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(57) ABSTRACT 

A processing unit for a substrate comprises a partition 6 
provided betWeen an atmospheric area S1 and an inert gas 
area S2. The partition 6 has an opening 22 to communicate 
the atmospheric area S1 and the inert gas area S2. Adoor 23 
is provided at the opening 22 to open and close it. Carrier 
holding means 11 is provided for holding a carrier 2 of the 
substrate in such a manner that the carrier 2 comes in contact 
With the opening 22 on the side of the atmospheric area. Inert 
gas replacing means 56 is provided for replacing a gas in the 
carrier 2 With an inert gas by introducing the inert gas into 
the carrier 2 When the door 23 closes the opening 22 and the 
carrier 2 comes in contact With the opening 22 on the side 
of the atmospheric area by the carrier holding means 11. 
This processing unit can perform the process of the substrate 
Without increasing the concentration of the oxygen in the 
inert gas area S2 by preventing leakage of the air from the 
atmospheric area S1 into the inert gas area S2. 
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PROCESSING METHOD AND PROCESSING UNIT 
FOR SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a processing method for a 
substrate and a processing unit for a substrate. 

[0003] 2. Disclosure of the Prior Art 

[0004] Processes for manufacturing semiconductor 
devices include steps in Which semiconductors as substrates 
undergo processes such as oxidation, diffusion, CVD 
(Chemical Vapor Deposition) or the like. Thermal process 
ing units are often used for conducting the various processes. 
Aconventional thermal processing unit comprises: an opera 
tion area Where an operator or an automatic conveying robot 
holds and conveys a carrier housing semiconductor Wafers, 
and a loading area Where semiconductor Wafers in the carrier 
are transferred to a Wafer-boat as a holder of substrates 

Which is then loaded into or unloaded from a thermal 
processing furnace. 

[0005] In such thermal processing units, it is preferable for 
a partition (bulkhead) to be provided betWeen the operation 
area Which is exposed to the atmosphere and the loading 
area. The partition alloWs the loading area to remain cleaner 
than the operation area and prevents a natural oxidation ?lm 
from forming on the semiconductor Wafers. The loading area 
should also be preferably ?lled With an inert gas such as 
nitrogen. A closed-type carrier, Whose entrance for semi 
conductor Wafers can be hermetically closed by a lid, should 
also be preferably used in the thermal processing unit in 
order to prevent the semiconductor Wafers from being 
contaminated With particles. 

[0006] An opening is provided in the partition betWeen the 
operation area and the loading area. Adoor is provided at the 
opening to open and close it. When processing the semi 
conductor Wafers, the lid of the carrier is aligned to be in 
contact With the opening, and the door and the lid are opened 
to communicate the interior of the carrier With the loading 
area. The semiconductor Wafers are then conveyed from the 
interior of the carrier to the Wafer-boat in the loading area via 
the opening. The Wafer-boat is then loaded in the thermal 
processing furnace to perform the prescribed processes on 
the semiconductor Wafers. The Way of opening the door and 
the lid together is described in Japanese Patent Laid-Open 
No. 8-279546. 

[0007] The interior of the carrier is full of the atmospheric 
air unless it is ?lled With another gas such as an inert gas. 
Because of this, the air in the carrier may ?oW into the 
loading area When the carrier is aligned With the opening and 
the door and the lid are opened. The concentration of the 
oxygen in the loading area increases if the air in the carrier 
?oWs into the loading area. This makes the replacement of 
the atmospheric air With an inert gas more time-consuming 
and increases the possibility of oxidation ?lm forming on the 
semiconductor Wafers. This may have a bad effect on 
processing. 

SUMMARY OF THE INVENTION 

[0008] Therefore, the object of this invention is to provide 
a processing unit and method for a substrate, Which can 
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perform the process of the substrate Without increasing the 
concentration of the oxygen in the loading area by prevent 
ing the leakage of the air from the operation area into the 
loading area. 

[0009] To achieve the above objects, this invention is 
characteriZed by a feature Wherein a processing unit for a 
substrate comprises: a partition provided betWeen an atmo 
spheric area and an inert gas area, and having an opening to 
communicate the atmospheric area With the inert gas area, an 
door provided above the opening to open and close it, carrier 
holding means for holding a carrier of the substrate in such 
a manner that the carrier comes in contact With-the opening 
on the side of the atmospheric area, and inert gas replacing 
means for replacing a gas in the carrier With an inert gas by 
introducing the inert gas into the carrier When the door 
closes the opening and the carrier comes in contact With the 
opening on the side of the atmospheric area by the carrier 
holding means. 

[0010] In addition, to achieve the above objects, this 
invention is characteriZed by a feature Wherein a processing 
method for a substrate by using a processing unit for the 
substrate comprising: a partition provided betWeen an atmo 
spheric area and an inert gas area, and having an opening to 
communicate the atmospheric area With the inert gas area, an 
door provided above the opening to open and close it, carrier 
holding means for holding a carrier of the substrate in such 
a manner that the carrier comes in contact With the opening 
on the side of the atmospheric area, and inert gas replacing 
means for replacing a gas in the carrier With an inert gas by 
introducing the inert gas into the carrier When the door 
closes the opening and the carrier comes in contact With the 
opening on the side of the atmospheric area by the carrier 
holding means, comprises; a step of closing the opening by 
the door, a step of holding the carrier including the substrate 
by the carrier holding means in such a manner that the 
carrier comes in contact With the opening on the side of the 
atmospheric area, a step of replacing the gas in the carrier 
With the inert gas by the inert gas replacing means, and a step 
of opening the door to communicate the interior of the 
carrier replaced With the inert gas With the inert gas area via 
the opening. 

[0011] According to these features, the process of the 
substrate can be performed Without increasing the concen 
tration of the oxygen in the loading area by preventing the 
leakage of the air from the operation area into the loading 
area. 

[0012] Preferably, the carrier may have an opening part to 
communicate With the opening When the carrier comes in 
contact With the opening on the side of the atmospheric area, 
and the inert gas replacing means may have an inert gas 
supplying hole and a gas exhausting hole Which are openly 
provided in the opening. 

[0013] Preferably, the carrier may have a lid to open and 
close the opening part of the carrier. 

[0014] Preferably, a lid opening-closing mechanism may 
be mounted on the door for holding the lid of the carrier and 
for opening and closing it. 

[0015] Preferably, a door opening-closing mechanism 
may be mounted on the partition for opening and closing the 
door, and the door opening-closing mechanism may be 
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adapted to open the door in a state Where the lid opening 
closing mechanism holds the lid of the carrier. 

[0016] Preferably, the carrier holding means may have 
carrier positioning means for positioning the carrier in such 
a manner that the carrier comes in sealing contact With the 
opening on the side of the atmospheric area. 

[0017] Preferably, the carrier and the opening in the par 
tition may be adapted to come in sealing contact With each 
other via a sealing element. 

[0018] Preferably, the partition may have a second open 
ing to communicate the atmospheric area With the inert gas 
area, and the unit further may comprise: a second door 
provided above the second opening to open and close it, 
second carrier holding means for holding a carrier of the 
substrate in such a manner that the carrier comes in contact 
With the second opening on the side of the atmospheric area, 
and second inert gas replacing means for replacing a gas in 
the carrier With an inert gas by introducing the inert gas into 
the carrier When the second door closes the second opening 
and the carrier comes in contact With the second opening on 
the side of the atmospheric area by the second carrier 
holding means. 

[0019] Preferably, the door may be adapted to move 
doWnWard to open the opening, and the second door is 
adapted to move upWard to open the second opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic vertical sectional vieW of an 
embodiment of the vertical thermal processing unit accord 
ing to the invention; 

[0021] FIGS. 2a and 2b are explanatory vieWs shoWing a 
Way for opening and retracting a door closing an opening in 
a partition of the vertical thremal processing unit in FIG. 1; 

[0022] FIG. 3 is a schematic plan vieW of the vertical 
thermral processing unit in FIG. 1; 

[0023] FIG. 4 is a schematic perspective vieW of the door 
and a lid opening-closing mechanism of the vertical thermal 
processing unit in FIG. 1; 

[0024] FIG. 5 is a schematic perspective vieW of the 
carrier and the key operating mechanism of the vertical 
thermal processing unit in FIG. 1; 

[0025] FIG. 6 is a schematic perspective vieW of various 
mechanisms provided adjacent to the carrier stage of the 
vertical thermal processing unit in FIG. 1; 

[0026] FIGS. 7a to 7c are explanatory vieWs shoWing a 
Way for opening and closing the lid and the door of the 
vertical thermal processing unit in FIG. 1; 

[0027] FIG. 8 is a front vieW of an example of the inert gas 
replacing means; 

[0028] FIG. 9 is an enlarged partial sectional vieW of an 
example of the sealing means of the rotating shaft passing 
through the door; 

[0029] FIG. 10 is an explanatory vieW of another example 
of the ?xing means for ?xing the carrier to the opening in the 
partition; and 

[0030] FIG. 11 is an explanatory vieW of another lid 
opening-closing mechanism. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0031] Embodiments of the invention Will noW be 
described in more detail With reference to FIGS. 1 to 11. 
FIG. 1 schematically shoWs a vertical section of an embodi 
ment of the vertical thermal processing unit according to the 
invention. FIGS. 2a and 2b explain a Way of opening and 
retracting a door closing an opening in a partition of the 
vertical thermal processing unit in FIG. 1. FIG. 3 is a 
schematic plan vieW of the vertical thermal processing unit 
in FIG. 1. 

[0032] In these ?gures, a numeral sign 1 designates a 
housing forming outside Walls of the vertical thermal pro 
cessing unit disposed in a clean room. The interior of the 
housing 1 is divided by a partition (bulkhead) 6 into an 
operation area S1 into and from Which carriers 2 are con 
veyed and in Which the carries 5 are kept, and a loading area 
S2 Where semiconductor Wafers W (substrates to be pro 
cessed) in the carriers 2 are transferred to Wafer-boats 4 
Which are loaded into or unloaded from a vertical type 
thermal processing furnace 5. 

[0033] An entrance 7 is provided in front of the housing 1 
for introducing and discharging the carriers 2 by an operator 
or an automatic conveying robot. The entrance 7 is provided 
With a door 8 Which can move vertically to open and close 
the entrance 7. Astage 9 is provided in the operation area S1 
for placing the carrier 2 thereon. Shelf-like storing sections 
10 are formed above the stage 9 and near the upper portion 
of the partition 6 for storing a plurality of the carriers 2. 

[0034] TWo stages (carrier stages) 11 are provided in 
vertically spaced positions on the side of the partition 6 as 
tables for placing the carriers 2 thereon. A carrier transfer 
ring mechanism 12 is arranged in the operation area S1 for 
transferring the carriers 2 to and from the stage 9, the storing 
sections 10 and the stages 11. The carrier transferring 
mechanism 12 comprises: an elevating arm 14 Which can be 
moved vertically by an elevating mechanism 13 provided on 
a side of the operation area S1, and a transferring arm 15 
mounted on the elevating arm 14 for supporting the bottom 
of the carrier 2 to horiZontally transfer the carrier 2. 

[0035] The thermal processing furnace 5 is disposed in a 
rear and upper portion in the loading area S2. The thermal 
processing furnace 5 has a furnace opening in the bottom 
thereof. Alid 16 is provided beloW the furnace 5. The lid 16 
is adapted to be vertically moved by an elevating mechanism 
(not shoWn) for loading a Wafer-boat 4 into and unloading it 
from the furnace 5 and for opening and closing the furnace 
opening. The Wafer-boat 4, Which can hold a large number 
of semiconductor Wafers W in vertical equally spaced mul 
tistairs, is adapted to be placed on a thermal pedestal 17 on 
the lid 16. The thermal processing furnace 5 has a shutter 
(not shoWn) for closing the furnace opening after the lid 16 
is moved doWnWard to unload the Wafer-boat 4. 

[0036] As shoWn in FIG. 3, tWo boat-placing portions 18 
are disposed adjacently in a side region of the loading area 
S2 for placing the Wafer-boat 4 thereon When transferring 
semiconductor Wafers W into and from the Wafer-boat 4. A 
moving mechanism 19 is arranged in the loading area S2 for 
transferring semiconductor Wafers W betWeen the Wafer 
boat 4 on any one of the boat-placing portions 18 and the 
carrier 2. The moving mechanism 19 can be moved by an 
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arm 20 from a Waiting position shown in solid lines in FIG. 
3 to an operating position shoWn in imaginary lines in the 
same ?gure. Aboat-conveying mechanism 21 is arranged for 
conveying the Wafer-boat 4 betWeen the lid 16 and the 
boat-placing portions 18. 

[0037] A clean atmospheric air, Which is passed through 
?lters (not shoWn), is supplied into the operation area S1, so 
that the operation area S1 is ?lled With the clean atmospheric 
air. On the other hand, an inert gas such as nitrogen (N2) is 
supplied into the loading area S2, so that the loading area S2 
is ?lled With the inert gas. As shoWn in FIG. 4, the partition 
6 separating the loading area S2 from the operation area S1 
has tWo, upper and loWer openings 22, With each of Which 
the carrier 2 is adapted to come into contact on the side of 
the operation area S1. As shoWn in FIG. 5, each opening 22 
is provided With a lid 25 for opening and closing the opening 
22. The opening 22 is formed in such a manner that the siZe 
of the opening 22 is the same as that of a Wafer-entrance 24 
of the carrier 2, so that semiconductor Wafers W can be 
transferred into and from the carrier 2 through the opening 
22 and the Wafer-entrance 24. 

[0038] The structure of the carrier 2 and the opening and 
closing function of the lid 25 of the carrier 2 Will be 
described in more detail beloW. 

[0039] As shoWn in FIG. 5, the carrier 2 is a so-called 
closed type, Which can house a number of, for example 13 
or 25 semiconductor Wafers W and Which can be hermeti 
cally closed by the lid 25. The carrier 2 comprises a 
container for housing and holding semiconductor Wafers W 
in multistairs in horiZontal attitude and in vertically spaced 
relation by a prescribed pitch. The diameter of the semicon 
ductor Wafer W is for example 30 mm. The lid 25 is 
removably attached at the Wafer-entrance 24 formed in front 
of the carrier 2 in such a manner that the lid 25 can sealingly 
close the Wafer-entrance 24. The carrier 2 and the lid 25 are 
made of, for example, a synthetic resin. A ?ange 26 is 
formed along the sides of the Wafer-entrance 24. 

[0040] As shoWn in FIG. 5, the lid 25 of the carrier 2 has 
one or more, for example tWo, key holes 29. Lock-pins (not 
shoWn) are arranged to stick out of the upper edge and the 
loWer edge of the lid 25 When each key 28 of a key handling 
mechanism 27 is inserted into each key hole 29 and is 
rotated in a direction. Then the lock-pins can ?t in recesses 
(not shoWn) formed at the upper edge and the loWer edge of 
the Wafer-entrance 24 of the carrier 2 and can lock the lid 25 
in a closing position. The lock-pins (not shoWn) are also 
adapted to be WithdraWn to the upper edge and the loWer 
edge of the lid 25 When each key 28 of the key handling 
mechanism 27 is inserted into each key hole 29 and is 
rotated in the opposite direction. Then, the lock-pins can 
leave the recesses formed at the upper edge and the loWer 
edge of the Wafer-entrance 24 of the carrier 2 and can release 
the lid 25 from the closing position. Normally, the lid 25 is 
locked in the closing position. The lid 25 is also adapted to 
be held by the keys 28 When the lid 25 is released from the 
closing position by inserting the keys 28 into the key holes 
29 and by rotating the keys 28. 

[0041] As FIG. 5 shoWs, the key handling mechanism 27 
comprises: a handling member 31 Which can be shifted in a 
lateral direction by right and left air cylinders 30 as driving 
means, rotating members 32 each of Which has a rotating 
shaft 33 and can be rotated by the handling member 31 
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around the shaft 33, and the keys 28 attached to the tips of 
the rotating shafts 33 of the rotating members 32. The 
handling member 31 and the rotating members 32 are so 
connected by links 34 that linear lateral movement of the 
handling member 31 can be converted into a rotating move 
ment of the rotating members 32. Alternatively, they may be 
linked by a gear mechanism. The lock-pins (not shoWn) are 
adapted to be WithdraWn to release the lid 25 from the 
closing position and the lid 25 is held by the keys 28 When 
each key 28 is inserted into each key hole 29 of the lid 25 
and is rotated. As shoWn in FIG. 4, the key handling 
mechanism 27 is mounted at a front-rear moving frame 49. 

[0042] Then the structures of the openings 22 and doors 23 
for the openings 22 are described in more detail as folloWs. 

[0043] As shoWn in FIG. 4, the partition 6 is formed to 
have a vertical groove. A part of the groove forms a recess 
35 for accommodating the front portion of the carrier 2. The 
bottom of the recess 35 is formed as an abutting Wall 36. The 
outside of the bottom of the recess 35 abuts the doors 23. 
Both of the tWo, upper and loWer openings 22 are formed in 
the abutting Wall 36. The tWo, upper and loWer stages 11 are 
arranged in the recess 35 for placing the tWo carriers 2, 
respectively, so that the tWo carriers 2 abut the abutting Wall 
36, respectively. 

[0044] As shoWn in FIGS. 3 and 6, each stage 11 has a 
U-shape in plan vieW, Which opens to the side of the 
operation area S1, in order to prevent interference With the 
transferring arm 15 of the carrier transferring mechanism 12. 
Positioning pins 38 protrude from the upper surface of each 
stage 11 for ?tting in holes (not shoWn) on the bottom of the 
carrier 2. Carrier sensors 39 are arranged on the upper 
surface of each stage 11 for detecting Whether the carrier 2 
is on the stage 11. 

[0045] As shoWn in FIG. 4, carrier ?xing air cylinders 40 
are arranged on both sides of the recess 35 as carrier ?xing 
means in order to press and ?x (lock) the front portion of the 
carrier 2 to a surrounding portion of the opening 22 via the 
rear surface of the ?ange 26 of the carrier 2 (see FIG. 5). The 
stage 11 is supported movably in a front-rear direction in 
order to folloW the carrier 2 Which can be moved by the 
carrier ?xing air cylinders 40. Sealing elements 41 are 
attached along the surrounding portion of each opening 22 
in order to provide hermetical seal betWeen the carrier 2 and 
the opening 22 and betWeen the mated door 23 and the 
opening 22 (see FIGS. 7a-7c). 

[0046] As shoWn in FIG. 4, each door 23 is adapted to be 
moved into the side of the loading area S2 and in vertical 
direction by a door opening-closing mechanism 37, so that 
the door 23 can be opened. The door 23 facing the carrier 2 
on one of the tWo stages 11 is opened for alloWing access to 
the semiconductor Wafers W in the carrier 2. The other door 
23 for the other of the tWo stages 11 remains closed. In more 
detail, as shoWn in FIGS. 2a and 2b, the door 23 for the 
upper stage 11 remains closed When the door 23 for the 
loWer stage 11 is opened and retracted upWard. To the 
contrary, the door 23 for the loWer stage 11 remains closed 
When the door 23 for the upper stage 11 is opened and 
retracted doWnWard. 

[0047] As shoWn in FIG. 4, each door 23 has tWo sup 
porting arms 42 extended for facing both outer sides of the 
recess 35 of the partition 6. The door opening-closing 
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mechanism 37, Which can operate to open and close the door 
23 as mentioned above, has tWo vertically movable frames 
44 supported for vertical movement by tWo vertical guides 
43 on both outer sides of the recess 35 of the partition 6. 
Each vertically movable frame 44 is connected With a 
door-elevating air cylinder 46 Which can move the frame 44 
up and doWn. The supporting arms 42 of the door 23 are 
supported movably in a front-rear direction on the vertically 
movable frames 44 via front-rear guides 45. Door opening 
closing air cylinders 47 are mounted on the vertically 
movable frames 44 for moving the door 23 in the front-rear 
direction via the supporting arms 42 to open and close the 
door 23. In the embodiment shoWn in FIG. 4, one (right) 
door-elevating air cylinder 46 is adapted to move the upper 
door 23 up and doWn, and the other (left) door-elevating air 
cylinder 46 is adapted to move the loWer door 23 up and 
doWn. 

[0048] Alid opening-closing mechanism 48 is mounted at 
each door 23 for opening and closing the corresponding lid 
25 of the carrier 2 independently of the door 23. The lid 
opening-closing mechanism 48 has a front-rear movable 
frame 49 arranged movably in a front-rear direction in front 
of the door 23. The key handling mechanism 27 is incor 
porated in the front-rear movable frame 49. In FIG. 4, the 
front-rear movable frame 49 has tWo supporting arms 50 
extended for facing both supporting arms 42 of the door 23. 
The supporting arms 50 are supported movably in a front 
rear direction on both supporting arms 42 via lid opening 
closing air cylinders With guides 51. The partition 6 is also 
formed in such a manner that the thickness of the partition 
6 can secure enough space to accommodate the lid 25 in the 
opening 22 When the lid 25 is moved forWard from the front 
of the carrier 2 by the lid opening-closing mechanism 48 and 
is opened. 

[0049] As shoWn in FIGS. 7a-7c, bores 52 are formed in 
each door 23. The rotating shafts 33 of the key handling 
mechanism 27 incorporated in the front-rear movable frame 
49 of the lid opening-closing mechanism 48 pass through the 
bores 52 slidably in a front-rear direction and rotatably With 
respect to the door 23. 

[0050] As shoWn in FIG. 9, a sealing element 53 such as 
an O-ring is attached to the inside of each bore 52 as means 
for sealing betWeen the rotating shaft 33 and the bore 52. 
Exhaust grooves 54 and exhaust bores 55 are formed in each 
door 23 for exhausting any gas around the bores 52 and the 
keys 28 to evacuate the area in cooperation With a vacuum 
pump (not shoWn). This ensures prevention of leakage of the 
air in the operation area S1 into the loading area S2 through 
a space betWeen the bores 52 and the rotating shafts 33. This 
also serves as measures against particles around the keys 28. 

[0051] FIG. 8 shoWs an inert gas replacing means 56 
provided in each opening 22 for replacing a gas in the 
corresponding carrier 2 With an inert gas by introducing the 
inert gas into the carrier 2 When the corresponding door 23 
closes the opening 22 and the lid 25 is opened by the lid 
opening-closing mechanism 48. As shoWn in FIGS. 7 and 
8, the inert gas replacing means 56 comprises inert gas 
supplying holes 57 and gas exhausting holes 58 Which are 
formed in inside edges of the opening 22. The inert gas may 
be nitrogen (N2). As shoWn in FIG. 8, the inert gas supply 
ing holes 57 are formed preferably in one of right and left 
sides of the opening 22 at a desirable interval, and the gas 
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exhausting holes 58 are formed preferably in the other of 
right and left sides of the opening 22 at the same interval, so 
that the inert gas can How in a direction parallel With the 
surface of the semiconductor Wafers W housed in the carrier 
2. This ensures that the interior of the carrier 2 and the 
interior of the opening 22 can be very smoothly replaced 
With the inert gas. 

[0052] The inert gas supplying holes 57 are connected 
With an inert gas supplying source via inert gas supplying 
tubes. The exhausting holes 58 are connected With an 
exhausting system via exhausting tubes 60. A sensor for 
detecting oxygen density (not shoWn) is mounted in the 
exhausting tubes 60. The operation of the inert gas replace 
ment is ?nished When the oxygen density sensor detects a 
density value less than a prescribed density value. Then the 
door 23 is opened and retracted. The lid 25 is opened and 
retracted together With the door 23 When the door 23 is 
opened and retracted. The operation of opening and closing 
of the lid 25, the operation of the inert gas replacement, the 
operation of opening and closing of the door 23 and so on 
are controlled by a control unit (not shoWn) in accordance 
With a prescribed program. The numeral sign 61 in the 
FIGS. 7a to 7c designates a sealing element for sealing 
betWeen the carrier 2 and the lid 25. 

[0053] The operation of the processing unit in the embodi 
ment and the processing method using the processing unit 
Will be described hereafter. First, a carrier 2 is transferred 
and placed on one stage 11 by the carrier transferring 
mechanism 12. If the carrier sensors 39 detect that the carrier 
2 is placed on the stage 11, the carrier ?xing air cylinders 40 
are driven to press the carrier 2 so that the carrier 2 is 
sealingly ?xed to the opening 22 in the partition 6. At that 
time, the opening 22 is closed by the door 23 and the keys 
28 are WithdraWn to the opening 22 for preventing the 
interference With the carrier 2. 

[0054] Then, as shoWn in FIG. 7a, the inert gas replacing 
means 56 remove the air of the space betWeen the door 23 
and the lid 25 and supply the inert gas into the same space, 
in the state Where the door 23 is sealingly closed and the lid 
25 is closed. 

[0055] Then, the lid 25 of the carrier 2 is opened and the 
inert gas replacing means 56 replace the interior of the 
carrier 2 With the inert gas While the door 23 remain closed. 
In more details, as shoWn in FIG. 7a, the lid opening-closing 
mechanism 48 operates as folloWs. 

[0056] The keys 28 are moved forWard to the lid 25 of the 
carrier 2 by the front-rear movable frame 49 until the keys 
28 are inserted into the key holes 29 of the lid 25. The keys 
28 are then rotated in the direction to release the lock of the 
lid 25. As shoWn in FIG. 7b, the keys 28 are moved rearWard 
together With the lid 25 until the lid 25 abuts on the door 23 
in the opening 22. 

[0057] Then, the original gas in the carrier 2 is exhausted 
via the exhausting holes 58, and the inert gas such as 
nitrogen (N2) is supplied into the carrier 2 via the inert gas 
supplying holes 57. In more details, the inert gas is supplied 
from the supplying holes 57 on one side of the opening 22 
into the carrier 2 through the gap betWeen the carrier 2 and 
the lid 25, and the gas such as remaining air in the carrier 2 
and the opening 22 is exhausted from the exhausting holes 
58 on the opposite side of the opening 22. That is, the 
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interior of the carrier 2 and the interior of the opening 22 are 
replaced With the inert gas. The timing for starting the 
supplement of the inert gas may be set freely betWeen the 
timing for ?xing the carrier 2 to the opening 22 and the 
timing for opening the lid 25 of the carrier 2. 

[0058] The sensor for detecting oxygen density detects 
Whether the interior of the carrier 2 is satisfactorily replaced 
With the inert gas. If the interior of the carrier 2 is satisfac 
torily replaced With the inert gas, the supplement of the inert 
gas comes to a stop. Then, as shoWn in FIG. 7c, the lid 25 
is opened and retracted upWard together With the door 23 to 
openly communicate the interior of the carrier 2 With the 
loading area S2. The semiconductor Wafers W in the carrier 
2 are then transferred into the Wafer-boat 4 by the transfer 
ring mechanism 19. After the carrier 2 becomes empty, the 
door 23 and the lid 25 are closed. The empty carrier 2 on the 
stage 11 is replaced With another carrier 2 in the storing 
sections 10. The above operations are repeated until a 
prescribed number of, for example 100 to 150, semiconduc 
tor Wafers W are transferred into the Wafer-boat 4. 

[0059] Then, the Wafer-boat 4 including the prescribed 
number of the semiconductor Wafers W is loaded into the 
thermal processing furnace 5. The semiconductor Wafers W 
undergo the prescribed heat process. After the heat process 
has ?nished, the Wafer-boat 4 is unloaded from the thermal 
processing furnace 5. The processed semiconductor Wafers 
W in the Wafer-boat 4 are transferred into the empty carrier 
2 in the reverse order of the above operations. 

[0060] As described above, When the carrier 2 abuts on the 
opening 22 on the atmospheric side, the door 23 closing the 
opening 22 and the lid 25 are opened not at the same time 
but only the lid 25 is opened While the door 23 remains 
closed, the interior of the carrier 2 is replaced With the inert 
gas, and then the door 23 is opened to openly communicate 
the interior of the carrier 2 With the loading area S2. Thus, 
it can be prevented that the air leaks from the atmospheric 
operation area S1 or from the interior of the carrier 2 into the 
loading area S2. Therefore, the replacement of the loading 
area S2 With the inert gas needs less time, and the forming 
of the natural oxidation ?lm on the semiconductor Wafers W 
is prevented so that the process has no adverse effect. That 
is, this unit can perform the process of the semiconductor 
Wafers W Without increasing the concentration of the oxygen 
by the air in the carrier 2, so that the throughput and the yield 
are improved. 

[0061] This invention is not limited by the above embodi 
ment and may be modi?ed variously Within the scope of 
claim. For example, as shoWn in FIG. 10, the carrier ?xing 
means may comprise a carrier lock mechanism 64. The 
carrier lock mechanism 64 has a lock arm 66 supported 
rotatably by a shaft 65, adjacent to the opening 22 in the 
partition 6. The lock arm 66 is adapted to be rotated to press 
and ?x the ?ange 26 of the carrier 2. Additionally, as shoWn 
in FIG. 11, the lid opening-closing mechanism 48 may 
comprise a front-rear movable frame 49 Without supporting 
arms 50 for simpli?cation of the structure and space-saving. 
The front-rear movable frame 49 is movable in a front-rear 
direction in front of the door 23 via air cylinders 67. 

1. A processing unit for a substrate comprising; 

a partition provided betWeen an atmospheric area and an 
inert gas area, and having an opening to communicate 
the atmospheric area With the inert gas area, 

Jun. 28, 2001 

a door provided at the opening to open and close it, 

carrier holding means for holding a carrier for the sub 
strate in such a manner that the carrier comes in contact 
With the opening on the side of the atmospheric area, 
and 

inert gas replacing means for replacing a gas in the carrier 
With an inert gas by introducing the inert gas into the 
carrier When the door closes the opening and the carrier 
comes in contact With the opening on the side of the 
atmospheric area by the carrier holding means. 

2. A processing unit according to claim 1, Wherein: 

the carrier has an opening part to communicate With the 
opening When the carrier comes in contact With the 
opening on the side of the atmospheric area, and 

the inert gas replacing means has an inert gas supplying 
hole and a gas exhausting hole Which are openly 
provided in the opening. 

3. A processing unit according to claim 1, Wherein: 

the carrier has a lid to open and close the opening part of 
the carrier. 

4. A processing unit according to claim 3, further com 
prising: 

a lid opening-closing mechanism mounted on the door for 
holding the lid of the carrier and for opening and 
closing it. 

5. A processing unit according to claim 4, further com 
prising; 

a door opening-closing mechanism mounted on the par 
tition for opening and closing the door, and Wherein: 

the door opening-closing mechanism is adapted to open 
the door in a state Where the lid opening-closing 
mechanism holds the lid of the carrier. 

6. A processing unit according to claim 1, Wherein: 

the carrier holding means has carrier positioning means 
for positioning the carrier in such a manner that the 
carrier comes in sealing contact With the opening on the 
side of the atmospheric area. 

7. A processing unit according to claim 1, Wherein: 

the carrier and the opening in the partition are adapted to 
come in sealing contact With each other via a sealing 
element. 

8. A processing unit according to claim 1, Wherein: 

the partition has a second opening to communicate the 
atmospheric area With the inert gas area, and further 
comprising; 

a second door provided at the second opening to open and 
close it, 

second carrier holding means for holding a carrier for the 
substrate in such a manner that the carrier comes in 
contact With the second opening on the side of the 
atmospheric area, and 

second inert gas replacing means for replacing a gas in the 
carrier With an inert gas by introducing the inert gas 
into the carrier When the second door closes the second 
opening and the carrier comes in contact With the 
second opening on the side of the atmospheric area by 
the second carrier holding means. 
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9. A processing unit according to claim 8, wherein: and the carrier comes in contact With the opening on the side 
of the atmospheric area by the carrier holding means, said 

the door is adapted to move doWnWard to open the . . 
method comprising; opening, and 

the second door is adapted to move upWard to open the a Step for Closmg the Opemng by the door’ 
second opening. a step for holding the carrier including the substrate by the 

10. A processing method for a substrate by using a carrier holding means in such a manner that the carrier 
processing unit for the substrate comprising: a partition comes in contact With the opening on the side of the 
provided betWeen an atmospheric area and an inert gas area, atmospheric area, 
and having an opening to communicate the atmospheric area 
With the inert gas area, a door provided above the opening 
to open and close it, carrier holding means for holding a 

a step for replacing the gas in the carrier With the inert gas 
by the inert gas replacing means, and 

carrier for the substrate in such a manner that the carrier a step for opening the door to communicate the interior of 
comes in contact With the opening on the side of the the carrier replaced With the inert gas With the inert gas 
atmospheric area, and inert gas replacing means for replac- area via the opening. 
ing a gas in the carrier With an inert gas by introducing the 
inert gas into the carrier When the door closes the opening * * * * * 


