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(57) ABSTRACT 
A vapor-phase growing unit of this invention includes: a 
reaction container in Which a substrate is arranged, a ?rst 
gas-introducing part having a ?rst gas-introducing tube in 
Which a gas-spouting port opening in the reaction container 
is formed, the ?rst gas-introducing part serving to supply 
into the reaction container a ?rst gas consisting of an 
organic-metal including gas, and a second gas-introducing 
part having a second gas-introducing tube in Which a gas 
spouting port opening in the reaction container is formed, 
the second gas-introducing part serving to supply into the 
reaction container a second gas Which reacts With the 
organic-metal including gas and Whose density is smaller 
than that of the organic-metal including gas. The gas 
spouting port of the ?rst gas-introducing tube and the 
gas-spouting port of the second gas-introducing tube are 
arranged along an outside periphery of the substrate 
arranged in the reaction container. 
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GASEOUS PHASE GROWING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates a vapor-phase growing unit 
and a method of forming a vapor-phase-groWth ?lm, for 
forming the vapor-phase-groWth ?lm on a surface of a 
tabular or planar substrate such as, for example, a semicon 
ductor Wafer by using a plurality of source gases. 

[0003] 2. Description of the Related Art 

[0004] Various processes are performed on a substrate 
made of, for example, a semiconductor Wafer or the like, in 
a fabrication of a semiconductor device. For example, a 
plurality of source gases may be used in a method of forming 
a vapor-phase-groWth ?lm such as, for example, a CVD 
method and the like. 

[0005] Particularly, it is possible to form a vapor-phase 
groWth ?lm of SrTiO3 on a surface of a silicon Wafer by a 
CVD method, in Which, for example, an organic-metal 
including gas that includes strontium (Sr) and titanium (Ti) 
and oxygen gas are used. This vapor-phase-groWth ?lm is 
useful for example as a capacitor insulating ?lm because of 
properties thereof. 

[0006] Generally, formation of a vapor-phase groWth ?lm 
on a Wafer by a plurality of source gases is performed 
usually by using a reaction container in Which a plurality of 
gas-introducing tubes are arranged, placing the Wafer in this 
reaction container, and heating While spouting the source 
gases form the respective gas-introducing tubes. 

[0007] Usually, as for a gas-introducing tube in a conven 
tional vapor-phase groWing unit, a straight quartZ tube 
having a gas-spouting port formed by a circular through hole 
at a peripheral Wall thereof has been Widely knoWn. In 
addition, another tube having a gas-spouting port formed by 
a slit-like through hole extending along a circumferential 
direction thereof has also been knoWn. 

[0008] In the conventional vapor-phase groWing unit, 
When an organic-metal including gas is used as a source gas, 
a front-face direction of the gas-spouting port of the gas 
introducing tube is set to be oriented toWard a center of a 
Wafer so that the source gas is spouted in a direction toWard 
the center of the Wafer along a surface of the Wafer. 
Nonetheless, practically, an in-plane ununiformity (ununi 
formity Within the surface) in a vapor-phase-groWth ?lm 
formed on the surface of the Wafer is signi?cantly great. 
After all, there is a problem that it is impossible to form a 
vapor-phase-groWth ?lm having a high uniformity and 
desired properties. 

[0009] For example, When an organic-metal including gas 
that includes strontium (Sr) and Titanium (Ti) and oxygen 
gas are used, a desired crystal groWth cannot be generated on 
a substrate With a high in-plane uniformity, Whereby it is 
impossible to form the objective vapor-phase-groWth ?lm. 

[0010] Intensive studies on the above problem suggest that 
it is caused by a signi?cantly great in-plane ununiformity in 
distribution of the organic-metal including gas on the sur 
face of the Wafer. 

[0011] Speci?cally, the organic-metal including gas is a 
gas of high density. Accordingly, When the gas-spouting port 
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of the gas-introducing tube has a circular shape, as for the 
formed vapor-phase-groWth ?lm, a certain degree of the 
uniformity can be obtained in a small area in a front-face 
direction of the gas-spouting port (that is to be a direction of 
a diameter R of the Wafer). HoWever, in a lateral direction 
vertical to the front-face direction, in proportion to the 
distance from the gas-spouting port, the ?lm thickness is 
sharply decreased. That is, the state comes to a state of a 
great ununiformity. 

[0012] Consequently, a gas-introducing tube Whose gas 
spouting port is formed by a slit-like through hole extending 
in a surface-direction of a Wafer Was used. As a result, the 
gas spreads in the lateral direction in an area of a small 
distance from the gas-spouting port. Therefore, as for the 
formed vapor-phase-groWth ?lm, the uniformity of the ?lm 
thickness Was improved in a certain degree in the lateral 
direction vertical to the front-face direction of the spouting 
port (that is to be the direction of a diameter R of the Wafer). 
HoWever, in the front-face direction, in proportion to the 
distance from the gas-spouting port, the ?lm thickness is 
sharply decreased. After all, it reveals that the state becomes 
a state of a great ununiformity. 

SUMMARY OF THE INVENTION 

[0013] This invention is created based on the above con 
sideration, and an object of the invention is to provide a 
vapor-phase groWing unit capable of forming a vapor-phase 
groWth ?lm on a surface of a tabular substrate such as a 
Wafer With a high uniformity, by a plurality of source gases 
including an organic-metal including gas. 

[0014] Another object of the present invention is to pro 
vide a method of forming a vapor-phase groWth ?lm capable 
of forming the vapor-phase-groWth ?lm on a surface of a 
tabular substrate With a high uniformity, by a plurality of 
source gases including an organic-metal including gas. 

[0015] The present invention is a vapor-phase groWing 
unit comprising: a reaction container in Which a substrate is 
arranged; a ?rst gas-introducing part having a ?rst gas 
introducing tube in Which a gas-spouting port opening in the 
reaction container is formed, the ?rst gas-introducing part 
serving to supply into the reaction container a ?rst gas 
consisting of an organic-metal including gas; and a second 
gas-introducing part having a second gas-introducing tube in 
Which a gas-spouting port opening in the reaction container 
is formed, the second gas-introducing part serving to supply 
into the reaction container a second gas Which reacts With 
the organic-metal including gas and Whose density is smaller 
than that of the organic-metal including gas; Wherein the 
gas-spouting port of the ?rst gas-introducing tube and the 
gas-spouting port of the second gas-introducing tube are 
arranged along an outside periphery of the substrate 
arranged in the reaction container. 

[0016] According to this invention, since a How of the ?rst 
gas supplied into the reaction container by the ?rst gas 
introducing part can be in?uenced by a How of the second 
gas supplied into the reaction container by the second 
gas-introducing part, the ?rst gas consisting of the organic 
metal including gas may be supplied on the substrate With a 
high uniformity. Therefore, a desired vapor-phase-groWth 
?lm can be formed on a Whole surface of the substrate With 
a high uniformity. 
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[0017] Preferably, the ?rst gas introduced into the reaction 
container through the gas-spouting port of the ?rst gas 
introducing tube is adapted to be diffused or dispersed along 
a surface of the substrate because of effect of a How of the 
second gas introduced into the reaction container through 
the gas-spouting port of the second gas-introducing tube. 

[0018] In addition, preferably, the gas-spouting port of the 
?rst gas-introducing tube is formed by a slit-like through 
hole that opens in a direction parallel to a surface of the 
substrate. In the case, preferably, the slit-like through hole 
has an angle of aperture of 30 degree to 160 degree, With 
respect to the ?rst gas-introducing tube. 

[0019] Alternatively, preferably, the gas-spouting port of 
the ?rst gas-introducing tube is formed by a plurality of 
slit-like portions that open in a direction parallel to a surface 
of the substrate, and an intermediate Wall exists betWeen 
adjacent tWo slit-like portions. 

[0020] In addition, preferably, the gas-spouting port of the 
second gas-introducing tube is formed by a circular through 
hole. 

[0021] In addition, preferably, a front-face direction of the 
gas-spouting port of the ?rst gas-introducing tube and a 
front-face direction of the gas-spouting port of the second 
gas-introducing tube are oriented toWard the center of the 
substrate arranged in the reaction container. In the case, 
preferably, the front-face direction of the gas-spouting port 
of the ?rst gas-introducing tube and the front-face direction 
of the gas-spouting port of the second gas-introducing tube 
make an angle not more than 45 degree. 

[0022] In addition, preferably, a plurality of substrates are 
adapted to be arranged at intervals in a vertical direction in 
the reaction container, a plurality of gas-spouting ports of the 
?rst gas-introducing tube are provided correspondingly to 
respective heights of the substrates, and a plurality of 
gas-spouting ports of the second gas-introducing tube are 
provided correspondingly to the respective heights of the 
substrates. 

[0023] In addition, preferably, each of the ?rst gas and the 
second gas is any of 

[0024] (1) Sr[[(CH3)3CCO]2CH]2 gas and O2 gas, 

[0026] (3) TiCl4 gas and NH3 gas, 

[0027] (4) Zr[OC(CH3)3]4 gas and O2 gas, and 

[0028] (5) Ta(OC2H5)5 gas and O2 gas. 

[0029] Furthermore, this invention is a method of forming 
a vapor-phase-groWth ?lm on a surface of a substrate by 
using a vapor-phase groWing unit, the vapor-phase groWing 
unit including: a reaction container in Which a substrate is 
arranged; a ?rst gas-introducing part having a ?rst gas 
introducing tube in Which a gas-spouting port opening in the 
reaction container is formed, the ?rst gas-introducing part 
serving to supply into the reaction container a ?rst gas 
consisting of an organic-metal including gas; and a second 
gas-introducing part having a second gas-introducing tube in 
Which a gas-spouting port opening in the reaction container 
is formed, the second gas-introducing part serving to supply 
into the reaction container a second gas Which reacts With 
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the organic-metal including gas and Whose density is smaller 
than that of the organic-metal including gas; the gas-spout 
ing port of the ?rst gas-introducing tube and the gas 
spouting port of the second gas-introducing tube being 
arranged along an outside periphery of the substrate 
arranged in the reaction container; the method comprising: 
a step of supplying the ?rst gas from the gas-spouting port 
of the ?rst gas-introducing tube into the reaction container; 
and a step of supplying the second gas from the gas-spouting 
port of the second gas-introducing tube into the reaction 
container. 

[0030] Preferably, the step of supplying the ?rst gas from 
the gas-spouting port of the ?rst gas-introducing tube into 
the reaction container and the step of supplying the second 
gas from the gas-spouting port of the second gas-introducing 
tube into the reaction container are conducted at the same 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a schematic cross sectional vieW shoWing 
a vapor-phase groWing unit according to an embodiment of 
the present invention; 

[0032] FIG. 2 is a schematic vieW of the ?rst gas-intro 
ducing tube in FIG. 1 seen from the center of a Wafer; 

[0033] FIG. 3(a) is a partially enlarged front vieW of the 
?rst gas-introducing tube of FIG. 2, and FIG. 3(b) is an 
enlarged cross sectional vieW of the ?rst gas-introducing 
tube of FIG. 2 taken along a gas-spouting port thereof; 

[0034] FIG. 4 is a vieW shoWing a positional relationship 
of a slit-like gas-spouting port of the ?rst gas-introducing 
tube and a circular gas-spouting port of the second gas 
introducing tube, With respect to the Wafers; 

[0035] FIG. 5(a) is a partially enlarged front vieW of a ?rst 
gas-introducing tube having a gas-spouting port of a modi 
?cation example, and FIG. 5(b) is an enlarged cross sec 
tional vieW of the ?rst gas-introducing tube of FIG. 5(a) 
taken along the gas-spouting port thereof; 

[0036] FIG. 6 is a schematic vieW of the second gas 
introducing tube in FIG. 1 seen from the center of a Wafer; 

[0037] FIG. 7(a) is a partially enlarged front vieW of the 
second gas-introducing tube of FIG. 6, and FIG. 7(b) is an 
enlarged cross sectional vieW of the second gas-introducing 
tube of FIG. 6 taken along a gas-spouting port thereof; 

[0038] FIG. 8 is a schematic cross sectional vieW shoWing 
a vapor-phase groWing unit according to another embodi 
ment of the present invention; 

[0039] FIG. 9(a) is a front vieW of the ?rst gas-introduc 
ing tube in the vapor-phase groWing unit of FIG. 8, and 
FIG. 9(b) is a front vieW of the second gas-introducing tube 
in the vapor-phase groWing unit of FIG. 8; 

[0040] FIG. 10 is an isopycnic-curve chart shoWing a 
distribution state of Sr(DPM)2 gas on a surface of a Wafer 
measured in an experimental example 1; and 

[0041] FIG. 11 is an isopycnic-curve chart shoWing a 
distribution state of oxygen gas on a surface of a Wafer 
measured in the experimental example 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0042] The present invention Will be explained in detail 
With reference to the draWings. 
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[0043] FIG. 1 is a vieW schematically showing an 
example of a vapor-phase growing unit of the present 
invention. 

[0044] This vapor-phase groWing unit 10 is a batch-type of 
vertical vapor-phase groWing unit, and is provided With a 
cylindrical reaction container 12 extending vertically. The 
reaction container 12 is made of, for example, quartz. An 
upper part of the reaction container 12 is closed. 

[0045] A manifold 13 composed of a cylindrical stainless 
steel is connected to a loWer end of the reaction container 12. 
A lid 14 is arranged under the manifold 13. This lid 14 is 
movable upWard and doWnWard by means of a boat-elevator 

(not shoWn). 
[0046] When the lid 14 is raised, an opening at the loWer 
end of the manifold 13 is adapted to be closed. Thereby, a 
sealed reaction chamber is formed in the reaction container 
12. 

[0047] A Wafer-boat WB made of, for example, quartz is 
arranged on the lid 14 via a heat insulating cylinder 15. A 
substrate on Which a vapor-phase-groWth ?lm is to be 
formed is a semiconductor Wafer W made of, for example, 
silicon. A plurality of semiconductor Wafers W (substrates) 
are held by the Wafer-boat WB at predetermined vertical 
intervals. When the lid 14 is raised by the boat-elevator, the 
Wafer-boat WB is inserted into the reaction container 12. 
Thereby, the Wafers W held by the Wafer-boat WE are 
arranged in a processing area in the reaction container 12. 

[0048] The reaction container 12 has such a siZe that a 
cylindrical void is formed betWeen an inside surface of the 
reaction container 12 and an outside periphery edge of the 
Wafer boat WB or the Wafers W in a condition Wherein the 
Wafer-boat WB has been inserted therein. A gas-introducing 
tube (to be described later) is arranged in the cylindrical 
void. 

[0049] A cylindrical heater 16 composed of, for example, 
a resistive heating element is provided around the reaction 
container 12. By means of this cylindrical heater 16, the 
inside of the reaction container 12 and hence the Wafers W 
placed on the Wafer-boat WE are heated so as to be at a 

predetermined temperature. 

[0050] Athermal insulator layer 18 is arranged outside the 
cylindrical heater 16. Furthermore,an outer shell 20 is pro 
vided so as to surround the thermal insulator layer 18. 
Additionally, another heater may be arranged above the 
reaction container 12 if required. 

[0051] A plurality of gas-supplying tubes are provided in 
order to supply source gases into the reaction container 12. 
Speci?cally, a ?rst gas-supplying tube 30 serving to supply 
an organic-metal including gas and a second gas-supplying 
tube 40 serving to supply oxygen gas are provided in such 
a manner that they extend to pierce a side Wall of the 
manifold 13 at respective positions adjacent to each other. 

[0052] The ?rst gas-supplying tube 30 is connected to a 
gas source (not shoWn) of the source gas consisting of the 
organic-metal including gas, the gas source being provided 
outside of this vapor-phase groWing unit 10. A loWer end 
portion of the ?rst gas-introducing tube 32 made of, for 
example, quartZ, and located in the cylindrical void formed 
betWeen the inside surface of the reaction container 12 and 
the outside periphery edge of the Wafers W, is connected to 
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and communicated With the leading end of the ?rst gas 
supplying tube 30 in the manifold 13. 

[0053] FIG. 2 is a vieW of the ?rst gas-introducing tube 32 
seen from the center of a Wafer W. FIG. 3(a) is a partially 
enlarged front vieW of the ?rst gas-introducing tube 32 of 
FIG. 2, and FIG. 3(b) is an enlarged cross sectional vieW of 
the ?rst gas-introducing tube 32 of FIG. 2 taken along a 
gas-spouting port 35. 

[0054] Furthermore, FIG. 4 is a vieW shoWing a positional 
relationship betWeen a slit-like gas-spouting port of the ?rst 
gas-introducing tube and a circular gas-spouting port of the 
second gas-introducing tube, With respect to the Wafers 
placed in the reaction container. 

[0055] As shoWn in FIG. 2, the ?rst gas-introducing tube 
32 includes an introducing tube portion 32A extending 
upWard in the cylindrical void in the reaction container 12, 
and a spouting tube portion 32B curving in a U-shape and 
extending doWnWard from an upper end of the introducing 
tube portion 32A. The introducing tube portion 32A and the 
spouting tube portion 32B extend in parallel to each other. 
The spouting tube portion 32B and the introducing tube 
portion 32A are connected to each other by means of 
reinforcing bridge members 33 at appropriate positions. 

[0056] In the spouting port portion 32B, many gas-spout 
ing ports 35 (to be referred to as “slit-like spouting ports” 
hereinafter) formed by slit-like through holes respectively 
extending in circumferential directions of the tube (that is, in 
plane directions of the Wafer W) are formed at appropriate 
intervals in a longitudinal direction of the spouting tube 
portion 32B. 

[0057] Then, as shoWn in FIG. 4, a front-face direction of 
each slit-like spouting port 35 extending in a plane direction 
of a Wafer W indicated by an arroW x is oriented toWard the 
center C of the Wafer W. Incidentally, in FIG. 4, the 
introducing tube portion 32A is omitted, and the spouting 
tube portion 32B is simply shoWn. 

[0058] The siZe of the ?rst gas-introducing tube 32 should 
not be limited especially, but can be suitably set according 
to various conditions. In one example, an outer diameter of 
the spouting tube portion 32B of the ?rst gas-introducing 
tube 32 may be 16.8 to 17.2 mm, an inner diameter thereof 
may be 16.5 to 16.6 mm, and a Wall thickness thereof may 
be 0.2 to 0.7 mm. Furthermore, a length of the slit-like 
spouting port 35 (along a circumferential direction of the 
tube at the spouting tube portion 32B) may be set in such a 
manner that an angle of aperture a (see FIG. 3(b)) is, for 
example, 30 to 160 degrees. Moreover, an opening depth 
(Width) d (in a longitudinal direction of the tube at the 
spouting tube portion 32B) may be set in a range of 0.5 to 
2.0 mm. 

[0059] FIG. 5(a) and FIG. 5(b) shoW a modi?cation 
example of the slit-like spouting port 35. FIG. 5(a) and FIG. 
5(b) are illustrated similarly to FIG. 3(a) and FIG. 3(b), 
respectively. As is seen clearly from FIG. 5, it is not 
necessary for each slit-like spouting port 35 to be formed 
only by a single slit-like hole, but it is possible to be formed 
by a plurality of (three in the example of FIG. 5) slit-like 
holes S Which are divided in a circumferential direction of 
the tube. For example, in the case of FIG. 5, there are 
intermediate Wall portions M remained betWeen the adjacent 
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slit-like hole portions S. In this case, a large mechanical 
strength can be obtained due to the remains of the interme 
diate Wall portions M. 

[0060] The second gas-supplying tube 40 is arranged so as 
to pierce the surrounding Wall of the manifold 13, similarly 
to the ?rst gas-supplying tube 30. Then, the second gas 
supplying tube 40 is connected to an oxygen gas source (not 
shoWn) provided outside of the vapor-phase groWing unit 
10. A loWer end of the second gas-introducing tube (not 
shoWn in FIG. 1) made of, for example, quartz, and located 
in the cylindrical void formed betWeen the inside surface of 
the reaction container 12 and the outside periphery edge of 
the Wafers W, is connected to and communicated With the 
leading end of the second gas-supplying tube 40 in the 
manifold 13. 

[0061] FIG. 6 is a vieW of the second gas-introducing tube 
42 seen from the center of a Wafer. FIG. 7(a) is an enlarged 
front vieW of a portion of the second gas-introducing tube 42 
including a gas-spouting port 45, and FIG. 7(b) is an 
enlarged cross sectional vieW of the second gas-introducing 
tube 42 taken along the gas-spouting port 45. 

[0062] As shoWn in FIG. 6, the second gas-introducing 
tube 42 includes an introducing tube portion 42A extending 
upWard in the cylindrical void in the reaction container 12, 
and a spouting tube portion 42B curving in a U-shape and 
extending doWnWard from an upper end of the introducing 
tube portion 42A. The introducing tube portion 42A and the 
spouting tube portion 42B extend in parallel to each other. 
The spouting tube portion 42B and the introducing tube 
portion 42A are connected to each other by means of 
reinforcing bridge members 43 at appropriate positions. 

[0063] In the spouting tube portion 42B, many gas-spout 
ing ports 45 (to be referred to as “circular spouting ports” 
hereinafter) formed by circular through holes are formed at 
appropriate intervals in a longitudinal direction of the spout 
ing tube portion 42B. 

[0064] Then, as shoWn in FIG. 4, a front-face direction of 
each circular spouting port 45 in the spouting tube portion 
42B indicated by an arroW y is oriented toWard the center C 
of the Wafer W. Incidentally, in FIG. 4, the introducing tube 
portion 42A is omitted, and the spouting tube portion 42B is 
simply shoWn. 

[0065] Here, as for a tube for the second gas-introducing 
tube 42, the same as the above described tube for the ?rst 
gas-introducing tube 32 may be used. The siZe of the circular 
spouting port 45 can be suitably set in accordance With 
various conditions. For example, its diameter is set to be 0.5 
to 5 .0 mm. It is also possible to form circular spouting port 
45 by, for example, a plurality of circular through holes 
arranged in a line along the circumferential direction of the 
tube. 

[0066] In the above description, the spouting tube portion 
32B of the ?rst gas-introducing tube 32 and the spouting 
tube portion 42B of the second gas-introducing tube 42 are 
arranged so as to be positioned closely to each other in an 
outer circumferential direction of the Wafers W, as shoWn in 
FIG. 4. Furthermore, as described above, those gas-spouting 
ports, namely the slit-like spouting port 35 and the circular 
spouting port 45, are set in such a manner that the front-face 
directions thereof are both oriented to the center C of the 
Wafer W. 
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[0067] In addition, it is necessary for the slit-like spouting 
port 35 and the circular spouting port 45 to be arranged 
alongside of each other under such a condition that an angle 
0 made by the respective front-face directions, namely an 
angle 0 made by the arroW x and the arroW y in FIG. 4 (to 
be referred to as “an angle made by the spouting ports” 
hereinafter) is small. Practically, it is important for this angle 
0 made by the spouting ports to be not larger than 45 
degrees. In particular, the angle 0 made by the spouting ports 
is preferably no larger than 10 degrees. In this case, it is 
possible to form a vapor-phase-groWth ?lm having a sig 
ni?cantly high uniformity. 

[0068] Incidentally, although there is no loWer limit to 
degree for the angle 0 made by the spouting ports in 
principle, the loWer limit may be naturally determined by a 
tube diameter of the sporting tube portion 32B and a tube 
diameter of the spouting tube portion 42B. 

[0069] In addition, With reference to FIG. 1, an exhausting 
port 19is provided in the manifold 13 at an opposite position 
With respect to the position through Which the ?rst gas 
supplying tube 30 and the second gas-supplying tube 40 
pass. A vacuum pump (not shoWn) is connected to the 
exhausting port 19 via an exhausting tube that has an 
adjusting valve inserted therein. 

[0070] Furthermore, a control system (not shoWn) is pro 
vided in order to control a gas supply by means of the ?rst 
gas-introducing tube 30, a gas supply by means of the 
second gas-supplying tube 40, an operation of the cylindri 
cal heater 16, and operational conditions of the adjusting 
valve and the vacuum pump connected to the exhausting 
port 19. Speci?cally, this control system may be composed 
of a microprocessor, a process controller, and the like, and 
may have a function to send control signals to those parts to 
control them, based on a predetermined program. 

[0071] Using the vapor-phase groWing unit 10 having the 
above described composition, it is possible to form a vapor 
phase-groWth ?lm on a surface of a Wafer, Which Will be 
described beloW. 

[0072] First, the Wafer-boat WB holding Wafers W that are 
substrates on Which vapor-phase-groWth ?lms are to be 
formed, is placed on the lid 14 located at a loWered position. 
Thereafter, the lid 14 is raised by the not-shoWn boat 
elevator. Thereby, the Wafer-boat WB is inserted into the 
reaction container 12 and the Wafers W are placed in the 
reaction container 12. At this time, the lid 14 closes the 
opening at the loWer end of the manifold 13. This makes the 
inside of the reaction container 12 be sealed. 

[0073] On the other hand, the inside of the reaction 
container 12 is set to be under a set reduced pressure, 
through the exhausting tube 19. In addition, the inside of the 
reaction container 12 is heated by the cylindrical heater 16 
to be maintained at a set temperature. 

[0074] The reduced pressure and the temperature may be 
suitably selected according to a type of the objective vapor 
phase-groWth ?lm, a kind and a How rate of the source gas 
in use, and other conditions. 

[0075] As for an example of condition on the atmosphere 
in the reaction container 12, the pressure is, for example, 67 
to 670 Pa (0.5 to 5.0 Torr) and the temperature is 300 to 600° 
C. 
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[0076] Then, under such a state wherein the set reduced 
pressure condition and the temperature condition are main 
tained, the respective source gases of certain required 
amounts are supplied through the ?rst gas-supplying tube 30 
and the second gas-supplying tube 40, so as to form the 
vapor-phase-groWth ?lm. 

[0077] The source gases supplied through the ?rst gas 
supplying tube 30 and the second gas-supplying tube 40 may 
be different depending on a kind of the objective vapor 
phase-groWth ?lm. In this embodiment, an organic-metal 
including gas is used as the ?rst gas supplied through the 
?rst gas-supplying tube 30. On the other hand, a reaction 
gas, Which may react With the organic-metal including gas 
supplied through the ?rst gas-supplying tube 30 and Which 
has a density smaller than that of the organic-metal including 
gas, is used as the second gas supplied through the second 
gas-supplying tube 40. 

[0078] It is possible to set a supplying ratio of the respec 
tive source gases in accordance With a condition to form the 
vapor-phase-groWth ?lm in the objective state. 

[0079] Speci?c combinations of an organic-metal includ 
ing gas (?rst gas) used to form the vapor-phase-groWth ?lm 
and a reaction gas (second gas) used thereWith may be as 
folloWs, but they are not restricted thereto. 

[0080] (1) combination of Sr[[(CH3)3CCO]2CH]2 
gas (to be referred to as “Sr(DPM)2 gas” beloW) and 
O2 gas 

[0081] According to this combination, a vapor-phase 
groWth ?lm made of SrO is formed. 

[0082] (2) combination of Ti(OC3H7-i)2 
[[(CH3)3CCO]2CH]2 gas and O2 gas 

[0083] According to this combination, a vapor-phase 
groWth ?lm made of TiO2 is formed. 

[0084] (3) combination of TiCl4 gas and NH3 gas 
According to this combination, a vapor-phase 
groWth ?lm made of TiN is formed. 

[0085] (4) combination of Zr[OC(CH3)3]4 gas and O2 
gas 

[0086] According to this combination, a vapor-phase 
groWth ?lm made of ZrO2 is formed. 

0087 5 combination of Ta OC H as and O 2 5 5 g 2 

gas According to this combination, a vapor-phase 
groWth ?lm made of Ta2O5 is formed. 

[0088] It is not necessary for each of the above combina 
tions to be employed individually. For example, it is possible 
to employ combinations of the above (1) and (2) together. In 
this case, a vapor-phase-groWth ?lm made of SrTiO3 can be 
formed by using a mixture gas of the Sr(DPM)2 gas and the 
Ti(OC3H7-i)2[[(CH3)3CCO]2CH]2 gas, and the oxygen gas. 

[0089] For example, When forming the vapor-phase 
groWth ?lm by using the above combination (1), the 
Sr(DPM)2 gas is supplied to the ?rst gas-supplying tube 30 
at a rate of, for example, 0.3 to 1.0 slm, the oxygen gas is 
supplied to the second gas-supplying tube 40 at a rate of, for 
example, 1.0 to 10.0 slm, and the inside of the reaction 
container 12 is maintained at a reduced pressure of 67 to 670 
Pa (0.5 to 5.0 Torr) and at a temperature of 300 to 600° C. 
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[0090] A required time to form the ?lm differs depending 
on a siZe of the objective ?lm thickness, but it takes, for 
example, 10 to 40 minutes. This enables the vapor-phase 
groWth ?lm to be formed With the ?lm thickness of, for 
example, 5 to 20 nm. 

[0091] In the above vapor-phase-groWth ?lm formation, 
the organic-metal including gas supplied from the ?rst 
gas-supplying tube 30 reaches the spouting tube portion 32B 
of the ?rst gas-introducing tube 32 in the reaction container 
12 so as to be spouted along the surfaces of the Wafers W and 
toWard the centers C of the Wafers W from the respective 
slit-like spouting ports 35 formed in the spouting tube 
portion 32B. 

[0092] Concurrently With this, the oxygen gas supplied 
from the second gas-supplying tube 40 reaches the spouting 
tube portion 42B of the second gas-introducing tube 42 in 
the reaction container 12 so as to be spouted along the 
surfaces of the Wafers W and toWard the centers C of the 
Wafers W from the respective circular spouting ports 45 
formed in the spouting tube portion 42B. 

[0093] Since the slit-like spouting ports 35 are formed by 
the slit-like through holes respectively extending in hori 
Zontal directions along the surfaces of the Wafers W, the 
organic-metal including gas spouted from the slit-like 
through holes 35 is adapted to be diffused broadly along the 
surfaces of the Wafers W also in orthogonal directions 
(lateral directions) With respect to the arroW x direction (the 
front-face direction). 
[0094] HoWever, since the organic-metal including gas 
includes a metal element in its composition, it is a gas of a 
high density, and heavy. Therefore, it is dif?cult for the 
organic-metal including gas to be diffused distantly from the 
slit-like spouting ports 35 in the x direction. Hence, it has 
been almost impossible to suppress ununiformity of the ?lm 
thickness in the x direction in the prior art. 

[0095] According to this embodiment, When the organic 
metal including gas is spouted from the spouting tube 
portion 32B, the oxygen gas is spouted from the circular 
spouting ports 45 of the second gas-introducing tube 42. The 
oxygen gas is a gas of a loW density, and light. Accordingly, 
the oxygen gas spreads broadly along the surfaces of the 
Wafers W so as to be diffused With a high uniformity, 
independently of the shapes of the spouting ports, that is, 
even though each spouting port has the circular shape. 

[0096] On the other hand, each of the circular spouting 
ports 45 serving as the spouting ports of the oxygen gas and 
each of the slit-like spouting ports 35 serving as the spouting 
ports of the organic-metal including gas are arranged closely 
to each other in a line along the outer circumferential 
direction of the Wafers W. Therefore, the organic-metal 
including gas spouted from the slit-like spouting ports 35 is 
subjected to action of How of the oxygen gas, that is, the 
organic-metal including gas is adapted to be expanded and 
diffused by the diffusing action of the oxygen gas. As a 
result, it is possible to obtain a high uniformity in the ?lm 
thickness in a more distant area even in the x direction. 

[0097] As the above result, both of the organic-metal 
including gas and the oxygen gas are adapted to be diffused 
With the respective high uniformity on the surfaces of the 
Wafers W. Therefore, it is possible to form a vapor-phase 
groWth ?lm having a high uniformity in its ?lm thickness as 
Well as in its ?lm quality. 
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[0098] In the above vapor-phase growing unit 10, the 
respective gas-introducing tubes (the ?rst gas-introducing 
tube 32 and the second gas-introducing tube 42) are both 
composed of the introducing tube portions (32A and 42A) 
extending upward, and the spouting tube portions (32B and 
42B) curving from the upper ends of the introducing tube 
portions downward in a U-shape, in the reaction container 
12. This arrangement is suitable because of the following 
reason. That is, in this embodiment, the reaction container 
12 has a so-called single tube structure, and an exhausting 
operation for reducing the pressure in the reaction container 
12 is performed through the exhausting port 19 at the lower 
part. Therefore, by using the spouting tube portions (32B 
and 42B) extending downward, it is possible to decrease 
difference in spouting pressure caused by difference in level 
of the respective spouting ports formed at appropriate inter 
vals in the longitudinal direction. Accordingly, it is possible 
to obtain a more uniform spouting state as a whole. 

[0099] FIG. 8 is a view schematically showing another 
example of vapor-phase growing unit of the present inven 
tion. FIG. 9 is a view for explaining the ?rst gas-introducing 
tube and the second gas-introducing tube in the vapor-phase 
growing unit of FIG. 8. 

[0100] The vapor-phase growing unit 50 of FIG. 8 basi 
cally has the same composition as the vapor-phase growing 
unit 10 of FIG. 1, but differs in the following points. That 
is, an inner tube 52, whose upper part is opened, is provided 
along an inside circumferential wall of a reaction container 
12 in the vapor-phase growing unit 50 (double tube type). 
Accordingly, a cylindrical room 54 is formed between the 
inner tube 52 and the reaction container 12. An exhausting 
port 19is connected to a lower part of the cylindrical room 
54. 

[0101] Then, as shown in FIG. 9(a), a ?rst gas-introduc 
ing tube 56 connected to a ?rst gas-supplying tube 30 is 
composed of a straight-type tube extending simply upward. 
Slit-like spouting ports 35 are formed in the ?rst gas 
introducing tube 56. As shown in FIG. 9(b), a second 
gas-introducing tube 58 connected to a second gas-supply 
ing tube 40 is also composed of a straight-type tube extend 
ing simply upward. Circular spouting ports 45 are formed in 
the second gas-introducing tube 58. 

[0102] In the double-tube type of composition, exhaustion 
is performed from an upper portion in the reaction container 
12 through the annular room 54. Therefore, by using the 
gas-introducing tubes 56 and 58 made of the straight-type 
tubes, it is possible to decrease difference in spouting 
pressure caused by difference in level of the respective 
spouting ports formed at appropriate intervals in the longi 
tudinal direction, similarly to the above cases shown in 
FIGS. 1 to 7. Accordingly, it is possible to obtain a more 
uniform spouting state as a whole. 

[0103] The embodiments of the vapor-phase growing unit 
and the method of forming a vapor-phase-growth ?lm 
according to the invention are speci?cally described as 
above, but it is possible to add various modi?cations to the 
above embodiments. 

[0104] For example, the above vapor-phase growing unit 
is batch-type, but it can be composed as a single-wafer type 
of vapor-phase growing unit. 

[0105] As for a gas-spouting port of a ?rst gas-introducing 
tube serving to introduce an organic-metal including gas, it 
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is preferable that it has such an aspect that the organic-metal 
including gas is diffused sufficiently broadly in the lateral 
direction. That is, a gas-spouting port of a ?rst gas-intro 
ducing tube is preferably formed by a slit-like through hole, 
as described above. However, in the present invention, as for 
a gas-spouting port of a ?rst gas-introducing tube, it may be 
formed by a circular through hole. 

[0106] On the other hand, as for a gas-spouting port of a 
second gas-introducing tube serving to introduce a source 
gas other than the organic-metal including gas, even though 
the spouting port is formed by a circular through hole, it is 
possible to obtain a sufficiently spread diffusion state. There 
fore, it is not necessary for a gas-spouting hole of a second 
gas-introducing tube to be formed by a slit-like through hole, 
but it may be formed like that. 

[0107] That is, in the present invention, it is suitable that 
a gas-spouting port of a ?rst gas-introducing tube is formed 
by a slit-like spouting port and that a gas-spouting port of a 
second gas-introducing tube is formed by a circular spouting 
port, but combinations of other shapes should not be elimi 
nated. 

EXPERIMENTAL EXAMPLE 1 

[0108] An experiment was conducted, in which a vapor 
phase-growth ?lm was formed on a surface of a silicon 
wafer having a diameter of 8 inches, by using a vapor-phase 
growing unit composed as shown in FIG. 1, under a 
condition shown in the following Table 1. 

TABLE 1 

<vapor-phase growing unit> 

(1) outer diameter of the spouting tube portion 17.0 mm 
32B of the ?rst gas-introducing tube 32: 
inner diameter thereof: 14.0 mm 
angle of aperture or of the slit-like 
spouting port 35: 

123 degrees 

opening depth d thereof: 0.24 mm 
(2) outer diameter of the spouting tube portion 17.0 mm 

42B of the second gas-introducing tube 42: 
inner diameter thereof: 14.0 mm 
diameter of the circular spouting port 45: 2.0 mm 

(3) angle 0 made by the spouting ports: 10 degrees 
<formation of the vapor-phase-growth ?lm> 

(1) organic-metal including gas (type) Sr(DPM)2 gas 

(2) oxygen gas (?ow rate) 5.0 slm 
(3) oxygen gas: condition of vapor-phase growth 475 ° C. 

pressure in the reaction container 12 100 Pa 
temperature therein 

[0109] FIG. 10 shows an isopycnic-curve chart showing a 
distribution state of the Sr(DPM)2 gas on the surface of the 
wafer measured in the above experiment. In FIG. 10, the 
round shape indicates the outside periphery boarder of the 
wafer. Values a to d are marks stepwise showing the dis 
tributing degree of the Sr(DPM)2 gas. Their speci?c values 
are shown as follows. 

[0110] a: 2.40 to 2.00 (kg/m2) 

[0111] b: 2.00 to 1.60 (kg/m2) 

[0112] c: 1.60 to 1.20 (kg/M2) 

[0113] d: 1.20 to 0.80 (kg/M2) 
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[0114] That is, in the state shown in FIG. 10, it is 
understood that difference between the stage a of the maxi 
mum density and the stage d of the minimum density is no 
more than 1.60 (kg/m2) at most. 

[0115] FIG. 11 is also an isopycnic-curve chart showing a 
distribution state of the oxygen gas. Each range of a to e in 
FIG. 11 are as follows. 

[0116] a: 2.90 to 2.85 (kg/m2) 

[0117] b: 2.85 to 2.80 (kg/m2) 

[0118] c: 2.80 to 2.75 (kg/M2) 

[0119] d: 2.75 to 2.70 (kg/m2) 

[0120] e: 2.70 to 2.65 (kg/m2) 

EXPERIMENTAL EXAMPLE 2 

[0121] An experiment of a vapor-phase-growth ?lm for 
mation was conducted under the exactly same condition as 
the above experimental example 1, except that the angle 0 
made by the spouting ports is changed to 40 degrees. As a 
result, the distribution state in the isopycnic-curve chart of 
the Sr(DPM)2 gas included the following six stages. A 
vapor-phase-growth ?lm having a sufficiently high unifor 
mity in view of practical use was formed, although the 
uniformity of the ?lm was lower than that in the experi 
mental example 1. 

[0122] (1) 3.20 to 2.80 (kg/M2) 

[0123] (2) 2.80 to 2.40 (kg/m2) 

[0124] (3) 2.40 to 2.00 (kg/M2) 

[0125] (4) 2.00 to 1.60 (kg/M2) 

[0126] (5) 1.60 to 1.20 (kg/m2) 

[0127] (6) 1.20 to 0.80 (kg/M2) 

[0128] As is understood by the experimental example 2, it 
is possible to form a vapor-phase-growth ?lm having a 
relatively high desired uniformity, even though the angle 0 
made by the spouting ports is 40 degrees. 

[0129] Additionally, by comparison of the experimental 
example 1 and the experimental example 2, it is also obvious 
that an excellent result with a higher uniformity can be 
attained when the angle 0 made by the spouting ports is so 
small as, for example, 10 degrees or less. 

Comparison Experimental Example 
[0130] On the other hand, an experiment, in which only 
the Sr(DPM)2 gas was supplied while stopping supply of the 
oxygen gas, was conducted for comparison. Except this 
condition, the experiment was conducted under the same 
condition as the above examples. As a result, there are ten 
stages from the maximum density stage of 4.00 to 3.60 
(kg/m2) to the minimum density stage of 0.40 to 0.00 
(kg/m2) in the distribution state in the isopycnic curve of the 
Sr(DPM)2 gas. That is, the difference between the maximum 
density stage and the minimum density stage ranges so 
widely as 3.60 (kg/m2) at most, that is, the ununiformity is 
large. 

[0131] Taking the above examples into consideration, it is 
obvious that the Sr(DPM)2 gas is broadly diffused along the 
surface of the wafer W when the oxygen gas is spouted from 
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the circular gas-spouting port arranged along with the slit 
like gas-spouting port, whereby a vapor-phase-growth ?lm 
having a suf?ciently high uniformity is formed. 

1. A vapor-phase growing unit comprising: 

a reaction container in which a substrate is arranged, 

a ?rst gas-introducing part having a ?rst gas-introducing 
tube in which a gas-spouting port opening in the 
reaction container is formed, the ?rst gas-introducing 
part serving to supply into the reaction container a ?rst 
gas consisting of an organic-metal including gas, and 

a second gas-introducing part having a second gas-intro 
ducing tube in which a gas-spouting port opening in the 
reaction container is formed, the second gas-introduc 
ing part serving to supply into the reaction container a 
second gas which reacts with the organic-metal includ 
ing gas and whose density is smaller than that of the 
organic-metal including gas, 

wherein the gas-spouting port of the ?rst gas-introducing 
tube and the gas-spouting port of the second gas 
introducing tube are arranged along an outside periph 
ery of the substrate arranged in the reaction container. 

2. A vapor-phase growing unit according to claim 1, 
wherein 

the ?rst gas introduced into the reaction container through 
the gas-spouting port of the ?rst gas-introducing tube is 
adapted to be diffused along a surface of the substrate 
because of effect of a ?ow of the second gas introduced 
into the reaction container through the gas-spouting 
port of the second gas-introducing tube. 

3. A vapor-phase growing unit according to claim 1 or 2, 
wherein 

the gas-spouting port of the ?rst gas-introducing tube is 
formed by a slit-like through hole that opens in a 
direction parallel to a surface of the substrate. 

4. A vapor-phase growing unit according to claim 3, 
wherein 

the slit-like through hole has an angle of aperture of 30 
degrees to 160 degrees, with respect to the ?rst gas 
introducing tube. 

5. Avapor-phase growing unit according to claim 1 or 2, 
wherein 

the gas-spouting port of the ?rst gas-introducing tube is 
formed by a plurality of slit-like portions that open in 
a direction parallel to a surface of the substrate, and 

an intermediate wall exists between adjacent two slit-like 
portions. 

6. Avapor-phase growing unit according to any of claims 
1 to 5, wherein 

the gas-spouting port of the second gas-introducing tube 
is formed by a circular through hole. 

7. Avapor-phase growing unit according to any of claims 
1 to 6, wherein 

a front-face direction of the gas-spouting port of the ?rst 
gas-introducing tube and a front-face direction of the 
gas-spouting port of the second gas-introducing tube 
are oriented toward the center of the substrate arranged 
in the reaction container. 
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8. A vapor-phase growing unit according to claim 7, 
wherein 

the front-face direction of the gas-spouting port of the ?rst 
gas-introducing tube and the front-face direction of the 
gas-spouting port of the second gas-introducing tube 
make an angle not more than 45 degrees. 

9. Avapor-phase groWing unit according to any of claims 
1 to 8, Wherein 

a plurality of substrates are adapted to be arranged at 
intervals in a vertical direction in the reaction container, 

a plurality of gas-spouting ports of the ?rst gas-introduc 
ing tube are provided correspondingly to respective 
heights of the substrates, and 

a plurality of gas-spouting ports of the second gas 
introducing tube are provided correspondingly to the 
respective heights of the substrates. 

10. A vapor-phase groWing unit according to any of 
claims 1 to 9, Wherein 

each of the ?rst gas and the second gas is any of 

(1) Sr[[(CH3)3CCO]2CH]2 gas and 02 gas, 

(2) Ti(OC3H7-i)2[[(CH3)3CCO]2CH]2 gas and 02 gas, 

(3) TiCl4 gas and NH3 gas, 

(4) Zr[OC(CH3)3]4 gas and 02 gas, and 

(5) Ta(OC2H5)5 gas and 02 gas. 
11. A method of forming a vapor-phase-groWth ?lrn on a 

surface of a substrate by using a vapor-phase groWing unit, 
the vapor-phase groWing unit including: 

a reaction container in Which a substrate is arranged, 

a ?rst gas-introducing part having a ?rst gas-introducing 
tube in Which a gas-spouting port opening in the 
reaction container is formed, the ?rst gas-introducing 
part serving to supply into the reaction container a ?rst 
gas consisting of an organic-rnetal including gas, and 
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a second gas-introducing part having a second gas-intro 
ducing tube in Which a gas-spouting port opening in the 
reaction container is formed, the second gas-introduc 
ing part serving to supply into the reaction container a 
second gas Which reacts With the organic-rnetal includ 
ing gas and Whose density is smaller than that of the 
organic-rnetal including gas, 

the gas-spouting port of the ?rst gas-introducing tube and 
the gas-spouting port of the second gas-introducing 
tube being arranged along an outside periphery of the 
substrate arranged in the reaction container; 

the method comprising: 

a step of supplying the ?rst gas from the gas-spouting 
port of the ?rst gas-introducing tube into the reaction 
container, and 

a step of supplying the second gas from the gas 
spouting port of the second gas-introducing tube into 
the reaction container. 

12. A method according to claim 11, Wherein 

the step of supplying the ?rst gas from the gas-spouting 
port of the ?rst gas-introducing tube into the reaction 
container and the step of supplying the second gas from 
the gas-spouting port of the second gas-introducing 
tube into the reaction container are conducted at the 
same time. 

13. A method according to claim 11 or 12, Wherein 

each of the ?rst gas and the second gas is any of 

(1) Sr[[(CH3)3CCO]2CH]2 gas and 02 gas, 

(2) Ti(OC3H7-i)2[[(CH3)3CCO]2CH]2 gas and 02 gas, 

(3) TiCl4 gas and NH3 gas, 

(4) Zr[OC(CH3)3]4 gas and 02 gas, and 

(5) Ta(OC2H5)5 gas and 02 gas. 

* * * * * 


