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SUBSTRATE PROCESSING APPARATUS AND 
REACTION CONTAINER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate pro 
cessing apparatus and a reaction container, more particu 
larly, to a substrate processing apparatus and a reaction 
container used in one step of producing process of a semi 
conductor device for processing a substrate in a reaction 
chamber, and more particularly, to an improvement of a gas 
introducing portion Which supplies gas to a substrate. 

[0003] 2. Description of the Related Art 

[0004] A conventional technique for processing a sub 
strate in a reaction chamber by a CVD (Chemical Vapor 
Deposition) method or an ALD (Atomic Layer Deposition) 
method Will be brie?y explained With reference to FIG. 14 
While taking a vertical type substrate processing apparatus as 
an example. 

[0005] FIG. 14 is a schematic sectional vieW of the inside 
of a reaction tube Which is a reaction chamber in the 
conventional vertical type substrate processing apparatus. 

[0006] Aplurality of Wafers 107 are stacked on a boat 108 
as substrates to be processed. The boat 108 is inserted into 
a reaction tube 106. A gas noZZle 101 as a gas introducing 
portion for processing the Wafers 107 in the reaction tube 
106 is provided in the reaction tube 106. 

[0007] The gas noZZle 101 is provided With a plurality of 
gas noZZle holes 103 (?ve in the example shoWn in FIG. 14). 
With this arrangement, processing gas ?oWs into the gas 
noZZle 101 from a gas introducing opening 105, and is 
supplied to the Wafers 107 from the gas noZZle holes 103. 

[0008] The gas supplied to each Wafer 107 passes through 
a process for forming a desired ?lm on the Wafer 107 and 
then, is discharged out from the reaction tube 106 through an 
exhaust opening 118. 

[0009] HoWever, When all of the gas noZZle holes 103 
provided in the gas noZZle 101 have the same opening areas, 
there is a problem that a How rate and How velocity of gas 
supplied from the gas noZZle holes 103 to the Wafers 107 are 
reduced from an upstream side closer to the gas introducing 
opening 105 toWard a doWnstream side further from the 
opening 105. 

[0010] That is, if the apparatus for collectively processing 
the plurality of Wafers 107 shoWn in FIG. 14 is considered 
from a vieWpoint of gas supply With respect to each of the 
Wafers, it seems that the gas noZZle 101 supplies gas 
uniformly to the Wafers 107, but in reality, a difference in the 
gas ?oW rate or How velocity is generated, and the gas is not 
supplied to all of the Wafers 107 under the same conditions. 

[0011] For example, if the ?ve gas noZZle holes 103 
provided in the gas noZZle 101 are de?nes as a ?rst hole, a 
second hole, . . . and a ?fth hole from the upstream side 

closer to the gas introducing opening 105 of the gas noZZle 
101 toWard the doWnstream further from the opening 105, 
and if the How rates of gas supplied from the respective gas 
noZZle holes 103 are de?ned as q1, q2 . . . q5, a relation of 

q1>q2> . . . >q5 is established. 
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[0012] Concerning the How velocities of gas also, a veloc 
ity of gas from the ?rst gas noZZle holes 103 is the fastest, 
and velocities of gas from the second, third, . . . are gradually 
reduced. 

[0013] As a result, the How rates and How velocities of gas 
supplied to the Wafers 107 become nonuniform. 

[0014] Therefore, in the process of Wafers Which largely 
depends of a supply amount of gas, the ?lm forming states 
of the stacked Wafers 107 become nonuniform. 

[0015] Referring back to FIG. 14, a cause of the nonuni 
formity of the supply amount of gas Will be considered. 

[0016] In the gas noZZle 101 in a state in Which gas is 
supplied to the Wafers 107, a gas ?oW rate betWeen the 
introducing opening 105 and the ?rst gas noZZle hole 103 is 
de?ned as q00 and a gas pressure therebetWeen is de?ned as 
p0. Next, a gas ?oW rate betWeen the ?rst and second gas 
noZZle holes 103 is de?ned as q01 and a gas pressure 
therebetWeen is de?ned as p1. Similarly, a gas ?oW rate 
betWeen the n-1-th and n-th gas noZZle holes 103 is de?ned 
as q0(n—1) and a gas pressure therebetWeen is de?ned as 
pn-1. 

[0017] A?oW rate of gas injecting from the n-th gas noZZle 
hole 103 is de?ned as qn. 

[0018] At that time, gas ?oW rates qn (n=1, 2, . . . ) 
injecting from the plurality of gas noZZle holes 103 provided 
from the upstream side to the doWnstream side and having 
the same opening areas are reduced from the upstream gas 
noZZle hole toWard the doWnstream gas noZZle hole as 
shoWn in the folloWing expression (1): 

[0019] This is because, in the case of gas ?oWing from the 
upstream side toWard the doWnstream side through the gas 
noZZle 101, its gas ?oW rate q0(n—1) is reduced by a gas ?oW 
rate qn injecting from the gas noZZle hole 103 When the gas 
passes through the gas noZZle hole 103, and the gas ?oWs 
toWard a next gas noZZle hole. A?oW rate of gas after the gas 
passed through the gas noZZle hole 103 is reduced from the 
upstream side toWard the doWnstream side as shoWn in the 
folloWing expression (2): 

110n=q0(n—1)—qn (2) 

[0020] At that time, a gas concentration of ?uid in the gas 
noZZle 101 is reduced by a How rate of gas injecting from the 
gas holes from the upstream side toWard the doWnstream 
side. Since there is a correlation betWeen the gas concen 
tration and gas pressure, a gas pressure pn at a location in the 
gas noZZle 101 corresponding to the gas noZZle hole 103 is 
reduced from the upstream side toWard the doWnstream side 
as shoWn in the folloWing expression (3): 

[0021] Therefore, ?oW rates of gas injecting from the 
respective gas noZZle holes 103 do not become equal to each 
other. If an opening area of the gas noZZle hole 103 is de?ned 
as S, a How velocity V of gas injecting from the gas noZZle 
hole is expressed as shoWn in the folloWing expression (4): 

[0022] Since the How rates of gas injected from the 
respective gas noZZle holes 103 are not equal to each other, 
if the opening areas of the noZZle holes are the same, ?oW 
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velocities of gas injected from the respective gas nozzle 
holes 103 become different. In the above-described conven 
tional gas nozzle 101, since the How rates and How velocities 
of gas injected from the respective gas nozzle holes 103 are 
different, it is considered that gas can not be supplied to the 
Wafers uniformly. 

[0023] To solve the above problem, tWo conventional 
solutions have been proposed. 

[0024] According to a ?rst solution, opening areas of the 
gas nozzle hole 103 are increased from the upstream side 
toWard the doWnstream side, and a gas ?oW rate Which is 
reduced toWard the doWnstream side is supplemented by 
increasing the opening area. HoWever, if the gas ?oW rates 
are equalized by adjusting the opening areas, the gas ?oW 
velocities are adversely varied depending upon the size of 
the opening area. Therefore, gas injecting from the gas 
nozzle holes 103 is nonuniform in the How velocity. 

[0025] According to a second solution, a capacity of the 
gas nozzle itself is increased to such a degree that such a 
large amount of gas that the injecting amount can be ignored 
is stored so that even if gas is injected from the gas nozzle 
holes 103 from the upstream side toWard the doWnstream 
side, gas pressures in the gas nozzle 101 at locations 
corresponding to the respective gas nozzle holes 103 are not 
changed, thereby equalizing the How rates of gas injecting 
from the gas nozzle holes 103. HoWever, if the capacity of 
the gas nozzle itself is increased to such a size that the gas 
pressure in the gas nozzle 101 is not affected by the gas 
injecting amount, since there is limitation in space of the 
reaction chamber Which accommodates the gas nozzle, this 
is not practical. 

[0026] The above problem is not limited to a Wafer, and a 
substrate in general also has the same problem. 

SUMMARY OF THE INVENTION 

[0027] Thereupon, it is a main object of the present 
invention to provide, from a vieWpoint different from the 
above structure, a substrate processing apparatus capable of 
achieving the uniformity of process betWeen substrates by 
uniformly supplying gas. 

[0028] According to a ?rst aspect of the present invention, 
there is provided a substrate processing apparatus, compris 
ing: 

[0029] a reaction chamber Which is to accommodate 
stacked substrates, 

[0030] 

[0031] 
[0032] the gas introducing portion is provided 

along a stacking direction of the substrates, and 
introduces substrate processing gas into the buffer 
chamber, 

[0033] the buffer chamber includes a plurality of 
gas-supply openings provided along the stacking 
direction of the substrates, and the processing gas 
introduced from the gas introducing portion is 
supplied from the gas-supply openings to the 
reaction chamber. 

a gas introducing portion, and 

a buffer chamber, Wherein 
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[0034] According to a second aspect of the present inven 
tion, there is provided a substrate processing apparatus, 
comprising: 

[0035] a reaction chamber Which is to accommodate 
stacked substrates, 

[0036] 
[0037] a plurality of gas introducing portions for 

respectively introducing substrate processing gases 
to the buffer chambers, Wherein 

[0038] the buffer chambers respectively include a 
plurality of gas-supply openings provided in a 
stacking direction of the substrates, and the sub 
strate processing gas introduced from each of the 
gas introducing portions is supplied to the reaction 
chamber from the gas-supply openings of each of 
the buffer chambers. 

a plurality of buffer chambers, and 

[0039] According to a third aspect of the present inven 
tion, there is provided a reaction container, comprising: 

[0040] a reaction chamber Which is to accommodate 
stacked substrates, 

[0041] 
[0042] a plurality of gas introducing portions for 

respectively introducing substrate processing gases 
to the buffer chambers, Wherein 

[0043] the buffer chambers respectively include a 
plurality of gas-supply openings provided in a 
stacking direction of the substrates, and the sub 
strate processing gas introduced from each of the 
gas introducing portions is supplied to the reaction 
chamber from the gas-supply openings of each of 
the buffer chambers. 

a plurality of buffer chambers, and 

[0044] According to a forth aspect of the present inven 
tion, there is provided a reaction container, comprising: 

[0045] a reaction chamber Which is to accommodate 
stacked substrates, 

[0046] a gas introducing portion, and 

[0047] a buffer chamber, Wherein 

[0048] the gas introducing portion is provided 
along a stacking direction of the substrates, and 
introduces substrate processing gas into the buffer 
chamber, 

[0049] the buffer chamber includes a plurality of 
gas-supply openings provided along the stacking 
direction of the substrates, and the processing gas 
introduced from the gas introducing portion is 
supplied from the gas-supply openings to the 
reaction chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] The above and further objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description taken in conjunction 
With the accompanying draWings, Wherein: 

[0051] FIG. 1 is a schematic sectional vieW of a inside of 
a reaction tube of a substrate processing apparatus according 
to a ?rst embodiment of the present invention; 
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[0052] FIG. 2A is a schematic lateral sectional vieW of a 
reaction tube of a substrate processing apparatus according 
to a ?rst embodiment of the present invention; 

[0053] FIG. 2B is a longitudinal sectional vieW taken 
along a line aa‘ of FIG. 2A; 

[0054] FIG. 3A is a perspective vieW of a gas noZZle 
according to a ?rst embodiment of the present invention; 

[0055] FIG. 3B is a perspective vieW of a buffer chamber 
according to a ?rst embodiment of the present invention; 

[0056] FIG. 4 is a schematic vieW for eXplaining a mecha 
nism of a vertical type substrate processing apparatus 
according to embodiments of the present invention; 

[0057] FIG. 5A is a vieW shoWing an outWard appearance 
of a reaction tube of a substrate processing apparatus accord 
ing to a second embodiment of the present invention; 

[0058] FIG. 5B is a schematic longitudinal sectional vieW 
of a reaction tube of a substrate processing apparatus accord 
ing to a second embodiment of the present invention; 

[0059] FIG. 5C is a schematic longitudinal partial sec 
tional vieW of a reaction tube of a substrate processing 
apparatus according to a second embodiment of the present 
invention; 

[0060] FIG. 6 is a lateral sectional vieW taken along a line 
A-A of FIG. 5A; 

[0061] FIG. 7 is a lateral sectional vieW of a reaction tube 
of a substrate processing apparatus according to a third 
embodiment of the present invention; 

[0062] FIG. 8 is a lateral sectional vieW of a reaction tube 
of a substrate processing apparatus according to a forth 
embodiment of the present invention; 

[0063] FIG. 9 is a lateral sectional vieW of a reaction tube 
of a substrate processing apparatus according to a ?fth 
embodiment of the present invention; 

[0064] FIG. 10 is a lateral partial sectional vieW of a 
reaction tube of a substrate processing apparatus according 
to a siXth embodiment of the present invention; 

[0065] FIG. 11 is a lateral partial sectional vieW of a 
reaction tube of a substrate processing apparatus according 
to a seventh embodiment of the present invention; 

[0066] FIG. 12 is a lateral partial sectional vieW of a 
reaction tube of a substrate processing apparatus according 
to a eighth embodiment of the present invention; 

[0067] FIG. 13 is a lateral sectional vieW of a reaction 
tube of a substrate processing apparatus according to a ninth 
embodiment of the present invention; and 

[0068] FIG. 14 is a schematic sectional vieW of a inside of 
a reaction tube of a substrate processing apparatus according 
to a conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0069] According to a preferred embodiment of the 
present invention, there is provided a substrate processing 
apparatus comprises 
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[0070] a reaction chamber Which is to accommodate 
stacked substrates, 

[0071] a gas introducing portion, and 

[0072] a buffer chamber, Wherein 

[0073] the gas introducing portion is provided 
along a stacking direction of the substrates, and 
introduces substrate processing gas into the buffer 
chamber, 

[0074] the buffer chamber includes a plurality of 
gas-supply openings provided along the stacking 
direction of the substrates, and the processing gas 
introduced from the gas introducing portion is 
supplied from the gas-supply openings to the 
reaction chamber. 

[0075] With this structure, the substrate processing appa 
ratus according to the present invention, nonuniform ?oW 
velocity of gas supplied from the gas introducing portion can 
be equaliZed in the buffer chamber, and gas can be supplied 
to the stacked substrates uniformly. 

[0076] Preferably, opening areas of the gas-supply open 
ings provided in the buffer chamber are substantially equal 
to each other. 

[0077] It is possible to further equaliZe the gas supply to 
the substrates by providing the gas-supply openings having 
the same opening areas. 

[0078] Preferably, the buffer chamber is provided therein 
With electrodes for generating plasma. 

[0079] Since the electrodes for generating plasma are 
provided in the buffer chamber, active species are produced 
by plasma at a location close to the substrates and in a state 
in Which pressure is uniform, and uniform and more active 
species can be supplied to the substrates. 

[0080] Next, embodiments of the present invention Will be 
eXplained With reference to the draWings. 

[0081] First, as an eXample of process for a substrate 
carried out in the embodiment of the invention, ?lm forming 
processing using the CVD method and the ALD method Will 
brie?y be explained based on a comparison the methods. 

[0082] In the CVD method, one kind (or more kinds) of 
gases Which are raW material used for forming a ?lm are 
miXed and supplied onto a substrate under a certain ?lm 
forming condition (temperature, time or the like), the gas is 
adsorbed and reacted on the substrate using both vapor 
phase reaction and surface reaction, or only surface reaction, 
thereby forming a ?lm. 

[0083] According to the ALD method, tWo kinds (or more 
kinds) of gases Which are raW material used for forming a 
?lm are alternately supplied onto a substrate one kind gas by 
one kind gas under a certain ?lm forming condition (tem 
perature, time or the like), the gas is adsorbed in one atomic 
layer unit, and a ?lm is formed utiliZing the surface reaction. 

[0084] That is, When a SiN (silicon nitride) ?lm is to be 
formed for eXample, in the case of the ALD method, DCS 
(dichlorsilane) and NH3 (ammonia) are used for carrying out 
chemical reaction to be utiliZed, and a ?lm having high 
quality can be formed at a loW temperature of 300 to 600C.°. 
Whereas, in the case of a normal CVD method, a ?lm 
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forming temperature is relatively high as high as 600 to 
800C.°. In the case of the ALD method, a plurality of kinds 
of reaction gases are alternately supplied one kind gas by 
one kind gas (not at the same time), and in the case of the 
normal CVD method, a plurality of kinds of gases are 
supplied at the same time. In the ALD method, a ?lm 
thickness is controlled based on the number of cycles of 
supply of reaction gas (assuming that a ?lm forming velocity 
is 1 A/cycle for example, When a ?lm of 20 A is to be 
formed, the processing is carried out through 20 cycles), and 
in the CVD method, a ?lm thickness is controlled based on 
time. 

[0085] An embodiment of the present invention Will be 
explained With reference to FIGS. 1 to 13. 

[0086] The same elements are designated With the same 
symbols in FIGS. 1 to 13. 

[0087] First, an outline of a mechanism of a vertical type 
substrate processing apparatus of each of embodiments of 
the present invention Will be brie?y explained using FIG. 4. 

[0088] FIG. 4 shoWs an outWard appearance of an 
example of a vertical type substrate processing apparatus in 
Which a plurality of Wafers Which are substrates to be 
processed and Which have diameter of 200 mm are loaded in 
a reaction tube Which is a reaction chamber and made of 
quartZ, and ?lms are formed by the CVD method or the ALD 
method Which is one of the CVD method as processing 
method. 

[0089] The vertical type substrate processing apparatus 
has a body 60 and a utility portion 61 Which supplies electric 
poWer or the like to the body 60. 

[0090] In the body 60, there are provided a reaction tube 
6 as a vertical type reaction chamber for processing Wafers, 
and a heater 16 for appropriately heating the reaction tube 6. 
Aboat 8 for loading and unloading the Wafers into and from 
the reaction tube 6, and a boat elevator 36 for vertically 
moving the boat 8 are disposed beloW the reaction tube 6. 

[0091] If it is necessary to produce plasma in the reaction 
tube 6, electrodes 52 are provided in the reaction tube 6, high 
frequency electric poWer is applied to the electrodes 52 from 
a high frequency poWer supply 51 through an RF matching 
unit 53. 

[0092] Further, provided in the body 60 are cassette 
shelves 34 for temporarily storing cassettes in Which Wafers 
to be supplied to the boat 8 are accommodated, and a Wafer 
transfer apparatus 38 for supplying Wafers Which are not yet 
processed (pre-process Wafers, hereinafter) from the cassette 
shelves 34 to the boat 8 and for transferring out Wafers 
Which Were processed (post-process Wafers, hereinafter). 

[0093] Acassette loader 35 transfers a cassette 32 betWeen 
the cassette shelves 34 and an I/O stage 33 Which receives 
and delivers the cassette 32 of the Wafer from and to outside. 

[0094] The U0 stage 33 is disposed on a front surface of 
the apparatus, and delivers and receives the cassette 32 
accommodating Wafers to and from outside. 

[0095] The operation of the above-described vertical type 
substrate processing apparatus Will be explained brie?y. 

[0096] The cassettes 32 accommodating the Wafers are set 
to the I/O stage 33. 
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[0097] The cassettes 32 set in the I/O stage 33 are trans 
ferred to the cassette shelves 34 by the cassette loader 35 in 
succession. 

[0098] 
[0099] The Wafer transfer apparatus 38 transfers the 
Wafers out from the cassette shelves 34 and transfers the 
same to the quartZ boat 8. Since 100 Wafers can be loaded 
into the boat 8, the transfer operation by the Wafer transfer 
apparatus 38 is repeated several times. 

[0100] If the transfer operation of the Wafers to the boat 8 
is completed, the boat 8 is moved upWard by the boat 
elevator 36 and inserted into the reaction tube 6 and then, the 
inside of the reaction tube 6 is held air-tightly. 

In the cassette 32, 25 Wafers are accommodated. 

[0101] The gas is exhausted from the reaction tube 6 
through an exhaust opening (not shoWn) using a pump, and 
if a pressure in the reaction tube 6 reaches a predetermined 
value, the boat 8 is rotated by a rotating mechanism (not 
shoWn), and ?lm-forming processing gas of a certain ?oW 
rate is supplied into the reaction tube 6. A pressure of the 
supplied processing gas is maintained at a constant value by 
a pressure adjusting mechanism (not shoWn). At that time, 
the Wafers in the reaction tube 6 are maintained at a 
predetermined temperature. 

[0102] The process for forming ?lms on the Wafers is 
proceeded in this manner, and further details thereof Will be 
described later. 

[0103] If the ?lm is formed by a plasma CVD method or 
the ALD method, high frequency electric poWer is applied to 
the electrodes 52 from the high frequency poWer supply 51 
through the RF matching unit 53, plasma is produced in the 
?lm-forming gas, and the ?lm-forming gas is activated. This 
activating operation Will also be described later. 

[0104] If the process for forming ?lm is completed, the 
Wafer boat 8 is moved doWn from the reaction tube 6 by the 
boat elevator 36, the Wafer boat 8 is transferred to the I/O 
stage 33 through the Wafer transfer apparatus 38, the cassette 
shelves 34 and the cassette loader 35, and transferred out 
from the apparatus. 

[0105] Next, embodiments using the above-described ver 
tical type substrate processing apparatus Will be explained. 

[0106] (First Embodiment) 
[0107] Embodiment Using CVD Method for Film Form 
ing Process 

[0108] FIG. 2A is a schematic lateral sectional vieW of the 
reaction tube in the vertical type substrate processing appa 
ratus according to this embodiment, and FIG. 2B is a 
vertical sectional vieW taken along a line a-a‘ in FIG. 2A. 

[0109] In FIG. 2A, a heater 16 is provided on an outer 
periphery of the reaction tube 6 Which is a vertical type 
reaction chamber. Aplurality of Wafers 7 as substrates to be 
processed are stacked and placed in the reaction tube 6. In 
an arc space betWeen the Wafers 7 and an inner Wall of the 
reaction tube 6, a buffer chamber 17 is provided on an inner 
Wall of the reaction tube 6 from its loWer portion to its upper 
portion along a stacking direction of the Wafers 7. Buffer 
chamber holes 3 as gas-supply openings are provided in an 
end of a Wall of the buffer chamber 17 Which is adjacent to 
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the Wafer 7. The buffer chamber holes 3 are opened toward 
a center of the reaction tube 6. 

[0110] An end of the buffer chamber 17 Which is opposite 
from the buffer chamber holes 3 is provided With a gas 
noZZle 2 formed in the gas introducing portion from the 
loWer portion to the upper portion of the reaction tube 6 
along the stacking direction of the Wafers 7. The gas noZZle 
2 is provided With a plurality of gas noZZle holes 4. 

[0111] As shoWn in FIG. 2B, an outer periphery of the 
reaction tube 6 is covered With the heater 16. The reaction 
tube 6 is supported on a furnace opening ?ange 25. Afurnace 
opening of the furnace opening ?ange 25 is air-tightly closed 
With a furnace opening cap 27. 

[0112] The boat 8 is provided in a central portion in the 
reaction tube 6. The plurality of Wafers 7 are placed in the 
boat 8 at equal distances from one another in a multistage 
manner. The boat 8 can come into and go out from the 
reaction tube 6 by the boat elevator. In order to enhancing 
the uniformity of the processing, the boat 8 is provided at its 
loWer portion With a rotating mechanism 15 for rotating the 
boat 8. 

[0113] When the boat 8 enters the reaction tube 6 to form 
?lms on the Wafers 7, the Wafers 7 placed in the multistage 
manner are placed at an equal distance from the buffer 
chamber 17. 

[0114] The buffer chamber 17 is provided along the inner 
Wall of the reaction tube 6, the gas noZZle 2 is disposed in 
the buffer chamber 17 from the loWer portion to the upper 
portion of a side surface of the reaction tube 6, and a portion 
of the gas noZZle 2 at the loWer portion becomes a gas 
introducing opening 5. 

[0115] The gas noZZle 2 and the buffer chamber 17 are 
provided With the gas noZZle holes and the buffer chamber 
holes, respectively. Examples of opening states of these 
holes Will be explained using FIGS. 3A and 3B. 

[0116] FIG. 3A is a perspective vieW of the gas noZZle 
shoWn in FIGS. 2A and 2B. FIG. 3B is a perspective vieW 
of the buffer chamber also shoWn in FIGS. 2A and 2B. 

[0117] The gas noZZle 2 shoWn in FIG. 3A is a pipe having 
a circular cross section. The gas noZZle holes 4 are straightly 
arranged in a side surface of the gas noZZle 2 from its 
substantially uppermost portion to a bottom of the buffer 
chamber 17 from an upstream side toWard a doWnstream 
side of gas ?oW. Opening areas of the gas noZZle holes 4 are 
increased from the upstream side (loWer portion in FIG. 3A) 
toWard the doWnstream side (upper portion in FIG. 3A) as 
vieWed from the gas introducing opening. 

[0118] The buffer chamber 17 shoWn in FIG. 3B is a pipe 
having an arc cross section. The buffer chamber holes 3 
having the same opening areas are straightly arranged in an 
end of a curve inner surface of the buffer chamber 17 along 
the stacking direction of the Wafers 7. 

[0119] Referring back to FIG. 2B, the reaction tube 6 is 
provided at its loWer portion With an exhaust opening 18 
connected to an exhaust pump (not shoWn). 

[0120] The ?lm forming process by the CVD method on 
the Wafer 7 in the reaction tube 6 Will be explained With 
reference to FIGS. 2A and 2B. 
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[0121] The processing gas Which is raW material is sup 
plied to the gas noZZle 2 from the gas introducing opening 
5. The gas noZZle 2 is provided With the plurality of gas 
noZZle holes 4, and the gas noZZle 2 injects gas into the 
buffer chamber 17. As described as the conventional solu 
tion, hoWever, it is dif?cult to uniform the How rate and the 
How velocity of gas injected from the plurality of gas noZZle 
holes 4 by controlling only the opening areas of the gas 
noZZle holes 4. 

[0122] Thereupon, in the present invention, the opening 
areas of the gas noZZle holes 4 are increased from the 
upstream side toWard the doWnstream side. With this 
arrangement, gas of substantially the same ?oW rate is 
injected from each of the gas noZZle holes 4 although there 
is a difference in the How velocity of gas. Then, the gas 
injected from the gas noZZle holes 4 is not injected into the 
reaction tube 6, but the gas once injected and introduced into 
the buffer chamber 17, and the How velocities of the gas are 
uniformed. 

[0123] That is, the gas injected from each the gas noZZle 
holes 4 in the buffer chamber 17 is moderated in the particle 
velocity of gas in the buffer chamber 17 and then, is injected 
into the reaction tube 6 from the buffer chamber holes 3. 
During that time, kinetic energies of the gas injected from 
the gas noZZle holes 4 are exchanged and thus, When the gas 
is injected from the buffer chamber holes 3, gas having the 
uniform ?oW rate and How velocity can be injected. 

[0124] The equalizing operation of the gas supply amount 
in the buffer chamber 17 Will be explained in more detail 
using FIG. 1. 

[0125] FIG. 1 is a schematic sectional vieW shoWing a 
relation betWeen the gas noZZle, the buffer chamber and the 
reaction tube in the reaction tube of the vertical type 
substrate processing apparatus of the invention. 

[0126] In FIG. 1, the buffer chamber 17 is provided in the 
reaction tube 6. The gas noZZle 2 is disposed in the buffer 
chamber 17, and the reaction tube 6 is provided With the 
exhaust opening 18 for exhausting gas in the reaction tube 
6 to outside. 

[0127] In the reaction tube 6, the boat 8 having Wafers 7 
(?ve Wafers in FIG. 1) is provided adjacent to the buffer 
chamber 17. 

[0128] The gas noZZle 2 and the buffer chamber 17 are 
respectively provided With the gas noZZle holes 4 and the 
buffer chamber holes 3 (?ve each in FIG. 1). The opening 
areas of the gas noZZle holes 4 are increased from the 
upstream side toWard the doWnstream side as vieWed from 
the gas introducing opening 5 so that the injecting amounts 
of gas from the gas noZZle holes 4 become the same. 

[0129] With this structure, if the gas noZZle holes 4 of the 
gas noZZle 2 are respectively de?ned as the ?rst, second . . 

. ?fth gas noZZle hole from the upstream side closer to the 
introducing opening 5 toWard the doWnstream side further 
from the introducing opening 5, and if the How rates of gas 
supplied from the respective gas noZZle holes 4 are respec 
tively de?ned as Q1, Q2 . . . Q5, it is possible to obtain a 

state of Q1=Q2= . . . =Q5. 

[0130] In the How velocities of gas as explained in the 
conventional solution, hoWever, gas from the ?rst gas noZZle 
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hole 4 is the fastest, and the How velocity is gradually 
reduced in the order of the second, third, forth and ?fth gas 
noZZle holes. 

[0131] Gas having the same ?oW rates but different ?oW 
velocities Q1 to Q5 is once introduced into the buffer 
chamber 17. During that time, gas having the How velocities 
Q1 to Q5 is uniformed in How velocity by exchanging 
kinetic energies, and a pressure in the buffer chamber 17 is 
substantially equaliZed. 
[0132] As a result, if the How rates of gas injected from the 
buffer chamber holes 3 are respectively de?ned as R1, R2 . 
. . R5, even if the buffer chamber holes 3 have the same 

opening areas, since the pressure in the buffer chamber 17 is 
uniform, a state of R1=R2= . . . =R5 can be obtained, and the 

How velocities become equal to each other. 

[0133] Further, the opening positions of the buffer cham 
ber holes 3 have the same pitches as the Wafers 7 Which are 
respectively adjacent to the buffer chamber holes. 3, and the 
gas is supplied to gaps betWeen the Wafers 7. Therefore, gas 
having uniform ?oW velocities and How rates can ef?ciently 
be supplied to the Wafers 7 preferably. 

[0134] Since the gas having uniform ?oW velocities and 
How rates can ef?ciently be supplied to the Wafers 7, the ?lm 
forming states of the Wafers 7 are equalized, and the 
processing speed of the Wafers 7 can largely be enhanced. 

[0135] Although the gas noZZle and the buffer chamber are 
described in the above explanation based on the CVD 
method, the invention can also be applied based on the ALD 
method also. 

[0136] (Second Embodiment) 
[0137] Embodiment Using ALD Method for Film Form 
ing Process 

[0138] An embodiment for forming ?lms by the ALD 
method Will be explained concretely. 

[0139] When ?lms are formed on the Wafers 7 by the ALD 
method also, the above-described vertical type substrate 
processing apparatus can be used. In the case of the ALD 
method, hoWever, if it is required to activate the processing 
gas by plasma or the like, an apparatus and an operation 
required for this process are added. 

[0140] A case for forming ?lms by the ALD method Will 
be explained beloW using FIGS. 5A, 5B and 5C and FIG. 
6. 

[0141] FIGS. 5A, 5B and 5C shoW, from a side, an 
outWard appearance and the inside of the reaction tube 
Which is the reaction chamber in the vertical type substrate 
processing apparatus of the invention used for forming ?lms 
by the ALD method. FIG. 6 is a lateral sectional vieW taken 
along a line A-A. 

[0142] FIG. 5A shoWs the outWard appearance of the 
reaction chamber. FIGS. 5B and C are vertical sectional 
vieWs of the reaction chamber. In the draWings, connected 
portions of the furnace opening ?ange With respect to the 
heater, the Wafers, the boat and the reaction tube, as Well as 
the boat rotating mechanism are omitted. 

[0143] In FIG. 6, the reaction tube 6 is provided at its 
outer periphery With a heater 16, and the plurality of Wafers 
7 as substrates to be processed are stacked inside the reaction 
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tube 6. The buffer chamber 17 is provided in the arc space 
betWeen the Wafers 7 and the inner Wall of the reaction tube 
6 along the stacking direction of the Wafers 7 to the inner 
Wall of the reaction tube 6, and the buffer chamber holes 3 
are provided in the end of the Wall Which is adjacent to the 
Wafers. 

[0144] The reaction tube 6 is provided at its loWer portion 
With the exhaust opening 18. 

[0145] In the reaction tube explained in FIG. 2A, the gas 
noZZle is provided in the end Which is opposite from the 
buffer chamber hole in the buffer chamber. In this embodi 
ment, a gas supply chamber 43 is provided as the gas 
introducing portion in the reaction tube instead of the gas 
noZZle. The gas supply chamber 43 is provided at its loWer 
portion With the gas introducing opening 5. 

[0146] A partition Wall betWeen the gas supply chamber 
43 and the buffer chamber 17 is provided With gas supply 
chamber holes 47 having the same structure as that of the gas 
noZZle holes provided in the above-described gas noZZle. 
The opening positions of the buffer chamber holes 3 pro 
vided in the buffer chamber 17 have the same pitches as 
those of the adjacent Wafers 7. 

[0147] As a result, like the ?rst embodiment, gas is once 
introduced from the gas introducing portion, and gas can be 
supplied to the stacked Wafers 7 uniformly. 

[0148] In this embodiment, the electrode 52 is disposed in 
the buffer chamber 17 such that the electrode 52 is protected 
by an electrode-protecting tube 50 from its upper portion to 
loWer portion. The electrode 52 is connected to the high 
frequency poWer supply 51 through the RF matching unit 
53. As a result, the electrode 52 can generate plasma 14 in 
the buffer chamber 17. 

[0149] In addition, in this embodiment, a reaction gas 
buffer chamber 42 is provided on an inner Wall of the 
reaction tube 6 at a location aWay from the opening of the 
buffer chamber hole 3 through 120° along the inner periph 
ery of the reaction tube 6. This reaction gas buffer chamber 
42 contains gas different from that contained in the buffer 
chamber 17. When the ?lms are to be formed by the ALD 
method, the reaction gas buffer chamber 42 and the buffer 
chamber 17 supply different kinds of gases to the Wafers 7 
alternately. 
[0150] Like the buffer chamber 17, the reaction gas buffer 
chamber 42 has reaction gas buffer chamber holes 48 With 
the same pitches at locations adjacent to the Wafers. The 
reaction gas buffer chamber 42 is provided at its loWer 
portion With a reaction gas introducing opening 45. Unlike 
the buffer chamber 17, the reaction gas buffer chamber 42 
does not have the gas supply chamber 43 and the electrode 
52. Opening areas of the reaction gas buffer chamber holes 
48 are increased from the upstream side toWard the doWn 
stream side. 

[0151] The reaction tube 6 is provided at its loWer portion 
With the exhaust opening 18. When different kinds of gases 
are alternately supplied to the Wafers 7 to form ?lms by the 
ALD method, the exhaust opening 18 can exhaust inside gas 
from the reaction tube 6. 

[0152] FIG. 5A shoWs an outWard appearance and the 
inside (shoWn With broken lines) of the reaction tube 6 as 
vieWed from a front surface of the buffer chamber 17. 
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[0153] The buffer chamber 17 is provided in the reaction 
tube 6 such as to extend from its upper portion to loWer 
portion. The gas supply chamber 43 is provided adjacent to 
the buffer chamber 17. The electrode 52 covered With the 
electrode-protecting tube 50 is disposed in the buffer cham 
ber 17 from its upper portion to loWer portion. The gas 
supply chamber 43 is provided at its loWer portion With the 
gas introducing opening 5. 

[0154] This electrode-protecting tube 50 can be inserted 
into the buffer chamber 17 in a state in Which the thin and 
long electrode 52 is isolated from atmosphere in the buffer 
chamber 17. Here, since the inside has the same atmosphere 
as outside air, the electrode 52 inserted into the electrode 
protecting tube 50 is oxidiZed by heat from the heater. 
Therefore, an inert gas purging mechanism is provided in the 
electro-deprotecting tube 50 for charging or purging inert 
gas such as nitrogen to suppress the oxygen concentration to 
sufficiently loW level. 

[0155] The reaction gas buffer chamber 42 is provided in 
the reaction tube 6 along its inner Wall from its upper portion 
to loWer portion aWay from the buffer chamber 17. The 
reaction gas buffer chamber 42 is provided at its loWer 
portion With the reaction gas introducing opening 45. 

[0156] The reaction tube 6 is provided at its loWer portion 
With the exhaust opening 18 along the inner Wall of the 
reaction tube 6 at a location opposed from the reaction gas 
buffer chamber 42 With respect to the buffer chamber 17. 

[0157] FIG. 5B shoWs the inside of the reaction tube 6 as 
vieWed from front surfaces of the buffer chamber holes 3 and 
the reaction gas buffer chamber holes 48. 

[0158] In the reaction tube 6, the buffer chamber 17 and 
the gas supply chamber 43 adjacent to the buffer chamber 17 
extend from the upper portion to the loWer portion in the 
reaction tube 6. The buffer chamber holes 3 having the same 
pitches are provided at positions adjacent to the Wafers (not 
shoWn) from the upper portion to the loWer portion in the 
buffer chamber 17. The buffer chamber holes 3 have the 
same opening areas in the Wall of the buffer chamber 17 
having the same thickness. 

[0159] The reaction gas buffer chamber 42 is provided in 
the reaction tube 6 along its inner Wall from its upper portion 
to loWer portion aWay from the buffer chamber 17. The 
reaction gas buffer chamber holes 48 having the same 
pitches are provided adjacent to the Wafers (not shoWn) from 
the upper portion to the loWer portion in the reaction gas 
buffer chamber 42. The opening areas of the reaction gas 
buffer chamber holes 48 are increased from the upstream 
side toWard the doWnstream side, from the loWer portion to 
the upper portion in FIGS. 5A, 5B and SC. 

[0160] FIG. 5C is a vertical sectional vieW of the reaction 
tube 6 as vieWed from front surfaces of the gas supply 
chamber holes 47 provided in the gas supply chamber 43. 

[0161] The gas supply chamber 43 is provided in the 
reaction tube 6 from the upper portion to the loWer portion 
adjacent to the buffer chamber 17. Apartition Wall betWeen 
the buffer chamber 17 and the gas supply chamber 43 is 
provided With the gas supply chamber holes 47 from the 
upper portion to a location loWer than the loWer portion 
Where the gas supply chamber holes 47 are adjacent to the 
Wafers (not shoWn). The reason Why the gas supply chamber 
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holes 47 are opened up to the loWermost end of the buffer 
chamber 17 is that stagnation of gas is not generated in the 
buffer chamber 17. 

[0162] Like the gas noZZle holes provided in the gas 
noZZle explained in FIG. 3A, the opening areas of the gas 
supply chamber holes 47 are increased from the upstream 
side toWard the doWnstream side of the gas ?oW. 

[0163] Here, the ?lm forming operation on the Wafers 7 in 
the reaction tube 6 by the ALD method Will be explained 
With reference to FIGS. 5A, 5B, 5C and 6. 

[0164] In this ?lm forming example, active species of 
ammonia (NH3) and dichlorsilane (SiH2Cl2) are alternately 
supplied as processing gas, and SiNx ?lm (silicon nitride 
?lm) is formed by an atomic layer ?lm-forming method. 

[0165] First, 100 Wafers 7 are loaded into the reaction tube 
6, and the inside of the reaction tube 6 is brought into the 
air-tight state and maintained in this state. The reaction tube 
6 is exhausted by a pump (not shoWn) through an exhaust 
pipe, and a temperature in the reaction tube 6 is constantly 
maintained in a range of 300 to 600° C. by adjusting the 
temperature using the heater 16. 

[0166] The supply of ammonia to the gas supply chamber 
43 from the gas introducing opening 5 is started. 

[0167] The opening areas of the gas supply chamber holes 
47 provided in the gas supply chamber 43 are gradually 
increased from the upstream side toWard the doWnstream 
side of the gas ?oW so that the ?oW rates of ammonia 
injected into the buffer chamber 17 from the gas supply 
chamber 43 become the same. 

[0168] Therefore, the How velocity of ammonia injected 
into the buffer chamber 17 through the gas supply chamber 
holes 47 is fast at the upstream side and sloW at the 
doWnstream side, but the How rates of the ammonia through 
all of the gas supply chamber holes 47 are the same. 

[0169] The ammonia injected to the buffer chamber 17 
once stay therein, kinetic energies are exchanged, the How 
velocities are equaliZed and the pressure in the buffer 
chamber 17 becomes uniform. 

[0170] In a state in Which the ammonia is introduced into 
the buffer chamber 17 and a pressure in the space betWeen 
the pair of electrode-protecting tubes becomes uniform, high 
frequency electric poWer from the high frequency poWer 
supply 51 is supplied to the rod-like electrodes 52 inserted 
into the tWo electrode-protecting tubes 50 through the RF 
matching unit 53, plasma 14 is produced betWeen the 
electro-deprotecting tubes 50. 

[0171] By bringing the ammonia into plasma state in the 
buffer chamber 17, active species of ammonia is produced. 
At that time, since the plasma is produced in a state in Which 
the pressure in the buffer chamber 17 is uniform, an electron 
temperature and plasma concentration distribution Which 
affect the production of active species also become uniform. 
Therefore, more uniform active species can be produced. 

[0172] The active species produced by the effect of plasma 
has lifetime, and if a distance betWeen a plasma producing 
portion and the Wafer 7 is long, the species are deactivated 
before they are supplied to the Wafers 7, and an amount of 
active species Which contribute to the reaction on the Wafers 












