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(54) DOOR OPENING/CLOSING SYSTEM, AND LOAD PORT EQUIPPED WITH DOOR 
OPENING/CLOSING SYSTEM

(57) Provided are a door opening/closing system
which prevents the entry of atmospheric air into a
front-opening unified pod (FOUP) and an equipment front
end module (EFEM) when the FOUP and the EFEM are
placed in communication with each other, and a load port
equipped with the door opening/closing system.

The door opening/dosing system is provided with: a
base 41 which constitutes a part of a wall isolating a con-
veyance space from an external space; an opening por-
tion 92 provided in the base 41; a door 81 which is capable
of opening and closing the opening portion 92; a first seal
member 94 which seals a gap between the base 41 and
a container 7 ; a second seal member 96 which seals a
gap between the base 41 and the door 81; a sealed space
which is constituted by the base 41, the first seal member
94, the second seal member 96, a lid member 72, and
the door 81 when the container 7 is in a state of contact
with the opening portion 92 with the first seal member 94
therebetween; a first gas injection unit 87 which injects
gas into the sealed space; and a second gas discharge
unit 88 which evacuates the sealed space.
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Description

[Technical Field]

[0001] The present invention relates to a door opera-
tion system capable of circulating gas in a wafer convey-
ance chamber, without exposing a transported wafer to
outside air, and relates to a load port including such a
door operation system.

[Background Art]

[0002] Traditionally, a wafer as a substrate is subjected
to various processing steps to manufacture semiconduc-
tors. With further advancement in higher integration of
elements and miniaturization of circuits in recent year,
there is a demand for maintaining a high cleanliness level
of environment surrounding wafers, so as to avoid adhe-
sion of particles or moisture on the surface of a wafer.
Further, in order to avoid a change in the characteristics
of the surface, such as oxidation of a wafer surface, a
wafer-surrounding environment is made an atmosphere
of nitrogen which is an inert gas, or made vacuum state.
[0003] To properly maintain the atmosphere around
the wafer, the wafers are placed inside a sealed storage
pod called FOUP (Front-Opening Unified Pod), and ni-
trogen is filled in the inside thereof of the pod. Further,
for transferring wafers between a processing apparatus
which processes wafers and the FOUP, an EFEM (Equip-
ment Front End Module) is used. The EFEM structures
a wafer conveyance chamber which is substantially
closed inside a casing. One of wall surfaces facing each
other has a load port that functions as an interface unit
with the FOUP, and the other wall surface is connected
to a load lock chamber which is a part of the processing
apparatus. Inside the wafer conveyance chamber, a wa-
fer conveyance apparatus configured to convey wafers
is provided. Wafers are loaded and unloaded between
the FOUP connected to the load port and the load lock
chamber. Usually, the wafer conveyance chamber con-
stantly supplies downflow which is a clean atmospheric
air, from a fan filter unit disposed above the conveyance
chamber.
[0004] However, even oxygen, moisture and the like
contained in the atmospheric air used as the downflow
could change the characteristics of the wafers, in cutting
edge processes of recent years. Under the circumstanc-
es, there is a demand for practical application of a tech-
nology for circulating an inert gas in the EFEM such as
one disclosed in PTL 1.

[Citation List]

[Patent Literature]

[0005] [PTL 1] Japanese Unexamined Paten Publica-
tion No. 2014-112631

[Summary of Invention]

[Technical Problem]

[0006] However, in the operation system of PTL 1, the
atmospheric air and particles still remain in the space
sealed between a seal member, a lid member, and a door
unit. As a result, in the EFEM where lower oxygen con-
centration and low humidity are required, the remaining
atmospheric air and particles are mixed in the FOUP and
the wafer conveyance chamber, which may lead to a
change in the properties of the wafer may change.
[0007] In view of the above, the present invention is
made to address the above issues, and it is an object of
the present invention to provide a door operation system
configured to prevent atmospheric air from entering into
an FOUP or EFEM, and to provide a load port having
such a door operation system.

[Solution to Problem]

[0008] A door operation system related to the present
invention includes:

a base constituting a part of a wall separating a con-
veyance space from an external space;
an opening portion provided in the base,
a door configured to open and close the opening
portion and to fix and release a lid member with re-
spect to a container accommodating therein an arti-
cle;
a first seal member for sealing between the base and
the container;
a second seal member for sealing between the base
and the door;
a sealed space defined by at least the first seal mem-
ber, the second seal member, the lid member, and
the door while the container is in contact with the
opening portion via the first seal member;
a first gas injection unit configured to inject a gas into
the sealed space; and
a first gas discharge unit configured to discharge a
gas from the sealed space.

[0009] This door operation system includes: the first
gas injection unit configured to inject gas into the sealed
space formed between the container and the door while
the container is in contact with the opening portion via
the first seal member, i.e., while the container is attached
to the opening portion, and the first gas discharge unit
configured to discharge gas from the sealed space. With
this, it is possible to remove the atmospheric air between
the container and the door and fill in the nitrogen gas
(purge), while the container is attached to the opening
portion. Therefore, atmospheric air between the contain-
er and the door, which contains oxygen, moisture, parti-
cles and the like that may cause a change in the charac-
teristics of the wafer such as oxidation of the wafer is
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prevented from entering the conveyance space or the
container when the door is opened. In other words, oxy-
gen, moisture, and particles in the sealed space can be
eliminated before opening the sealed space by opening
the lid member of the container. As a result, oxygen and
the like do not leak into the container or the conveyance
space when the lid member is opened, which makes it
possible to maintain the cleanliness of the inside of the
container and the conveying space.
[0010] The door operation system related to the
present invention is adapted so that
a gas injection operation which injects a gas between the
container and the door by the first gas injection unit, and
a gas discharge operation which discharges a gas be-
tween the container and the door by the first gas dis-
charge unit are repeated.
[0011] In this door operation system, the gas injection
operation by the first gas injection unit and the gas dis-
charge operation by the first gas discharge unit are re-
peated. Therefore, it is possible to reliably remove the
atmospheric air between the container and the door and
fill in a gas.
[0012] The door operation system related to the
present invention includes:
a pressure adjuster configured to adjust a pressure P1
and a pressure P2 where P1 is a pressure inside the
container and P2 is a pressure inside the sealed space,
wherein the pressure adjuster performs control so as to
make P1 and P2 approximate each other.
[0013] In the door operation system, the internal space
of the container and the sealed space may be commu-
nicated with each other, when the lid member of the con-
tainer is released. At this time, a large pressure difference
between P1 and P2 increases the flow rate of the gas
moving between the container and the sealed space,
which may stir up particles accumulated on the bottom
portion of the container thus contaminating an accom-
modated article. To address this, the P1 and P2 are con-
trolled to be approximate each other, to reduce an
amount of gas moving between the container and the
sealed space. With this, scattering of the particles is re-
strained, and hence contamination of the accommodated
article is prevented.
[0014] In the door operation system related to the
present invention
where a pressure in the conveyance space is P3,
the pressure adjuster further adjusts the pressure P3 so
as to make P1, P2, and P3 approximate one another.
[0015] In the door operation system, the internal space
of the container, the sealed space, and the conveyance
space may be communicated with one another, when
the door opens the opening portion. At this time, a large
pressure difference amongst each space increases the
flow rate of the gas moving amongst the spaces, which
may stir up particles in the spaces. To address this, the
P1, P2, and P3 are controlled to be approximate one
another, to reduce an amount of gas moving amongst
the container, the sealed space, and the conveyance

space. With this, scattering of the particles is restrained,
and hence contamination of each space is prevented.
[0016] The door operation system related to the
present invention includes:

a pressure adjuster configured to adjust a pressure
P1, a pressure P2, and a pressure P3, where P1 is
a pressure inside the container, P2 is a pressure
inside the sealed space, and P3 is a pressure inside
the conveyance space, wherein
the pressure adjuster performs control so that the
pressures increase in an order of P1, P2, and P3.

[0017] In the door operation system, the pressures P1,
P2, and P3 are controlled to increase in this order, so as
to reduce the pressure difference between adjacent
spaces out of the space in the container, the sealed
space, and the conveyance space. This reduces the flow
rate of gas moving between adjacent spaces, as com-
pared to cases where pressure difference between ad-
jacent spaces is large, when the door opens the opening
portion to communicate spaces with one another. There-
fore, an amount of gas moving amongst the sealed space
and the conveyance space of the container. With this,
scattering of the particles is restrained, and hence con-
tamination of each space is prevented.
[0018] A door load port related to the present invention
includes:

the door operation system, wherein
opening of the opening portion and the detaching of
the lid member are carried out at the same time, and
closing of the opening portion and attaching of the
lid member are carried out at the same time.

[0019] With this load port, the lid member of the con-
tainer is reliably detached at the time of opening the open-
ing portion, and the lid member is attached at the time of
closing the opening portion. Therefore, each operation
is swiftly carried out.

[Advantageous Effects of Invention]

[0020] The present invention includes: the first gas in-
jection unit configured to inject gas into the sealed space
formed between the container and the door, while the
container is in contact with the opening portion via the
first seal member, i.e., while the container is attached to
the opening portion, and the first gas discharge unit con-
figured to discharge gas from the sealed space. With this,
it is possible to remove the atmospheric air between the
container and the door and fill in the nitrogen gas (purge),
while the container is attached to the opening portion.
Therefore, atmospheric air between the container and
the door, which contains oxygen, moisture, particles and
the like that may cause a change in the characteristics
of the wafer such as oxidation of the wafer is prevented
from entering the conveyance space or the container
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when the door is opened. In other words, oxygen, mois-
ture, and particles in the sealed space can be eliminated
before opening the sealed space by opening the lid mem-
ber of the container. As a result, oxygen and the like do
not leak into the container or the conveyance space when
the lid member is opened, which makes it possible to
maintain the cleanliness of the inside of the container
and the conveying space.
[0021] In the present invention, the gas injection oper-
ation by the first gas injection unit and the gas discharge
operation by the first gas discharge unit are repeated.
Therefore, it is possible to reliably remove the atmos-
pheric air between the container and the door and fill in
a gas.
[0022] In the present invention, the internal space of
the container and the sealed space may be communi-
cated with each other, when the lid member of the con-
tainer is released. At this time, a large pressure difference
between P1 and P2 increases the flow rate of the gas
moving between the container and the sealed space,
which may stir up particles accumulated on the bottom
portion of the container thus contaminating an accom-
modated article. To address this, the P1 and P2 are con-
trolled to be approximate each other, to reduce an
amount of gas moving between the container and the
sealed space. With this, scattering of the particles is re-
strained, and hence contamination of the accommodated
article is prevented.
[0023] In the present invention, the internal space of
the container, the sealed space, and the conveyance
space may be communicated with one another, when
the door opens the opening portion. At this time, a large
pressure difference amongst each space increases the
flow rate of the gas moving amongst the spaces, which
may stir up particles in the spaces. To address this, the
P1, P2, and P3 are controlled to be approximate one
another, to reduce an amount of gas moving amongst
the container, the sealed space, and the conveyance
space. With this, scattering of the particles is restrained,
and hence contamination of each space is prevented.
[0024] In the present invention, the internal space of
the container, the sealed space, and the conveyance
space may be communicated with one another, when
the door opens the opening portion. At this time, a large
pressure difference amongst each space increases the
flow rate of the gas moving amongst the spaces, which
may stir up particles in the spaces. To address this, the
P1, P2, and P3 are controlled to be approximate one
another, to reduce an amount of gas moving amongst
the container, the sealed space, and the conveyance
space. With this, scattering of the particles is restrained,
and hence contamination of each space is prevented.
[0025] With the present invention, the lid member of
the container is reliably detached at the time of opening
the opening portion, and the lid member is attached at
the time of closing the opening portion. Therefore, each
operation is swiftly carried out.

[Brief Description of the Drawings]

[0026]

[FIG. 1] A plan view schematically showing a relation
between an EFEM and a processing apparatus re-
lated to an embodiment of the present invention.
[FIG. 2] A side view showing a state in which a side
wall of the EFEM is detached.
[FIG. 3] A perspective view showing a part of the
EFEM broken away.
[FIG. 4] A schematic diagram showing a flow of the
gas in a circulation path of EFEM.
[FIG. 5] A perspective view of the load port of FIG. 1.
[FIG. 6] A front view of the load port of FIG. 1.
[FIG. 7] A rear view of the load port of FIG. 1.
[FIG. 8] A side cross sectional view of the load port
of FIG. 1.
[FIG. 9] A partially enlarged cross sectional view
showing a relationship between a door unit and a
first seal member.
[FIG. 10] A side cross sectional view showing a state
where the FOUP is moved from the state shown in
FIG. 8, towards the casing.
[FIG. 11] A partially enlarged cross sectional view
showing the sealed space portion sealed by the seal-
ing member.
[FIG. 12] A partially enlarged cross sectional view
showing a state where the FOUP is brought close to
the door unit by clamping.
[FIG. 13] A side cross sectional view showing a state
where the door unit along with the lid member of the
FOUP are moved away from the opening portion as
compared with the state shown in FIG. 10.
[FIG. 14] A side cross sectional view showing a state
where the door unit along with the lid member of the
FOUP are moved downward from the state shown
in FIG. 13.
[FIG. 15] An enlarged perspective view providing an
enlarged view of the main parts of a window unit and
the door unit constituting the EFEM.
[FIG. 16] An enlarged cross sectional view providing
an enlarged view of the main part of a cross section
taken along A-A shown in FIG. 15.
[FIG. 17] An enlarged front view of a main part show-
ing a clamp provided in a window unit.
[FIG. 18] A block diagram showing a connection
state amongst a controlling unit, pressure gauges,
valves.
[FIG. 19] A flowchart showing a procedure of con-
necting and communicating the FOUP with EFEM.
[FIG. 20] FIG. 20A is a cross sectional view showing
a modification of the clamp unit, and FIG. 20B is a
front view showing the clamped state of FIG. 20A.
[FIG. 21] FIG. 21A is a cross sectional view showing
state where the clamp unit of FIG. 20 is released,
and FIG. 21B is an enlarged cross sectional view
showing a support piece shown in FIG. 21A.
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[FIG. 22] FIG. 22A is an enlarged plan view showing
a state where the clamp unit is released, FIG. 22B
is an enlarged plan view showing a state where the
clamp unit is in operation, and FIG. 22C is an en-
larged plan view showing a clamped state.
[FIG. 23] FIG. 23A is a cross sectional view showing
a door unit of a modification having a recessed por-
tion depressed toward a conveyance space, and
FIG. 23B is a cross sectional view showing a door
unit of the modification having a curved surface
formed in a shape bowed towards the side of the
conveying space.
[FIG. 24] FIG. 24A is a cross sectional view showing
a door unit of another modification having a recessed
portion depressed toward a conveyance space, and
FIG. 24B is a cross sectional view showing a door
unit of the other modification having a curved surface
formed in a shape bowed towards the side of the
conveying space.
[FIG. 25] A view showing a gas passage related to
a modification, where the pressure P1 is higher than
P2.
[FIG. 26] A view showing a gas passage related to
a modification, where the pressure P1 is lower than
P2.
[FIG. 27] A block diagram showing a modification of
a connection state amongst a controlling unit, pres-
sure gauges, valves.
[FIG. 28] A partially enlarged cross sectional view
showing a modification in which the door unit is ad-
vanced towards the lid member of the FOUP, from
the state of FIG. 11.
[FIG. 29] A cross-sectional view showing a modifi-
cation in which two O-rings are integrated.

[Description of Embodiments]

[0027] The following describes an embodiment of the
present invention with reference to attached drawings.
[0028] FIG. 1 is a plan view schematically showing a
relation between an EFEM1 and a processing apparatus
6 connecting thereto, related to an embodiment of the
present invention. A top plate and the like of EFEM1 and
the processing apparatus 6 are removed so as to show
their inside. Further, FIG. 2 is a side view showing the
inside of the EFEM1 by removing its side face wall. As
shown in FIG. 1 and FIG. 2, the EFEM 1 includes: a wafer
conveyance apparatus 2 configured to convey a wafer
W between predetermined delivery positions; a box-
shape casing 3 provided to surround the wafer convey-
ance apparatus 2; a plurality of (three in the figure) load
ports 4 connected to the outside of a wall on the front
surface side (front wall 31) of the housing 3; and a con-
troller 5.
[0029] In the present application, when seen from the
casing 3, a direction to the side to which the load ports
4 are connected is defined as frontward, and a direction
to the side of the rear wall 32, which is opposite to the

front wall 31, is defined as rearward. Further, a direction
perpendicular to the vertical direction and the front-rear
direction are defined as side. In other words, the three
load ports 4 are aligned on a side.
[0030] Further, as shown in FIG. 1, EFEM 1 is config-
ured so that a load lock chamber 61 constituting a part
of the processing apparatus 6 is connectable adjacent
to the outside of the rear wall 32. By opening a door 1a
provided between the EFEM 1 and the load lock chamber
61, the load lock chamber 61 is in communication with
the inside of the EFEM 1. The processing apparatus 6
may be any of a wide variety of apparatuses. In general,
the conveyance chamber 62 is provided adjacent to the
load lock chamber 61, and a plurality of (three in the fig-
ure) processing units 63 each configured to perform
processing to wafers W are provided adjacent to the con-
veyance chamber 62. Between the conveyance chamber
62 and the load lock chamber 61 or each of the process-
ing units 63, a door 62a or a door 63a is provided which
brings these components in communication with each
other when opened. In addition, the wafer W is movable
between the load lock chamber 61 and the processing
units 63 by using a conveyance robot 64 provided in the
conveyance chamber 62.
[0031] As shown in FIG. 2, the wafer conveyance ap-
paratus 2 includes an arm unit 2a having a pick for con-
veying a wafer W placed thereon, and a base unit 2b
supporting the arm unit 2a from below, and having a driv-
ing mechanism and an elevation mechanism for operat-
ing the arm unit. The base unit 2b is supported on the
front wall 31 of the casing 3 through a support 21 and a
guide rail 22. The wafer conveyance apparatus 2 is able
to move along the guide rail 22 which extends in a width
direction of the casing 3. By the controller 5 controlling
an operation of the wafer conveyance apparatus 2, it is
possible to convey a wafer (accommodated article) W in
the FOUP (container) 7 of any of the load ports 4 aligned
on a side to a load lock chamber 61, and convey the
wafer W back to the FOUP 7 after it is subjected to
processing in the processing unit 63.
[0032] The casing 3 is structured by the front wall 31,
the rear wall 32, and side walls 33 and 34 which surround
the four sides of the wafer conveyance apparatus 2; a
ceiling 35, a bottom 36, and pillars 37a to 37d supporting
the walls 31 to 35 of the casing. To an opening portion
92 formed in the front wall 31, a load port 4 is attached.
To a rectangular opening 32a provided in the rear wall
32, the load lock chamber 61 is connected. The casing
3 has a conveyance space 9 and a later-described gas
return path 10, and a substantially closed space CS (see
FIG. 4) including these is formed. It should be noted that
the above-mentioned members are precisely assembled
so as not to create a space from which internal gas do
not leak out to the interface between the members; how-
ever, it is possible to provide a sealing member between
the members to achieve an air-tight structure of the cas-
ing 3. Further, an opening 32a provided in the rear wall
32 has a driving mechanism 1b, and is closable by a door
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1a (see FIG. 3) generally referred to as a gate valve,
which is driven in vertical directions. Although illustration
and description are omitted, the side walls 33, 34 are
also provided with openings, one of which is connected
to an aligner used for position adjustment of a wafer W,
and the other one of which is an opening for maintenance
which is usually closed.
[0033] The load ports 4 each includes a door unit 81,
and with the movement of the door unit 81 along with the
lid member 72 provided to the FOUP 7, the FOUP 7 is
opened with respect to the substantially closed space
CS. The FOUP 7 is provided with many carrier units in
the up-down directions so as to enable accommodation
of many wafers W. Further, nitrogen is usually filled in
the FOUP 7, and it is also possible to replace the atmos-
phere in the FOUP 7 with nitrogen, through load port 4,
under control of the controller 5.
[0034] The controller 5 is structured as a controller unit
provided in an upper space US above the ceiling 35, be-
tween the ceiling 35 and a top plate 38 of the casing 3.
Further, the controller 5 performs drive control of the wa-
fer conveyance apparatus 2, nitrogen substitution control
of the FOUP 7 by the load port 4, opening/dosing control
of the door 1a and the door unit 81, nitrogen circulation
control in the casing 3, and the like. The controller 5 is
constituted by an ordinary microprocessor and the like
having a CPU, a memory, an interface, and the like. The
memory stores therein in advance programs necessary
for processing, and the CPU successively retrieves and
runs necessary programs, to achieve a desirable function
in cooperation with peripheral hard resources. The nitro-
gen circulation control is described later.
[0035] As shown in FIG. 4, the substantially closed
space CS is partitioned by a partition member 8, into the
conveyance space 9 in which the wafer conveyance ap-
paratus 2 is driven, and a gas return path 10. The con-
veyance space 9 and the gas return path 10 are in com-
munication with each other only through a gas delivery
port 11 provided in the width direction, in the upper portion
of the conveyance space 9 and a gas suction port 12
provided in the width direction, in the lower portion of the
conveyance space 9. The gas delivery port 11 and the
gas suction port 12 generates a downward air current in
the conveyance space 9, and generates a rising air cur-
rent in the gas return path 10 to form a circulation path
Ci indicated by arrows in FIG. 4 in the substantially closed
space CS, thereby circulating gas. The present embod-
iment deals with a case where nitrogen which is an inert
gas is circulated in the substantially closed space CS;
however, the gas to be circulated is not limited to nitrogen,
and may be other gases.
[0036] Next, the following details the structure of the
gas return path 10. As shown in FIG. 4, the gas return
path 10 is a space closed by the bottom 36, the rear wall
32, the ceiling 35, and the partition member 8. Further,
the gas return path 10 is provided for returning gas
sucked in from the gas suction port 12 in the lower portion
of the conveyance space 9 to the gas delivery port 11 in

the upper portion of the conveyance space 9.
[0037] To the rear side of the upper portion of the return
path 10, a gas supplier (third gas injection unit) 16 for
supplying nitrogen into the substantially closed space CS
is connected. The gas supplier 16 is capable of controlling
supply of the nitrogen and stop supplying of nitrogen
based on a command from the controller 5. Therefore,
when part of nitrogen leaks outside the substantially
closed space CS, the gas supplier 16 supplies an amount
of nitrogen having leaked out, to maintain constant nitro-
gen atmosphere in the substantially closed space CS.
To the rear side of the lower portion of the return path
10, a gas discharger (third gas discharge unit) 17 for dis-
charging gas in the substantially closed space CS is con-
nected. The gas discharger 17 operates based on com-
mands from the controller 5, and opens a not-shown shut-
ter to communicate the inside of the substantially closed
space CS with a gas delivery destination provided out-
side. With combination of the nitrogen supply by the
above-mentioned gas supplier 16, substitution of nitro-
gen atmosphere in the substantially closed space CS is
possible. It should be noted that the present embodiment
deals with a case where the gas supplier 16 supplies
nitrogen, because the gas circulated in the circulation
path Ci is nitrogen; however, in cases where a different
gas is circulated, the gas supplier 16 circulates that gas
circulated.
[0038] Further, the gas delivery port 11 is provided with
a fan filter unit 13 (FFU 13) which is constituted by a fan
13a serving as a first wind-blower and a filter 13b. The
fan filter unit 13 removes particles contained in the gas
circulated in the substantially closed space CS, and
blows wind downward in the conveyance space 9, there-
by generating the downward air current within the con-
veyance space 9. It should be noted that the FFU 13 is
supported by a support member 18 extended horizontally
and connected to the partition member 8.
[0039] On the other hand, the gas suction port 12 is
connected to a chemical filter 14, and the gas in the con-
veyance space 9 flows into the gas return path 10 through
the chemical filter 14. As mentioned hereinabove, the
wafer conveyance apparatus 2 (see FIG. 2) is supported
on the front wall 31 of the casing 3 through the support
21 and the guide rail 22. Therefore, the gas suction port
12 is largely opened upward without interfering with the
wafer conveyance apparatus 2. Further, as described
above, since the gas suction port 12 extends in the width
direction, it is possible to effectively suck particles even
when particles are generated at a time of driving the wafer
conveyance apparatus 2 along the guide rail 22 which is
also extended in the width direction. With provision of the
chemical filter 14 to the gas suction port 12, it is possible
to remove molecules of contaminant generated in the
processing apparatus 6 (see FIG. 1) and having flown
into the conveyance space 9. Further, on the rear side
of the chemical filter 14 in the gas return path 10, a fan
15 as a second wind-blower is provided across the width
direction (see FIG. 4). The fan 15 blows air toward the
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downstream side of the gas return path 10, i.e., towards
up in FIG. 4, thereby generating a gas suction force at
the gas suction port 12, and delivers the gas having
passed through the chemical filter 14 to move upward
thereby generating a rising air current in the gas return
path 10.
[0040] Thus, with the above-described fan 13a of FFU
13 and the fan 15, the gas in the substantially closed
space CS is circulated by flowing downward in the con-
veyance space 9, and then flowing upward in the gas
return path 10. Since the gas delivery port 11 is opened
downward, gas is sent downward by the FFU 13. Since
the gas suction port 12 is opened upward, the gas is
sucked downward as it is without disturbing the down-
ward air current generated by the FFU 13, thereby cre-
ating a smooth flow of the gas. The downward air current
in the conveyance space 9 removes particles on wafers
W are removed, and prevent the particles from floating
in the conveyance space 9.
[0041] Next, the following describes, with reference to
FIG. 4, an operation of nitrogen circulation control for
circulating nitrogen in the EFEM 1 structured as de-
scribed above.
[0042] First, as the initial stage, the controller 5 causes
the gas supplier 16 to supply nitrogen to the substantially
closed space CS while causing the gas discharger 17 to
discharge gas. This way, the atmosphere of the substan-
tially closed space CS of the EFEM 1 is purged, and
substituted with a nitrogen atmosphere. After this state,
if nitrogen in the circulation path Ci leaks outside, the
controller 5 causes the gas supplier 16 to supply nitrogen
according to the amount of nitrogen leaked out.
[0043] Then, by the controller 5 driving the fan 13a of
the FFU 13 and the fan 15 in the substantially closed
space CS with the nitrogen atmosphere, circulation of
the gas through the circulation path Ci is created. At this
time, in order to remove particles and molecules of con-
taminant in the gas circulating through the filter 13b of
the FFU 13 and the chemical filter 14, a downward air
current of clean nitrogen is constantly generated in the
conveyance space 9.
[0044] In the EFEM 1 in the above state, wafers W are
conveyed by communicating the FOUP 7 which is placed
in the load port 4 and which has a nitrogen atmosphere
with the conveyance space 9. At this time, both the con-
veyance space 9 and the FOUP 7 are in the same nitro-
gen atmosphere, and the nitrogen in the conveyance
space 9 is also kept clean. Therefore, the pressure inside
the FOUP 7 does not have to be made positive with re-
spect to the pressure in the conveyance space 9 for the
purpose of preventing particles and molecules of con-
taminant from entering the FOUP 7, and the consumption
amount of nitrogen to be supplied to the FOUP 7 is re-
strained.
[0045] FIG. 5, FIG. 6, and FIG. 7 are a perspective
view, a front view, and a rear view of the load port 4,
respectively. With reference to these figures, the struc-
ture of the load port 4 is described. It should be noted

that, in these figures, an outside cover 42 (see FIG. 3)
located in a lower part of the placement table 44 is re-
moved to partially expose the internal structure.
[0046] In the load port 4, a base 41 extends upright
from the rear of a bottom portion 45 to which casters and
installation legs are attached, and a horizontal base por-
tion 43 extends forward from a height position of approx-
imately 60% of the base 41. Further, the placing table 44
for placing the FOUP 7 (see FIG. 2) is provided on the
horizontal base portion 43.
[0047] As schematically shown in FIG. 8, the FOUP 7
includes: a main body 71 having an internal space Sf for
accommodating therein wafers W (see FIG. 2); and a lid
member 72 which opens and closes an opening 71a
which is provided on one side of the main body 71 to
serve as an entrance for wafers W. When the FOUP 7
is correctly placed on the placement table 44, the lid
member 72 faces the base 41. A space Sc is formed
inside the lid member 72 so as to accommodate therein
a later-described connecting unit 82 (see FIG. 7) for
opening and closing the lid member 72 (see FIG. 11).
[0048] As shown in FIG. 5 and FOUP7, the placement
table 44 is provided with a positioning pin 44a for posi-
tioning the FOUP 7, and a lock protrusion 44b for fixing
the FOUP 7 to the placement table 44. Through a locking
operation, the lock protrusion 44b, in cooperation with
the positioning pin 44a, is able to guide and fix the FOUP
7 to a proper position. Through an unlocking operation,
the FOUP 7 is separable from the placement table 44. It
should be noted that the placement table 44 is moveable
in the front-rear directions by a placement table driving
unit (not shown), while having the FOUP 7 placed ther-
eon.
[0049] Further, the placement table 44 includes two
second gas injection nozzles (second gas injection units)
44c each configured to supply gas into the FOUP 7 and
two second gas discharge nozzles (second gas dis-
charge units) 44d each configured to discharge gas from
the inside of the FOUP 7. Each of the second gas injection
nozzles 44c and each of the second gas discharge noz-
zles 44d are usually positioned lower than the top surface
of the placement table 44, and advances upward to con-
nect with a gas supply valve 73 and a gas discharge valve
74 (see FIG. 8) of the FOUP 7, respectively, at a time of
use.
[0050] At a time of use, one end of the second gas
injection nozzle 44c communicates with the inside of the
FOUP 7, and the other end thereof is provided with a
second gas injection valve 44e. Similarly, one end of the
second gas discharge nozzle 44d communicates with
the inside of the FOUP 7, and the other end thereof is
provided with a second gas discharge valve 44f. Through
the gas supply valve 73, gas, such as dry nitrogen gas
and the like is supplied to the internal space Sf of the
FOUP 7 from the second gas injection nozzle 44c, and
the gas in the internal space Sf is discharged from the
second gas discharge nozzle 44d through the gas dis-
charge valve 74, thereby enabling gas-purge. By making

11 12 



EP 3 333 885 A1

8

5

10

15

20

25

30

35

40

45

50

55

a gas-supply amount larger than a gas-discharge
amount, the pressure of the internal space Sf is set pos-
itive with respect to the pressure of the internal space Se
of the casing 3 (see FIG. 2) or the outside. By raising the
pressure in the FOUP 7 (internal space Sf), the surface
of the lid member 72 is inflated towards the door unit 81
than an abutting surface 71b, as shown in FIG. 11.
[0051] The base 41 constituting the load port 4 consti-
tutes a part of the front wall 31 which separates the con-
veyance space 9 from the external space. As shown in
FIG. 5, the base 41 includes: pillars 41a provided upright
on both sides, a base main body 41b supported by the
pillars 41a, and a window unit 90 attached to a substan-
tially rectangular window part 41c formed on the base
main body 41b. The substantially rectangular shape
herein means a basically rectangular shape with four
sides, such that the four corners thereof are each formed
in a smooth arc. In the vicinity of the outer circumference
of the rear surface of the base main body 41b, a gasket
47 (see FIG. 7) serving as an elastic member formed in
a rectangular shape is provided. The gasket 47 is formed
of a rubber material with less gas permeation.
[0052] The window unit 90 is provided in a position to
face the lid member 72 (see FIG. 8) of the FOUP 7 de-
scribed above. The window unit 90 is provided with the
rectangular opening portion 92 (see FIG. 15) as herein-
below detailed, and hence is capable of opening the in-
ternal space Se of the casing 3 through this opening por-
tion 92. The load port 4 has an opening/closing mecha-
nism 80 which opens and closes the window unit 90 con-
figured to be attachable to the FOUP 7.
[0053] As shown in FIG. 6, the opening/closing mech-
anism 80 includes: the door unit 81 configured to open
and close the opening portion 92; a support frame 83 for
supporting the door unit 81; a movable block 85 that sup-
ports the support frame 83 movably in the front-rear di-
rections via a slide supporter 84; and a sliding rail 86 that
supports the movable block 85 movably with respect to
the base main body 41b in the vertical directions.
[0054] As shown in FIG. 8, the support frame 83 sup-
ports the lower rear portion of the door unit 81, and has
a substantially clamp shape which extends downwards,
and then protruding forward from the base main body
41b, passing through a slit-shaped insertion hole 41d pro-
vided to the base main body 41b. The slide supporter 84
that supports the support frame 83, the movable block
85, and the sliding rail 86 are provided in front of the base
main body 41b. Thus, driving parts for moving the door
unit 81 are on the outer side of the casing 3, and even if
particles are generated in these parts, the particles are
restrained from entering the casing 3 because the inser-
tion hole 41d is formed in a small slit-shape.
[0055] The following details the door unit 81 of the
opening/dosing mechanism 80. As shown in FIG. 8, the
door unit 81 is provided with a first gas injection nozzle
(first gas injection unit) 87 configured to inject gas be-
tween the FOUP 7 and the door unit 81, and a first gas
discharge nozzle (first gas discharge unit) 88 configured

to discharge gas between the FOUP 7 and the door unit
81, when the FOUP 7 is attached to the window unit 90.
One end of the first gas injection nozzle 87 extends to
the outer surface of the door unit 81, and the other end
portion is provided with a first gas injection valve 87a.
Similarly, one end of the first gas discharge nozzle 88
extends to the outer surface of the door unit 81, and the
other end portion is provided with a first gas discharge
valve 88a. While the door unit 81 and the lid member 72
are integrated through a clamp-operation as hereinafter
described, the first gas injection nozzle 87 which is in
communication with the sealed space Sd (see FIG. 11)
supplies thereto a gas such as dry nitrogen gas and the
like, and the first gas discharge nozzle 88 which is in
communication with the sealed space Sd discharges
therefrom the gas, thereby enabling gas-purge. It should
be noted that the first gas discharge nozzle 88 is
branched off to the equalizing valve 89, and is used as
a nozzle for pressure equalization which equalizes the
pressures of the sealed space Sd and the conveyance
space 9.
[0056] FIG. 9 is a partially enlarged cross sectional
view of FIG. 8 showing a relationship between the door
unit 81 and an O-ring (first seal member) 94. As shown
in FIG. 9, an FOUP 7-side end surface 81c of the door
unit 81 is shifted towards the conveyance space 9 by a
desirable dimension of L2 from an FOUP 7-side end por-
tion of the O-ring 94. Therefore, the FOUP 7-side end
surface 81c of the door unit 81 is entirely positioned closer
to the conveyance space 9 than the FOUP 7-side end
portion of the O-ring 94. Thus, while the lid member 72
and the door unit 81 are reliably kept from contacting
each other, sealing by the O-ring 96 between the base
41 and the door unit 81 is maintained. It should be noted
that the figure indicates with an imaginary line L1 the
position of the FOUP 7-side end portion of the O-ring 94.
The dimension L2 is, for example, 0.1 mm or more but
not more than 3 mm.
[0057] Further, actuators (not shown) are provided for
moving the door unit 81 in the front-rear directions and
the up-down directions, and the door unit 81 is movable
in the front-rear directions and in the up-down directions,
with drive instructions to these actuators, from the con-
trolling unit Cp.
[0058] Further, in front of the base main body 41b,
there is a cover 46 (see FIG. 8) which extends downward
from immediately below the horizontal base portion 43,
and the support frame 83, the slide supporter 84, the
movable block 85, and the sliding rail 86 are covered and
sealed by the cover 46. Therefore, although the insertion
hole 41d is formed in the base main body 41b, the gas
in the housing 3 (see FIG. 3) does not flow outside
through this insertion portion. Inside the cover 46 are the
lower end of the first gas injection nozzle 87, the first gas
injection valve 87a, the first gas discharge nozzle 88, and
the first gas discharge valve 88a.
[0059] The door unit 81 includes: an adsorption unit 79
(see FIG. 6) configured to adsorb the lid member 72 of
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the FOUP 7 and a connecting unit 82 (see FIG. 7) for
performing a latch operation to open and close the lid
member 72 of the FOUP 7, and for holding the lid member
72. The door unit 81 fixes or release the fix of the lid
member 72 so as to enable removal and attachment of
the lid member 72 from/to the FOUP 7. The connecting
unit 82 makes the lid member 72 an openable state
through an unlatching operation of the lid member 72,
and integrate by coupling the lid member 72 to the door
unit 81. To the contrary, the connecting unit 82 is capable
of releasing the lid member 72 from the door unit 81, and
attach the lid member 72 to the main body 71.
[0060] Here, with reference to FIG. 15, the following
describes details of the structure of the above-mentioned
window unit 90. The window unit 90 includes a window
frame 91, O-rings 94 and 96 serving as elastic members
to be attached thereto, and clamp units 50 each serving
as an attracting unit which brings the FOUP 7 into close
contact with the window frame 91 via the O-ring 94.
[0061] The window frame 91 has a frame-shape with
a substantially rectangular opening portion 92. The win-
dow frame 91 constitutes a part of the base 41 (see FIG.
5) described above as a constituting element of the win-
dow unit 90, the opening portion 92 opens the front wall
31 serving as a wall surface of the casing 3. On the front
surface of the window frame portion 91, the O-ring 94 is
disposed so as to circle around the vicinity of the rim of
the opening portion 92. On the rear surface of the window
frame portion 91, the O-ring 96 is disposed so as to circle
around the vicinity of the rim of the opening portion 92.
[0062] The opening portion 92 is slightly larger than
the outer circumference of the lid member 72 (see FIG.
8) of the FOUP 7, and the lid member 72 is moveable
through this opening portion 92. Further, during a state
where the FOUP 7 is placed on the placement table 44,
the front surface of the main body 71, as an abutting
surface 71b, which surrounds the lid member 72 abuts
the front surface of the window frame 91 via the O-ring
94. This way, the O-ring 94 seals off the rim of the opening
portion 92 (base 41) and the FOUP 7 (see FIG. 16), while
the FOUP 7 is attached to the window unit 90.
[0063] Further, on the rear surface of the window frame
91, the door unit 81 described above is abutted through
the O-ring (second seal member) 96. This way, the O-
ring 96 seals off the rim of the opening portion 92 and
the door unit 81. Specifically, a thin portion 81a provided
in a flange-like manner abuts against the outer circum-
ference of the door unit 81. Since a thick portion 81b on
the inner side of the thin portion 81a is formed smaller
than the opening portion 92, it protrudes forward through
the opening portion 92.
[0064] As shown in FIG. 15, the clamp units 50 are
arranged in four positions in total, on both sides of the
window frame 91, apart from each other in the up-down
directions. Each clamp unit 50 is generally constituted
by an engagement piece 51 and a cylinder 52 which op-
erates the engagement piece 51, and presses the FOUP
7 against the base 41, while the FOUP 7 is attached to

the window unit 90.
[0065] The cylinder 52 constituting the clamp unit 50
is attached on the rear side of the window frame 91, and
has a shaft 53 which is capable to moving forward and
retracting through a hole provided in the window frame
91. To the leading end of the shaft 53 is attached the
base end 51a of the engagement piece 51, and the lead-
ing end 51b extends from this base end 51a towards the
outer circumferential direction of the shaft 53. On the out-
er circumference of the shaft 53, a guide groove 53a
whose phase is twisted by 90° in the axial direction is
formed. Inside the guide groove 53a, a guide pin 54 fixed
to the side of the window frame 91 is inserted from a
radial direction. Therefore, with movement of the cylinder
52 forward or backward, the guide groove 53a is guided
by the guide pin 54, and the shaft 53 pivots 90° around
the axial center.
[0066] Then, as shown in FIG. 17, when the engage-
ment piece 51 sticks out forward along with the shaft 53,
the leading end 51b faces upward, and when the engag-
ing piece 51 is drawn rearward, the leading end 51b is
directed towards the inside of the FOUP 7. With the lead-
ing end 51b of the engagement piece 51 directed inside
through the clamp operation, it engages with the flange
portion 71c sticking out from the FOUP 7 towards a side.
While maintaining this engaged state, the shaft 53 is fur-
ther retracted by the cylinder 52. This way, the abutting
surface 71b of the FOUP 7 is brought into a clamped
state of further tightly attached to the O-ring 94. Such a
clamp unit 50, when operated in four positions, evenly
deforms the O-ring 94 and improves the sealing perform-
ance. During the clamped state too, the FOUP 7-side
end surface 81c of the door unit 81 is positioned closer
to the conveyance space 9 than the FOUP 7-side end
portion of the O-ring 94, which is pressed towards the
side of the base 41 by the abutting surface 71b of the
FOUP 7.
[0067] Further, when the engagement piece 51 is
moved forward, the leading end 51b is directed upward
so as not to interfere with the flange portion 71c, when
viewed from the front. This way, the FOUP 7 is movable
with the placement table 44. It should be noted that, to
move the leading end 51b forward, the leading end 51b
may be directed not only the upward direction, but also
a downward or an outward direction, as long as the lead-
ing end 51b does not interfere with the flange portion 71c.
[0068] The load port 4 structured as described above
is given drive instructions for various parts thereof to op-
erate, from the controlling unit Cp shown in FIG. 5. Fur-
ther, as shown in FIG. 18, an input end of the controlling
unit Ct is connected to a pressure gauge for measuring
the pressure of the sealed space Sd, a pressure gauge
for measuring the pressure of the internal space Sf of the
FOUP 7, and a pressure gauge for measuring the pres-
sure of the internal space Se of the casing 3. Similarly,
an input end of the controlling unit Ct is connected to a
hygrometer for measuring the humidity of the sealed
space Sd, a hygrometer for measuring the humidity of
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the internal space Sf of the FOUP 7, and a hygrometer
for measuring the humidity of the internal space Se of
the casing 3. An input end of the controlling unit Ct for
measuring the oxygen concentration is connected to an
oxygen (concentration) gauge for measuring the oxygen
concentration of the sealed space Sd, an oxygen (con-
centration) gauge for measuring the oxygen concentra-
tion of the internal space Sf of the FOUP 7, and an oxygen
(concentration) gauge for measuring the oxygen concen-
tration of the internal space Se of the casing 3. An input
end of the controlling unit Ct related to the flow rate is
connected to a flowmeter for measuring the flow rate of
the first gas injection nozzle 87, a flowmeter for measur-
ing the flow rate of the second gas injection nozzle 44c,
and a flowmeter for measuring the flow rate of the third
gas injection unit 16.
[0069] An output end of the controlling unit Ct is con-
nected to the first gas injection valve 87a, the first gas
discharge valve 88a, the second gas injection valve 44e,
the second gas discharge valve 44f, a third gas injection
valve, a third gas discharge valve, the gas supplier 16,
the gas discharger 17 and the equalizing valve 89, via a
flow rate controller Cf, and is connected to the clamp
units 50, the connecting unit 82, and the adsorption unit
79, via a drive controller Cd. The controlling unit Ct is
installed in the EFEM 1 and includes various memories
and controllers for accepting operation by a user.
Amongst these controllers of the EFEM1 are the flow rate
controller Cf and the drive controller Cd.
[0070] The following describes, with reference to FIG.
8 to FIG. 12, an example operation involving the load
ports 4 of the present embodiment. In the initial state,
each valve is closed.
[0071] FIG. 8 shows a state in which the FOUP 7 is
placed on the placement table 44, and spaced from the
base 41. During this state, the door unit 81 abuts the rear
surface of the window frame 91 (see FIG. 15) constituting
the window unit 90, via the O-ring 96. Therefore, there
will be no space between the window frame 91 and the
door unit 81, and a high sealing performance is achieved.
This restrains leakage of gas to the outside when the
internal space Se of the casing 3 is filled with nitrogen
gas and the like, and restrains an outside gas from en-
tering into the internal space Se.
[0072] As shown in FIG. 19, in step S1, the FOUP 7 is
suitably positioned and fixed to the placement table 44
by locking operation by the lock protrusion 44b (see FIG.
5) and positioning action done by the positioning pins
44a.
[0073] Then, the second gas injection nozzle 44c and
the second gas discharge nozzle 44d of the placement
table 44 protrude upward and connect to the gas supply
valve 73 and the gas discharge valve 74 of the FOUP 7.
In the following step S2, the second gas injection valve
44e is opened to supply fresh and dry nitrogen gas
through the second gas injection nozzle 44c and the gas
supply valve 73. By opening the second gas discharge
nozzle 44f at the same time, the gas having been accu-

mulated in the internal space Sf is discharged through
the gas discharge valve 74 and the second gas discharge
nozzle 44d. Through this gas-purge operation, the inter-
nal space Sf is filled with the nitrogen gas while the pres-
sure is made higher than the pressure of the internal
space Se of the casing 3. It should be noted that, the
filling in of the nitrogen gas to the FOUP 7 is continued
until the present flow ends.
[0074] Next, in step S3, the placement table 44 is
moved rearward to have the abutting surface 71b of the
FOUP 7 abut the window frame 91, as shown in FIG. 10.
At this time, the end surface 81c of the door unit 81 is
positioned closer to the conveyance space 9 than the
FOUP 7-side end portion of the O-ring 94, by a prede-
termined dimension of L2. Therefore, even if the lid mem-
ber 72 of the FOUP 7 is inflated towards the door unit
81, the lid member 72 does not contact the end surface
81c of the door unit 81, because the abutting surface 71b
of the FOUP 7 abuts the O-ring 94 when the FOUP 7 is
brought closer to the window unit 90 (see FIG. 11). There-
fore, sealing between the O-ring 96 and the door unit 81
is reliably maintained. As described, the abutting surface
71b abuts the window frame 91 via the O-ring 94, and
the door unit 81 abuts the window frame 91 via the O-
ring 96, thereby forming the sealed space Sd. The base
41, the O-rings 94 and 96, the lid member 72, and the
door unit 81 which form the sealed space Sd, along with
the opening portion 92, the first gas injection nozzle 87
and the first gas discharge nozzle 88 constitute the door
operation system.
[0075] To move the placement table 44, the engage-
ment pieces 51 (see FIG. 15) are protruded forward in
advance by the cylinders 52 constituting the clamp units
50, so that their the leading ends 51b are directed upward
and do not interfere with the FOUP 7.
[0076] Then, in step S4, the FOUP 7 is clamped and
fixed to the window unit 90. Thus, from the state in which
the door unit 81 and the lid member 72 are apart from
each other, bringing the FOUP 7 closer to the door unit
81 causes elastic deformation of the O-ring 94, thus im-
proving the sealing performance between the FOUP 7
and the base 41 (see FIG. 12). It is preferable to set the
distance between the door unit 81 and the lid member
72, when the FOUP 7 is brought closer to the door unit
81 by the clamp units 50, to a distance that enables the
above-described latching operation and unlatching op-
eration.
[0077] Specifically, the engagement pieces 51 are re-
tracted rearward by the cylinders 52 constituting the
clamp units 50, so as to engage with the flange portion
71c of the FOUP 7 with the leading ends 51b directed
inward. Further retracting the leading ends 51b causes
the abutting surface 71b of the FOUP 7 further firmly
contact the O-ring 94, thus improving the sealing per-
formance. The series of the above operations is referred
to as the clamp operation. At this time, as shown in FIG.
11, a space Sg is formed between the lid member 72 and
the door unit 81, which is in communication with the in-
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ternal space Sc of the lid member through a fitting hole
75 to which the connecting unit 82 is fitted. The space
Sg and the space Sc constitutes the sealed space Sd
between the FOUP 7 and the door unit 81.
[0078] In step S5, the connecting unit 82 (see FIG. 7)
provided to the door unit 81 is operated to make the lid
member 72 in the unlatched state and detachable from
the main body 71, while the door unit 81 integrally holds
the lid member 72 through the adsorption unit 79.
[0079] In step S6, the first gas injection valve 87a is
opened to supply nitrogen gas to the sealed space Sd
from the first gas injection nozzle 87. At the same time,
the first gas discharge valve 88a is opened to discharge
the gas (atmospheric air) having been accumulated in
the sealed space Sd from the first gas discharge nozzle
88. After elapse of a predetermined time, the first gas
injection valve 87a and the first gas discharge valve 88a
are closed to end filling of the gas to the sealed space
Sd. It should be noted that the gas injection operation of
injecting gas into the sealed space Sd by the first gas
injection nozzle 87 and the discharge operation of dis-
charging gas from the sealed space Sd by the first gas
discharge nozzle 88 may be repeated. The atmospheric
air herein encompasses oxygen, moisture, particles, and
the like which may cause a change in the properties of
the wafers W, such as oxidation of the wafers W. Further,
discharging of the gas (atmospheric air) having accumu-
lated in the sealed space Sd means not only discharging
of the atmospheric air present between the FOUP 7 and
the door unit 81, but also means discharging the gas
inside the lid member 72, to enable filling of the gas is
possible.
[0080] In step S7, the pressures of the internal space
Sf of the FOUP 7 and the sealed space Sd are equalized.
Specifically, where the pressure inside the internal space
Sf after the clamp operation is P1 and the pressure of
the sealed space Sd is P2, the P1 and P2 are controlled
to approximate each other.
[0081] This pressure adjustment is done by adjusting
the flow rates of the first gas injection nozzle 87 and the
first gas discharge nozzle 88, based on the pressures
detected by the pressure gauges of the sealed space Sd
and the FOUP 7. However, pressure adjustment may be
performed without using a pressure gauge. Specifically,
a pressure is estimated based on the flow rates of the
first gas injection nozzle 87 and the first gas discharge
nozzle 88, and the flow rates of the second gas injection
nozzle 44c and the second gas discharge nozzle 44d,
and the pressure adjustment may be performed based
on this estimated pressure. This contributes to cost re-
duction because pressure adjustment is possible without
a pressure gauge. When estimate the pressure, the es-
timation may take into account a reached-oxygen con-
centration by the oxygen concentration gauge or the
reached-humidity measured by the hygrometer.
[0082] Adjustment of pressure is possible by various
methods. If the FOUP to be used is known in advance,
the volumes of the internal space Sf of the FOUP 7 to be

used and the lid member of the FOUP 7 are determined.
Therefore, the volume of the sealed space Sd is roughly
predictable. Therefore, by filling the gas into the sealed
space Sd for a predetermined period, at a predetermined
flow rate, the pressure P2 of the sealed space Sd is ad-
justable to a predetermined pressure. In this case, a pres-
sure gauge, an oxygen concentration gauge, and a hy-
grometer are not necessary for adjustment of the pres-
sure.
[0083] In the above, a method of adjusting the pressure
P2 is described. This method however is also applicable
to adjustment of the pressures P1 and P3. Further, the
pressure adjustment may be done by adjusting the flow
rates, adjustment by the equalizing valve, and a combi-
nation of flow rate adjustment and adjustment by equal-
izing valve. These mechanisms for use in the pressure
adjustment is collectively referred to as pressure adjust-
er.
[0084] In step S8, the door unit 81 and the lid member
72 are moved rearward along with the support frame 83,
as shown in FIG. 13. This way, the lid member 72 of the
FOUP 7 is separated from the main body 71 thus opening
the internal space Sf, and the door unit 81 is separated
from the opening portion 92 to open the casing 3 (internal
space Se). At this time, the abutting surface 71b of the
FOUP 7 is firmly attached to the window unit 90 through
the O-ring 94, and hence the flowing-out and flowing-in
of the gas are restrained between the area between the
casing 3 and the FOUP 7.
[0085] Further, since the pressure of the FOUP 7 is
made high, there will be a flow of the gas from the internal
space Sf of the FOUP 7 to the casing 3. This restrains
particles and the like in the casing 3 from entering into
the FOUP 7, and keeps the inside of the FOUP 7 clean.
It should be noted that continuous supply of the gas at a
low flow rate through the second gas injection nozzle 44c
is also suitable for restraining the particles from entering.
The pressure adjustment is ended thereafter.
[0086] In step S9, the door unit 81 and the lid member
72 are moved downward along with the support frame
83, as shown in FIG. S14. This largely opens the rear of
the opening 71a serving as an outlet/inlet port of the
FOUP 7, thus enabling conveyance of a wafer W between
the FOUP 7 and the EFEM 1. Since the mechanism for
moving the door unit 81 is entirely covered by the cover
46, the gas inside the casing 3 is restrained from leaking
outside.
[0087] The operation at the time of opening the open-
ing 71a of the FOUP 7 is thud described above. To close
the opening 71a of the FOUP 7, the above described
operations are performed in a reversed order. However,
in an actual application of the door operation system, the
above steps S6 and S7 may be omitted, provided that
there is no problem in the pressure of the internal space
Sf, the oxygen concentration, and the humidity, and the
like at the time of closing the opening 71a of the FOUP 7.
[0088] By repeating the above operations, the O-rings
94 and 96 are resiliently abutted to the lid member 72 or
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the door unit 81, which may lead to occurrence of new
particles. Such particles are however moved downward
by the downward flow formed inside the casing 3, when
the lid member 72 or the door unit 81 is opened. There-
fore, the particles do not get on the surface of a wafer W,
keeping the surface of the wafer W in a clean state.

[Characteristics of Load Port of the Present Embodiment]

[0089] The load ports 4 of the present embodiment has
the following characteristics.
[0090] With the load port 4 of the present embodiment,
even if the lid member 72 of the FOUP 7 is inflated to-
wards the base 41, the FOUP 7-side end surface of the
door unit 81 is positioned closer to the conveyance space
9 than the FOUP 7-side end portion of the first seal mem-
ber 94, when the FOUP 7 is attached to the opening
portion 92. Therefore, the lid member 72 and the door
unit 81 do not contact each other. This prevents the lid
member 72 from contacting the door unit 81 and scatter-
ing fragments, and keeps the space surrounding the load
port 4 clean. Further, it is possible to restrain an impact
of contact from stirring up the dusts on the door unit 81,
or from shaking the FOUP 7 to stir up the dusts at the
bottom portion of the FOUP 7 or deviate the position of
accommodated article from the proper position.
[0091] In the load port 4 of the present embodiment,
the FOUP 7-side end surface of the door unit 81 is at
least partially positioned closer to the conveyance space
9 than the FOUP 7-side end portion of the first seal mem-
ber 94 which is clamped and pressed against the base
41. Therefore, it is possible to reliably prevent contact of
the lid member 72 with the door unit 81, while the FOUP
7 is attached to the opening portion.
[0092] With the load port 4 of the present embodiment,
it is possible to reliably prevent the lid member 72 from
contacting the door unit 81, even if the lid member 72 of
the FOUP 7 is inflated towards the base 41.

<Characteristics of Door Operation System of the 
Present Embodiment>

[0093] The door operation system of the present em-
bodiment has the following characteristics.
[0094] This door operation system or the load port 4
of the present embodiment includes: the first gas injection
nozzle 87 configured to inject gas into the sealed space
Sd formed between the FOUP 7 and the door unit 81
while the FOUP 7 is in contact with the opening portion
92 via the first seal member 94, i.e., while the FOUP 7
is attached to the opening portion 92, and the first gas
discharge nozzle 88 configured to discharge gas from
the sealed space Sd. With this, it is possible to remove
the atmospheric air between the FOUP 7 and the door
unit 81 and fill in the nitrogen gas (purge), while the FOUP
7 is attached to the opening portion 92. Therefore, at-
mospheric air between the FOUP 7 and the door unit 81,
which contains oxygen, moisture, particles and the like

that may cause a change in the characteristics of the
wafer W such as oxidation of the wafer W is prevented
from entering the conveyance space 9 or the FOUP 7
when the door unit 81 is opened. In other words, oxygen,
moisture, and particles in the sealed space Sd can be
eliminated before opening the sealed space Sd by open-
ing the lid member 72 of the FOUP 7. As a result, oxygen
and the like do not leak into the FOUP 7 or the convey-
ance space 9 when the lid member 72 is opened, which
makes it possible to maintain the cleanliness of the inside
of the FOUP 7 and the conveying space 9.
[0095] In this door operation system of the present em-
bodiment, the gas injection operation by the first gas in-
jection nozzle 87 and the gas discharge operation by the
first gas discharge nozzle 88 are repeated. Therefore, it
is possible to reliably remove the atmospheric air be-
tween the FOUP 7 and the door unit 81 and fill in a gas.
[0096] In the door operation system of the present em-
bodiment, when clamping the FOUP 7 to the base 41,
the FOUP 7 is moved towards the door unit 81 from the
state where the door unit 81 and the lid member 72 are
apart from each other. This way, the sealing performance
between the FOUP 7 and the base 41 through the O-ring
94 is improved.
[0097] In the door operation system of the present em-
bodiment, the internal space Sf of the FOUP 7 and the
sealed space Sd are in communication with each other,
when the lid member 72 of the FOUP 7 is released. At
this time, a large pressure difference between P1 and P2
increases the flow rate of the gas moving between the
FOUP 7 and the sealed space Sd, which may stir up
particles accumulated on the bottom portion of the FOUP
7 thus contaminating the wafers W. To address this, the
P1 and P2 are controlled to be approximate each other,
to reduce an amount of gas moving between the FOUP
7 and the sealed space Sd. With this, scattering of the
particles is restrained, and hence contamination of the
wafers W is prevented.
[0098] With this load port 4 having the door operation
system of the present embodiment, the lid member 72
of the FOUP 7 is reliably detached at the time of opening
the opening portion 92, and the lid member 72 is attached
at the time of closing the opening portion 92. Therefore,
each operation is swiftly carried out.
[0099] Thus, the embodiment of the present invention
is described hereinabove based on the attached draw-
ings. However, the specific structure of the present in-
vention shall not be interpreted as to be limited to the
above described embodiment. The scope of the present
invention is defined not by the above embodiment but by
claims set forth below, and shall encompass the equiv-
alents in the meaning of the claims and every modification
within the scope of the claims.
[0100] In the above-described embodiment, gas-
purge is performed in step S6 shown in FIG. 19, by having
the first gas injection nozzle 87 supply nitrogen gas to
the sealed space Sd, and having the first gas discharge
nozzle 88 discharge gas from the sealed space Sd. How-
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ever, the present invention is not limited to this, and the
first gas discharge nozzle 88 may perform discharge for
reducing the pressure. Specifically, after the atmospheric
air in the sealed space Sd is sucked out by the first gas
discharge nozzle 88 to reduce the pressure, the first gas
injection nozzle 87 supplies nitrogen gas. This way, a
gas is filled in the sealed space Sd efficiently.
[0101] In the above-described embodiment, the con-
trolling unit Ct, the flow rate controller Cf, the drive con-
troller Cd are installed in the EFEM 1. However, the
present invention is not limited to this, and the controlling
unit Ct, the flow rate controller Cf, and the drive controller
Cd may be partially or entirely installed in the load port
4. In this case, the load port 4 is provided with a receiver
unit configured to receive signals from a superordinate
computer such as a controller of the EFEM 1. In cases
of installing the controlling units in the load port 4, the
input end of the controlling unit Ct is connected to the
pressure gauges, the hygrometers, and oximeters for the
sealed space Sd and the internal space Sf of the FOUP
7, and connected to the flowmeters of the first gas injec-
tion nozzle and the second gas injection nozzle, as shown
in FIG. 27.
[0102] In the above-described embodiment, the pres-
sure P1 of the internal space Sf and the pressure P2 of
the sealed space Sd are approximated with each other
in step 7 shown in FIG. 19. However, the present inven-
tion is not limited to this, and where the pressure inside
the conveyance space 9 is P3, the pressures P1, P2, and
P3 may be approximated with one another. Specifically,
based on one of P1, P2, and P3, the rest of two pressures
may be adjusted. In this case, the time taken for adjusting
the pressure is shortened by adjustment such that P2
and P3 approximate the pressure P1 of the internal space
Se of the casing whose volume is largest amongst the
sealed space Sd, the internal space Sf of the FOUP, and
the internal space Se of the casing. Alternatively, it is
possible to control the pressures so that the P1, P2, and
P3 approximate a predetermined pressure value. The
space sf of the FOUP 7, the sealed space Sd, and the
conveyance space 9 are in communication with one an-
other, when the door unit 81 opens the opening portion
92. At this time, a large pressure difference amongst each
space increases the flow rate of the gas moving amongst
the spaces, which may stir up particles in the spaces. To
address this, the P1, P2, and P3 are controlled to be
approximate one another, to reduce an amount of gas
moving amongst the FOUP 7, the sealed space Sd, and
the conveyance space 9. With this, scattering of the par-
ticles is restrained, and hence contamination of each
space is prevented.
[0103] Further, instead of approximating the P1 and
P2 with each other in step S7, it is possible to adjust the
pressures so that the P1, P2, and P3 increases in this
order. By controlling the pressures P1, P2, and P3 so
that they increase in this order, the pressure difference
between adjacent spaces out of the space Sf in the FOUP
7, the sealed space Sd, and the conveyance space 9 is

reduced. This reduces the flow rate of gas moving be-
tween adjacent spaces, as compared to cases where
pressure difference between adjacent spaces is large,
when the door unit 81 opens the opening portion 92 to
communicate spaces with one another. Therefore, an
amount of gas moving amongst the sealed space Sd and
the conveyance space 9 of the FOUP 7. With this, scat-
tering of the particles is restrained, and hence contami-
nation of each space is prevented.
[0104] In the above-described embodiment, the FOUP
7 is adopted as the container for conveying wafers. How-
ever, the wafer storage container is not limited to this,
and MAC (Multi Application Carrier), H-MAC (Horizontal-
MAC), FOSB (Front Open Shipping Box), and the like
may be adopted. Further, the container is not limited to
a wafer storage container, and the present invention is
also applicable to a closed container that accommodates
an article, such as an electronic component, which is
conveyed with an inert gas filled in the container.
[0105] Further, in the above-described embodiment,
the load port is attached to the EFEM. However, the
present invention is also applicable to a sorter having a
conveyance chamber for sorting accommodated articles
in a container placed in a load port or exchanging an
accommodating article in a container in a load port with
an accommodated article stored in a container in another
load port, and applicable to a processing apparatus itself
serving as a conveyance chamber, to which the load port
is attachable.
[0106] The above-described embodiment adopted a
clamp unit 50 having a cylinder 52; however, the clamp
unit is not limited to this. As shown in FIG. 20A, a clamp
unit 100 provided to a window frame 91 has a support
piece 101, and a rod-shaped pivot member 103 which is
pivotably supported by the support piece 101, and a mo-
tor 106 configured to drive the pivot member 103. The
support piece 101 extends forward from the window
frame 91, and pivotably supports the pivot member 103
at its hollow portion 102 (see FIG. 21B). The pivot mem-
ber 103 has pressing pieces 107 which protrude from the
upper end portion and a middle portion relative to the
axial direction (see FIG. 20B). To the leading end of each
of the pressing pieces 107, a pressing protrusion 108 is
formed (see FIG. 22), and the flange portion 71c of the
FOUP 7 is clamped through this pressing protrusion 108.
The motor 106 embedded in the horizontal base portion
43 is connected to the lower end portion of the pivot mem-
ber 103, and rotates the pivot member 103 around its
axis.
[0107] As shown in FIG. 21A, during an unclamped
state, the pressing piece 107 extends horizontally for-
ward so as to be perpendicular to the window frame 91
(see also FIG. 22A). When the motor 106 drives and ro-
tates the pivot member 103 from this state, the pressing
piece 107 rotates around the axis of the pivot member
103 as shown in FIG. 22B. By further rotating the pivot
member 103, the pressing piece 107 presses the flange
portion 71c through the pressing protrusion 108, thereby
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clamping the FOUP 7 (see also FIG. 20B). It should be
noted that an air-driven cam and the like may be adopt-
able in place of the motor 106 as a driving unit for rotating
the pivot member 103.
[0108] With the clamp unit 100 structured as above, it
is possible to reduce the thickness of the clamp unit 100
relative to the front-rear direction thereof, and arrange
the clamp unit 100 on the external space side. Therefore,
interference with the wafer conveyance apparatus 2 op-
erated in the conveyance space 9 is prevented.
[0109] In the above-described embodiment, the FOUP
7-side end surface 81c of the door unit 81 is entirely po-
sitioned closer to the conveyance space 9 than the FOUP
7-side end portion of the O-ring 94. However, the FOUP
7-side end surface 81c of the door unit 81 may only be
partially positioned closer to the conveyance space 9
than the FOUP 7-side end portion of the O-ring 94.
[0110] As shown in FIG. 23A, a recess 111 depressed
towards the conveyance space 9 is formed on an FOUP
7-side (front side) end surface 110 of the door unit 81.
The bottom surface 112 of the recess 111 is positioned
on the conveyance space 9-side of the virtual line L1
indicating the position of the FOUP 7-side end portion of
the O-ring 94. In other words, the FOUP 7-side end sur-
face 110 of the door unit 81 is at least partially (i.e., bottom
surface 112) positioned closer to the conveyance space
9 than the FOUP 7-side end portion of the first seal mem-
ber 94. This brings about effects similar to those of the
above-described embodiment. At least partially herein
indicates a part of the end surface 110 of the door unit
81 nearby the center portion or an area around the center
portion. Further, the concept of the end surface 110 does
not encompass the latch mechanism for fixing and re-
leasing the lid member 72 to/from the FOUP 7, the ad-
sorption unit 79 for fixing the lid member 72 to the door
unit 81, and registration pins (not shown) for positioning
the lid member 72 to the door unit 81. On the other hand,
the outer circumferential surface 113 on the outer cir-
cumference of the end surface 110 is positioned on the
FOUP 7-side of the virtual line L1, due to the type of the
FOUP 7 and the lid member 72 and accuracy error at the
time of manufacturing. It should be noted that the abutting
surface 71b of the FOUP 7 is positioned closer to the
conveyance space 9 than the lid member 72, the abutting
surface 71b abuts the O-ring 94 and forms the sealed
space Sd.
[0111] As shown in FIG. 23B, a curved surface 117
bowed towards the conveyance space 9 is formed on an
FOUP 7-side (front side) end surface 116 of the door unit
81. This curved surface 117 is positioned on the convey-
ance space 9-side of the virtual line L1 indicating the
position of the FOUP 7-side end portion of the O-ring 94.
In other words, the FOUP 7-side end surface 116 of the
door unit 81 is mostly positioned closer to the conveyance
space 9 than the FOUP 7-side end portion of the first
seal member 94. This brings about effects similar to those
of the above-described embodiment. On the other hand,
the outer circumferential surface 113 on the outer cir-

cumference of the end surface 116 is positioned on the
FOUP 7-side of the virtual line L1, due to accuracy error
at the time of manufacturing. It should be noted that a
part of the FOUP 7 (lid member72) is bowed towards the
conveyance space 9. Further, the abutting surface 71b
of the FOUP 7 is positioned closer to the conveyance
space 9 than the outer circumference of the lid member
72, the abutting surface 71b abuts the O-ring 94 and
forms the sealed space Sd. As described, the shape of
the curved surface 117 corresponds to an inflated surface
118 which is inflated by increasing the pressure inside
the FOUP 7. Therefore, the FOUP 7 and the door unit
81 are reliably kept from contacting each other, even if
the FOUP 7 inflates in various shapes.
[0112] As shown in FIG. 24A showing a modification
of FIG. 23A, it is possible to adopt a structure in which
the outer circumferential surface 113 is positioned on the
conveyance space 9-side of the virtual line L2, while the
recess 111 is formed on the end surface 110 of the door
unit 81. In other words, the present modification deals
with a case where the end surface 110 of the door unit
81 is entirely positioned closer to the conveyance space
9 than the FOUP 7-side end portion of the first seal mem-
ber 94. This prevents interference of the lid member 72
with the door unit 81, even when the lid member 72 is
protruding towards the conveyance space 9, while allow-
ing the abutting surface 71b to abut the sealing member
94.
[0113] As shown in FIG. 24B showing a modification
of FIG. 23B, it is possible to adopt a structure in which
the outer circumferential surface 113 is positioned on the
conveyance space 9-side of the virtual line L2, while the
curved surface 117 is formed on the door unit 81. In other
words, the present modification deals with a case where
the end surface 110 of the door unit 81 is entirely posi-
tioned closer to the conveyance space 9 than the FOUP
7-side end portion of the first seal member 94. This pre-
vents interference of the lid member 72 having the inflat-
ed surface 118 with the door unit 81, even when the lid
member 72 is protruding towards the conveyance space
9, while allowing the abutting surface 71b to abut the
sealing member 94.
[0114] When the inflated lid member 72 is detached
from the FOUP 7 by the door unit 81, the inflated lid mem-
ber 72 may return to its original state. When the end sur-
face 110 of the door unit 81 is entirely positioned closer
to the conveyance space 9 than the first seal member 94
as in cases shown in FIG. 24A and FIG. 24B, the lid
member 72 may not be properly fixed or attached to the
FOUP 7, depending on the type of the latch mechanism
or the adsorption unit. In view of this, these operations
may performed in a position closer to the FOUP 7 by a
predetermined distance, than the position of releasing
the fix of the lid member 72 with respect to the FOUP 7
and detaching the lid member 72 from the FOUP 7. This
predetermined distance is appropriately set based on the
expansion rate of the lid member 72 and the type of the
latch mechanism and the adsorption unit.
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[0115] In the above-described embodiment, the pres-
sures are adjusted by using the first gas injection nozzle
87, the second gas discharge nozzle 88, the second gas
injection nozzle 44c, and the second gas discharge noz-
zle 44d, which are separate from one another; however,
the present invention is not limited to this.
[0116] As shown in FIG. 25 and FIG. 26, a first supply
nozzle 120 that supplies a gas is connected to the second
gas injection nozzle 44c. The second gas discharge noz-
zle 44d and the first gas injection nozzle 87 are connected
with each other via an intermediate nozzle 121. Further,
the second gas injection nozzle 44c and the second gas
discharge nozzle 88 are connected with each other via
a connection nozzle 122. A midway portion of the inter-
mediate nozzle 121 is jointed with a second supply nozzle
123.
[0117] When the pressure P1 is higher than the P2, a
first valve 125 and a second valve 126 are opened, and
a third valve 127 to a sixth valve 130 are closed, as shown
in FIG. 25. Therefore, the gas supplied from the first sup-
ply nozzle 120 flows into the FOUP 7 via the second gas
injection nozzle 44c. The gas discharged from the FOUP
7 flows from the second gas discharge nozzle 44d into
the intermediate nozzle 121 via the second valve 126.
The gas is then supplied to the sealed space Sd via the
first gas injection nozzle 87, discharged from the second
gas discharge nozzle 88, and sequentially flows into the
connection nozzle 122 and the second gas injection noz-
zle 44c. In the second gas injection nozzle 44c, the gas
merges with a gas newly supplied from the first supply
nozzle 120. With the gas flowing the above-described
passage, the pressure P1 of the FOUP 7 and the pres-
sure P2 of the sealed space Sd approximate each other.
[0118] When the pressure P1 is lower than the P2, a
fourth valve 128 and a fifth valve 129 are opened, and
the first valve 125 to the third valve 127, and the sixth
valve 130 are closed, as shown in FIG. 26. Therefore,
the gas supplied from the second supply nozzle 123 via
the fourth valve 128 flows into the sealed space Sd via
the intermediate nozzle 121 and the first gas injection
nozzle 87. The gas discharged from the sealed space
Sd sequentially flows in the second gas discharge nozzle
88 and the connection nozzle 122, and then flows into
the FOUP 7 via the second gas injection nozzle 44c. The
gas discharged from the FOUP 7 is discharged from the
second gas discharge nozzle 44d via the fifth valve 129.
With the gas flowing the above-described passage, the
pressure P1 of the FOUP 7 and the pressure P2 of the
sealed space Sd approximate each other. It should be
noted that, in adjustment of the pressures P1 and P3,
only the third valve 127 arranged in the conveyance
space 9 is opened. This communicates the FOUP 7 with
the conveyance space 9 via the second gas injection
nozzle 44c and the connection nozzle 122, thus enabling
equalization of pressures.
[0119] In the above-described embodiment, the nitro-
gen was used as an example of the inert gas; however,
the gas is not limited to this, and any intended gas such

as a dry gas, argon gas, and the like are adoptable.
[0120] The above-described embodiment uses an O-
ring as an example of the first seal member 94 and the
second second seal member 96; however, the seal mem-
bers are not limited to these provided that sealing per-
formance (sealability) is ensured.
[0121] As a seal member, a hollow seal member that
expands or contracts by supply or discharge of fluid may
be adopted in place of the O-rings. In cases of adopting
this hollow seal member as the first seal member 94, the
FOUP 7 is firmly attached to the base 41 by inflating the
hollow seal member, after the FOUP 7 is abutted against
the base 41. Further, it is preferable to inflate the hollow
seal member after clamping by the clamp unit 50, to fur-
ther improve the firm attachment. This way, the sealing
performance is improved by crushing the hollow seal
member with the force of the clamping, and the force of
inflating the hollow seal member.
[0122] The above-described embodiment deals with a
case where the FOUP 7 is moved towards the door unit
81, when clamping the FOUP 7 to the base 41, in step
S4. Instead of this, it is possible to move the door unit 81
forward to the lid member 72, from a state where the door
unit 81 and the lid member 72 are separated, after for-
mation of the sealed space Sd (see FIG. 28). This forward
movement is for bringing the door unit 81 and the lid
member 72 closer to each other and to bring the lid mem-
ber 72 into an unlatched state. Therefore, the door unit
81 may be moved forward to an extend that leaves a
space between the lid member 72, or to an extent that
the door unit 81 contacts the lid member 72. When the
door unit 81 is moved forward to the lid member 72, the
O-ring 96 is pressed and elastically deformed, thereby
maintaining the sealed state of the sealed space Sd.
[0123] In the above-described embodiment, the sealed
space Sd is formed by the base 41, the O-rings 94 and
95, the lid member 72, and the door unit 81. However,
by adopting an O-ring 97 which is two O-rings 94 and 95
formed in one piece (see FIG. 29), the sealed space Sd
may be formed by the O-ring 97, the lid member 72, and
the door unit 81.

[Reference Signs List]

[0124]

3 casing
7 FOUP (container)
9 conveyance space
41 base
50 clamp unit (clamp)
72 lid member
81 door unit (door)
87 first gas injection nozzle (first gas injection unit)
88 first gas discharge nozzle (first gas discharge unit)
92 opening portion
94 O-ring (first seal member)
96 O-ring (second seal member)
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Sd sealed space

Claims

1. A door operation system, comprising:

a base constituting a part of a wall separating a
conveyance space from an external space;
an opening portion provided in the base ,
a door configured to open and close the opening
portion and to fix and release a lid member with
respect to a container accommodating therein
an article;
a first seal member for sealing between the base
and the container;
a second seal member for sealing between the
base and the door;
a sealed space defined by at least the first seal
member, the second seal member, the lid mem-
ber, and the door while the container is in contact
with the opening portion via the first seal mem-
ber;
a first gas injection unit configured to inject a gas
into the sealed space; and
a first gas discharge unit configured to discharge
a gas from the sealed space.

2. The door operation system according to claim 1,
wherein a gas injection operation which injects a gas
between the container and the door by the first gas
injection unit, and a gas discharge operation which
discharges a gas between the container and the door
by the first gas discharge unit are repeated.

3. The door operation system according to claim 1 or
2, comprising
a pressure adjuster configured to adjust a pressure
P1 and a pressure P2 where P1 is a pressure inside
the container and P2 is a pressure inside the sealed
space, wherein
the pressure adjuster performs control so as to make
P1 and P2 approximate each other.

4. The door operation system according to claim 3,
wherein
where a pressure in the conveyance space is P3,
the pressure adjuster further adjusts the pressure
P3 so as to make P1, P2, and P3 approximate one
another.

5. The door operation system according to claim 1 or
2, comprising
a pressure adjuster configured to adjust a pressure
P1, a pressure P2, and a pressure P3, where P1 is
a pressure inside the container, P2 is a pressure
inside the sealed space, and P3 is a pressure inside
the conveyance space, wherein

the pressure adjuster performs control so that the
pressures increase in an order of P1, P2, and P3.
of P1, P2, and P3.

6. A load port, comprising:

the door operation system according to any one
of claims 1 to 3, wherein
opening of the opening portion and the detach-
ing of the lid member are carried out at the same
time, and closing of the opening portion and at-
taching of the lid member are carried out at the
same time.
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