METHOD AND DEVICE FOR REMOVING POLLUTION FROM A CONFINED ENVIRONMEAIT.
TECHNICAL FIELD OF THE INVENTION

The invention pertains to the cleaning and depollution of unsealeg confined
environments, particularly including storage and transport pods for semiconducigf substrates,
agrifood products, medical or automobile products, or photomasks equipfed with their
protective films.

Storage and fransport pods under atmospheric pressure for ongfor more substrates,
particularly for semiccnductor wafers, define an enclosed space/ separated from the
environment in which the substrates are used and transported by aferipheral wall equipped
with an opening through which subtrales may pass, covered by a goor. This type of transport
pod is most commonly made of plastic and is not generally sealeg/when in service. The plastic
peripheral wall is nof designed to withstand pressures greater fflan a few tens of atmospheres
without sustaining damage. The transport pods are therefore gesigned with at least one leak, so
that when 4 difference in pressure exists between the interigf and exterior of the box, a gas flow
oceurs to minimize the difference in pressure and therebyfreduce the mechanical stress on the
peripheral wall, For FOUP transport pods, a particle fijer is placed inside the (eak fo reduce
pollution. Normally, the atmosphere within the pod ig/uncontrolied, and it is assumed that it is
most commonly similar to that of the equipment frgfn which the substrates have exited, or the
ambient air near the transport pod,

The transport pods are generally gifective at preventing polluting particles from
penetrating into the confined space. Thelr y€age is made necessary by the increasing need to
reduce paiticle pollution, particularly Awhen manufacturing semiconductors and other
nanotechnology products, However, theflastic peripheral walls of the transparts pods may leak
gas, or may maintain or add compoyfids that may react with the subsirates and pollute them,
These compounds may, in particulr, come from an inadequate environment (such as one in
which humidity is present) duringfcertain phases in the manufacturing of the substrates. This
environment is then maintainggl by the internal atmosphere of the transport pods. Thus, the
transport pods are insufficiept at preventing all danger of poliution, and furthermore may in
ceriain cases even contrilyfie to additional poilution (gas leaking through the walls, retaining
humidity, cross-contamingftion, opening/closing mechanisms that generate particles, lack of air-
tightness in the walls, gf€.)

The documefit EP 1,557,878 describes the purging of a stack of substrate wafers placed
inside a sealed myhi-environment chamber, equipped with an access hole that may be covered
with a lower dogf, and filled with alir, for example. The chamber is connected by its lower surface
to a purging gftation comprising a purging compartment equipped with an upper transfer hole
that may bgflosed, facing the lower surface of the chamber, by opening the lower door; a stack
of substrgfe wafers supported by the lower door is inserted into the purging compartment, which
had befn filled with nitrogen beforehand. At the same time that the spaces beilween the
subsyfate wafers are purged, the interior of the mini-environment chamber is purged through
pegktration, and gas is expelled through the closable access haole, which at this point is open.

analysis of the interior atmosphere of the chamber is performed in order fo test its quality.
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CLAIMS

1. A method for decontaminating an unsealed enclosed environment (1} ¢
inner space {(2) delimited by a wall (3) having a natura) leak (4), comprising the foljfwing steps:

- the unseaied enclosed environment {1), having its natural leak (4), j& placed within a
sealed decontamination chamber (5) comprising means for introducing gagf (6) and means for
pumping out gas (7, 8},

- the gas contained within the decontamination chamber {5) ig/pumped out by adjusting
the pressure drop within the decontamination chamber (5) in such gway so that the difference
In pressure between the interfor and exterior of the unsealed encifsed environment (1) is at all
imes less than the difference in pressure that would cause Mechanical warping that would
damage the wall (3) of the unsealed enhclosed environment (1

2. A method according to ciaim 1, characterized Ji that it comprises a step of raising
pressure, during which the increase in pressure withjf the decontamination chamber (5) is
adjusted so that the difference in pressure hetweengdhe interior and exlerior of the unsealed
enciosed environment (1) is at all fimes less than e difference in pressure that would cause
mechanical warping that would damage the wall (§ of the unsealed enclosed environment (1).

3. A method according to claim 1 /wherein the variation in pressure within the
decontamination chamber (5) is confrolled Jy following a theoretical curve of pressure versus
time.

4. A method according to ¢faim 1, wherein the variation in pressure within the
decontamination chamber (5) is copfrolled by following a signal given by at ieast one sensor
detecting warping in the wall (3) offhe unsealed enclosed environment {1).

5. A method according #0 claim 1, characterized in that, to adjust the change in pressure
within the decontamination ghamber (), the pumping capacity of the pumping means {7, 8) is
varied, by controlling theirfotational velocity, andfor by controlling a variable conductance (12)
of the pumping means, ghd/or a gas flow entering the decontamination chamber (5) is varied by
controlling the means jbr introducing gas (8)

method according to claim 6, characterized in that the sub of purging further
at least one purging gas pumping operation during which the mixture of the gas
presenyfin the decontamination chamber (5) is extracted therefrom.

8. A method according to claim 7, wherein the purging gas filling and pumping
erations are performed simultanecusly, with a pumping flow rate less than the injection flow
ate.
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9. A method according to claim 7, wherein multiple purging gas filling and pu
operations are performed in succession.

10. A method according td claim 6, wherein multiple purging steps, comprisigd purging

gas filling and pumping operations, alternate with pumping steps.

41, A method according to claim 8, wherein the purging gas filling opergfion comprises
an overpressure period, during which the decontamination chamber (5) is kgpt at a pressure
greater than atmospheric pressure, before being returned to atmospheric presure.

12. A method according to claim 6, wherein the purging gas is nitgggen.

gas is introduced into the

13. A method according to claim 6, wherein the purgi
rough the filters (35} that said

unsealed enclosed environment (1), and extracted therefrom,
environment comprises.
nsealed enclosed environment {1)

ing gas is introduced and extracted
rom the acfive part of the mask.

14. A method according to claim 1, wherein th
being a photomask equipped with its film (3), the p
through the low-conductance filters separating the fil

15. A method according to claim 1, chéracterized in that the unsealed enclosed
environment (1) is a closed atmospheric transpol pod.

16. A method according to claim 13fcharacterized in that the transpert pod contains

semiconductor substrate wafers (100).

, wherein low pressures, of about 10 to 10 Tor, are
amber (5).

17. A method according fo clai
achieved within the decontamination

18. A method according t¢f claim 1, wherein the gases pumped are analyzed, and the
pumping step Is halted once thf level of poliution inside the sealed decontamination chamber

(5) becomes less than a presgf value.
19.. A device for dgfontaminating an unsealed enclosed environment (1), comprising:

- a decontampfiation chamber (5) capable of containing the unsealed enclosed

environment (1),

- means @ infroducing gas (6, 13), capable of producing a gas injection flow within the
decontaminatigh chamber (5),

ping means (7, 8), capable of pumping the gases out of the decontamination

characterized in that:

- the pumping means (7, 8) have a variable pumping capacity,
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- command means {14) are provided to adjust the pumping capacity and adjust the fas
injection flow,

- means for controlling the difference in pressure between the interior and exteyfor of the
unsealed enclosed environment (1) are provided,

the command means (14) adjust the pumping capacity and/or the gas igfection flow so
that the difference in pressure between the interior and exterior of the upfealed enclosed
environment {1), determined by the means for conirolling the difference ig/pressure, is at all
times less than the difference in pressure that would cause mechanicgl warping that would
damage the wall {3) of the unsealed enclosed environment (1).

20. A device according to claim 19, wherein the means for ghntrolling the difference in
pressure comprise a thecretical curve of pressure versus time, sgved in the memory (14b) of
the command means (14), and which the command means (J8) follow in order to vary the
pumping capacity and/or gas injection flow over time.

21. A device according to claim 19, characterized Jh that the means for controliing the
difference in pressure comprise at least one warping fensor (15), adapted to measure the
warping of the wall (3) of the unsealed enclosed enyfonment (1), and providing a signal for
controlling the variation in pressure within the decontgmination chamber (5).

22. A device according to claim 19, furthgf comprising means for heating the unsealed

enclosed environment (1),

23. A device according to claim J#, wherein the means for introducing gas {6, 13)
comprise a source of purging gas, such agfnitrogen or synthetic air.

24. A device according to clai /19, further comprising pumped gas analysis means {11).

im 24, wherein the analysis means (11) comprise means for
ans for identifying the ionized gases by measuring an ion
rming an operation on the measured parameters.

25. A device according to
ionizing the pumped gases,
parameter, and means for pe

. A device according to claim 19, wherein the pumping means (7, 8) comprise a
pump (8a} and a secondary pump (8b), which may be a molecular, turbomolecular, or

within the decontamination chamber (5).
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The invention claimed is:
1. A method for decontaminating an unsealed enclosed
cnvironment (1) comprising an inner space (2) delimited by a
wall (3} having a natural leak (4). compnsng the following
steps:
the unsealed enclosed environment {1}, having its natural
leak (4). is placed within a sealed decontamination
chamber (§) comprising means for introducing gas (6)
and means for pumping out gas (7. 8),

the gas contained within the decontamination chamber (5)
is pumped out by adjusting the pressure drop within the
decontamination chamber (5) in such a way so that the
difference in pressure between the mterior and exterior
of the unsealed enclosed environment {1} 1s a1 all times
less than the difference 1o pressure that would cause
mechanical warping that would damage the wall (3) of
the unsealed enclosed environment (1),

2. A methed according to claim 1, wherein a step of raising,
pressure is comprised, during which the increase in pressure
within the decontamination chamber (5) is adjusted so that
the difference it pressure between the interior and exterior of
the unsealed enclosed environment (1) 1s at all times less than
the difference in pressure that would cause mechanical warp-
ing that would damage the wall (3) of the unsealed enclosed
environment {1).

3. A method according (o claim 1, wherein the variation in
pressure within the decontamination chamber (5) is con-
trolled by following a theoretical curve of pressure versus
time.

4. A method according to claim 1, wherein the variation in
pressure within the decontamination chamber (8) is con-
trolled by following a signal piven by at least one sensor
detecting warping in the wall (3) of the unsealed enclosed
environment (1).

5. A method according to claim 1. wherein to adjust the
change in pressure within the decontamination chamber (8},
the pumping capacity of the pumping means (7, 8) is varied,
by controlling their rotational velocity, and/or by controlling
a variable conductance (12) of the pumping means, and/or a
ges [low entering the decontamination chamber (3) 15 varied
by controlling the means for introducing gas (6).
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6. A method according to claim 1, further comprising astep
of purging, said step of purging comprising at least oneopera-
tion of filling with purging gas, during which a purging gas is
introduced into the decontamination chamber (8). ’

7. A method according to claim 6, wherein the suh. of
prrging further comprises at least oncipurgiag gas prmping
operation during which the mixture of the gas present in the
decontamination chamber (3) 15 extracted therefrom, _

8. A method according to claim 7, wherein the purging gas
filling and pumping operations are perfm}u_:d gin‘m!ta-
neously, with a pumping flow rate less than the injection flow
ralc, .

9. A method according to claim 7, wherein muthk? purg-
ing gas filling and pumping operations are performed in suc-
cession.

10. A method according to claim 6, whercin multiple purg-
ing steps, comprising purging gas filling and pumping opera-
tions, alterate with pumping steps,

F1. A method according to claim 6. wherein the purging gas
lithing operation comprises an overpressure period. during
which the decontamination chamber (8) is kept at a pressure
greater than atmospheric pressure, before being returned (o
atmospheric pressure.

12.A method according to claim 6. wherein the purging gas
I8 ftrogen.

13. A method according to claim 6, wherein the purging gas
is svathetic air,

1. A method according to claim 6, wherein the purging gas
is mtraduced into the unsealed enclosed environment (1), and
extracted therefrom, through the filters (35) that said eoviron-
ment comprises. '

15. A method aceording to claim 1. wherein the unsealed
enclosed envirormuent (1) being a photomask equipped with
its tim (3). the purging pas is introduced and extracted
through the low-conductance filters separating the film from
the active part of the mask.

16. A method according o claim 1, wherein the unsealed
enclosed environment (1) s a closed atmospheric transport
podd.

7. A method according 10 clair 16, wherein the transport
pod contains serniconductor substrate walers (100).

18. A method according to claim 1, wherein Tow pressures,
ofabout 1077 10 107" Torr, are achieved within the decontami-
nation chamber (5).
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19. A method according to claim 1, wherein the gases
pumped arc analyzed, and the pumping step is halted once the
fevel of pollution inside the sealed deconfamination chamber
{5) becomes less than a preset value.

20. A device for decontaminating an unsealed enclosed
environment (1), comprising:

a decontamination chamber (5) capable of containing the
unsealed enclosed environment (1),

micans for introducing gas (6, 13), capable of producing a
pas injection flow within the decontamination chamber
(5).

pumping means (7. 8). capable o pumping the gases out ol
the decontamination clamber (8),

wherem:
the pumping means (7. 8) have a variable pumping capac-
iy, ,

command meaus (14) are provided 1o adjust the pumping
capacity and adjust the gas injection flow,

means for controlling the difference in pressure between
the interior and exterior of the unsealed enclosed envi-
ronment {1} arc provided,

the command means (14) adjust the pumping capacity
and/or the gas mjection low so that the difference in
pressure between the interior and exterior of the
unsealed enclosed environment (13, determined by the
means for controlling the difference in pressure, is at al
times less than the difference in pressure that would
cause mechanical warping that would damage the wall
(3) of the unsealed enclosed environment (1}.

21, A device according to claim 20, wherein the meauns for
controlling the difference in pressure comprise a theoretical
curve of pressure versus time, saved in the memory (145} of
the command mcans (14). and which the command means
(14} follow in order to vary the pumping capacity andfor gas
injection How over time.

22. A device according to claim 20, wherein the means for
controlling, the difference in pressure comprise at least one
warping sensor {15}, adapted (o measure the warping ol the
wall (3) of the unsealed enclosed environment (1), and pro-
viding a signal for controiling the variation in pressure within
the decontamination chamber (5).

23. A device according 1o claim 20. further comprising
means for heating the unsealed enclosed environment (1),

24. A device according to claim 20, whereln the means for
itroducing gas (6, 13) comprise a source of purging gas, this
" gas heing nitrogen or synthetic air.
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25. A device according to claim 20, further comprising
pumped pas analysis means (11).

26. A device according to claim 25, wherein the analysis
means {11} comprise means for ionizing the pumped pases,
means for identifying the ionized gases by measuring an ion
parameter, and means for performing an operation on the
measured parameters.

27. A device according to claim 25, wherein the pumping
and purging steps are automated and are triggered by reading,
signals from the pumped gas analysis means (11) and/or a
warping sensor (18).

28. A device according to claim 20, wherein the decontami-
nation chamber (5) is of dimensions slightly greater than
those of the unsealed enclosed environment (1).

29. A device according 1o claim 29, further comprising
measuring means (10) for measuring the change in pressure
within the decontamination chamber (5).

30. A device according to claim 20, wherein the pumping,
means (7. 8) compnse a primary pump (8a) and a secondary
pump (85), and capable of establishing a vacuum of

about 1077 to 107 Torr within the decontamination cham-

ber (5).




