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APPARATUS FOR VAPORIZING AND SUPPLYING A MATERIAL

BACKGROUND OF THE INVENTION
l. Field of the I ’

The present invention relates to an apparatus for vaporizing and
supplying a material which is used for supplying a gas to a chemical vapor
deposition (CVD) apparatus or a physical vapor deposition (PVD)
apparatus used for production of semiconductors. More speéiﬁcally, the
present invention relates to an apparatus which vaporizes and supplies a
liquid CVD material for production of semiconductors which is unstable at
higher temperatureé highly accurately at a desired flow rate without
causing deterioration in the quaiity.
>, Descrioti f the Related Art

Forming films such as semiconductor films, insulation films and
metal films is necessary in the productiqx; of semicondﬁctor devices. The
major processes for forming films are the physical vapor deposition (PVD)
in which vacuum vapor deposition or sputtering is used and the chemical
vapor deposition (CVD) in which light energy or heat energy is used.
CVD is mainly used because of easier control. In accordance with this
process, a material for the treatment is placed in an atmosphere of a CVD
gas such as an organometallic compound which is supplied from an
apparatus for supplying a gas. The CVD gas is decomposed by supplying
light enérgy of heat energy to the material for the treatment, and a film
such as a semiconductor ﬁim, insulation film or a metal film is formed on

the surface of the material for the treatment.

Films having more improved properties are required as
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The present invention relates to an apparatus for vaporizing and supplying
& material which is used for supplying a=gas to a chem cal vapor

deposition (CVD) apparatus of a physical vapor deposition (PVD) apparatus

used for production of sem conductors. Mre specifically, the present

I nvention relates to an apparatus which vaporizes and supplies a liquid CVD
material for production of sem conductors which is unstable at higher
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and organoaluminum compounds have heretofore been used as the CVD
material for forming the above films. Under the above circumstances,
other organic compounds such as organotantalum compounds,
organobarium compounds, organotitanium compounds, organotungsten
compounds, organocopper compounds, organostrontium compounds and
organozirconium compounds are also being examined as the CVD material
for forming the above ﬁlins.

When any of the above CVD material is used, it is necessary that the
supplied gas in the production of semiconductors have a high purity and

" that the concentration of the gas and the amount of the supply be
accurately controlled. Many of the above materials have low vapor
pressures and high viscosities and are unstable at high temperatures.
Therefofe, it is also necessary that a CVD material be vaporized and
supplied to a CVD apparatus without deterioration in the quality.

Various methods for vaporizing a CVD material and supplying the
material to a CVD apparatus in a vapor phase have been known.
Examples of such methods include (1) a method in which a carrier gas is
blown into a heated liquid material to vaporize the material, (2) a method
in which a liquid material at an ordinary or raised temperature is
evacuated to form the vapor of the material, (3) a method in which a liquid
material is sprayed to a heated vaporizer under a pressure to form the
vapor of the material (Japanese Patent Application Laid-Open No. Heisei
6(1994)-310444), (4) a méthod in which a carrier gas is introduced into the

vapor phase portion of a liquid material in a heated vessel to decrease the
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metal films is necessary in the production of sem conductor devices. The
maj or processes for formng filnms are the physical vapor deposition (PVD)

i r whi ch vacuum vapor deposition or sputtering is used and the chem cal
vapor deposition (CVD) in which light energy or heat energy is used. CVD
I's mainly used because of easier control. In accordance with this process,
a material for the treatnent is placed in an atnosphere of a CVD gas such
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i nproved properties are required’ as
part of a vessel of the liquid material and then introduced into a heated
vaporizer to form the vapor of the material (Japanese Patent Application
Laid-Open No. Heisei 7(1995)-278817).

However, the above methods have the following problems. In the‘
method (1), the concentration of the gas obtained by the vaporization is
different depending on the amount of the supplied carrier gas and the
efficiency of contact between the liquid material and the carrier gas, and a
portion of the material becomes a mist rather than the vapor. In the
method (2), the condition of the operation of a CVD apparatus is limited to
a reduced pressure. In the method (3), the amount supplied to a CVD
apparatus cannot be set to a desired value because the condition of the
material obtained by the atomization is dlfferent to a gxeat extent
depending on the pressure and the flow rate in the spraying under a
pressure. In the method (4), the liquid material is decomposed and
deteriorated while being heated in the vessel. In the method (5), the
control of the concentration of the vaporized gas is difficult because the
liquid material is suppliéd in the atomized condition, and a filter or a
collision plate must be disposed in the vaporizer to prevent supplying a

mist of the material to a CVD apparatus.

SUMMARY OF THE INVENTION
Under the above circumstances, development of an apparatus for

vaporizing and supplying a material, which does not deteriorate the
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-2- " sem conductor devices havi ng hi gher degrees of integration and show ng
hi gher speeds are supplied with nore variety. Organosilicon conmpounds and
or-ganoal um num conpounds have heretofore been used as the CVD nmaterial for
form ng the above filns: Under the above circunstances, other organic
conpounds such - as organot ant al um conpounds, organobar| um conpounds,
organotitani um conpounds, organotungsten conpounds, organocopper conmpounds,

or ganost rontiu n nd .organozi rconl um co are al so .being
exami ned as ‘Wg'{t&\fgpﬁ’&t @?’F@Fﬂ%# 'o‘F hlgs epsy &BB{}]QPPP Itﬁ% concentration o

the material in the vaporization and quick change in the concentration of

the material in the gas in response with the change in the flow rate of the
material and does not restrict the operating conditions of the CVD
apparatus, has been desired.

As the result of extensive studies by the present inventors, it was
found that the above problems of the conventional methods can be solved
when the apparatus has a part for controlling liquid flow rate which
controls the flow rate of the material and an atomizer using an ultrasonic
vibrator and the liquid material is simultaneously atomized and vaporized
in the vapor phaSé by utilizing a circular flow of a heated carrier gas. The
present invention has been completed on the basis of this knowledge.

Accordingly, the present invention provides an apparatus for
vaporizing a liquid material and supplying the material in a gas phase,
which coinprises a vessel of the liquid material, a part for controlling liquid
flow rate, an ultrasonic atomizing device and a vaporizer which is
equipped with at least one inlet for the liquid material, at least one inlet

- for a carrier gas and an outlet for a vaporized gas, has a shape of a sphere,
a shape of an ellipsoid, a shape of a barrel, a shape of a cylinder, a cone, a
truncated cone or a hemisphere each having a round surface at end parts,
a shape similar to these shapes or a combination of these shapes and
vaporizes the liquid material in a vapor phase.

The apparatus of the present invention is applied to vaporizing a
liquid material and supplying the vaporized material to a CVD apparatus

in the production of semiconductors.

In the apparatus of the present invention, a liquid material is
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When any of the above CVD material is used, it is necessary that the
supplied gas in the production of sem conductors have a high purity and
that the concentration of the gas and the anount of the supply be
accurately controlled. Many of the above materials have | ow vapor pressures
and high viscosities and are unstable at high tenperatures. Therefore, it
Is al so necessary that a CVD material be vaporized and supplied to a CVD
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ordinary or raised tenperature is evacuated to formthe vapor of the

mat eri al , (3quisklyetiyobeing \Weatdd avithqai cireddber flal o8 aspamies dag i hbat ed
vapori zer under a pressure to formthe
vaporizer and is supplied to a CVD apparatus in the vapor phase.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic diagram exhibiting an example of the
apparatus of the present invention. Figure 2 and Figure 3 each shows a
section view exhibiting an example of the vaporizer used in the present
invention. An ultrasonic atomizing device is disposed at the inside of a

| vaporizer shown in Figure 2 and at the outside of a vaporizer shown in
Figure 3. Figure 4 shows a section view exhibiting an example of a
pump for confrolling flow rate used in the apparatus of the present
invention. Figﬁre 5 shows a section view exhibiting another example of a

pump for controlling flow rate used in the apparatus of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The vaporizer in the apparatus of the present invention generally
has a shape of a sphere, a éhape of an ellipsoid, a shape of a barrel, a shape
of a cylinder, a cone, a truncated cone or a hemisphere each having curved
surfaces at end parts, a shape similar to these shapes or a combination of
these shapes. The shape of a cone includes shapes of a circular cone, an
elliptical cone and a triangular cone and the like shape. A simple shape is

preferable for the vaporizer to facilitate a circular flow of a carrier gas. A
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vépdr of the material (Japanese Patent Application Laid-Open No. Heisei

6(1994) - 310444) ,

(4) a method in which a carrier gas is introduced into the

vapor phase portion of a liquid nmaterial in a heated vessel to decrease the
3- concentration of the material in the vapor phase and the vapor of the
I's suppl enented fromthe liquid phase, and (5) a nethod in which

mat eri al

spherical shape is more preferable. Shapes of an ellipsoid and a barrel
are also preferably used. “A shape similar to these shapes” means a
shape which is approximately the same as the above shapes or
substantially equivalent to the above shapes, such as a shape partially
modified from a shape of a sphe_ré, a shape of an ellipsoid, a shape of a
barrel or a shape of a cylinder, a cone, a truncated cone or a hemisphere
each having round surfaces at end parts without particular additional
effects. “An end part” means a paft where a plane or a curved surface
intersects with another plane or curved surface. For example, an end
part of a shape of a cylinder means a circular circumferential part at the
upper or lower face of the cylinder. A vaporfzer having a shape of a
cylinder, a barrel, a cone, a truncated cone or a hemisphere each having
curved surfaces at end parts is used in order to facilitate flow of the gas at
the end parts and to prevent accumulation of substances attached to the
end parts because of stagnant flow of the gas.

The size of the vaporizer is different depending on the amount of the
vaporized gas to be supplied to the CVD apparatus and cannot generally be
defined. The vaporizer generally has a size corresponding to a sphere
having an inner diameter of about 70 to 250 mm, preferably about 100 to
150 mm.

The inlet for a carrier gas is preferably disposed at an upper part of
the vaporizer in sﬁch a manner that the carrier gas makes a circular flow
along the surface of the inner wall of the vaporizer. Specifically, one or
more inlets for a carrier gas are disposed in the vaporizer in the following
manner: the direction of the inlet is parallel with a surface perpendicular

to the outlet for the vaporized gas; and, at the point where the extension of ‘
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a litquid material is atom zed by an ultrasonic vibrator disposed at a | ower
part of a vessel of the liquid material and then introduced into a heated
vaporizer to formthe vapor of the material (Japanese Patent Application
Lai d- Open No. Heisei 7(1995)-278817). However, the above nethods have
the follow ng problens. In the nethod (1), the concentration of the gas
obt ai ned by the vaporization is different depending on the anmount of the
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carri ér gas, an mat er | econmes a m st
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a CVD apparatus | {o a reduced pressure. t he net ), the
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the condition of the material obtained by the atom zation is different to a

great ext eninfepertitn)d. . thé eapries pascsantrddired | ibWHe dérection Heawpgayi ng
under a pressure. In the nethod (4), the liquid material is deconposed and
desired angle with the direction of the tangent except for the direction
'perpendiéular to the direction of the tangent. It is preferable that the
above angle is 0 to 45 degrees. Actually, the inlet for a carrier gas can be
disposed in such a manner that the carrier gas is introduced in an oblique
direction with respect to the tangent of the inner face of the vaporizer at
the po_si{:ion where the inlet for a carrier gas is disposed, i.e., in the
direction having any desired angle with the direction of the tangent except
for the direction perpendicular to the tangent and the direction parallel
with the tangent. .

It is particularly preferable in the present invention that the inlets
for a carrier gas are disposed at an upper part of the vaporizer and the
outlet for f:he vaporized gas is disposed at a lower part of the vaporizer and
that each inlet for a carrier gas is disposed in the following manner: at the
point where the extension of the direction of the introduction of the carrier
gas intersects with the inner wall of the vaporizer or at the position where
the inlet for a carrier gas is attached to the vaporizer, the direction of the

_ inlet for a carrier gas is oblique with respect to the direction of the tangent
of the inner face of the Vaporizer, i.e., the carrier gas is introduced in the
direction having an angle of 0 to 45 degrees with the direction of the
tangent. It is also preferable as an embodiment of the present invention
that the inlet for a carrier gas is disposed in a direction having an angle of

0 to 15 degrees downward or O to 5 degrees upward with the horizontal
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det'eri orated while being heated in the vessel. In the nmethod (5), the
control of the concentration of the vaporized gas is difficult because the
liquid material is supplied in the atom zed condition, and a filter or a
collision plate nmust be disposed in the vaporizer to prevent supplying a

m st of the material to a CVD apparat us. Under the above circunstances,

devel opnent of an apparatus for vaporizing and supplying a material, which
does not detpféﬂeorate t he '

In the present invention, heat transfer from the wall of the
vaporizer can be facilitated and the temperature distribution can be made
| uniform by the circular flow of the carrier gas. The instantaneous
vaporization takes place when the atomized liquid material is brought into
contact with the circular flow of the carrier gas. The flow rate of the
carrier gas can suitably be decided in accordance with the operating
conditions of the CVD apparatus and the amount of the CVD material to
be supplied.

The circular flow means a series of flow of the carrier gas comprising

 introduction of the gas into the vaporizer through the inlet for a carrier gas,
circular flow of the gas along the inner wall of the vaporizer and discharge
of the gas through the outlet fér a vaporized gas.

In the present invention, an ultrasonic atomizing device is disposed
at the inside or the outside of the vaporizer. When the ultrasonic
atomizing device is disposed at the outside of the vaporizer, it is preferable
that the device is disposed at the inlet for a liguid material of the vaporizer.
For example, the ultrasonic atomizing device is disposed at the center or at
the side face of the path of the liquid material. _

When the ultrasonic atomizing device is disposed at the inside of the
vaporizer, the ultrasohic atomizing device is disposed in such a manner
that an ultrasonic atomizing vibrator is disposed around the central part of
the vaporizer.. An inlet for the liquid material is disposed in such a
manner that the introduced liquid material is directly brought into contact

with the vibrator. A single or a plurality of inlets for the liquid material

may be disposed.

~
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-4-" quality of the CVD material, enables easy control of the _ _
concentration of the material in the vaporization and quick change in the
concentration of the material in the gas in response with the change in the
flow rate of the material and does not restrict the operating conditions of
t he CVD apparatus, has been desired. As the result of extensive
studies by the present inventors, it was found that the above probl ens of

the conventi onal A B o BRnaF AR ARR dBe BRPRS AR R B2l %,
and an at omzagiud g 16Ritdl! GA3%HeCoutput and the frequency of the ultrasonic
wave and the shape of the vibrator are suitably decided in accordance with
the type of the liquid material, the amount supplied and the temperature
so that the liquid material can be atomized efficiently. For example,
when an ultrasonic vibrator has an output of 0.5 to 5 W at a frequency of
40 to 120 kHi, a liquid material can be atomized into fine particles having
a diameter of about 0.1 to 20 pm.

The vibrator may have a small vessel for_ the liquid material.
However, such a vessel is not always necessafy because, when the vibrator
has a sufficient outpuf, the liquid material is atomized immediately when
it is brought into contact with the vibrator.

It is preferable that the inlet for a liquid material is disposed at the
uppermost central part of the vaporizer. It is also preferable that the
inlet for a liquid material is disposed in the direction of the center of the
vaporizer. The outlet for a vaporized gas is preferably disposed at a lower
part of the vaporizer. '

The vaporizer used in the present invention can bé heated and kept
at a desired temperature in accordance with the type and the supplied

- amount of the liquid material, the concentration of the vaporized gas and
other operating conditions. The heating- can be conducted using a ribbon
heater wound around the vaporizer, a block heater having a shape
covering the vaporizer or by circulation of hot air or a liquid heat medium.
The method of heaﬁng is not particularly limited as long as the vaporizer
is heated and kept at the desired temperature accurately.

The temperature of the vaporizer is different depending on the
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vibrator and the liquid material is sinultaneously atonized and vapori zed
i:n the vapor phase by utilizing a circular flow of a heated carrier gas.
The present invention has been conpleted on the basis of this know edge.
Accordingly, the present invention provides an apparatus for vaporizing a
liquid material and supplying the material in a gas phase, which conprises
a vessel of the liquid material, a part for controlling liquid flow rate,

east one. | npStRRE oA CEHRIOVD ARk AF bl the habdy BERAERT dntieh, o,

gas and an Qithb&ht bPthe OW%hgéiiialgaq?heh(%'inﬁ’er'&@ﬁ%eis?%%?eréﬂgetf(?to asp¥ape of
an ellipsoid, a shape of a barrel, a shape of a cylinder, cone, a

truncated colke BeafbriisEbasacRdedrds tRMiatatadn thY @Qm%ié{'iﬁfrs a%&uﬁ&@hi?ar ts, a

shape simlar to these shapes or a conbination of these shapes an

vaporizes the |idhheélapparituslofithe prosp@inPéidién further corhpPisel Rfeakalsofof the
present invention is applied to vaporizing a

a liquid material, a part for controlling liquid flow rate, an ultrasonic wave

generator, lines for supplying a carrier gas and for transferring a vaporized
gas which are connected to the vaporizer, valves, adjusting valves and
instruments for measurements of pressure and temperature. The
apparatus further comprises heaters for maintaining the temperature in
the lines for supplying a carrier gas and for transferring a vaporized gas
from the apparatus for vaporizing and transferring a material to a CVD
apparatus.

Because the apparatus for vaporizing and supplying a material has
the above constructioﬁ, the liquid material can be supplied at an accurate
flow rate, efficiently atomized, completely vaporized by the circular flow of
the carrier gas and supplied to a CVD apparatus as a vaporized gas.

As the material of the vessel of a liquid material, the part for
controlling liquid flow rate and the vaporizer at portions which are in
contact with the li(juid or the gas, a metal material resistant to corrosion
such as SUS316 and SUS316L is generally used in order to prevent
corrosion, elution of impurities and leak of the gas. It is preferable that
the above metal material is treated by electropolishing.

It is preferable that fittings used for connecting the vessel of a liquid
material, the part for controlling liquid flow rate, the vaporizer and the
CVD apparatus have a helium leak rate of 10~ Torr-liter/sec or less.

Examples of such fittings include VCR fitting (manufactured by CAJON

This Sheet Has Been Reﬂlaced

. 10



Ii;qu'i d material and supplying the vaporized material to a CVD apparatus in

the production of sem conductors. In the apparatus of the present
invention, a liquid material is _ o
-5- introduced into a vaporizer or a part close to an inlet of a vaporizer

inthe liquid state at a controlled flow rate, atom zed by an ultrasonic
atom zing vibrator disposed at the outside or the inside of the vaporizer,

'S vapori ZeOMPANY), MCG fitting (manufactured by TOYOKO KAGAKU Co., Ltd),
other fittings corresponding to these fittings and welded fittings. The
above fittings can be used advantageously.

The apparatus of the present invention is described specifically with
reference to the following Figures. However, the present invention is not
limited to the Figures.

Figure 1 shows a schematic diagram exhibiting an example of the
apparatus of the present invention. 1 shows a vessel of a liquid material.
3 shows a part for controlling liquid flow rate, wherein a twin bellows
pump which can adjust the flow rate at a desired 'vglue is used and a check
valve 4 is disposed at the outlet of the pump. 6 shows a line for supplying
a carrier gas. A carrier gas is introduced into a vaporizer 9 through the
part for controlling Hquid flow rate 7 and a gas heater 8.

A buffer tank 10 having the same size and shape as those of the
vaporizer is disposed below the vaporizer. The vaporizer and the buffer
tank are covered with a block heater 11 having a shape fitting the shapes
of the vaporizer and the buffer tank so that the vaporizer and the buffer

tanks are maintained at a desired temperature. A line 13 for supplying a
vaporized gas from the buffer tank to a CVD apparatus 12 is also heated
and maintained at a desired temperature.

Figure 2 shows a section view of an example of the vaporizer used in
the present invention. The vaporizer has a spherical shape and has inlets
for a liquid material 5 at upper parts. In the example of the vaporizer
shown in Figure 2, three inlets for a liquid material are disposed. An
ultrasonic atomizing device 15 is disposed in such a manner that an

ultrasonic vibrator 14 is disposed at the central part of the vaporizer. 'The
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qui ckly by being heated with a circular flow of a carrier gas in the
vaporizer and is supplied to a CVD apparatus in the vapor phase. BRI EF
DESCRI PTI ON OF THE DRAW NGS - Figure 1 shows a schematic diagram

exhi biting an exanple of the apparatus of -the present invention. Figure 2
and Figure 3 each shows a section view exhibiting an exanple of the _
vapori zer used in the present invention. An ultrasonic atom zing device is

0 052520 g Ll YRS € B BB R Rk B O
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Figure shows the section view). Each inlet for a carrier gas is disposed in

the direction parallel with a plane perpendicular to the outlet of a

- vaporized gas and oblique with respect to the inner wall of the vaporizer at

the position where the inlet for a carrier gas is disposed so that the carrier

gas is introduced into the vaporizer along the inner waH.

In this apparatus, a liquid material 2 is introduced into the
vaporizer from the vessel of a liquid material through the part for
controlling liquid flow rate. The liquid material is atomized in the
vaporizer by the ultrasonic vibrator and brought into contact with a
circular flow of the carrier gas which has been heated in advance. The
liquid material is instantaneously heated and vaporized. The gas -
obtained by the vaporization is supplied to the CVD apparatus through a
buffer tank.

Figure 3 shows a section view of an example of a vaporizer in which
an ultrasonic atomizing device is disposed at the outside of the vaporizer.
The ultrasonic atomizing device 15 comprising an ultrasonic vibrator 14 is
disposed at an inlet for a liquid material 5. The liquid material supplied
from the vessel of a liquid material through the part for controlling liquid
flow rate is atomized by the above ultrasonic vibrator 14 at the inlet fdr a
liquid material 6 and introduced .into the Vaporizer; The introduced
liquid material is brought into contact with the circular flow of the carrier

gas which has been heated in advance and instantaneously heated and

vaporized.

INCR T
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The vaporizer in the apparatus of the present invention generally has a
.Shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape of
a cylinder, a cone, a truncated cone or a hem sphere each having curved
surfaces at end parts, a shape simlar to these shapes or a conbi nation of
t hese shapes. The shape of a cone includes shapes of a circul ar-cone, an
elliptical cone and a triangular cone and the |ike shape. A sinple shape is

gggf egabl e for tge venRditickesf fie €D hidtetial Supphiédkéthé bpparitvd &%‘h%' grE c
1998 present invention is not particularly limited as long as the material can be
maintained in the liquid state and can suitably be selected in accordance
with the application. | For example, the material may be a liquid at an
ordinary temperature or a solid dissolved in a solvent. Examples of the
CVD material include trimethylaluminum (Al(CHjg)s), dimethylaluminum
“hydride (AI(CHy),H), triisobutylaluminum (Al(-C,Hy),), tetraethoxysilane
(Si(OC,Hj;) ), hexacarbonylmolybdenum (Mo(CO)), dimethylpentoxygold
(Au(CH3)2(OC5H7)), pentaethoxytantalum (Ta(OC,Hy);), tetrapropioxy-
titanium (Ti(OCaHg),;), te'trabutox_yzirconium (Zr(OC4Hy)y), hexafluoro-
acetylacetonecopp er- vinyltrimethylsilane ((CF3C0O),CHCu"
- CH,CHSi(CHjy)y), | hexafluoroacetylacetonecopper  allyltrimethylsilane
((CF3CO),CHCu- 'CHchCHZSi(CHs) 3 bis(isopropylcyclopentadienyl)-
tungsten - dihydride ((-CsH,CzH;5),WH,), and tetrakisdimethylamino-
zirconium (Zr(N(CHjy),),).

Further examples of the CVD material include bis(2,2,6,6-
tetramethyl-3,5-heptanedionite)barium (Ba((t-CJHyCO),CH),), bis(2,2,6,6-
tetramethyl-3,56-heptanedionite)strontium (Sr((t-C4H900)2CH)2), tetra-
(2,2,6,6-tetramethyl-3,6-heptanedionite)titanium  (Ti((t-C,H,CO),CH),),
tetra(2,2,6,6-tetramethyl-3,5-heptanedionite)zirconium
(Zr((t-C,HyCO),CH),) and bis(2,2,6,6-tetramethyl-3,5-heptanedionite)lead
(Pb((t-C,HsCO),CH)y).

The above compounds can be used directly or as a solution in a
solvent such as hexane, heptane, butyl acetate, isopropyl alcohol and

tetrahydrofuran.

.Tl.le vessel of a liquid material is a vessel which is used for supplying
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-6-" spherical shape is nore preferable. Shapes of an ellipsoid and a
barrel are also preferably used. "A shape simlar to these shapes” nmeans a
shape which is approxinmtely the sane as the above shapes or substantially
equi valent to the above shapes, such as a shape partially nodified froma
shape of a sphere, a shape of an ellipsoid, a shape of a barrel or a shape
of a cylinder, a cone, a truncated cone or a hem sphere

the CVD matenal The size and the shape of the vessel are not
particularly limited as long as the vessel can contain a liquid material
without any change in the quality.

When the vessel of a liquid material is kept under a raised pressure
and the liquid material is supplied to the part for controlling liquid flow
rate under the raised pressure, it is preferable that the vessel is resistant
to a pressure of at least about 5 kgf/cm?.

In the present invention, the part for controlling liquid flow rate
supplies the liquid material to the vaporizer quantitatively with a high
accuracy. This part is constituted with a combination of a pump with
variable flow rate and a control valve or a combination of a pump and a
flow rate controller.

As the pump in the apparatus of the present invention, a bellows
pump having a twin or more structure and resistance to corrosion is used
in order to supply the liquid material without pulsation. A check valve
may be disposed at the downstream of the pump so that the flow rate can
be controlled even when the CVD apparatus is operated under a reduced
préssure. |

Using the part for controlling liquid flow rate having the above
construction, the CVD liquid material can be supplied to the vaporizer
with a high accuracy with little pulsation even when the CVD apparatus
system is kept under a reduced pressure. | |

In the present invention, the liquid material is supplied with a
minimum pulsatioh by using a pump, by using a pump and a flow control
valve or by keeping the vessel of the liquid material under a raised

- pressure and using a flow control valve.
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each having round surfaces at end parts w thout particul ar additional
effects. "An end part" neans a part where a plane or a curved surface
i ntersects with another plane or curved surface. For exanple, an end part
of a shape of a cylinder neans a circular circunferential part at the upper
or lower face of the cylinder. A vaporizer having a shape of a cylinder, a
barrel, a cone, a truncated cone or a hem sphere each having curved
surfaces at end ?ar s is used,in grder to facilitate flow ft%‘geligas at the
r

end parts and to m%?&umﬁeat}% %fpmswéﬂe%ﬁcaak FHERYY 10 Adidng
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gas is pref I'S at an upper
liquid material or the gas, is preferably used. Examples of the pump are

as follows: _

(1) An example of the pump for a liquid material with flow rate
control has the following structure: A casing of the pump is divided into
two chambers with a cylindrical bellows having many folds. The inner
chamber inside the bellows is equipped with a piston sealed from the
outside with a packing and contains a hydraulic fluid. A fitting for an

inlet having an admission valve disposed therein and a fitting for an outlet
having a discharge valve which is disposed therein and works at a
pressure difference of 1.0 to 100 kg/cm? are welded to the casing. The
outer chamber outside the bellows is connected to the fitting for an inlet
and the fitting for an outlet. A liquid material is admitted or discharged
by the movement of the bellows which contracts or expands by the sliding
movement of the piston. |

In this pump, the casing is divided into two chambers by the bellows.
The volume inside the bellows can be changed by the hydraulic fluid filled
into the chamber inside the bellows and the sliding movement of the piston
disposed inside the bellows. The liquid material is admitted or
discharged by the change in the volume. A specific example of this pump
is shown in Figure 4. |

In this pump, the height of the folds in the bellows relative to the
diameter of the bellows is not particularly limited. The ratio of the height
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t he vaporizer in such a manner that the carrier gas nakes a circular flow
al ong the surface of the inner wall of the vaporizer. Specifically, one or
nore inlets for a carrier gas are disposed in the vaporizer in the
following manner: the direction of the inlet is parallel with a surface

perpendi cular to the outlet for the vaporized gas; and, at the point where
t he extension of

REPLACEMENT (#5E folds to the diameter of the bellows is generally about 01 to 0.35,

preferably about 0.15 to 0.25. The ratio of the diameter to the length of
the cylindrical bellows is generally about 0.15 to 10, preferably about 0.3 to
5. The thickness of the metal plate used as the bellows is different
depending on the material and the size of the bellows and cannot be
generally defined. The thickness is generally about 0.03 to 0.5 mm,
preferably about 0.08 to 0.3 mm. SUS316, SUS316L, tantalum or inconel
is generally used as the material of the bellows. The diameter and the
sliding length of the piston used for changing the volume inside the bellows
aré not particularly limited. The ratio of the maximum sliding length to
the diameter of the piston is generally about 0.2 to 10, preferably about 0.5
to b. '

The maximum deformation of the bellows by the sliding movement
of the piston is generally about 2 to 656%, preferably about 5 to 30%, of the
length of the bellows under no load.

The admission valve and the discharge valve disposed in the fittings
is generally constituted wit_h a combination of a ball or a plug of a cone and
a sheet or a combination of a ball or a plug of a cone, a sheet and an elastic
part such as a spring. A valve which works at a pressure difference of
about 1 to 100 kg/cm?, preferably about 2 to 30 kg/em?, is used as the
discharge valve so that leakage by suction does not take place even when
the CVD apparatus is operated under a reduced pressure. _

| The admission valve and the discharge valve described above are |
disposed at the inside of the welded fittings. Leakage or contamination

through the admission valve or the discharge valve can be prevented by

adopting this construction.
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the direction of the introduction of the carrier gas intersects with the
Annner wall of the vaporizer, the extended direction is oblique wth respect
t-o the direction of the tangent of the inner face of the vaporizer at- the

intersection, i.e., the carrier gas is introduced in the direction having a
desired angle with the direction of the tangent except for the direction
perpendi cular to the direction of the tangent. Is preferable that the

bo-th sposea i n SISL6, SFRESE skt """érat o aﬁ'gettsed.aﬁ P Beasgsial o, "
bl i di ' ] f th
vapor' zer dEemE Lo BRF R iR AR u§ﬁca Eggggéﬂiﬁﬁgvg%?idh
tangent | excEBL G (AR o ¥ ofF BLREEE el b Hinfnfaeh e "
direction Rardlelaly WekfophRshidgoent - is particularly preferable in

the present | nvent lon that theinlets
The frequency of the sliding of the piston per one pump unit is

generally about 1 to 30 times per second, preferably about 2 to 15 times per
second. When the frequency is less than the above range, pulsation
increases. When the frequency exceeds the above range, the accuracy of
the pumping decreases.

| In Figure 4, the inside of a casing 21 is divided into two chambers
with a bellows 22 having many folds. A piston 23 is inserted into the
inner chamber inside the bellows in such a manner that the piston can
move by sliding. A hydraulic fluid 24 is sealed into the inner chamber_ to
fill the remaining space. A fitting for an inlet 26 and a fitting for an
outlet 27 are welded to an upper part and an iower part, respectively, of
the casing and an admission valve 28 and a discharge valve 29 are
disposed in the fitting for an inlet and the fitting for an outlet, respectively.
The discharge valve is set so that the valve works at a pressure difference
of about 1 to 100 kg/em?® using a spring or the like.

The bellows contracts or expands by.the sliding movement of the
piston. A liquid material 25 is admitted or discharged by the change in
the volume of the bellows and transferred quantitatively.

(2) Another examp_le of the pump for a liquid material with flow
rate control has the following structure: A cylinder and a piston which
makes sliding movement inside the cylinder are disposed in a casing. The

piston is sealed from the outside with a packing. A part which is sealed
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for a carrier gas are disposed at an upper part of the vaporizer and the
outlet for the vaporized gas is disposed at a |ower part of the vaporizer
and that each inlet for a carrier gas is disposed in the foll ow ng nanner:
at the point where the extension of the direction of the introduction of
the carrier gas intersects with the inner wall of the vaporizer or at the
position where the inlet for a carrier gas is attached to the vapori zer,

osi i on w et for ! attached to i
i oot on oF s el bk Bheth REIGE QI RS Rk LI LA RRERE © (1
ogr oos w ROTRECHSRE e plst 17 diroBEd o pR B ie RALE oP K i

enbodi ment ghdthe PAGSAB! ANKRALEOPr tdidtinldicand L ithial BrCad ldulleti® | S
di sposed .in a direction having an angle of 0 to 15 degrees downward or O to
> degrees Uupehicd o tthel &sii@r i ThOMlting for an inlet has an admission valve

REPLACEMENT SHEET
disposed therein and the fitting for an outlet has a discharge valve which is
disposed thereifl and works at a pressure difference of 1.0 to 100 kg/cm?.
The cylinder is connected to the fittings and admits and discharges a liquid
material by the. sliding movement of the piston.

In this pump, the part sealed with a gas is disposed at the sliding
part of the piston and an inert gas is passed through the part sealed with a
gas. The fittings are welded to the casing and the admission valve and
the discharge valve are disposed therein. The liquid material is admitted
or discharged by the sliding movement of the piston. A specific example
of this pump is shown in Figure 5.

The diameter, the length of the sliding movement and the material
of the piston in the above pump are the same as those in (1) described
above. The chamber sealed with a gas which is disposed between the
driving part of the piston and the packing is formed by disposing a sealing
wall. The sealing wall may be a grand packing similar to the packing or
may be a .simp]_Le sealing wall which is made of a fluororesin and has a disk
shape with a hole of a sufficient sealing property at the: center. It is
necessary that the chamber sealed with a gas has a length which allows a
small amount of the liquid material attached to the piston so that the part
in contact with the outside atmosphere is completely sealed. The length

of the chamber sealed with a gas is generally at least the same as the

sliding length of the piston, preferably longer than the sliding length of the
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pl ane. In the present invention, heat transfer fromthe wall of

the vaporizer can be facilitated and the tenperature distribution can be

made uni form by the circular flow of the carrier gas.

vapori zation takes place when the atom zed |iquid material i's brought

piston by about 5 to 10 mm. The sealing gas which is passed through the
chamber sealed with a gas is an iﬁert gas such as nitrogen, argon and
helium. A purified gas which does not contain water or carbon dioxide is
used. The gas is introduced from the inlet for a gas, and a path of the gas
is formed in such a manner that the gas sweeps the piston.

As the admission valve, the discharge valve and the fittings for
connection to the pump, the same valves and fittings as those in (1)
déscribed above are used.

It is preferable that two or more pump units having the above
construction are used in a parallel arrangement in order to prevent
pulsation in the supply of the liquid material. The frequency of the
sliding per one pump unit is the same as that in (1) describefl above.

In Figure 5, a cylinder 42 and a piston 43 sliding inside the cylinder are
disposed in a casing 41. A chamber sealed with a gas 47 is formed by a
gas sealing wall 46 disposed between a driving part of a piston 44 and a
packing 45. An inert gas such as nitrogen, argon and helium is passed
through an inlet of an inert gas 48 and the chamber sealed with a gas. A
fitting for an inlet 49 and a fitting for an outlet 50 are welded to an upper
part and a lower part of the casing, respectively, and an admission valve 51
and a discharge valve 52 are disposed in the fitting for an inlet and the
fitting for an outlet, respectively. The discharge valve is set so that the
valve works at a pressure difference of about 1 to 100 kg/cm?® using a spring
or the like.

A liquid material 53 is admitted or discharged by the sliding

movement of the piston and transferred quantitatively.

In the present invention, by the use of a pump such as that

‘The i nst ant aneous

into

” A
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contact with the circular flow of the carrier gas. The flow rate of the
carrier gas can suitably be decided in accordance with the operating
conditions of the CVD apparatus and the anount of the CVD naterial to be
suppl i ed. The circular flow neans a series of flow of the carrier gas
conprising introduction of the gas into the vaporizer through the inlet for
a carrier gas, circular fl ow of the gas along the inner wall of the

e o oo Beecinel ohe"" i ' P2 B o8 gty .wa%arléaiéa%ab% S 2 e
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For - exanpl e, e ultrasonic atom zi i ce |§ |sp sed e cen er or

at the sideg ﬁﬁﬁe&@oﬁﬂﬁuﬁﬁél@r ef atlbﬁg bb%ﬂ%f ThheWithout deterlﬁrfWi@ﬂ ifh tRe
ultrasonic atom zing device'is dispoSed at the inside
quality.

Alternatively, the liquid material can be supplied with a high
accuracy by using a controller of liquid flow rate in place of the pump
described above while the vessel of a liquid material is maintained at a
faised pressure.

The advantages achieved by the apparatus for vaporizing and
supplying a material of the present invention are as follows:

1) A Vapoﬁzed gas having a desired concentration can always be
supplied because the liquid material supplied from the part for controlling
liquid flow rate is entirely and immediately atomized and vaporized.

(2) There is no possibility of deterioration in the quality because it
is not necessary that the liquid material is heated in advance.

(3) A gas having a prescribed concentration can always be obtained
because aggregation of the atomized material or condensation 6f the
vaporized gas does not take place in the apparatus.

(4) The material can be supplied without overheating because the
carrier gas is circulated and very efﬁcient heat transfer is achieved in the
vaporizer.

(6) Gases can be mixed or replaced efficiently in the vaporizer
because the vaporizer has a shape of a sphere or a shape of a cylinder or a

cone having round end parts.

(6) A small vaporizer can have a large ability of vaporization
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vaporizer, the ultrasonic atom zing device is disposed in such a nmanner
ttat an ultrasonic atom zing vibrator is disposed around the central part
of- the vaporizer. An inlet for the liquid material is disposed in such a
manner that the introduced liquid material is directly brought into contact
with the vibrator. A single or a pl urallty of inlets for the liquid

mat eri al nmay be di sposed.

REPLACEMENT 1 3b5iide of excellent heat transfer.

(7) The material can be supplied with a high accuracy
independently of the operating conditions of the CVD apparatus, such as
an operation at an atmospheric pressure or at a reduced pressure.

The present invention is described with reference to the following

Examples. However, the present invention is not limited to the

Examples.

Example 1

The same apparatus for vaporizing and supplying a material as that
shown in Figure 1 was prepared. The vessel was made of SUS316L and
treated by the electroﬁolishing. Controllers of liquid flow rate of the same
twin bellows type as that shown in Figure 4 were used, and each controller
works at 0.15 to 75 strokes per minute in accordance with the flow rate.
A check valve which works at b kg/cm® was used in the outlet side. The
vaporizer ‘which was connected to the pump with VCR fitting had a

- spherical shape having an outer diameter of 114 mm and connected to
| three inlets for a liquid material through a switching valve. A vibrator of
an ultrasonic atomizing device was disposed at the center of the vaporizer.
Two inlets for a carrier gas were attached to the vaporizer in the direction
which was parallel with a plane perpendicular to an outlet of a vaporized
gas and at an angle of 30 degrees with the tangent of the inner face of the
vaporizer at the positioﬂ where the inlet for a carrier gas was attached so
that a carrier gas was introduced into an upper part of the vaporizer
through a mass flow controller and an electric heater. A buffer tank

having the same shape and size as those of the vaporizer and made of
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-9-° The output, the shape and the size of the ultrasonic vibrator
are not particularly linited, and the output and the frequency of t he
ul-trasoni ¢ wave and the shape of the-vibrator are suitably decided in
accordance with the type of the liquid material, the amount supplied and
the tenperature so that the liquid material can be atom zed efficiently.
For exanple, when an ultrasonic vibrator has an output of 0.5 to 5 Wat a

"W raor Res an oot put of 0.5 Lo 5 M
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al ways necessary because, when clen

i qui d nat erghalpel of ThOThEeHzéraRd LS Bulfelp@il i t i s brought into contact
with the vibrator. It is preferable that the inlet for a liquid

material is di spcBlgslvaporizsr, the buffer tank and a line for supplying the vaporized

gas from the buffer tank to a CVD apparatus were heated and maintained
at 80+1C. The pressure in the parts from the vaporizer to the CVD
apparatus was maintained at 2.5 Torr. A helium carrier gas heated to
80T was supplied at the flow rate of 100 ml/min from the vaporizer to the
CVD apparatus while the ultrasonic vibrator was activated. Then,
allyltrimethylsilane adduct of hexafluoroacetylacetonecopper was supplied
at the flow rate of 0.1 ml/min from the vessel of a liquid material through
the part for controlling liquid flow rate. Helium was added between the
apparatus for vaporizing and supplying a material and the CVD apparatus
at the flow rate of 100 ml/min as the diluting gas. |

A substrate coated with a film of titanium nitride was set at the
CVD apparatus. The vaporized gas was supplied while the apparatus
was heated to 200C and growth of the film of copper metal was measured.
A uniform film having a thickness of 278 nm was found to have been
formed in the treatment for 5 minutes. This amount corresponds to 91%

of the copper supplied as the raw material.

Example 2 |

The same procedures were conducted as those conducted in
Example 1 except that the flow rate of allyltrimethylsilane adduct of
hexafluoroacetylacetonecopper was changed to 0.25 ml/min. A trap cooled

with liquid nitrogen was placed between the apparatus for vaporizing and
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uppermost central part of the vaporizer. It is also preferable that the
irmlet for aliquid material is disposed in the direction of the center of
t he vaporizer. The outlet for a vaporized gas is preferably disposed at a
| ower part of the vaporizer. The vaporizer used in the present

i nvention can be heated and kept at a desired tenperature in accordance
with the type and the supplied anmount of the liquid material, the

ﬁiQf?Eérgéh‘%ﬁgB%ﬁgﬁlﬁ%@%ﬁ@ pd e TR k8RS o0 g, Eﬂééériz”c}?rag%??ze;
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t enper at ure accur at tenperature O € va zer
dependi ng oghg h:%llected substance was analyzed in accordance with the quadrapole

mass spectrometry.

It was confirmed that allyltrirhethylsilane adduct of hexafluoro-
acetylacetonecopper was collected in an amount corresponding to 99% of
the raw material supplied. No deterioration in the quality of the raw

material was found.
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10 operat| ng conditions of the CVD apparatus and the vap I"“ﬂ mﬂlllll
the anobunt of the CVD material. The tenperature is general |y I “
250[err]C. The heater is constructed so as to maintain the tenperaturer s

accurately. The apparatus of the present invention further conprises
a vessel of a liquid material, a part for controlling liquid flowrate, an
ul trasoni c wave generator, lines for supplying a carrier gas and for

transferrin ich are connected to the vapor|zer val ves,
adj usting vmfﬁgoéﬁm Ign

1. An apparatus for vaporizing a liquid material and supplying the
material in a gas phase, which comprises a vessel of the liquid material, a
part for controlling liquid flow rate, an ultrasonic atomizing device and a
vaporizer which is equipped with at least one inlet for the liquid material,
at least one inlet for a carrier gas and an outlet for a vaporized gas, has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a
cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape similar to these shapes or a combination of

these shapes and vaporizes the liquid material in a vapor phase.

2. An apparatus according to Claim 1, wherein the inlet for a carrler gas
is disposed in a direction wh1ch induces formation of a circular flow of the

carrier gas in the vaporizer.

3. An apparatus according to Claim 1, wherein the inlet for a carrier gas
is disposed in a direction which is parallel with a plane perpendicular to

the outlet for a vaporized gas and is oblique with respect to an inner face of

the vaporizer.

4. An apparatus according to Claim 1, wherein the ultrasonic atomizing

device is disposed at the inside of the vaporizer.

5. An apparatus accordi_ng to Claim 1, wherein the ultrasonic atomizing

device is disposed at the inlet for the liquid material.
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instruments for neasurements of pressure and tenperature. I'ml “"
_.f'urther conpri ses heaters for naintaining the tenperature in ﬂlﬂlﬂ“] im””lll
supplying a carrier gas and for transferring a vaporized gas fromthe "
apparatus for vaporizing and transferring a material to a CVD appar at us.
Because the apparatus for vaporizing and supplying a material has the above
construction, the liquid material can be supplied at an accurate flow rate,

efficiently atom zed, conpletely vaporized by the circular flow of the

carrier gas and supplied to a CVD apparatus as a vaporized gas. As
the material of the vessel of quid paterial, the part for controlling
liquid fl owbr af\m anaaraféts\/afﬁf@r&w& te,(Clayn; 1ow: emncﬁhﬁmmﬂ waterial lsm th

erial_resjistant to,corrosion such

the liquid or t a a netal
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mater al i saalEReanin) valve i Bpoming R veeseI ot Re tiduid mhtkidl Whider 5

" raised pressure and using a flow control valve.

7. An apparatus according to Claim 1, wherein fittings used for the vessel
of the liquid material, the part for controlling liquid flow rate and the
vaporizer are fittings having a helium leak rate of 107 Torr-liter/sec or

less or welded fittings.

8. A vaporizer which comprises at least one inlet for a liquid materia.l, at
least one inlet for a carrier gas and an outlet for a vaporized gas, has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a
cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape similar to these shapes or a combination of
these shapes and vaporizes a liquid material in a vapor phase, wherein the
inlet for a carrier gas is disposed in a direction which ind'uces formation of

a circular flow of the carrier gas in the vaporizer.

9. A process for vaporizing and supplying a material which comprises
introduciﬁg a liquid material into a vaporizer, which has a shape of a
sphere, a shape of an €ellipsoid, a shape of a barrel, a shape of a cylinder, a
cone, a truncated cone or a hemisphere each having round surfaces at end
parts, a shape similar to these shapes or a combination of these shapes,

through an inlet for the liquid material by a part for controlling liquid flow
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material, the part for controlling liquid flow rate, the vap

CvD apparatus have a heliumleak rate of 10[err] Torr.liter/s e{: ar

Exanpl es of such fittings include VCR fitting (rmanufactured by CAJON :
REPLACEMENT SHEET 24 DEC
1998

It i's preferable that fittings used for connecting the vessel “wflinltlﬁl‘”“lll

rate; atomizing the liquid material by an ultrasonic atomizing device
disposed at the inside of the vaporizer; vaporizing the atomized liquid
material by bringing the material into contact with a heated carrier gas
which is introduced through an inlet for a carrier gas of the vaporizer and
circles along an inner face of the vaporizer; and supplying the vaporized

material to an apparatus for producing semiconductors.

10. A process for vaporizing and supplying a material which comprises
atomizing a liquid material by an ultrasonic atomizing device; introducing
the atomized liquid material into a vaporizer, which has a shape of a
sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a dylinder, a
cone, a truncated cone or a hemisphere each having round surfaces at end
parts, a shape similar to these shapes or a combination of these shapes,
through an inlet for the liquid material; vaporizing the atomized liquid
material by bringing the material into contact with a heated carrier gas
which is introduced thrqugh an inlet for a carrier gas of the vaporizer and
circles along an inner face of the vaporizer; and supplying the vaporized

material to an apparatus for producing semiconductors.
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CCNPANY) MCG fitting (nmanufactured by TOYOKO KAGAKU Co., Ltd.), other
fittings corresponding to these fittings and wel ded flttlngs The above
fMttings can be used advant ageously. The apparatus of the present
invention is described specifically with reference to the follow ng

Fi gures. However, the present invention is not Iimted to the Figures.
Figure 1 shows a schenatlc dlagranlexhlbltlng an exanpl e of the apparatus
of the presen :isel of aliquid material. 3 shows a
part for cofd “vherein a twin bellows punp which

i Sposed at @ﬁ%ﬁ ?‘Fﬁ?@f ‘?%%&lﬂﬁﬁpﬂ[ Aifhifel ) AT hRIREC AT, ¢ Lo
gas. A carjsph gas phiehd WHERY bRl :myRRA BEICVD MBI into a

vaporizer at a controlled flow rate, atomized by an ultrasonic atomizing

device disposed at the inside or the outside of the vaporizer, heated by a
circular flow of a carrier gais and Vaporized. When a liquid material for
CVD is supplied to a CVD apparatus in the production of semiconductors,
the concentration of the material is controlled easily in the vaporization,
the concentration of the material in the gas can be changed quickly in
response with the change in the flow rate of the material, decomposition of
the material does not occur and the operating condition of a CVD

apparatus is not restricted.
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part fwor controlling liquid flowrate 7 and a gas heater 8. " A buffer
tank 10 having the sane size and shape as those of the vaporizer is

di sposed bel ow the vaporizer. The vaporizer and the buffer tank are covered
with a block heater 11 having a shape fitting the shapes of the vaporizer
and the buffer tank so that the vaporizer and the buffer tanks are

-mai ntai ned at a desi.red tenperature. Aline 13 for supplying a vaporized
gas fromthe buffer tank to a CVD apparatus 12 is al so heated and

mai nt ai ned at a-desired tenperature.F:J Figuge 2 shows a section view of
an exanpl e of the vaporizer used in th dEiaent i nvention. The vapori zer
has a spherical shape and has inlets for a liquid material 5 at upper

parts. In the exanple of the vaporizer shown in Figure 2, three inlets for
aliquid material are disposeqs An ultrasonic atom zing device 15 is

di sposed in such a manner that™an yltrasonic vibrator 14 is disposed at the

central part of t;e0 vaporizy The - 8 | _
| ] - 140- /) 8 7 6
o o
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-12-, wultrasonic atom zing device is sealed tightly fromthe outside with
a Vring 16 nmade of a netal. Two inlets for a carrier gas 17 are di sposed
at upper parts of the vaporizer (One inlet alone is shown. in Figure 2
because the Figure shows the section view). Each inlet for a carrier gas is
di sposed in the direction parallel with a plane perpendicular to the outlet
of a vaporized gas and oblique w l_-_h [@pectéo the inner wall of the

vapori zer at . _
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the position where the inlet for a carrier gas is disposed so that the
carrier gas is introduced into the vaporizer along the inner wall.

Ih this apparatus, a liquid material 2 is-introduced into the vaporizer
fromthe vessel of a liquid material through the part for controlling
liquid flowrate. The liquid material is atom zed in the vaporizer by the
ul trasonic vibrator and brought into contact wwth a circular flow of the
carrier gas which has been heated in advance. The liquid material is

i nst ant aneously heated and vaporized. The gas obtained by the vaporization
is supplied to the CVD apparatus through a buffer tank. Figure 3
shows a section view of an-exanple of a vaporizer in which an ultrasonic
atom zZing device is disposed at the outside of the vaporizer. The
ultrasonic atom zi ng device 15 conprising an ultrasonic vibrator 14 is

di sposed at an inlet for aliquid material 5. The liquid material supplied
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fromthe vessel of a liquid material through the part for controlling
liquid flowrate is atom zed by the above ultrasonic vibrator 14 at the
inlet for a liquid material 5 and introduced into the vaporizer. The
introduced liquid material is brought into contact with the circular flow

of the carrier gas which has been heated in advance and i nstantaneously
heat ed and vapori zed. - 13 -

FIG. 4
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The  condition of the CVD naterial supplied to the apparatus of the present
Lnvention is not particularly limted as long as the material can be
naintained in the liquid state and can suitably be selected in accordance
with the application. For exanple, the material nay be a liquid at an
ordinary tenperature or a solid dissolved in a solvent. Exanples of the CVD
mat eri al include. trinethylalumnum (A (CH err])3), dinethylalum num hydride
(Al (CH3)[err]H), triisobutylalumnum (Al (i-C4H9)[err]), tetraethoxysilane
(Si(CJerr]Herr])[err]), hexacarbonf’ I{ypden (M(CO[err]),

di et hyl pent oxygol d (Au(CHerr])2(CC err )5 pe&ntaet hoxyt ant al um
(Ta(OC2H5)[err]), tetrapropioxy- titanium (Ti (O err]H7)4),

t et rabut oxyzirconium (Zr(OC4H9) 4), hexafl uoro- acetyl acet onecopper

vinyl trinmet hyl sil ane ((CF[err]CO)q_(E)J CH2CHSI (CH arrry) [err]),

hexaf | uor oacet yl acet onecopper all yl t/i met | ( CO) 2CHCu

CH2CHCH2Si (CH[ err])3),  bis(i sch-ycl nt adNnyby -
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directly or as a solution in a solvent such as hexane, heptane, butyl

acetate, isopropyl al cohol and tetrahydrofuran. The vessel of a
l'iquid mat erm&sa%,riﬁ‘ Mmf or supplying
1. Field of the I .

The present invention relétes to an apparatus for vaporizing and
supplying a material which is used for supplying a gas to a chemical vapor
deposition (CVD) apparatus or a .physica'l .vapor deposition- (PVD)
apparatus used for production of semiconductors. More specifically, the
present invention relates to an apparatus which vaporizes and supplies a
liquid CVD material .for production of semiconductors which is unstable at
higher temperatures highly accurately at a desired flow rate without
causing deterioration in the quality.

Forming films such as semiconductor films, insulation films and
metal films is necessary in the production of semiconductor devices. The .
major processes for fon_ning films are the physical vapor deposition (PVD)
in which vacuum vapor deposition or sputtering is used and the chemical
vapor deposition (CVD) in which light energy or heat energy is used.
CVD is mainly used beéause of easiér control. In accordance with this
process, a material for the treatment is placed in an atmosphere of a CVD
gas such as an organometallic compound which is supplie.d from an.'
apparatus for supplying a gas. The CVD gas is decomposed by suppiyi'ng_ E
light energy or heat energy to the material for the treatment, and a film -
such as a semiconductor film, insulation film or a metal film is formed on- -

the surface of the material for the treatment.

Films having more: improved properties are required as




-14- the CVD material. The size and the shape of the vessel are not
particularly limted as |long as the vessel can contain a liquid materi al
Wit hout any change in the quality. When the vessel of a liquid
material is kept under a raised pressure and the liquid material is
supplied to the part for controlling. lic@+d flow rate under the raised
pressure, it is preferable that the vessel is resistant to a pressure of at
1 east about 5 kgf/cnferr]. In the present invention, the part for

control ling densicoridaetow devices having higher degrees of integration and showing
_ higher speeds are supplied with more variety. Organosilicon compounds
and orgnnoaluminum compounds have heretofore been used as the CVD
material for forming the above films: Under the above circnmstances,
other organic compounds ‘such -as organotantalum compounds,
organobarium compounds, organotitanium compounds, organotungsten
compounds, organocopper compounds, organostrontium compounds and
organozirconium compounds are also being examined as the CVD material
for forming the above films. |
When any of the above CVD material is used, it is necessary that the
supplied gas in the production of semiconductors have a high purity and
that the concentration of the 'gas' and the amount of the supply be
accurately controlled. Many of the above materials have low vapor
pressures and high viscosities and are unstable at high temperatures.
Therefore, it is also necessary tha_t a CVD rnaterial be vnporized and -
supplied to a CVD apparatus without deterioration in the quality.
Various methods for vaporizing a CVD material and supplying the
material to a CVD apparatus in a vapor phase have been known.
Examples of such methods include (1) a method in which a carrier gas is
‘blown into a heated liquid material. to vaporize the material, (2) a method
in which a liquid material at an ordinary or raised temperature is
evacuated to fofm the vapor of the material, (3) 2 method in which a liquid
- material is sprayed to a heated vaporizer under a pressure to form the
vapor of the material (Japanese Patent Application Laid-Open No. Heisei
6(1994)-310444), (4) a method in which a carrier gas is introduced into the

vapor phase portion of a liquid material in a heated vessel to decrease the
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supplies the liquid material to the<vaporizer quantitatively with a high
accuracy. This part is constituted with a conbination of a punp with
variable flow rate and a control valve or a conbination of a punp and a
flowrate controller. As the punp in the apparatus of the present

i nvention, a bellows punp having a twiR3cr nore structure and resistance to
corrosion is used in order to supply th& liquid material w thout pul sation.
"A check val ve nay be di sposed at the downstreamof the punp so that the

flow rate cadnbénteativhodf thb avsteridlcn the vaybr huseaind the epsrabedhender a
reduced pressure. Using the part for controlling liquid flow rate

havi ng t he ahaterialds supphimentedtfremEHp liquidiphaze; sid &) < arethed smmwhickd to

the vaporizer with a high accuracy with little pul sation even when the CVD

appar at us syslignid matenal imatomized bytiare dlipasmdovibrator dispbsed he agoweent

nventi on, tphaitlgfqaulrgssr;?tp? rtilg lliqi\fidsxgg elriia(.aldaz\;.\é ttlhleltfi1 introduced into a heated
vaporizer to form the vapor of the material (Japanese Patent Application
Laid-Open No. Heisei 7(1995)-278817).

However, the above methods have the following problems. In the
method (1), the concentration of the gas obtained by the vaporization is
different depending on the amount of the supplied carrier gas and the
efficiency of contact between the liquid material and the carrier gas, and a
portion of the material becomes a mist rather than the vapor. In the
method (2), the condition of the operation of a CVD apparatus is limited to

- a reduced préssure. In the method (3), the amount supplied to a CVD
apparatus cannot be set to a desired value because the condition of the
material obtained by the atomization is different to a great extent
depending on the pressure and the flow rate in the spraying under a
pressure. In the method (4), the liquid material is decomposéd and
deteriorated while being heated in the vessel. In the mecthod (5), the
control of the concentration of the vaporized- gas is difficult because the
liquid material is suﬁplied in the atomized condition, and a filter or a

collision plate must be disposed in the vaporizer to prevent supplying a

mist of the material to a CVD apparatus.

SUMMARY OF THE INVENTION
Under the above circuinstance__s_, development of an apparatus for

vaporizing and supplying a material, which does not deteriorate the

REPLACEMENT S}:iEE_T

o ot o s Aokl ¥

24 DEC 1998




-

m ni mum pul sation by using a punp, by using a punp and a flow control valve
or by keeping the vessel of the liquid material under a raised pressure and
Gsing a flow control val ve. ' :
REPLACEMENT SHEET 24
DEC 1998 -4-

quality of the CVD material, enables easy control of the concentration of
the material in the vaporization and qtiick change in the concentration of
the material in the gas in response with the change in the flow rate of the
material and does not restrict the operating conditions of the CVD
apparatus, has beefx desired. . | ]

As the result of extensive studies by the present inventors, it was
found that the above problems of the com;entional methods can be solved
when the apparatus has a ps;.rt for controlling liquid ﬂow. rate which
controls the flow rate of the n_iai:erial and an atomizer using an ultrasonic
vibrator and the liquid material is simultaneously atomized and vaporized
in the vapor phasé by ut_ilizing a circular flow of a heated qarrier gas. The
present invention has been completed on the basis of this knowledge.

Accordingly, the present invention provides an apparatus for
vaporizing a liquid material and supplying the material in a gas phase,
which comprises a vessel of the liquid material, a part for controlling liquid
flow rate, an ultrasonic atomizing device and a vaporizer which is
equipped with at least one inlet for the liquid material, at least one inlet
for a carrier gas and an outlet for a vaporized gas, has a shape of a sphere,
a shape of an ellipsoid, a shape of a barrel, a shape of a cylinder, a cone, a
truncated cone or a hemisphére each having a round surface at end parts,
a shape similar to these shapes or a combination of these shapes and
vaporizes the liqguid material in a vapor phase.

The apparatus of the presenf invention is applied to vaporizing a
liquid material and supplying the vé_porized material to. a CVD apparatus
in the production of semiconductors. ' |

In the apparatus of the present invention, a liquid material is
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;I n the present invention, a punp which can supply the liquid materi al
quantitatively with a high accuracy wi thout deterioration in the quality of
the material even when the CVD apparatus is operated under an atnospheric
pressure or a reduced pressure and shows no | eakage of the liquid materi al
of the gas, is preferably used. Exanple$-of the punp are as foll ows:

(1) An exanple of the punp for a liquid material with flow rate control has -
‘the follow ng structure: A casing of the punp is divided intq two chanbers
with a cylisattpducedBxtoNaperizerOHRAPRTS slooeg o amcinlefef a yaRexizer Imtheie t he
bel lows is equipped with a pigt seal ed fromthe outside wth a packing
and cont ai_ni‘qan mt&m%cpwarpﬁemlqw rates gtemized, YﬁPe‘?ltWPH’gaW‘&M ssi on

val ve di sposed therein and, a fitti, f an .qut | havi ng a.di schar val ve
whi oh i s di SHRERLeT fiapastak fhe qufeide ar the fRede of EhevRpenter d° SAPINEA o 100
kg/cnterr] %rlflacﬁ’f}arl ﬂf;‘ -dbéiggt ﬂgé.t% Swith aTQ:?rCular flow of a carrier gas in the

vaporizer and is supplied to a CVD apparatus in the vapor phase.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic.diagram exhibiting an example of the
apparatus of thé present invention. Figure 2 and Figure 3 each shows a
section view exhibiting an example of the vaporizer used in the present
invention. An ultrasonic atomizing device is disposed at the inside of a
vaporizer shown in Figure 2 and at the outside of e; Vaporizer shown in
Figure 3. Figure 4 shows a section view e;:hibiting an example of a
pump for controlling flow rate used in the apparatus of the present
invention. Figure 5 shows a section view exhibiting another example of a
pump for controlling flow rate used in the apparatus of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The vaporizer in the apparatus of the present invention generally
has a shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape
of a cylinder, a cone, a truncated cone or a hemisphere each having curved
surfaces at end parts, a shape 'éimilar to these shapes or a combination of
these shgpes. The shape of a cone includes shapes of a circular cone, ah
elliptical cone and a triangular cone and the like shape. A simple shape is

preferable for the vaporizer to facilitate a circular flow of a carrier gas. A

REPLAGEMENT SHEET

PSSP

| 24 DEC 1998




outer chanber outside the bellows is connected to the fitting for an inlet
and the fitting for an outlet. Aliquid material is admtted or discharged
by the novenent of the bellows which contracts or expands by the sliding
novenent of "the piston. In this punp, the casing is divided into two -
chanbers by the bellows. The volune instfle the bell ows can be changed by
the hydraulic fluid filled into the chanber inside the bellows and the
sliding novenent of the piston disposed inside the bellows. The l'i quid

mat eri al i s spheridad dshapedissmbre peefelbgblehe Shapagef ian thipsuil vid. a Aagpsici fi c

exanple of this
of the fol dsa¥en

unp i s shown in Figure 4. I'n this punp, the height
svc poeferably nsedat e shape heimdlsanta dhesd shhpesfemieams as not

articularly limted, The ratio of the height
P ysha\pe which is approximately the same as the above shapes or

substantially equivalent to the above shapes, such as a shape partially
modified from a shape of a sphere, a shape of an ellipsoid, a shape of a
barrel or a shape of a cylinder, a cone, a truncated cone or a hemisphere
each having round surfaces at end parts wij:hout particular additio;xal
effects. “Aﬁ end part” means a part where a plane or a curved surface
intersects with another plane or curved surface. .For example, an end
part of a shape of a cylinder means a circular circumferential part at the
upper or lower face of the cylinder. A vaporizer having a shape of a
cylinder, a barrel, a cone, a truncated cone 61‘ a hemisphere each having
curved surfaces af end parts is used in order to facilitate flow of the gas at
the end parts and to prevent accumulation of substances attached to the
end parts because of stagnant flow of the gas.

The size of the vaporizer is different depending on the amount of the
vaporized gas to be supplied to the CVD apparatus and cannot generally be
defined. The vaporizer generally has a size corresponding to a sphere
having an iﬁner diameter of about 70 to 250 mm, preferably about 100 to
150 mm. |

The inlet for a carrier gas is preferai)ly disposed at an upper part of
the vaporizer in such a manner that the carrier gas makes a circular flow
along the surface of the inner wall of the vaporizer. Specifically, one or

more inlets for a carrier gas are disposéd in the vaporizer in the following
manner: the direction of the inlet is parallel with a surface perpendicular

to the outlet for the vaporized gas; and, at the point where the extension of
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- 16 - of the folds to the dianeter of the bellows is generally about 0.1
to 0.35, preferably about 0.15 to 0.25. The ratio of the dianmeter to the
Ilength of the cylindrical bellows is generally about 0.15 to 10, preferably
about 0.3 to 5. The thickness of the netal plate used as the bellows is
different depending on the material anag?%+$e size of the bellows and cannot
be generally defined. The thickness is Jénerally about 0.03 to 0.5 mMm
‘preferably about 0.08 to 0.3 nm SUS316, SUS316L, tantalumor inconel is

general |y uthd direction oftherintlodattibhof bl taMSer gdifinteiBtstwithttheliRGer
wall of the vaporizer, the extended direction is oblique with respect to the
direction of the "tangent of the inner face of the vaporizer at- the
intersection, i.e., the carrier gas is introduced in the direction having a
desired angle with thé direction of the tangent except. for the. direction
'perpendicﬁlar to the direction of the tangent. It is preferable that the
above angle is 0 to 45 degrees. 'Actua-lly, the inlet for a carrier gas can be
disposed in such a manner that the carrier gaé is introduced in an oblique
direction with respect to the tangent of the inner face of the vaporizer at
the position where the inlet for a carrier gas is disposed, i.e., in the
direction having any desired angle with the direction of the tangént éxcept |
for the direction perpendicular to the tangent and the direction parallel
with the tangent.

It is particularly preferable in the present invention that the inlets
for a carrier gas are disposed at an upper part of the vaporizer and the
outlet for the vapoﬁzed gas is disposed at a lower j)art of the vaporizer and
that each inlet for a carrier gas is disposed in the following manner: at the
point where the extension of the direction of the introduction of the carrier
gas intersects with the inner wall of the vaporizer or at the position where
the inlet for a carrier gas-is attached to the vaporizer, the direction of the
inlet for a carrier gas is oblique with respect to the direction of the tangent
of the inner face of the vaporizer, i.e., the carrier gas is introduced in the
direction having an angle of 0 to 45 degrees with the direction of the “
tangent. It is also preferable as an embodiment of the present invention
that the inlet for a carrier gas is disposéd in a direction having an angle of

0 to 15 degrees downward or_O'to 5 degrees 'upward with the horizontal
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;sliding | ength of the piston used for changing the volune inside the
bellows are not particularly liimted. The ratio of the maxi mum sliding
dength to the dianeter of the piston is generally about 0.2 to 10,

preferably about 0.5 to 5. .. The maxi mum def ormati on of the bell ows by
the sliding novenent of the piston is g@merally about 2 to 65% preferably
about 5 to.30% of the length of the bell ows under no | oad. The

-adm ssion valve and the discharge val ve disposed in the fittings is

gener aIIy-ci,Téﬁé.t uted with a conbination of a ball or a plug of a cone and
a sheet or conbination of a ball or a plug of a cone, a sheet and an

el astic part SUC'Ina%h@nngsbﬁ@in%ﬁﬁbﬁ? NéHtC hraaifis fRém? tBeew@all ®fdthé er ence
of about 1 to 100-kg/cnk, preferably about 2 to 30 kg/cnR, is used as the

75 s S ey e o e ths o
uniform by the circular flow of the carrier gas. The instantaneous
vaporization takes plaée when .1;he atomized liquid material is brought into |
contact with the circular flow of the carrier gas. The flow rate of the
carrier gas can suitably be decided in accordance with the operating
conditions of the CVD apparatus and the amount of the CVD material to
be supplied.

The circular flow means a series of flow of the carrier gas cdmprising
introduction of the gas into the vaporizer through the inlet for a carrier gas,
circular flow of the gas along the inner wall of the vaporizer and discharge
of the gas through the outlet for a vaporized gas.

In the present invention, an ultrasonic atomizing device is disposed
at the inside or the outside of the vaporizer. When the ultrasonic
atomizing device is disposed at the outside of the véporizer, it is preferable
that the device is disposed at the inlet for a liquid material of the vaporizer.
For example, the ultrasonic étomizing device is disposed at the centér or at
the side face of the path of the liquid material.

When the ultrasonic atomizing device is disposed at the inside of the
vaporizer, the ultrasonic atomizing device is dispdsed in such a manner
that an ultrasonic atomizing vibrator is disposed around the central part of

" the vaporizer. An inlet for the .liquid mateﬁal is disposed in such a
manner that the introduced liquid material is directly brought into contact
with the vibrator. A single or a plurality of inlets for the liquid material
may be disposed. ‘
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The adm ssion val ve and the di scharge val ve descri bed above are di sposed at
the inside of the welded fittings. Leakage or contam nation through the
admi ssion val ve or the discharge val ve can be prevented by. adopting this
construction.. -17- SUS316,
SUS316L, tantalumor inconel is used as%he material of the parts in
contact with the liquid material such as the casi ng of the punp,

The output, the shape and the size of the ultrasonic vibrator are not
particularly linﬁted, and the output and the frequency of the ultraéonic
wave and the shape of the vibrator are suitably decided in accordance with
the type of the liquid material, the amount supplied and the temperature
so that the liquid material can be atomized efficiently. For example,
when an ultrasonic vibrator has an output of 0.5 to 5 W at a frequency of
40 to 120 kHz, a liduid material can be atomized into fine particles having
a diameter of about 0.1 to 20 pm.

The vibrator may have a small vessel for the liquid material.
However, such a vessel is not always necessary because, when the vibrator
has a sufficient output, the liquid material is atomized immediately when
it is brought into contact with the vibrator.

It is preferable that the i_nlet for a liqﬁid material is disposed at the
uppermost central part of the vaporizer. It is also preferable that the
inlet for a Liquid material is disposed in the direction of the center of the
vaporizer. The outlet for a vaporized gas is preferably disposed at a lower
part of the vaporizer.

The vaporizer used in the present invention can be heated and kept
at a desired temperature in accordance w1th the type and the supplied
amount of the liquid matenal the concentration of the vaporized gas and
other operating conditions. The heating can be conducted using a ribbon
heater wound around the vaporizér, a block heater having a shape
covering the vaponzer or by circulation of hot air or a liquid heat medium.
The method of heating is not particularly limited as long as the vap01 izer
is heated and kept at the desired. temperature accurately.

The temperature of the vaporizer is different depending on the
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the valves and the fittings. It is preferable that the above material is
treated by el ectropolishing. The frequency of the sliding of the

pi ston per one punp unit is generally about 1 to 30 tines per second,
preferably about 2 to 15 tines per second. When the frequency is |less than
the above range, pulsation increases. WMy the frequency exceeds.the above
range, the accuracy of the punpi‘ng decreases. In Figure 4, the
inside of a casing 21 is divided into two chanbers with a bellows 22 having

ny folds. aSin@ codditiéns b5€Hd EVD t8s il Ghe ¥ 4z Gad! _
lr)rgl ?/ows I n sﬁ%ﬁag rrar?h%g? ?%éa? ?{he pi s?%l?\hltc?ans rmveet gy ???g:i‘%g A%E‘y raulic

fluid 24 is ameuad ofthe CVID materiak h&Hwctemperathle i gendraliynd®o 2O, A
fitting for an inlet 26 and a fitting for an outlet 27 are welded to an

upper part afie deatemisrcopstrctedspas to unliytainfthetempazhfigreait@usdteddini ssi on
val ve 28 and a di scharge valve 29 are

The apparatus of the present invention further comprises a vessel of
a liquid material, a part for édx_ltrolling liquid flow rate, an ultrasonic wave
generafor, lines for supplying a carrier gas and for transferring a vaporized
gas which are connected to the vaporiiér, valves, adjusting valves and
instruments for measuremeﬁts of pressure and temperature. The

- apparatus further comprises heaters for maint_aining the temperature in
the lines for supplﬁng a carrier gas and for transferring a v'aporize'& gas
from the apparatus for vaporizing and transferrihg a material to a CVD
apparatus.

Because the apparatus for vaporizing and éupplying a material has
the above construction, the liquid material can be supplied at an acéurate
flow rate, efficiently atomized, completely vaporized by the circular flow of
the carrier gas and supplied to a CVD apparatus as a vaporized gas.

| As the material of the vessel of a liquid material, the part for
controlling liquid flow rate and the vaporizer at portions which are in
contact with the liquid or the gas, a metal material resistant to corrosion
such as SUS316 and SUS316L is generallj used in order to prevent
corrosion, elution of impurities and leak of the éas. It is preferable that
the'above metal material is treated by electropolishing. |

Itis prefeiable that .ﬁttings used for connecting the vessel of a liquid .
material, the part for controlling ﬁquid flow rate, the vaporizer and the
CVD apparatus have a helium leak rate of 10~ Tbrr’liter/sec or less.

Examples of such fittings include VCR fitting (manufactured by CAJON
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di sposed in the fitting for aninlet and the fitting for an outlet,
respectively. The discharge valve is set so that the valve works at a
pressure difference of about 1 to 100 kg/cnierr] using a spring or the

like. The bell ows contracts or expands by the sliding novenent of the
piston. Aliquid material 25 is adnittedler discharged by the change in the
. volunme of the bellows and transferred quantitatively. (2) Anot her

‘exampl e of the punp for a liquid material with flow rate control has the

fol l owi ng stCOMPANY)AMOG fittieg (Bthfasivibe by D YOKO IeAGAKUICW, DRl nent
i nside the cylinder are disposed in a casing. The piston is sealed fromthe
out si de wi t fothepditkings. codrespondidig tb tlese efittings and welded fittings. The

above fittings-can be used édvantageously. ' |

The apparatus 'of the present invention is described specifically with
reference to the following Figures. However, the pﬁsent invention is nbt
limifed to the Figures. R

Flgure 1 shows a schematic dlagram exhibiting an example of the
apparatus of the present invention. 1 shows a vessel of a liquid material.
3 shows a part for controlling liquid flow rate, wherefn a twin bellows
pump which can adjust the flow rate at a desired value is uséd and a check
valve 4 is disposed at the outlet of the pump. 6 shows a line for supplying
a carrier gas. A carrier gas is introduced mto a vaporizer 9 through the
part for controlling liquid flow rate 7 and a gas heater 8.

A buffer tank 10 having the same size and shape as those of the
vaporizer is disposed below the vaporizer. The vaporizer and the buffer
tank are covered with a block heater 11 having a shape fitting the shapes
of the vaporizer and the buffer tank so that the vaporizer and the buffer
tanks are maintained at a desired temperature. A line 13 for supplying a
vaporized gas from the buffer tank to a CVD apparatus 12 is also heated
and maintained at a desired temperature.

Figure 2 shows a section view of an example of the vaponzer used in
the present invention. The vaporizer has a sphencal shape and has inlets
for a liquid material 5 at uppe_r parts. In the example of the vaporizer
shown in Figure 2, three inlets for a liquid material are disposed. An
ultrasonic atomizing device 15 is disposed in such a manner that an

ultrasonic vibrator 14 is disposed at the central part of the vaporizer. The
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-18 - with a gas and has a length at |east the sanme as the |l ength of the
sliding novenent of the piston is disposed between a driving part of the
pi ston and the packing. Afitting for an inlet and a fitting for an outl et
are wel ded to the casing. The fitting for an inlet has an adm ssion valve
di sposed therein and the fitting for anldatlet has a discharge val ve whi ch
i s disposed therein and works at a pressure difference of 1.0 to 100
'kg/cnferr]. The cylinder is connected to the fittings and admits and

di schar ges ailtragohit dtohfiting ddvicd f¥scaldPtipHtIFIYOMERe dtftsidawithSt Viin
I'n this punp, the part sealed with a gas I's disposed at the sliding %art of
the piston dtimadeiofer metals Tweidetdforhy cugieridis Phake dispossd vt upper

parts of the vaporizer (One inlet alone is shown in Figure 2 because the

Figure shows the section view). Each inlet for a carrier gas is disposed in

the direction parallel with a plane perpendicular to the outlet of a

vaporized gas and oblique with respect to the inner wall of the vaporizer at

the position where the inlet for a carriér gas is disposed so that the carrier
gas is introduced into the vaporizer along the inner wall. -

- In this apparatus, a liquid material 2 is introduced into the

vaporizer from the vessel of a; liquid material through the part for
controlling liquid flow rate. The liqﬁid material is atomized in the
vaporizer by the ultrasomic vibrator and brought into contact with a
circular flow of the carrier gas which has been heaf.ed in advance. The
liquid material is instantaneoﬁsly heated and vaporized. The gas
obtained by the vaporization is supplied to the CVD apparatus through a
buffer tank.

Figure 3 shows a section view of an example of a vaporizer in which
an ultrasonic atomizing device is diéposed at the outside of the vaporizer.
The ultrasonic atomizing device 15 comprising an ultrasonic vibrator 14 is
disposed at an inlet for a liquid material 5~. ‘ The liquid material supplied
from the vessel of a liquid material through the part for controlling 1i§uid
flow rate is atomized by the above ultrasonic vibrator 14 at the inlet for a
liquid material 5 and introduced into the vaporizer. The introduced

liquid material is brought into contact with the circular flow of the carrier

gas which has been heated in advance and instantaneously heated and

vaporized.
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gas. The fittings are welded to the casing and the adm ssion valve and the
di scharge val ve are disposed therein. The liquid material is admtted or-
di scharged by the sliding novenent of the piston. A specific exanple of
this punp is showmn in Figure 5. The di aneter, the length of the
sliding movenent and the material of thd3piston in the above punp are the
sane as those in (1) described above. The chanber sealed with a gas which
is disposed between the driving part of the piston and the packing is

foormed by disposi I tAal acki ng
simlar %/o thg pac T%%%ﬁlgrﬁd#ang e d:Etws)l Hrr% e segﬁg%g wg? %ﬁﬁt&é%ggof a
fluororesin ﬂweﬂaﬁmndioms&mmmcﬁmrw HiglifedPhs origiad thd AditefigPd Be

property at the center. i s necessary that the chanber sealed with a gas

has a | engt hmaintainéd hm\thednpﬂalsltatmmtaﬁfsxﬁmwIb@tsefliedtedeﬁla%bomatng%éhed to
the piston so that the part 1n contact wi.th-the outside atnosphere is

conpl et el y swithethe applitstiogn.h For teixamplentiss nseteriadl may heaa dipuidsatgener al |y

at feast heorsd?rr::ryats;ex;[ageerature or a solid dissolved in a solvent. Examples of the
CVD material include trimethylaluminum (Al(CH,),), dimethylaluminum
hydride (Al(CHg),H), triisobutylaluminum (Al(i-CHg)g), tetraethoxysilane
(Si(OC,Hp),), hexacarbonylmolybdenum (MotCO)@, dimethylpen_f.oxygold
(Au(CHy)5(OCgHy)), pentaethoxytantalum (Ta(OC,Hj;);), tetrapropioxy-
titanium (Ti(OC3H7),), tetrabutoxyzirconium (Zr(OC,Hy),), hexafluoro-
acetylacetonecopper vinyltrimethylsilane ((CFst)z(jHCu' '
CH,CHSi(CHjy);), hexafluoroacetylacetonecopper allyltrimethylsilane
((CF3C0),CHCu* CH,CHCH,Si(CHy)s), bis (isopropylcyélopentadienyl)-
tungsten dihydride ((i-CgH;CzHz)o,WH,), and tetrakisdimethylamino-
zirconium (Zr(N(CHy)y),).

Further eMples of the CVD material include bis(2,2,6,6-
tetramethyl-3,6-heptanedionite)barium (Ba((t-C,H,CO),CH),), bis(2,2,6,6-
tetramethyl-3,6-heptanedionite)strontium  (Sr((t-C,HyCO),CH),), tetra-
(2,2,6,6-tetramethyl-3,5-heptanedionite)titanium  (Ti((t-C4H,CO),CH),),
tetra(2,2,6,6-tetramethy1;3,5-heptanedionite)zirconium
(Zr((t-C,HyCO),CH),) and bis(2,2,6,6-tetramethyl-3,5-heptanedionite)lead
(Pb((t-CHoCO),CH)p).

The above compounds can be used directly or as a solution in é
solvent such as hexane, heptane, butyl acetate, isopropyl alcohol and

tetrahydrofuran.

The vessel of a liquid material is a vessel which is used for supplying




éliding | ength of the piston, preferably |onger than the sliding | ength of
the | ' ' REPLACEMVENT SHEET
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the CVD material. The size and the shape of the vessel are not
particularly limited as long as the. vessel can contain a liquid material
without- any change in the quality. '

When the vessel of a liquid material is kept under a raised pressure
and the liquid material is supﬁlied to the part for controlling liquid flow
rate under the raised pressure, it is preferable that the vessel is resistant
to a pressure of at least about 5 kgf/cm?. |

In the present invention, the part for controlling liquid flow rate
supplies the liquid material to the vaporizer quantitatively with a high
accuracy. This part is constituted with a combination of a pump with
variable flow rate and a control valve or a combination of a pump and a
flow rate controller. |

As the pump in the apparatus of the present invention, a bellows
pump having a twin or more structure and resistance to corrosion is used
in order to supply the liquid material without pulsatiﬁn. A check valve -
may be disposed at the downstream of the pump so that the flow rate can
be controlled even when the CVD apparatus is operated under a reduced
pressure.

Using the part for controlling liquid flow rate having the above
construction, the CVD liquid material can be supplied to the vaporizer
with a high accuracy with little pulsation even when the CVD apparatus
system is kept under a reduced pressure.

In the present invention, the liquid material is supplied with a.
minimum pulsation by using a pump, by using a pump and a flow control
valve or by keeping the vessel of the liquid material under a raised

pressure and using a flow control valve.
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pi ston by about 5 to 10 mm The sealing gas which is passed through the
chanber sealed with a gas is an inert gas such as nitrogen, argon and
kel ium A purified. gas which does not contain water or carbon dioxide is

used. The gas is

i ntroduced fromthe inlet for a gas, and a path of the gas

is formed in such a manner that the gasl§weeps the piston. As the

adm ssi on val ve,

the di scharge valve and the fittings for connection to the

punp, the sane valves and fittings as those in (1) descri bed above are

Core; | L iﬂgggé ‘ifragé pargﬁnetiaqgrg;%g%kg or der ppgy tﬂgv Hﬁi@bove

construction are

S1' ding.per %%%%%#ﬁﬂﬂﬁﬁmﬂﬁﬁéﬁﬂéh‘gg%?ﬁ@ w&;&%& BN i

Figure 5 a
di sposed in

g 1o S R CTD N A0 i
atmospheric pressure or a reduced pressure and shows no leakage of the
liquid material or the gas, is preferably used. Examples of the pump are
as follows:

__ (1) An exarﬁple of the pump for a liquid material with flow rate
control has the following structure: A casing of the pump is divided into
two chambers with a cylindrical bellows having many folds. The inner
chamber inside the bellows is equipped with a piston sealed from the

outside with a packing and contains a hydraulic fluid. A fitting for an

inlet having an admission valve disposed therein and a fitting for an outlet

 having a discharge valvé which is disposed therein and works at a

pressure difference of 1.0 to 100 kg/cm? are welded to the césing. The
outer chamber outside the bellows is connected to the fitting for an inlet
and the fitting for an oﬁtlet. A liquid material is admitted or discharged
by the movement of the bellows which contracts or expands by the sliding
movemént of the piston.

In this pump, the casing is divided into two chambers by the bellows.
The volume inside the bellows can be changed by the hydraulic fluid filled
mto the chamber inside the bellows and the sl1d1ng movement of the piston
dlsposed inside the bellows. The liquid material is admitted or
discharged by the change in the volume. A speciﬁc.example of this pump )
is shown in Figure 4. | |

In this pump, the height of the folds in the bellows relative to the
diameter of the bellows is not particularly limited. The ratio of the height
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gas sealing wall 46 disposed between a driving part of a piston 44 and a
packi ng 45. An inert gas such as nitrogen, argon and heliumis passed
through an inlet of an inert gas 48 and the chanber sealed with a gas. A
fitting for an inlet 49 and a fitting for an outlet 50 are wel ded to an
upper part and a |ower part of the casi-i§- respectively, and an adnission
val ve 51 and a di scharge valve 52 are disposed in the fitting for an inlet
‘and the fitting for an outlet, respectively. The discharge valve is set so

using & spr okgBaroldh & 1 RSt of Yo GIRE s oty dudh it bl ")

di schar ged %{ﬁ%ﬁi m}\?]&“lo T8V&6.25, Ofrheath of oy 9%&6&%“ e %g’ﬁﬁl%n?fs ’

quantitativ the presSent ‘i nvention e use o
as that the cylindrical bellows is generally about 0.15 to 10, preferably about 0.3 to

ch

5. The thickness of the metal plate used as the bellows is different
depending on 'the. material and the size of the bellows and cannot be
generally defined. The thickness is generally about 0.03 to 0.5 mm,
preferably about 0.08 to 0.3 mm. SUS316, SUS316L, tantalum or inconel
is generally used as the material of the bellows. The diameter and the
gliding length of the piston used for changing the volume inside the bellows
are not particularly limited. The ratio of the maximum sliding length to
the diameter of the piston is generally about 0.2 to 10, preferably about 0.5
to 5. | |

The maximum deformation of the bellows by the sliding movement
of the piston is generally about 2 to 65%, preférabl& about 5 to 30%, of the
length of the bellows under no load.

The admission valve and the discharge valve disposed in the fittings

~ is generally constituted with a combination of aballora plug of a cone and

a sheet or a combination of a ball or a plug of a cone, a sheet and an elastic
part such as a spring. A valve which works at 'a pressure difference of
about 1 to 100 kg/cm?, preferably about 2 to 30 kgfem?, is used as the
discharge valve so that leakage by suction does ﬂot take place even when
the CVD apparatus is operated under a reduced pressure. |

The admission valve and the discharge valve described above are -
disposed at the inside of the welded fittings. Leakage or contamination
through the admission valve or.the di_schafge vaive can be prevented.by

adopting this construction..
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-20 - described above in (1) or (2), a liquid material can be supplied
quantitatively with a high accuracy while the liquid material is conpletely
seal ed fromthe outside atmosphere. Thus, the liquid . material can be
supplied continuously for a long period of time wthout deterioration in
the quality. Al'ternatively, the Fil@uwid material can be supplied with
a high accuracy by using a controller of liquid flowrate in place of the
punp described above while the vessel of a liquid material is nalntalned_at
a SUS316, SUS316L, tantalum or inconel is used as the material of

the parts in contact with the liquid material such as the casing of the pump,
the valves and the fittings. It is preferable that the above matenal is
treated by electropohshmg

The frequency of the sliding of the piston pér one pump unit is
generally about 1 to 30 times per second, preferably about 2 to 15 times per
second. When the frequency is less than the above range, pulsation
increases. When the frequency exceeds the above range, the accuracy of

the pumping decreases.

 In Figure 4, the inside of a casing 21 is divided into two chambers
with a bellows 22 having many folds. A piston 23 is inserted into the
inner chamber inside the beﬂowé in such a ni_anner that the piston can
move by sliding. A hydraulic fluid 24 is sealed into the inner chamber to
fill the remaining space. A fitting for an inlet 26 and a fitting for an
outlet 27 are welded to an upper part and an lower part, respectively, of
the casing and an admission valve 28 and a discharge valve 29 are
disposed in the fitting for an inleﬁ and the fitting for an'outlet, respectively.
The discharge valve is set so that the valve works at a pressure difference
of about 1 to 100 kglcm2 using a spring or the like.

The bellows contracts or expands by the sliding movement of the
plston A liquid material 25 is admitted or discharged by the change in
the volume of the bellows and transferred quantltatively. o

(2) Another example of the pump for a liquid material with flow
rate control has the following structure: A cylinder and a piston which
‘makes sliding movement inside the cylinder are disposed in a casing. The

piston is sealed from the outside with a packing. A part which'_is sealed
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rai sed pressure. The advantages achi eved by the apparatus for
vaporizing and supplying a material of the present invention are as

fol | ows: (1) A vaporized gas having a desired concentration can

al ways be supplied because the liquid material supplied fromthe part for
controlling liquid flowrate is entirely8and i medi ately atomi zed and
vapori zed. (2) There is no possibility of deterioration in the

‘qual ity because it is not necessary that the liquid material is heated in

advance.  with(@gas'afidhds?y iekkth & RASE hﬂ@gaﬁx@%&mﬁr Etéflgﬂg Sl %H[m% gfe

obt ai ned because aggregation of the atom zed materia ensati o
the vapori zeogitenod tm.biétaiieispdiaﬁ@sédnbéﬂ%eﬁoﬂm?hpart of tHepistéie.

mat erial can be supplied w thout overheating because e carrier gas is
circul ated amd ties paeking:i edtfithiray for ansirdet andag itk fdrnahhsutléparé zer -
welded to the casing. The fitting for an inlet has an admission valve
disposed therein and the fitting for an outlet has a discharge valve which is
disposed therein and works at a pressure difference of 1.0 to 100 kg/cm®.
The éylinder is connected to the fittings and admits and discharges a liquid
material by the sl_iding movement of the piston. -
_In this pump, the part sealed with a gas is disposed at the sliding
part of the piston and an inert gas— is passed through the part sealed with a
gas. The fittings are welded to the casing and the admission valve and
the discharge valve are disposed therein. The liquid material is admitted
* or discharged by the sliding movement of the piston. A specific example
of this pump is shown in Figure 5. | '
~ The diametér,- the length of the sliding movement and the material
of the piston. in the above pump are the same as those in (1) described
above. The chamber sealed with a gas which is disposed between the
driving part of the piston and the packing is formed by disposing a sealing
wall. The sealing wall may be a grand packing similar to the packing or
may be a simple. sealing wall which is made of a fluororesin and has a disk
shape with a hole of a sufficient sealing property at the center. It is
necessary that the chamber sealed with a gas has a length which allows a |
small amount of the liquid material attached to the piston so that the part
in contact with the outside atmosphere is completely sealed. The length

of the chamber sealed with a gas is generally at least the same as the

 sliding iéngth of the piston, preferably longer than the sliding length of the
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(5) Gases can be nmixed or replaced efficiently in the vaporizer because t he
vaporizer has a shape of a sphere or a shape of a cylinder or a cone having

Found.end parts. (6) A snmall vaporizer can have a large ability of
vapori zation -21 - because of

excel l ent heat transfer. _ -2-

piston by about 6 to 10 mm. The sealing gas which is passed thfough the
chamber sealed with a gas is an inert gas such as nitrogen, argon and
helium. A purified gas which does not contain water or carbon dioxide is
used. The gas is introduced from the inlet for a gas, and a ﬁath of the gas
is formed in such a manner that the gas sweeps the plston |

As the admission valve, the discharge valve and the ﬁttmgs for
connection to the pump, the same valves and fittings as those in (1)
described above are used. ‘ B

It is preferable that two or more pump unifs having the above
construction are used in a parallel arrangement in order to prevent
pulsation in the supply of the liquid material. The frequenéy of the
sting per one pump unit is the same as that in (1) described above.
In Figure 5, a cylinder 42 and a piston 43 sliding inside the cylinder are
disposed in a casing 41. A chamber sealed with a gas 47 is formed by a
gas sealing wall 46 disposed between a driving part of a piston 44 and a
packing 45. An inert gas such as nitrogen, argon and heﬁuﬁ is passed
through an inlet of an inert gas 48 and the chamber sealed with a gas. | A
fitting for an inlet 49 and a fitting for an outlet 50 are welded to an ﬁpper
part and a lower part of the caé_ing, respéétively, and an admission valve 51
and a discharge valvé 52. are disposed. in the fitting for an inlet and the
fitting for an outlet, respectively. The discharge valve is set so that the

valve works at a pressure difference of about 1 to 100 kg/cm?® using a spring

or the like.

A liquid material 53 is admitted or discharged by the sliding
movement of the piston and transferred quantitatively.

In the present invention, by the usé_ of a pump such as that
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.(-7) The material. can be supplied with a high accuracy mdependently of
the operating conditions of the TVD apparatus, such as an operation at an

at nospheric pressure or at a reduced pressure. The present invention
is described with reference to the foll owng Exanples. However, the
present invention is not limted to the2B¢anpl es. Example 1 The

sane apparatus for vaporizing and supplying a material as that shown in
Figure 1 was prepared. The vessel was made of SUS316L and treated by the

el ect ropol i sdysesibed0abooé ! mssgf ori q2),daf [1R44id dnfatetial hEaﬁaBE ts%éh@&' | ows

type as that shown in Figure 4 were used, and each controller wotks at 0.15

to 75 strokepupstitatively withaddgh rad&ﬁ%y\whﬂe tﬂi@hﬁhm/\hfa%ﬁal 8 cohfslktelp! ve
whi ch works at 5 kg/cnferr] was used in the outlet side. The
sealed from the outside atmosphere. Thus, the liquid material can be
supplied continuously for a long pefiod’of time without deterioration in the
quality. . ‘

Alternatively, the liquid material can be supplied with a high |
accuracy by using a controller of liquid flow rate in place of the pump
described above while the vessel of a liquid material is maintained at a
raised pressure.

' The advantages achieved by the apparatus for vaporizing and
supplying a material of the present invention are as follows:

(1) A vaporized gas having a desired concentration can always be
supplied because the liquid material supplied from the part for controlling
liquid flow rate is ent_irely and immediately atomized and vaporizéd.

(2) There is no possibility of deterioration in the qualiﬁy because it -
is not necessary that the liquid material is heated in advance.

| (3) A gashaving a prescribed concentration can always be obtained
bécause aggregation of the atomized material or condensation of the
vaporized gas does not take place in the apparatus.

(4) The material can be supplied without overheating because the
carrier gas is circulated and very efficient heat transfer is achieved in the
vaporizer.

(5) Gﬁses can be mixed or replaced efﬁciently in the vaporizer
because the vaporizer has a shape of a sphere or a shape of a cylinder or a

cone having round end parts.

(6) A small vaporizer can have a.lﬁrge ability of vaporization
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vapori zer which was connected to the punp with VCR fitting had a spheri cal
shape having an outer dianeter of 114 nm and connected to three inlets for
a liquid material through a switching valve. A vibrator of an ultrasonic
atom zing devi ce was di sposed at the center of the vaporizer. Two inlets
for a carrier gas were attached to the-gaporizer in the direction which was
parallel with a plane perpendicular to an outlet of a vaporized gas and at .
‘an angl e of 30 degrees with the tangent of the inner face of the vaporizer

at the posityjon whege_t LRl et . for.a carrier gas was attached so .that a
carrier gas M§Wﬁ9¥8W§&t%Pgm%er part of the vaporizer through a
mass flow control rgr pRgd YLELES b MR Slopid i 4 2Bigh olpe SaTe
shape and size as' those of € vaporizer and- nade 0
[R)EEL?SSQ/EW iﬂd@ﬁgndently of the operating conditions of the CVD apparatus, such as 24

an operation at an atmospheric pressure or at a reduced pressure.

The present invention is described with reference to the following
Examples. However, the present invention is not limited to the

E:iamples. '

Example 1
The same apparatus for vaporizing and supplying a material as that
shown in Figure 1 was prepared. The vessel was made of SUS316L and
treated by the electropolishing. Controllers of liquid flow rafe of the same
~ twin bellows type as that éhown in Figure 4 ﬁvere used, and each controller
works at 0.15 to 75 strokes per minute in accordance with the flow rate.
A 6heck valve which works at 5 kg/cm? was used in the outlet side. The
vaporizer which was ;onnected to the pump with VCR fitting had a
spherical shape having an outer diameter of 114 mm and connected to
| three inlets for a liquid material through a switching valve. A vibrator of
an ultrasonic atomizing device was disposed at the center of the vaporizer.
Two inlets for a carrier gas were attached to the vaporizer in the direction
which was parallel with a plane perpendicular to an outlet of a vaporized
gas and at an angle of 30 degrees ,wifh the tangent of the inner face of the
vaporizer at 1_:he position where the inlet for a carriér gaé was attached so
that a carrier gas was introduced into an upper parf of the vaporizer
through a mass flow coﬁtroller -and an electric heater. A bufferl tank

having the same shape and size as those of the vaporizer and made of
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-22 - ° SUS316L was di sposed at an outlet of the vaporizer. The vapori zer
and the buffer tank were covered with a block heater having a shape fitting
the shapes of the vaporizer and the buffer tank. The vaporizer, the

buffer tank and a line for supplying the vaporized gas fromthe buffer t ank
to a CVD apparatus were heated and mai n-tbz-ned

SUS316L was disposed at an outlet of the_ vaporizer. The vaporizer and
the buffer tank were covered with a bloék heater having a shape fitting the
shapes of the vaporizer and the buffer tank. -
| The vaporizer, the buffer tank and a line for supplying the vaporized
gas from the buffer tank to a CVD apparatus were heated and maintained
at 80+1°C. The pressure in the parts from the vaporizer to the CVD
apparatus was maintained at 2.5 Torr. A helium carrier gas heated to
80C was supplied at the flow rate of 100 ml/min from the vaporizer to the
-CVD apparatus while the ultrasonic vibrator was activated. Then,
allyltriméthylsilane.adduct of hexaﬂuoroacetyl#betonecopper was supplied
at the flow rate of 0.1 ml/min from the vessel of a liquid material through
the part for controlling liquid flow rate. Helium was added between the
apparatus for vaporizing and sﬁpplying a material and the CVD apparatus
at the flow rate of 100 ml/min as the diluting gas. |
A substrate coated with a film of titanium nitride was set at the
CVD apparatus. The vaporized gas was supplied while the apparatus
was heated to 200C and growth of the film of copper metai was measured.
A uniform film having a thickness of 278 nm was found to have been
formed in the treatmenf for 6 minutes. This amount corresponds to 91%

of the copper supplied as the raw material,

Example 2
The same procedures wére conducted as those conducted in
Example 1 except that the flow rate of allyltrimethylsilane adduct of‘
- hexafluoroacetylacetonecopper was changed to 0.25 mI/min. A trap cooled |

with liquid hitrogen was placed between the apparatus for vaporizing and
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at 801[err]C. The pressure in the parts fromthe vaporizer to the CVD
apparatus was maintained at 2.5 Torr. A heliumcarrier gas heated to 809C
was supplied at the flowrate of 100 m/mn fromthe.vaporizer to the CVD
apparatus while the ultrasonic vibrator was activated. Then,

al lyltrinethylsilane adduct of hexafl ue2dacetyl acet onecopper was supplied
at the flowrate of 0.1 ni/nmin fromthe ™ Vessel of a liquid material through
the part for controlling liquid flow rate. Heliumwas added between the
apparatus for vaporizing and supplying a material and the CVD apparatus at
the flow rat supplyifif arniaterialarid¢heliCVIDi sspsgasus so that Aheuasporided gast ed
wth a filmof titaniumnitride was set at the CVD apparatus. The vapori zed
gas was supplcould hbidotetted ayptpatihet tapnhy swdtthidgtthe?pafhe by] « valve.gr'The h  of
the filmof copper netal was neasured.

material in the vaporized gas was collected into the trap by cooling, and
the collected substance was analyzed in accordance with the quadrapole
mass spectrometry. _ _

" It was confirmed -that allyltrimethylsilane a(_iduct of hexafluoro-
acetylacetonecopper was collected in an amount corresponding to 99% of

the raw material supplied. Nd deterioration in the quality of the raw

material was found.
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A uniformfilmhaving a thickness of 278 nmwas found to hav
in the treatnent for 5 mnutes. This anount corresponds to 9 iﬂ Ii "l“l
copper supplied as the raw nateri al . Exanpl.e 2 The sa

wer e conducted as those conducted in Exanple 1 except that the flow rate of

allyltrimethylsilane adduct of hexafl uegéacet copper was changed to
0.25 m/mn. Atrap cooledvmthllqwd mtrog '
apparatus for vaporizing and

WHAT IS CLAIMED IS:
1. An apparatus for | vaporizing a liquid material and supplying the
material in a gas phase, which comprises a vessel of the liquid material, a
part for control]mg liquid flow rate, an ultrasonic atomizing device and a
vaporizer which is equipped with at least one inlet for the liquid material,
at least one inlet for a carrier gas and an outlet for a vaporized gas, has a
shape of a sphere, a shape of an el]ipéoid, a shape of a barrel, a shape of a
cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape si.mﬂar to these shapes or a combination of

these shapes and vaporizes the liquid materialin a vapor phase.

2. An apparatus according to Claim 1, wherein the inlet for a carrier gas
is disposed in a direction which induces formation of a circular flow of the

carrier gas in the vaporizer.

3. An apparatus according to Claim 1, wherein the inlet for a carrier gas
is disposed in a direction which is parallel with a plane perpendicular to
the outlet for a vaporized gas and is oblique with respect to an inner face of

the vaporizer.

4. An apparatus according to Claim 1, wherein the ultrasonic atomizing

device is disposed at the inside of the vaporizer. -

6. An apparatus according to Claim 1, wherein the ultrasonic atomizing

device is disposed at the inlet for the liquid material.
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-23 - supplying a material and the CVD apparatus so that th ﬂm"mﬁ

gas could be collected into the trap by switching the path by am””"l
materi-al in the vaporized gas was collected into the trap by ceold ng, s %

the collected substance was analyzed in accordance w th the quadrapol e

mass spectronetry. It was confirne?f+hat al lyltrimethylsil ane adduct
of hexafl uoro- acetyl acetonecopper was collected { oun) T pondi ng
to 99% of the raw material supplied. No deteriora THIS BHE&%&@ of the
raw :

6. An apparatus according to Clai:h 1, wherein the liquid material is
suﬁplied with a minimum pulsation by using a pump, by u_sing a pump and

a flow control vaive or by keeping the vessel of the liquid material under a
raised pressure and using a flow control valve.

7. An apparafus according to Claim 1, whereir_l fittings used for the vessel
of the liquid material, the part for oont;folling liquid flow rate and the
vaporizer are fittings having a helium leak rate of 10"9.Torrf1iterlsec or

less or welded fittings. | -

8. A vaporizer which comprises at least one inlet for a liquid ﬁaaterial, at
least one inlet for a carrier gas and an outlet for a vaporized gas, has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a
cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape similar to these shapes or a combination of
these éhapes and vaporizes a liquid material in a vapor phase, wherein the

inlet for a carrier gas is disposed in a direction which induces formation of

a circular flow of the carrier gas in the vaporizer.

9. A process for vaporizing and supplying a material which comprises
introducing a liquid material into a vaporizer, which has a shape of a
sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a cylinder,' a
cone, a tr_uncated cone or a hemiéphere each having round surfaces at end
parts, a shape similar to these shdpes or a combination of these shapes,

through an inlet for the liquid material by a part for controlling liquid flow
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: mg: gl C\Cﬁfl\/]lcfl(:))ulng 1. An appar atus for vaporl zing a I|qU| d”mum“ulllaml"'"l |
supplylngthe _ cC L M 5 =

. _zﬁ-..
rate; atomizing the liquid material by an ultrasonic -atomizing device
disposed at the inside of the vaporizer; vaporizing the atomized liquid
material by bringing the material into contact with a heated carrier gas
which is introduced thrbugh an inlet for a carrier gas of the vaporizex and
circles along an inner face of ;he vaporizer; and supplying the vaporized

material to an apparatus for producing semiconductors.

10. A process for vaporizing and supplying a material which comprises
atomizing a liquid material by an ultrasonic atomizing device; introducing
the atomized liquid material into a vaporizer, which has a shape of a
sphe_re, a shape of an ellipsoid, a shape of a barrel, a shape of a cylinder, a
cone, a truncated cone or a hemisphere each having round surfaces at end
parts, a shape similar to these shapes or a combination of these shapes,
through an inlet for the liquid material; vaporizing the atomized liquid
material by bringing the material mto contact with a heated carrier gas:
which is introduced throﬁgh an inlet for a carrierﬂ gas of the vaporizer and
circles along an inner face of the vapoi'izer; and .supplying the vaporized

material to an apparatus for producing semiconductors.
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material in a gas phase, which conprises a vessel of the liquid material, a
part for controlling liquid flow rate consisting of a punp and/or a flow
eontrol valve, an ultrasonic atom zing device and a vaporizer which is

equi pped with at least one inlet for the liquid material, at |east one
inlet for a carrier gas and an outlet £@7-a vaporized gas, has a shape of a
sphere, a shape of an ellipsoid, a shape of a barrel, a shape of a

cylinder, a Conemmmtvxpommmﬁm round
surface at end p SI mrar to ese shapes or a conbi nation of
t hese shapes ABRTRADLT ( : ( RBt erial in a vapor phase. 2. An
appar at us accordi ng to Clal ml wherein the inlet for a carrier gas is
di sposed i n Anlappmiatas fuhvsjmmndgcnahqimi neiterial ahdssupplyimgathef material t he

carrier gas in the vaporizer 3. An aé)aratus according to Caim1, wherein
the inlet foina gasphasegis which a liquid material for CVD is mtroduced into a

vaporizer at a controlled flow rate, atomized by an ultrasom;: atomizing -
device disposed at the inside or the outside o_f the vaporizer, heated l_)y a
circular flow of a carrier gas and vaporized. When a liquid material for
CVD.is suﬁplied to a CVD apparatus in the production_of semiconductors,
the concentration of the material i_s controlled easily in the vaporization_,
the concentration of the material in the gas can be changed quickly in
response with the change in the flow rate of the material, decomposition of
the matenal does not occur and the operatmg condltmn of a CVD

apparatus is not restricted.
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is disposed in a direction which is parallel with a plane perpendicular to
the outlet for a vaporized gas and is oblique with respect to an inner face
of the vaporizer. 4. An apparatus according to Claim1l, wherein the
ultrasonic atom zing device is disposed at the inside of the vaporizer. 5.
An apparatus according to Oaim1, whereln the ultrasonic atomi zing device
is disposed at the inlet for the I'iquid material. 6. An apparatus
according to Claim1l, wherein fittings used for the vessel of the liquid
material, the part for controlling |iggujd Ll ow rate and the vaporizer are
fittings having a heliumleak late o 15[ r] Tqrr liter/sec or |ess or

wel ded fittings. :
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7. Avaporizer which conprises at least one inlet for a liquid material, at
| east one inlet for a carrier gas and an outlet for. a vaporized gas, has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape of
a - -25- cylinder, a cone, a

truncated cone or a hem sphere each havr_g a round surface at end parts, a
shape simlar to these shapes or For'béatlon of :
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t hese shapes and vaporizes the liquid material in a vapor phase, wherein
the inlet for a carrier gas is disposed in a direction which is parallel

wi th a plane perpendicular to the outlet for a vaporized gas and is oblique
with respect to anh inner face of the vaporizer. 8. A process for
vaporizing and supplying a material whicR conprises introducing a |iquid
material with a m nimum pul sation by using a punp, by using a punp and a

fl ow control valve or by keeping the vessel of .the liquid materital under "a
rai sed pressure and using a flow control valve into a vaporizer, which has
a shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape
of a cylinder, a cone, a truncated cone or a hemni sphere each having a round
surface at end parts, a shape simlar to these shapes or a conbination of

t hese shapes, through an inlet for the liquid material; atom zing the
liquid material by an ultrasonic atom zing device di sposed at the inside of
t he vaporizer; vaporizing the atom zed

File. 3 -




liquid material by bringing the material into contact with a heated carrier
gas which is introduced through an inlet for a carrier gas of the vaporizer
ani circles along an inner face of the vaporizer; and supplying the

vapori zed material to an apparatus for producing sem conductors. 9. A
process for vaporizing and supplying a mrdt-erial which conprises supplying a
liquid material with a mnimum pul sation by using a punp, by using a punp
and a flow control valve or by keeping the vessel of the liquid nmateri al
under a raised pressure and using a flo ntrol valve;, atomzing a liquid
material by an ultrasonic atom zing qevicksy i ntrggucing the atom zed |iquid
material into ‘a vaporizer, which has a shape bf a'sphere, a shape of an

el lipsoid, a shape of a barrel, a shape of a cylinder, a cone, a truncated
cone or a hem sphere each having a round surface at end parts, a shape
simlar to these shapes or a conbi ngiyi on of these shapes,'tai?ugh an inlet
for the liquid materi al ; vaporizingéthe

NN
W
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atom zed liquid material by bringing the material into contact with a
heated carrier gas which is introduced through an inlet for a carrier gas
of the vaporizer and circles along an inner- face of the vaporizer; and
supplying the vaporized material to an apparatus for producing

sem conduct ors. -S-
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WHAT IS CLAIMED IS

1. An apparatus for vaporizing a liquid material and supplying the
material in a gas phase, which comprises a vessel of the liquid material, a
part for controlling liquid flow rate consisting of a pump and/or a flow '
control valve, an ultrasonic atomizing device and a vaporizer which is
equipped with at least one inlet for the liquid material, at least one inlet
for a carrier gas and an outlet for a vaporized gas, has a shape of a sphere,
a shape of an ellipsoid, a shape of a barrel, a shape of a cylinder, a cone, a
truncated cone or a hemisphere each having a round surface at end parts,

a shape similar to these shapes or a combination of these shap'es and -
' vaporizes the liquid material in a vapor phase.

2. An apparatus according to Claim 1, wheréin the inlet for.a carrier gas -
is disposed in a direction whzch induces forxnauon ofa cu:cular flow of the

carrier gas in the vaporizer

3. An apparatus according to Claim 1, wherein the inlet for a carrier gas

~ is disposed in a direction which is parallel with a plane perpendmular to

the outlet for a vaporized gas and is oblique with respect to an inner face
of the vaporizer.

4. An apparatus according to Claim 1, wherein the ultrasonic atomizing
device is disposed at the inside of the vaporizer.

5. An apparatus according to Claim 1, wherein the ultrasonic atomizing
device is disposed at the inlet for the liquid material.

6. An apparatus according to Claim 1, wherein fittings used for the
vessel of the liquid material, the part for controlling liquid flow rate and
the vaporizer are fittings having a helium leak late of 10 Torr«liter/sec
or less or welded fittings.

7 . Avaporizer which comprises at least one inlet for a liquid material, at
least one inlet for a carrier gas and an outlet for a vaporized gas, has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shape ofa
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cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape similar to these shapes or a combination of
these shapes and vaporizes the liquid material in a vapor phase, wherein
the inlet for a carrier gas is disposed in a direction which is parallel with
a plane perpendicular to the outlet for a vaporized gas and is oblique
with respect to an inner face of the vaporizer.

8. A process for vaporizing and supplying a material which comprises
introducing a liquid material with a minimum pulsation by using a pump,
by using a pump and a flow control valve or by keeping the vessel of the

" liquid material under a raised pressure and using a flow control valve
into a vaporizer, which has a shape of a sphere, a shape of an ellipsoid, a
shape of a barrel, a shape of a cylinder, a cone, a truncated cone or a
hemisphere each having a round surface at end parts, a shape similar to
these shapes or a combination of these shapes, through an inlet for the
liquid material; atomizing the liquid material by an ultrasonic atomizing
device disposed at the inside of the vaporizer; vaporizing the atomized
 liquid material by bringing the material into contact with a heated
' carrier gas which is iniroduced through an inlet for a carrier gas of the

vaporizer and] eircles along an inner face of the vaporizer; and supplying
- the vaporized material to an apparatus for producing semiconductors. '

9. A process for vaporizing and supplying a material which comprises
supplying a liquid material with a2 minimum pulsation by using a pump,
by using a pump and a flow control valve or by keeping the vessel of the
liquid material under a raised pressure and using a flow control valve;
atomizing a liquid material by an ultrasonic atomizing device;
introducing the atomized liquid material into a vaporizer, which has a
shape of a sphere, a shape of an ellipsoid, a shape of a barrel, a shapeof a
cylinder, a cone, a truncated cone or a hemisphere each having a round
surface at end parts, a shape similar to these shapes or a combination of
these shapes, through an inlet for the liquid material; vaporizing the
atomized liquid material by bringing the material into contact with a
heated carrier gas which is introduced through an inlet for a carrier gas
of the vaporizer and circles along an inner face of the vaporizer; and
supplying the vaporized material to an apparatus for producing
semiconductors. ' '
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APPARATUS FOR VAPORIZING AND SUPPLYING A MATERIAL

ABSTRACT OF THE DISCLOSURE

An apparatus for vaporizing a liquid material and supplying the material
in a gas phase, in which a liquid material for CVD is introduced into a
vaporizer at a controlled flow rate, atomiied by an uitrasonic atomizing
device disposed at the inside or the outside of the vaporizer, heated by a
circular flow of a carrier gas and vaporizéd. When a liquid material for -
CVD is supplied to a CVD apparatus in the production of semiconductors,
the concentration of the material is controlled easily in the vaporization,
the concentration of thé'_ material in the gas can be changed quickly in
response with the change in the flow rate of the material, decomposition of
the méterial does not occur and the operating condition of a CvD

' apparatus is not restricted.

Figure 1
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