and the bolt
and nut members are prepared as the fastening members
compatible with the bolt insertion holes. In addition, various
joint members to be arranged at the carrier gas inlet and the
mixed gas outlet of the lid body are prepared. In this way, the
bodies and members not having been subjected to treatment,
which are to constitute the vaporizable source material
container, are obtained (preparation step).

[0086] Next, the bodies and members prepared as neces-
sary are subjected to polishing treatment (polishing treat-
ment step). Specifically, the inner surface of the bodies and
members is polished each to obtain polished bodies and
members. In the polishing treatment step, it is preferable to
employ electrolytic polishing under the condition (i) already
described above.

[0087] Next, a fluorocarbon polymer coating is applied to
each of the bodies and members (fluorocarbon polymer
coating step). In this step, the fluorocarbon polymer coating
may be formed by vapor deposition, as already described
above. When the electrolytic polishing treatment under the
condition (i) has been performed in the above-described
polishing treatment step, the fluorocarbon polymer coating
does not need to be applied.

[0088] Next, the bodies and members are assembled into
the vaporizable source material container (assembly step).
The vaporizable source material container according to the
present invention can be fabricated through the above-
described steps. Here, a method of fabricating the vaporiz-
able source material container according to the present
invention is not limited to the above-described one.

[3] Usage of Vaporizable Source Material Container:

[0089] First, the carrier gas inlet 16 of the vaporizable
source material container 100 shown in FIGS. 1 and 2 is
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coupled with a carrier gas tank (not depicted), and further,
the mixed gas outlet 18 is coupled with a semiconductor
processing instrument (not depicted). Next, a metal halide
for thin film deposition S is charged into the vaporizable
source material container 100, as a vaporizable source
material, and subsequently the container main body 2 is
made airtight.

[0090] Next, the carrier gas G1 is introduced from the
carrier gas tank into the vaporizable source material con-
tainer 100. Then, the vaporizable source material having
been vaporized in the vaporizable source material container
100 (vaporized metal halide for thin film deposition G2) is
mixed with the carrier gas G1, and the resulting mixed gas
G3 is led out from the mixed gas outlet 18. Here, the
vaporizable source material is vaporized (evaporated) by
heating etc., to be a source gas. Subsequently, in the semi-
conductor processing instrument, thin film deposition is
performed by a chemical vapor deposition (CVD) method,
a metalorganic chemical vapor deposition (MOCVD)
method or an atomic layer deposition (ALD) method. The
semiconductor processing instrument is where a substrate to
be coated is set (for example, a reaction chamber of a CVD
apparatus) and a desired thin film is deposited on the
substrate set in the semiconductor processing instrument.
[0091] The vaporizable source material container 100 has
excellent corrosion resistance, enables the rate of impurities
originating from the container in the vaporizable source
material to reduce to a very small value, and thereby enables
a high-purity mixed gas to supply to a semiconductor
processing instrument. The vaporizable source material con-
tainer according to the present invention is a container used
for vaporization in CVD, ALD, MOCVD and the like, where
the container is used as a pressure vessel provided with a
valve for semiconductor use.

[4] Solid Vaporization/Supply System:

[0092] Next, an embodiment of a solid vaporization/sup-
ply system according to the present invention will be
described. A solid vaporization/supply system of the present
embodiment is a solid vaporization/supply system using the
vaporizable source material container according to the pres-
ent invention described above. That is, it includes the
vaporizable source material container 100 and the metal
halide for thin film deposition S stored in the vaporizable
source material container 100, both already shown in FIGS.
1 and 2. The solid vaporization/supply system of the present
embodiment may further include a carrier gas supply means
(not depicted) for supplying the carrier gas G1 into the
container main body 2. The solid vaporization/supply sys-
tem of the present embodiment may further include a buffer
tank (not depicted) for storing the mixed gas G3 on the
downstream side of the mixed gas outlet 18 of the vapor-
izable source material container 100. The buffer tank (not
depicted) is an optional component, and does not necessarily
need to be included. When the buffer tank is not included, for
example, the mixed gas G3 generated in the vaporizable
source material container 100 is directly supplied to a
semiconductor processing instrument or the like.

[0093] In the solid vaporization/supply system of the
present embodiment, the carrier gas G1 is supplied from the
carrier gas inlet 16 of the lid body 4 constituting the
vaporizable source material container 100, and the mixed
gas G3 generated by mixing the vaporized metal halide for
thin film deposition G2 with the carrier gas G1 is supplied
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from the mixed gas outlet 18 of the lid body 4. The solid
vaporization/supply system of the present embodiment has
an effect of supplying a vaporizable source material in a
higher purity state and at a high flow rate.

[0094] The solid vaporization/supply system of the pres-
ent embodiment is preferably configured as follows. First,
the metal halide for thin film deposition S is charged into the
vaporizable source material container 100. Next, the metal
halide for thin film deposition S is heated by heating the
container wall 12 of the container main body 2 and, at the
same time, the carrier gas G1 is introduced from the carrier
gas inlet 16 of the lid body 4 and made to pass through a
space between the inner and outer wall members 12a and
125 of the double-wall structure 14 of the container wall 12,
so that thus heated carrier gas G1 is led into the container
main body 2. Then, the vaporized metal halide for thin film
deposition G2 and the carrier gas G1 are mixed to generate
the mixed gas G3. This configuration enables the heated
carrier gas G1 to get in contact with the heated carrier gas
G1, and thereby enables the metal halide for thin film
deposition S to vaporize stably at a high flow rate.

[0095] The solid vaporization/supply system of the pres-
ent embodiment may further include a valve arranged at a
portion of a gas flow path located more downstream than the
mixed gas outlet. Preferably, the valve has a CV value (in
terms of water) of 0.2 or more during the flowing of the
mixed gas. More preferably in particular, the valve is a
vacuum valve represented by a bellows valve. Such a valve
allows the mixed gas to be supplied more effectively.
[0096] The CV value can be adjusted according to the
method described above. It is assumed that the flow rate Q
and the pressure loss AP in passing through the valve, both
used for calculating the CV value, are measured in accor-
dance with actual usage conditions during the flowing of the
mixed gas.

EXAMPLES

[0097] Hereinafter, the present invention will be described
in more detail with reference to examples and comparative
examples, but the present invention is not limited thereto.

Examples 1 to 15 and Comparative Examples 1 to
16

[0098] As shown in FIG. 1, vaporizable source material
containers 100, each including the container main body 2,
the lid body 4, the fastening members 6, and the joint
members 8, were fabricated. In the present examples and
comparative examples, container walls of the container main
bodies of the vaporizable source material containers were
made of, respectively, materials described in a column
entitled as “container wall” consisting of “material” and
“purity (%)” in Tables 1 and 2. Further, the surfaces of the
container body, the lid body, the fastening members, and the
joint members were subjected to polishing treatment under
a polishing condition (i) described below. Subsequently, a
fluorocarbon polymer coating was applied to the polished
surface of each of the bodies and members. The fluorocar-
bon polymer coating was performed by vapor depositing
polytetrafluoroethylene (Teflon) using an apparatus of an
electron-beam vacuum evaporation method.

[0099] Polishing Condition (i):

[0100] Using an electrode with a diameter of 300 mm, the
current density was set at 20 mA/cm? or less, the concen-
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tration of electrolytic solution at 20 wt %, the solution flow
rate at 3 [/min, and the pH of the electrolytic solution at 10.
Further, as polishing conditions, the pressure was set at
31.35 kPa, the rotation speed at 300 rpm, and colloidal silica
with a grain size of 0.07 um was used as the abrasive grains.
[0101] In the vaporizable source material container of
each of the examples and comparative examples, a valve
having a CV value (in terms of water) of 1.5 was arranged
on the downstream side of the mixed gas outlet of the
vaporizable source material container, and the mixed gas
was supplied through the valve.

Examples 16 to 30

[0102] In Examples 16 to 30, vaporizable source material
containers were fabricated similarly to those in Examples 1
to 15 except that the fluorocarbon polymer coating was not
applied. That is, in the vaporizable source material container
of Examples 16 to 30, only the polishing treatment under the
above-described polishing condition (i) was performed on
surfaces of the container main body, the lid body, the
fastening members, and the joint members. In Examples 16
to 30, container walls of the container main bodies of the
vaporizable source material containers were made of the
materials described in a column entitled as “container wall”
consisting of “material” and “purity (%)” in Table 3.
[0103] The metal halides for thin film deposition described
in a column entitled as “source material (metal halide)” in
Tables 1 to 3 were stored in each of the vaporizable source
material containers of Examples 1 to 30 and Comparative
Examples 1 to 16, where a carrier gas was supplied into the
container main body, a mixed gas in which the vaporized
metal halide for thin film deposition and generated a mixed
gas of the vaporized metal halide for thin film deposition
with the carrier gas. The mixed gas thus generated was used
for thin film deposition by an atomic layer deposition (ALD)
method. Compositions of ALD films thus deposited by the
atomic layer deposition (ALD) method are described in
Tables 4 to 6. Further, the amounts of impurities (12 ele-
ments described in Tables 4 to 6) contained in each of the
vaporizable source materials after the thin film deposition
were measured by an ICPMS (inductively coupled plasma
mass spectrometer). In a row entitled as “before thin film
deposition” in Table 4, the amounts of impurities (12 ele-
ments shown in Tables 4 to 6) contained in the vaporizable
source materials before the thin film deposition are
described.

[0104] The amount of impurities was measured in a way
described below. First, after the film deposition, residues of
the vaporizable source material left in the container main
body of the vaporizable source material container were
collected. Next, in an apparatus of ICPMS (inductively
coupled high frequency plasma mass spectrometry), a pre-
determined amount of the collected substance was dissolved
in aqua regia. Subsequently, the solution was heated to 120°
C. on a hot plate, thereby being evaporated to dryness. Then,
the substance having been dried by evaporation was diluted
to obtain a measurement sample. Then, metal impurities in
the measurement sample were measured with the analysis
apparatus described above.

[0105] Before and after the thin film deposition, the sur-
face roughness of the inner surface of the container main
body 2 was measured by an AFM analyzer (atomic force
microscope) (manufactured by HORIBA). The surface
roughness was measured several times to calculate their
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average value. The surface roughness values after and before TABLE 2-continued
thin film deposition were represented by A and B, respec-
tively. A value (A/B) corresponding to a result of dividing A . Fluoro-  source
by B was calculated. The calculated “A/B” values are container wall carbon - material
fiescribed in a column entitled as “inner surface roughness” purity  clectrolytic  polymer  (metal
in Tables 4 to 6. material (%) polishing coating  halide)
[0106] A growth rate (GPC: Growth Per Cycle) was . .
. . .- . Comp. SUS316L — applied not applied WCls
measured in the thin film deposition by the atomic layer Ex. 4
deposition (ALD) method. Specifically, in depositing the Comp. SUS316L - applied  not applied WCl,
thin film described above, the valve was opened and closed Ex. 5 . .
once every 0.2 seconds to introduce the mixed gas contain- gomg" SUS316L - applied not applied LaCls
ing the Vaporlngle source mater1a1 into .the deposition Comp. SUS316L o applied ot applied CoCl,
chamber. Assuming that 0.2 seconds is the time for a valve Fx. 7
to take for one opening/closing as one cycle, and by mea- Comp. SUS316L - applied  not applied WF,
suring the thickness of a film deposited on an 8-inch silicon Ex. 8
wafer, a growth rate of the film per unit time (1 cycle) was Comp.  SUS316L — applied  not applied Hfl,
calculated. Ex. 9 , ,
Comp. SUS316L — applied not applied Zrl,
Ex. 10
TABLE 1 Comp. SUS316L — applied not applied Lalj
Ex. 11
source Comp. SUS316L — applied not applied LaF,
container wall fluoro-  material Ex. 12
C X Al 98 lied lied WF
purity electrolytic ~ polymer (metal Ezmlp3 apple apple ¢
material (%) polishing coating halide) Comp. T 08 applied applied  AICL
Example 1 Al 99.999 applied applied AICl; Ex. 14 ) )
Example 2 Ti 99.9999 applied applied  HfCI, Comp. Al 99.999  not applied  not applied WFg
Example 3 Al 99.999 applied applied ZrCl, Ex. 15
Example 4 Ti 99.999 applied applied WCls Comp. Ti 99.999 not applied  not applied AICl;
Example 5 Ti 99.9999 applied applied WClg Ex. 16
Example 6 Al 99.9999 applied applied LaCl,
Example 7 Al 99.999 applied applied CoCl,
Example 8 Al 99.999 applied applied WFs
Example 9 Ti 99.999 applied applied Hfl, TABLE 3
Example 10 Ti 99.9999 applied applied Zrl,
Example 11 Al 99.9999 applied applied Lal; source
Example 12 Al 99.999 appl}ed appl}ed LaF, container wall fluoro-  material
Example 13 Al 99 applied applied AICl;
Examp}e 14 Cu 99.999 app}}eg app}}eg AlCi3 purity  electrolytic polymer  (metal
Example 15 Ca 99.999 apphie applied  ZrCl, material (%) polishing coating  halide)
Example 16 Al 99.999 applied not applied AICl;
Example 17 Ti 99.9999 applied not applied HfCl,
TABLE 2 Example 18 Al 99.999 applied not applied ZrCl,
Example 19 Ti 99.999 applied not applied WCls
Fluoro-  source Example 20 Ti 99.9999 applied not applied WClg
container wall carbon  material Example 21 Al 99.9999 applied not applied LaCly
Example 22 Al 99.999 applied not applied CoCl,
purity electrolytic polymer  (metal Example 23 Al 99.999 appl%ed not appl%ed WEF;
material (%) polishing coating  halide) Example 24 Ti 99.999 applied not applied HFI,
Example 25 Ti 99.9999 applied not applied Zrl,
Comp. SUS316L — applied not applied AlCl; Example 26 Al 99.9999 applied not applied Lalj
Ex. 1 Example 27 Al 99.999 applied not applied LaF;
Comp. SUS316L — applied not applied HfCl, Example 28 Al 99 applied applied  AlCl;
Ex. 2 Example 29 Cu 99.999 applied not applied AlCl;
omp. — applie not applie 4 xample u . applie not applied ZrCl,
C SUS316L lied lied ZrCl E le 30 Ci 99.999 lied lied ZrCl
Ex. 3
TABLE 4
growth  inner surface
impurity content in residues after thin film deposition (ppb) rate roughness

ALD film Na K Ca Fe Ni Cu Cr Mo Mn Ti V Y GPC (nm) A/B

Example 1  AlL,O; 01 0504 2 01 08 02 05 2 1.2 1.6 02 1.2 1

Example 2 HfO, 02 01 04 5 0308 0505 1 1.2 1.6 02 1.5 1.1
Example 3 Z10, 01 0504 2 0508 0208 1 122 03 1 1

Example 4 ~WN 01 0505 2 01 05 08 05 2 12 1.6 02 2.1 0.9
Example 5 WO, 05 06 04 3 01 08 02 05 3 123 03 3.1 0.9
Example 6  Lay,O3 04 08 05 2 08 05 07 07 1 12 1.6 02 1.5 1.1
Example 7  CoN 02 0504 4 01 020205 1 122 05 1.8 1.2
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TABLE 4-continued
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growth  inner surface
impurity content in residues after thin film deposition (ppb rate roughness
ALD film Na K Ca Fe Ni Cu Cr Mo Mn Ti V Y GPC (nm) A/B
Example 8 W 01 07 06 3 05050205 2 12 16 04 2 1
Example 9 HIN 02 06 08 2 0208 01 05 3 12 2 02 3 1.2
Example 10 ZrN 01 0504 2 01 050206 2 12 16 04 8 1.2
Example 11 LaN 07 05 08 2 08 07 01 05 4 12 2 05 6 0.9
Example 12 La,05 01 0504 3 01 050205 2 12 1.6 0.2 2.9 0.9
Example 13 ALO; 0.08 05 04 2 05 08 02 08 3 12 2 02 0.8 0.7
Example 14 AIN 01 0504 2 01 050206 2 12 16 04 8 1.1
Example 15 ZrO, 04 08 05 2 08 0507 07 1 12 1.6 0.2 1.5 0.95
before — 01 0504 2 01 050105 1 1.2 15 0.1 — —
deposition
TABLE 5
growth  inner surface
impurity content in residues after thin film deposition (ppb) rate roughness
ALD film Na K Ca Fe Ni Cu Cr Mo Mn Ti \' Y GPC (nm) A/B
Comp. Ex. 1 AlLO; 3000 2500 2000 1500 1000 500 2500 5000 2530 1560 1560 1560 0.001 5.1
Comp. Ex. 2 HfO, 2014 2300 2586 2872 3158 3444 3730 4016 2530 1850 1850 1850 0.005 4.3
Comp. Ex. 3 710, 2015 2800 4800 2801 2850 8520 2580 3980 2530 1630 1630 1800 0.002 3.5
Comp. Ex. 4 WN 3000 3000 2506 2301 1580 5820 1750 5820 2500 1790 1790 1790 0.001 25
Comp. Ex. 5 WO, 5000 6500 2360 2850 2304 2900 1820 2800 2400 1700 1830 1700 0.014 2.6
Comp. Ex. 6 La, 05 2500 23500 3172 3104 2487 6390 1474 3544 2411 1772 1876 1806 0.014 3.5
Comp. Ex. 7 CoN 2100 18547 3758 3316 2590 7107 1140 3285 2382 1794 1924 1828 0.012 2.1
Comp. Ex. 8 W 2700 21912 6000 3529 2693 7825 8020 3025 2353 1816 1972 1850 0.15 3.5
Comp. Ex. 9 HIN 3500 25278 2850 3742 2796 8542 8020 2766 2324 1838 2020 1872 0.03 3.5
Comp. Ex. 10 ZiN 2500 28644 4870 3955 2899 9260 138 2506 2295 1860 2068 1894  0.001 4.1
Comp. Ex. 11 LaN 4200 32010 4344 4168 3002 9978 1960 2246 2266 1882 2116 1916 0.006 25
Comp. Ex. 12 La,05 3500 35375 4930 4381 3105 10695 5300 1987 2237 1904 2164 1938 0.023 2.8
Comp. Ex. 13 W 2100 18547 3758 3316 2590 7107 1140 3285 2382 1794 1924 1828 0.0002 4.1
Comp. Ex. 14 ALO; 21912 6000 3529 2693 7825 8020 3025 3758 3316 2590 9260 138 0.0001 3.5
Comp. Ex. 15 W 3500 25278 2850 3742 2796 8542 4700 2766 2324 1838 2020 1872 0.002 2.4
Comp. Ex. 16 AlLO; 2015 2800 4800 2801 2850 8520 2580 3980 2530 1630 1630 1800 0.003 2.4
TABLE 6
growth  inner surface
impurity content in residues after thin film deposition (ppb) rate roughness
AIDfilm Na K Ca Fe Ni Cu Cr Mo Mn Ti V Y GPC (nm) A/B
Example 16  AlL,O; 01 05 04 2 01 08 02 052 12 1.6 0.2 1.1 1.5
Example 17 HfO, 02 01 045 03 08 05 051 1.2 1.6 0.2 1.5 1
Example 18 ZrO, 01 05 04 2 0508 02 08 1 1.2 2 03 1.5 1
Example 19 WN 01 05 052 010508 052 12 16 0.2 2.1 0.9
Example 20 WO; 05 06 04 3 01 08 02 053 123 03 2.9 1
Example 21 La,O;, 04 08 052 08 05 07 07 1 1.2 1.6 0.2 1.5 1.1
Example 22 CoN 02 05 04 4 01 02 02 051 1.2 2 05 1.5 1.1
Example 23 W 01 07 06 3 050502052 12 16 04 2 1
Example 24 HIN 02 06 08 2 020801053 122 02 3 1.2
Example 25 ZrN 01 05 04 2 01050206 2 12 1.6 04 6 1
Example 26 LaN 07 05 08 2 08 07 01 054 122 05 6 0.9
Example 27 La,0s 01 05 043 010502052 12 16 0.2 4 0.9
Example 28  Al,O; 05 08 01 05 02 06 04 3 0.1 08 06 2 1.1 0.7
Example 29 AIN 01 05 04 2 01050206 2 12 1.6 04 8 0.9
Example 30  ZrO, 04 08 052 08 05 07 07 1 1.2 1.6 0.2 2.2 1.1
[Results] source material containers have values of “A/B” in the
column “inner surface roughness” close to 1, which means
[0107] As can be seen from the results of Tables 4 to 6, in that the differences in surface roughness are small between

the cases using the vaporizable source material containers of
Examples 1 to 30, the amounts of impurities are smaller
compared with in the case using those of Comparative
Examples 1 to 16. In Examples 1 to 30, the vaporizable

before and after the thin film deposition. The smallness of
the differences in surface roughness indicates that the degree
of corrosion due to the vaporizable source material was
small, and accordingly indicates high corrosion resistance.
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These results confirm that the vaporizable source material
containers of Examples 1 to 30 have excellent corrosion
resistance. Also obtained is a result that the vaporizable
source material containers of Examples 1 to 30 give a higher
growth rate.

INDUSTRIAL APPLICABILITY

[0108] The solid vaporization/supply system according to
the present invention is applicable to thin film deposition by
a chemical vapor deposition (CVD) method, a metalorganic
chemical vapor deposition (MOCVD) method and an atomic
layer deposition (ALD) method.

REFERENCE SIGNS LIST

[0109] 2: container main body, 4: lid body, 6: fastening
member, 8: joint member, 10: fluorocarbon polymer coating,
12: container wall, 12a: inner wall member, 125: outer wall
member, 14: double-wall structure, 16: carrier gas inlet, 18:
mixed gas outlet, 20: internal inlet, 22: shelf member, 24:
through hole, 26: spherical member, 30: valve, 32: pressure
gauge, 34: gas pipe, 100, 200, 300: vaporizable source
material container, G1: carrier gas, G2: vaporized metal
halide for thin film deposition (vaporizable source material
having been vaporized), G3: mixed gas, S: metal halide for
thin film deposition (vaporizable source material).

1. A vaporizable source material container for storing and
vaporizing a metal halide for thin film deposition to be used
as a vaporizable source material, the vaporizable source
material container comprising:

a container main body including a container wall;

a lid body configured to be detachably fixed to the
container main body, and provided with a carrier gas
inlet for introducing a carrier gas into the container
main body and a mixed gas outlet for leading a mixed
gas of the vaporized metal halide for thin film deposi-
tion with the carrier gas to the outside;

fastening members for fixing the container main body
with the 1id body; and

joint members arranged at the carrier gas inlet and the
mixed gas outlet of the lid body,

wherein the container wall has a double-wall structure
composed of an inner wall member and an outer wall
member,

wherein the carrier gas introduced from the carrier gas
inlet is led into the container main body via a space
between the inner and outer wall members of the
double-wall structure,

wherein the container wall of the container main body is
fabricated of copper with 99 to 99.9999% purity, alu-
minum with 99 to 99.9999% purity, or titanium with 99
t0 99.9999% purity, and

wherein the container main body, the lid body, the fas-
tening members, and the joint members are each treated
by fluorocarbon polymer coating and/or by electrolytic
polishing on its surface.

2. (canceled)

3. The vaporizable source material container according to

claim 1,

wherein an internal inlet for introducing the carrier gas
having passed between the inner and outer wall mem-
bers into the container main body is provided at a
bottom surface portion of the inner wall member con-
stituting the container wall.
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4. The vaporizable source material container according to
claim 3,

wherein the fastening members are each composed of a

bolt member inserted into a bolt insertion hole provided
in both the container main body and the lid body, and
of a nut member screwed and thereby fastened to the
bolt member.

5. The vaporizable source material container according to
claim 4, further comprising at least one plate-shaped shelf
member suspended from the container main body.

6. The vaporizable source material container according to
claim 5,

wherein at least one of the shelf members has a shower

head structure provided with a plurality of through
holes formed therein.

7. The vaporizable source material container according to
claim 5,

wherein at least one of the shelf members is fabricated of

a porous material.

8. The vaporizable source material container according to
claim 6,

further comprising one or more members having a spheri-

cal, spheroidal, leaf-like, spiral shape or another irregu-
lar shape, made of aluminum or copper and having a
maximum length of 1 to 30 mm in one direction in the
container main body.

9. The vaporizable source material container according to
claim 6,

wherein the metal halide for thin film deposition to be

used as the vaporizable source material is a compound
represented by a general formula (1) described below;

MXN General formula (1):

the general formula (1), M represents any element among
Al, Hf, Zr, Ta, W, Ga, La, Mg, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Er, Tm, Yb and Co; X represents a halogen atom; n is
the number of X atoms.
10. The vaporizable source material container according
to claim 6,
to be used for thin film deposition by a chemical vapor
deposition method.
11. The vaporizable source material container according
claim 6,
to be used for thin film deposition by an atomic layer
deposition method.
12. The vaporizable source material container according
to claim 6,
further comprising a valve arranged at a portion of a gas
flow path located more downstream than the mixed gas
outlet, the valve being a vacuum valve having a CV
value in terms of water of 0.2 or more.
13. A solid vaporization/supply system comprising:
the vaporizable source material container according to
claim 6;
and the metal halide for thin film deposition to be used as
the vaporizable source material that is stored in the
vaporizable source material container,
wherein the carrier gas is supplied from the carrier gas
inlet of the lid body, and a mixed gas obtained by
mixing the vaporized metal halide for thin film depo-
sition with the carrier gas is supplied from the mixed
gas outlet of the lid body.
14. The solid vaporization/supply system according to
claim 13,
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further comprising a carrier gas supply means for sup-
plying the carrier gas into the container main body.
15. The solid vaporization/supply system according to
claim 13,
wherein the container wall has a double wall structure
composed of an inner wall member and an outer wall
member, and

wherein the mixed gas is produced by:

charging the metal halide for thin film deposition into the
vaporizable source material container;

heating the metal halide for thin film deposition in the
container main body by heating the container wall of
the container main body;

introducing a carrier gas from the carrier gas inlet of the
lid body, making the carrier gas pass through a space
between the inner and outer wall members constituting
the double wall structure of the heated container wall,
and introducing the carrier gas thus heated into the
container main body; and

mixing the vaporized metal halide for thin film deposition
with the carrier gas.

16. The solid vaporization/supply system according to
claim 13,

wherein a valve for opening and closing the gas flow path
is arranged at a portion of a gas flow path for the mixed
gas located more downstream than the mixed gas
outlet,
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and wherein the valve is a vacuum valve having a CV
value in terms of water of 0.2 or more.

17. The solid vaporization/supply system according to

claim 14,

wherein the container wall has a double wall structure
composed of an inner wall member and an outer wall
member, and

wherein the mixed gas is produced by:

charging the metal halide for thin film deposition into the
vaporizable source material container;

heating the metal halide for thin film deposition in the
container main body by heating the container wall of
the container main body;

introducing a carrier gas from the carrier gas inlet of the
lid body, making the carrier gas pass through a space
between the inner and outer wall members constituting
the double wall structure of the heated container wall,
and introducing the carrier gas thus heated into the
container main body; and

mixing the vaporized metal halide for thin film deposition
with the carrier gas.

18. The solid vaporization/supply system according to

claim 14,

wherein a valve for opening and closing the gas flow path
is arranged at a portion of a gas flow path for the mixed
gas located more downstream than the mixed gas
outlet,

and wherein the valve is a vacuum valve having a CV
value in terms of water of 0.2 or more.
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