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ABSTRACT 

(51) 

(52) 
(57) 
There is provided a substrate processing method, comprising 
the steps of: supplying source gas into a processing chamber 
in Which substrates are accommodated; removing the source 
gas and an intermediate body of the source gas remained in 
the processing chamber; supplying oZone into the processing 
chamber in a state of substantially stopping exhaust of an 
atmosphere in the processing chamber; and removing the 
oZone and the intermediate body of the ozone remained in the 
processing chamber; With these steps repeated multiple num 
ber of times, to thereby form an oxide ?lm on the surface of 
the substrates by supplying the source gas and the ozone 
alternately so as not to be mixed With each other. 
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METHOD FOR PROCESSING SUBSTRATE 
AND SUBSTRATE PROCESSING APPARATUS 

BACKGROUND 

[0001] 1. Technical Field 
[0002] The present invention relates to a substrate process 
ing method and a substrate processing apparatus. 
[0003] 2. Description of RelatedArt 
[0004] As one of the manufacturing steps of a semiconduc 
tor device such as IC, a substrate processing step using an 
ALD (Atomic Layer Deposition) method and a CVD (Chemi 
cal Vapor Deposition) method is performed. A vertical sub 
strate processing apparatus is used as a substrate processing 
apparatus for performing the substrate processing step. The 
vertical substrate processing apparatus includes a reaction 
tube for forming a processing chamber; a gas supply unit for 
supplying processing gas into the processing chamber; an 
exhaust unit for exhausting inside of the processing chamber; 
and a heater unit for heating the inside of the processing 
chamber. The vertical substrate processing apparatus is 
capable of processing a plurality of substrates by a single 
batch processing, and therefore has a characteristic that 
throughput (productivity) is higher than a sheet-type sub 
strate processing apparatus. 
[0005] FIG. 20 is a schematic vieW shoWing a structure of a 
processing fumace of a conventional vertical substrate pro 
cessing apparatus. This processing furnace includes a reac 
tion tube 203' made of, for example, quartz (SiOZ). A pro 
cessing chamber 201' is formed in the reaction tube 203'. 
Boats (not shoWn) as substrate holding tools for supporting a 
plurality of Wafers as substrates, are loaded into the process 
ing chamber 201' in multiple stages. The processing furnace 
includes a gas supply unit for supplying processing gas such 
as source gas and oxide gas into the processing chamber 201'. 
The gas supply unit includes a ?rst gas supply tube 23211‘ for 
supplying the source gas (such as a gas containing element 
Zr); a second gas supply tube 23219‘ for supplying the oxide 
gas (such as an oZone (03) gas); a ?rst gas supply noZZle 233a‘ 
connected to the ?rst gas supply tube 232a‘; and a second gas 
supply noZZle 2331)‘ connected to the second gas supply tube 
23219‘. The ?rst gas supply noZZle 233a‘ and the second gas 
supply noZZle 23319‘ are respectively provided in the reaction 
tube 203', so as to be vertically extended from a loWer part of 
the reaction tube 203' to a ceiling part of the reaction tube 203' 
along an inner Wall of the reaction tube 203'. A plurality of gas 
jet holes are respectively provided in the ?rst gas supply 
noZZle 233a‘ and the second gas supply noZZle 23319‘. An 
arrangement pitch of the gas jet holes is made to be same as a 
support pitch of the plurality of Wafers (not shoWn) supported 
by the aforementioned boats (not shoWn) in multiple stages. 
The gas jet holes are constituted so that the processing gas can 
be ?oWn along an upper surface of each Wafer. The ?rst gas 
supply tube 23211‘ is connected to a source gas supply source 
for supplying source gas, through a valve 243a‘. The second 
gas supply tube 23219‘ is connected to an oxide gas supply 
source for supplying oxide gas through a valve AV2'. Note 
that although not shoWn, the processing fumace further 
includes a carrier gas line for supplying N2 gas, being a carrier 
gas (purge gas), into the processing chamber 201', and an 
exhaust unit for exhausting an atmosphere in the processing 
chamber 201'. 
[0006] For example, in the substrate processing step using 
the ALD method, ?rst source gas supplying step—>N2 purging 
step—>?rst exhausting stepQsecond source supplying 
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step—>N2 purging stepQsecond exhausting step are set as one 
cycle, and this cycle is repeated multiple number of times. In 
the ?rst source gas supplying step, the valve AV2' is closed 
and the valve 24311‘ is opened, While exhausting the inside of 
the processing chamber 201' by the exhaust unit (not shoWn), 
and the source gas is supplied into the processing chamber 
201'. Thus, the source gas jetted from each gas jet hole of the 
?rst gas supply noZZle 23311‘ is ?oWn horiZontally on each 
Wafer, then is adsorbed on the surface of the Wafer, to thereby 
form a base ?lm on the Wafer. In the N2 purging step, the valve 
AV2' and the valve 24311‘ are closed While continuing exhaust 
of the inside of the processing chamber 201' by the exhaust 
unit (not shoWn), and N2 gas, being purge gas, is supplied into 
the processing chamber 201' from a carrier gas line (not 
shoWn). Thus, the source gas remained in the processing 
chamber 201' is discharged from the processing chamber 
201', and the inside of the processing chamber 201' is purged. 
In the ?rst exhausting step, supply of the N2 gas from the 
carrier gas line (not shoWn) is stopped, With the valve AV2' 
and the valve 243a‘ closed, While continuing the exhaust of 
the inside of the processing chamber 201' by the exhaust unit 
(not shoWn). Thus, the inside of the processing chamber 201' 
is exhausted and cleaned. In the oxide gas supplying step, 03 
gas, being the oxide gas, is supplied into the processing cham 
ber 201', With the valve 243a‘ closed and the valve AV2' 
opened, While continuing the exhaust of the inside of the 
processing chamber 201'. Thus, the oxide gas jetted from each 
gas jet hole of the second gas supply noZZle 23319‘ is ?oWn 
horiZontally on each Wafer, Which is then reacted With the 
base ?lm formed on the Wafer, to thereby form an oxide ?lm 
on the Wafer. 

[0007] Thus, in the ALD method and the CVD method, 
oxide gas containing, for example, oZone, being oxide spe 
cies, is used as a second source, so that oZone is horizontally 
supplied along an upper surface of each Wafer. HoWever, if 
processing is performed by a conventional vertical substrate 
processing apparatus, there is a tendency that oxidation is 
easily advanced on an outer peripheral side of the Wafer to 
Which oZone is supplied easily, and oxidation is delayed on a 
center side of the Wafer to Which oZone is hardly supplied. 
Therefore, a ?lm thickness distribution and composition dis 
tribution in a surface of the Wafer are deteriorated, thus gen 
erating variation in the characteristic of the semiconductor 
device, and a manufacturing yield of the semiconductor 
device is deteriorated in some cases. 

[0008] Therefore, the folloWing tWo methods have been 
examined. One of them is a method of preventing a delay in 
oxidation in the center part of the Wafer, by increasing a How 
speed of the oxide gas containing oZone on the Wafer. The 
other one is a method of processing substrates uniformly in 
the surface, by eliminating an uneven oxidation over the 
Whole Wafer, by supplying to the Wafer, a large ?oW rate of the 
oxide gas containing high density oZone. 
[0009] HoWever, in the former method, su?icient improve 
ment is not observed, and it is dif?cult to suf?ciently prevent 
the delay in oxidation in the center part of the Wafer, and it is 
dif?cult to improve the manufacturing yield of the semicon 
ductor device. 

[0010] Further, in the latter method, the yield can be 
improved. HoWever, a How rate of high density oZone that can 
be supplied at once is reduced, in terms of a performance of 
oZoniZer (not shoWn) of the oxide gas supply source, then 
supply time of oZone is prolonged, and throughput (produc 
tivity) is deteriorated. 
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[0011] An object of the present invention is to shorten a 
processing time and improve uniformity of a ?lm thickness in 
the surface, When the oxide ?lm is formed by supplying the 
oxide gas onto the substrate. 

SUMMARY OF THE INVENTION 

[0012] According to a ?rst aspect of the present invention, 
there is provided a substrate processing method, including the 
steps of: 
[0013] supplying source gas into a processing chamber in 
Which substrates are accommodated; 
[0014] removing the source gas and an intermediate body 
of the source gas remained in the processing chamber; 
[0015] supplying oZone into the processing chamber, in a 
state of substantially stopping an atmosphere in the process 
ing chamber; 
[0016] removing the oZone and the intermediate body of 
the oZone remained in the processing chamber, 
[0017] With these steps repeated multiple number of times, 
and the source gas and the oZone alternately supplied so as not 
to be mixed With each other, to thereby form an oxide ?lm on 
the surface of the substrates. 
[0018] According to other aspect of the present invention, 
there is provided a substrate processing method, including the 
steps of: 
[0019] supplying source gas into a processing chamber in 
Which substrates are accommodated; 
[0020] exhausting an atmosphere in the processing cham 
ber; 
[0021] reserving the oZone into a gas reservoir connected to 
the processing chamber; 
[0022] supplying into the processing chamber the oZone 
reserved into the gas reservoir; and 
[0023] exhausting the atmosphere in the processing cham 
ber, 
[0024] With these steps repeated multiple number of times, 
and the source gas and the oZone alternately supplied so as not 
to be mixed With each other, to thereby form an oxide ?lm on 
the surface of the substrates. 
[0025] According to further another aspect of the present 
invention, there is provided a substrate processing method, 
including the steps of: 
[0026] loading substrates into a processing chamber; 
[0027] supplying oZone into the processing chamber, in a 
state of substantially stopping exhaust of an atmosphere in the 
processing chamber; and 
[0028] removing the oZone and an intermediate body of the 
oZone remained in the processing chamber, 
[0029] With the step of supplying oZone and the step of 
removing the oZone repeated multiple number of times, to 
thereby form an oxide ?lm on the surface of the substrates. 
[0030] According to further another aspect of the present 
invention, there is provided a substrate processing method, 
including the steps of: 
[0031] reserving oZone into a gas reservoir connected to a 
processing chamber in Which substrates are accommodated; 
[0032] supplying into the processing chamber the oZone 
reserved into the gas reservoir; and 
[0033] exhausting an atmosphere in the processing cham 
ber, 
[0034] With these steps repeated multiple number of times, 
to thereby form an oxide ?lm on the surface of the substrates. 
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[0035] According to further another aspect of the present 
invention, there is provided a substrate processing apparatus, 
including: 
[0036] a processing chamber that processes substrates; 
[0037] a gas supply unit that supplies oZone into the pro 
cessing chamber; 
[0038] an exhaust unit that exhausts an atmosphere in the 
processing chamber; and 
[0039] a controller, 
[0040] With the gas supply unit including an oZone supply 
path connected to the processing chamber, and an oZone 
supply valve that performs open/close of the oZone supply 
path, 
[0041] the exhaust unit including an exhaust path con 
nected to the processing chamber, and an exhaust valve for 
opening and closing the exhaust path, 
[0042] the controller controlling the gas supply unit and the 
exhaust unit, so that the oZone is supplied into the processing 
chamber from the oZone supply path, in a state of substan 
tially stopping an exhaust of inside of the processing cham 
ber, When the oZone is supplied into the processing chamber. 
[0043] According to the present invention, When the oxide 
?lm is formed by supplying the oxide gas onto the substrates, 
it is possible to shorten a processing time and improve uni 
formity of the ?lm thickness in the surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a schematic block diagram shoWing an 
entire structure of a substrate processing apparatus according 
to a ?rst embodiment of the present invention. 
[0045] FIG. 2 is a vertical sectional vieW of a processing 
furnace of the substrate processing apparatus according to the 
?rst embodiment of the present invention. 
[0046] FIG. 3 is a horiZontal sectional vieW corresponding 
to a sectional face taken along the line A-A of the processing 
furnace shoWn in FIG. 2. 
[0047] FIG. 4 is a schematic block diagram of the process 
ing fumace and a gas supply unit of the substrate processing 
apparatus according to a third embodiment of the present 
invention. 
[0048] FIG. 5 is a sequence vieW of the step of forming an 
oxide ?lm according to a comparative example. 
[0049] FIG. 6 is a schematic vieW shoWing a sequence 
example 1 of the step of forming the oxide ?lm (step 3) 
according to a third embodiment of the present invention. 
[0050] FIG. 7 is a schematic vieW shoWing a sequence 
example 2 of the step of forming the oxide ?lm (step 3) 
according to the third embodiment of the present invention. 
[0051] FIG. 8 is a schematic vieW shoWing a sequence 
example 3 of the step of forming the oxide ?lm (step 3) 
according to the third embodiment of the present invention. 
[0052] FIG. 9 is a table chart explaining examples 1 to 3 of 
the present invention together With a comparative example 1, 
shoWing an average oxide ?lm thickness, a substrate center 
?lm thickness, and uniformity of ?lm thickness. 
[0053] FIG. 10 is a graph chart explaining examples 4 to 6 
of the present invention together With a comparative example 
2, FIG. 10A shoWs a relation betWeen an increase of an 
average ?lm thickness and oxidation time of the oxide ?lm in 
a substrate surface, and FIG. 10B shoWs a relation betWeen 
the increase of the ?lm thickness and the oxidation time of the 
oxide ?lm in a center part of the substrate, respectively. 
[0054] FIG. 11 is a table chart for explaining examples 7 
and 8 of the present invention together With comparative 
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example 3, showing the average thickness and uniformity of 
the thickness of the oxide ?lm in each case of an upper part 
and a loWer part of a substrate processing position. 
[0055] FIG. 12 is a table chart shoWing a composition uni 
formity of a HfO2 ?lm in each part of an upper part, a middle 
part, and a loWer part of the substrate processing position, 
Wherein FIG. 12A shoWs the composition uniformity of com 
parative example 4 and 
[0056] FIG. 12B shoWs the composition uniformity of 
example 9, and FIG. 12C shoWs the composition uniformity 
of example 10, respectively. 
[0057] FIG. 13 is a schematic block diagram ofa process 
ing furnace and a gas supply unit of the substrate processing 
apparatus according to a fourth embodiment of the present 
invention. 
[0058] FIG. 14 is a vieW exemplifying an operation of the 
gas supply unit and a valve open/close sequence according to 
the fourth embodiment of the present invention. 
[0059] FIG. 15 is a vieW exemplifying a cooling structure of 
a buffer tank according to the third embodiment of the present 
invention. 
[0060] FIG. 16 is a vieW exemplifying other cooling struc 
ture of the buffer tank according to the third embodiment of 
the present invention. 
[0061] FIG. 17 is a schematic block diagram When the gas 
supply unit according to the third embodiment is applied to a 
side ?oW-type vertical substrate processing apparatus. 
[0062] FIG. 18 is a vertical sectional vieW of a processing 
furnace of the side ?oW type vertical substrate processing 
apparatus according to a second embodiment of the present 
invention. 
[0063] FIG. 19 is a perspective vieW shoWing a modi?ed 
example of an inner tube of the substrate processing apparatus 
according to the second embodiment of the present invention. 
[0064] FIG. 20 is a schematic block diagram of a conven 
tional vertical substrate processing apparatus. 

DESCRIPTION OF PREFERRED EMBODIMENT 
OF THE INVENTION 

First Embodiment 

[0065] First, a basic structure of a normal ?oW type vertical 
substrate processing apparatus according to a ?rst embodi 
ment of the present invention, and a substrate processing 
method executed by this substrate processing apparatus Will 
be described. 

(1) Structure of a Substrate Processing Apparatus 

[0066] FIG. 1 is a schematic block diagram shoWing an 
entire structure of a substrate processing apparatus according 
to this embodiment. As shoWn in the ?gure, a substrate pro 
cessing apparatus 101 includes a casing 111. In order to carry 
a Wafer (substrate) 200 made of silicon, etc, into/out of the 
casing 111, a cassette 110, being a Wafer carrier accommo 
dating the Wafer (substrate) 200 made of silicon, etc, is used. 
A front side maintenance port (not shoWn) is opened, as an 
opening part opened in a loWer part of a front side Wall 11111 
of the casing 111 of the substrate processing apparatus 101, so 
that maintenance of an inside of the casing 111 can be per 
formed. A front side maintenance door (not shoWn) for open 
ing/closing this front side maintenance port is built on the 
front side Wall 11111 of the casing 111. A cassette loading/ 
unloading port (substrate container loading/unloading port) 
112 is opened on the maintenance door, so as to communicate 
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inside and outside of the casing 111. The cassette loading/ 
unloading port 112 is opened and closed by a front shutter 
(open/close mechanism of the substrate container loading/ 
unloading port) 113. A cassette stage (substrate container 
transferring stand) 114 is installed inside of the casing 111 of 
the cassette loading/unloading port 112. The cassette 110 is 
loaded on the cassette stage 114, and unloaded from the 
cassette stage 114, by an in-step carrying device (not shoWn). 
[0067] The cassette 110 is placed on the cassette stage 114, 
so that the Wafer 200 in the cassette 110 takes a vertical 
posture, and a Wafer charging/discharging port of the cassette 
110 is faced upWard. The cassette 114 is constituted, so that 
the cassette 110 is vertically rotated by 90 degrees toWard a 
rear of the casing 111, With the Wafer 200 set in a horizontal 
posture in the cassette 110, and the Wafer charging/discharg 
ing port of the cassette 110 is faced rearWard in the casing 
111. 

[0068] A cassette shelf (substrate container placement 
shelf) 105 is set in approximately a longitudinally center part 
in the casing 111. The cassette shelf 105 is constituted, so that 
a plurality of cassettes 110 are stored in multiple stages and in 
multiple roWs. A transfer shelf 123 is provided on the cassette 
shelf 105, on Which the cassette 110, being a carrying object 
of a Wafer transfer mechanism 125 as Will be described later, 
is stored. Further, a spare cassette shelf 107 is provided in an 
upper part of the cassette stage 114, for storing the cassette 
110 as spare. 

[0069] A cassette carrying device (substrate container car 
rying device) 118 is installed betWeen the cassette stage 114 
and the cassette shelf 105. The cassette carrying device 118 
includes a cassette elevator (substrate container elevation 
mechanism) 118a capable of elevating the cassette 110 in a 
state of holding the cassette 110, and a cassette carrying 
mechanism (substrate container carrying mechanism) 118b, 
being a carrying mechanism capable of horizontally moving 
the cassette 110 in a state of holding the cassette 110. By 
continuous motion of these cassette elevator 118a and cas 
sette carrying mechanism 118b, the cassette 110 is carried 
among the cassette stage 114, the cassette shelf 105, and the 
spare cassette shelf 107. 

[0070] The Wafer transfer mechanism (substrate transfer 
mechanism) 125 is set in the rear of the cassette shelf 105. The 
Wafer transfer mechanism 125 includes a Wafer transfer 
device (substrate transfer device) capable of horizontally 
rotating or linearly moving the Wafer 200, and a Wafer transfer 
device elevator (substrate transfer device elevation mecha 
nism) 12519 for elevating the Wafer transfer device 12511. Note 
that the Wafer transfer device 125a includes a tWeezer (jig for 
transferring substrates) 1250 for holding the Wafer 200 in a 
horizontal posture. The Wafer transfer device elevator 12519 is 
installed on a right side end portion of the casing 111 having 
pressure resistance. By the continuous motion of these Wafer 
transfer device 125a and Wafer transfer device elevator 125b, 
the Wafer 200 is picked up from the inside of the cassette 110 
on the transfer shelf 123 and charged into a boat (substrate 
supporting member) 217 as Will be described later and dis 
charged form the boat 217, and stored in the cassette 110 on 
the transfer shelf 123. 

[0071] A processing furnace 202 is provided in a rear upper 
part of the casing 111. An opening (fumace port) is formed in 
a loWer end portion of the processing fumace 202. This open 
ing is opened/closed by a furnace port shutter (fumace port 
open/close mechanism) 147. Note that a structure of the pro 
cessing furnace 202 Will be described later. 
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[0072] A boat elevator (substrate holding tool elevation 
mechanism) 115, being an elevation mechanism for elevating 
the boat 217 and carrying it to inside/ outside of the processing 
furnace 202, is provided in a loWer part of the processing 
furnace 202. An arm 128, being a connecting tool, is formed 
on an elevating stand of the boat elevator 115. A seal cap 219 
is provided on the arm 128, as a lid member, for vertically 
supporting the boat 217 and air-tightly sealing the loWer end 
portion of the processing furnace 202 When the boat 217 is 
elevated by the boat elevator 115. 
[0073] The boat 217 includes a plurality of holding mem 
bers, so that a plurality of (for example, about 50 to 150) 
Wafers 200 are horizontally held respectively, in a state of 
being arranged in a vertical direction, With centers thereof 
aligned. 
[0074] A clean unit 134a including a supply fan and a 
dust-proof ?lter is provided above the cassette shelf 105. The 
clean unit 13411 is constituted so that clean air, being cleaned 
atmosphere, is ?oWn into the casing 111. 
[0075] Further, a clean unit 1341) including the supply fan 
and the dust-proof ?lter for supplying clean air is installed on 
a left side end portion of the casing 111, on the opposite side 
to the side of the Wafer transfer device elevator 12519 and the 
boat elevator 115. The clan air bloWn out from the clean unit 
1341) is circulated around the Wafer transfer device 125a and 
the boat 217, then sucked in an exhaust device not shoWn, and 
exhausted to the outside of the casing 111. 

(2) Operation of the Substrate Processing Apparatus 

[0076] Next, an operation of the substrate processing appa 
ratus 101 according to this embodiment Will be described. 
[0077] Prior to supplying the cassette 110 to the cassette 
stage 114, the cassette loading/unloading port 112 is opened 
by the front shutter 113. Thereafter, the cassette 110 is loaded 
from the cassette loading/unloading port 112. The cassette 
110 is placed on the cassette stage 114, so that the Wafer 200 
is set in a vertical posture and the Wafer charging/discharging 
port of the cassette 110 is faced upWard. Then, the cassette 
110 is vertically rotated by 90 degrees toWard the rear of the 
casing 111 by the cassette stage 114.As a result, the Wafer 200 
in the cassette 110 is set in a horiZontal posture, and the Wafer 
charging/discharging port of the cassette 110 is faced rear 
Ward in the casing 111. 
[0078] Next, the cassette 110 is automatically carried and 
transferred to the cassette shelf 105 and a shelf position des 
ignated by the spare cassette shelf 107, then stored tempo 
rarily therein, and transferred to the transfer shelf 123 from 
the cassette shelf 105 or the spare cassette shelf 107, or 
directly carried to the transfer shelf 123. 
[0079] When the cassette 110 is transferred to the transfer 
shelf 123, the Wafer 200 is picked up from the cassette 110 
through the Wafer charging/discharging port by the tWeeZer 
1250 of the Wafer transfer device 125a, and charged into the 
boat 217 in the rear of the transfer chamber 124 by the con 
tinuous motion of the Wafer transfer device 125a and the 
Wafer transfer device elevator 1251). After the Wafer 200 is 
transferred to the boat 217, the Wafer transfer device 125a 
returns to the cassette 110 so that the next Wafer 200 is 
charged into the boat 217. 
[0080] When previously designated sheets of Wafers 200 
are charged into the boat 217, the loWer end portion of the 
processing furnace 202, Which is closed by the fumace port 
shutter 147, is opened by the furnace port shutter 147. Sub 
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sequently, by elevating the seal cap 219 by the boat elevator 
115, the boat 217 holding a group of Wafers 200 is loaded into 
the processing furnace 202. 
[0081] After loading, arbitrary processing is applied to the 
Wafer 200 in the processing furnace 202. This processing Will 
be described later. In a reversed procedure to the aforemen 
tioned procedure, the Wafer 200 and the cassette 110 are 
discharged to outside of the casing 111. 

(3) Structure of the Processing Furnace 

[0082] Next, the structure of the processing furnace 202 
according to this embodiment Will be described. 
[0083] FIG. 2 is a vertical sectional vieW of the processing 
furnace 202 of the substrate processing apparatus according 
to this embodiment, and FIG. 3 is a horiZontal sectional vieW 
corresponding to the line A-A of the processing fumace 202 
shoWn in FIG. 2. 

(Processing Chamber) 
[0084] The processing furnace 202 according to an 
embodiment of the present invention includes the reaction 
tube 203 and a manifold 209. The reaction tube 203 is made 
of a non-metal material having heat resistance property, such 
as quartz (SiO2) and silicon carbide (SiC), and is formed into 
a cylindrical shape, With an upper end portion closed and a 
loWer end portion opened. The manifold 209 is made of a 
metal material such as SUS, and is formed into a cylindrical 
shape, With the upper end portion and the loWer end portion 
opened. The reaction tube 203 is vertically supported by the 
manifold 209 from the side of the loWer end portion. The 
reaction tube 203 and the manifold 209 are concentrically 
disposed. The loWer end portion of the manifold 209 is air 
tightly sealed by the seal cap 219 When the aforementioned 
boat elevator 115 is elevated. An O-ring 220, being a sealing 
member, for air-tightly sealing the inside of the processing 
chamber 201 is provided betWeen the loWer end portion of the 
manifold 209 and the seal cap 219. 
[0085] The processing chamber 201 accommodating the 
Wafer 200, being the substrate, is formed inside of the reaction 
tube 203. The boat 217, being a substrate holding tool, is 
inserted into the processing chamber 201 from beloW. Inner 
diameters of the reaction tube 203 and the manifold 209 are 
made larger than a maximum outer diameter of the boat 217 
into Which the Wafer 200 is charged. 
[0086] The boat 217 is constituted so that a plurality of (for 
example 75 to 100) Wafers 200 are held in multiple stages, 
With prescribed gaps (substrate pitch intervals) provided in 
approximately horiZontal states. The boat 217 is mounted on 
a heat insulating cap 218 for insulating thermal conduction 
from the boat 217. The heat insulating cap 218 is supported 
from beloW by a rotational shaft 255. The rotational shaft 255 
is provided so as to pass through the center part of the seal cap 
219, While an air-tight state of the inside of the processing 
chamber 201 is maintained. A rotating mechanism 267 for 
rotating the rotational shaft 255 is provided beloW the seal cap 
219. By rotating the rotational shaft 255 by the rotating 
mechanism 267, the boat 217, on Which a plurality of Wafers 
200 are mounted, can be rotated, While the air-tight state of 
the inside of the processing chamber 201 is maintained. 
[0087] A heater 207, being a heating unit (heating mecha 
nism) is provided on an outer periphery of the reaction tube 
203, concentrically With the reaction tube 203. The heater 207 
has a cylindrical shape, and is vertically installed on a heater 


































