1 METHOD AND DEVI CE FOR REMOVI NG PCLLUTI ON FROM A CONFI NED

ENVI RONVENT. TECHNI CAL FI ELD OF THE | NVENTI ON The invention
pertains to the cleaning and depol |l ution of unseal ed confined
environnments, particularly including storage and transport pods for
sem conduct or substrates, agrifood products, nedical or autonobile
products, or photonmasks equi pped with ttheir protective fil ns.

Storage and transport pods under atnospheric pressure for one or nore
substrates artlcularI%Efor sem conduct or wafers, define an encl osed

space, s P PEM G ECRREMGYINEROLLY TN EROMAL COMPYIGR ENYIRGNMENT.
used and transported by a wi th an opening

t hrough whi ch subtrates &W&@E@%&@W . This type of
trapsgoaﬁg POUries rmﬁfr .ﬂLytomiﬁee Hanlf a%ha Cadh troﬁ BP'ynd @Jaéohr ed
Seal € hrﬂ artﬁ:%tarl s&org eD grfaJ mrc du g?s sﬁ

to wt hsfe [i ? res |a e

sust ai ni A %ﬂéﬁargf o OIS sl heqferc‘er%"% < SNBESG ¢ o
| east on8OteE¥e M%) ¢ hat vvhen a difference |n pressure exi sts between
thernterror n of t QGgurs, to mn

the differs 3 %Psérgasaﬁrm prfSedS s e RS e b bE s é%es
on the p&f llya or rcor\g ?m'i: 'rg f?ﬁ 2P parRse &?&?'t iSEPE atF$ ﬁ'

pl aced i ﬁ%‘i' gamefdn waigh the, sybsiales abE‘oPﬁeGﬁ"SrFa“F\RﬂrﬁﬁlfW PeripBerg} Wﬁ's %Rpé’d
within t W& ﬁ’éﬁp‘?%”guﬁ’i%‘ﬁf’ Mich sybtrafetimay PRss. SRUEAfEYY @ Haer. This ”‘)@erﬁﬁéfﬁnsmﬂ
comonl y P& Eimagk cangmemamags oftmstleqm [griehgerferalinsemedt wherhia sepinst Fha elastic
have exi p&phergl walhie nahilesigned o withséand préssunes gresipan thanpotéw tens of atm@$pberes
t r anspor withooti sustairéngdemegal The tefmbpot pode aet thenefaveeddsigngd pith Blieastgne leak, so
par ti cl ethaf wicem eitheremcatin p@ssuné oxisth eetaeat ihadrerttpaseextdive of thd Bag e das flow
nmade necesmfrty miimizBehd HiFEreRc iA Prazeed ah@ tHepshyGeduRatid MbéhaRiehll st dh the
par ti cul gérlpyerahRan, m’%ﬂF‘b@PttkKnlsﬂcﬂt p&IY & QRidel Mesisastedtifiie the leak to reduce

nanot Sg? Ehgﬁr\/ NBF yy,f,ﬁ“é atrggﬁﬁﬁé(rsgwrthfngﬁe B{J%%tdrr\?]ogffﬁlgé g@d \érségd d% %t;.h@
t f f
s &iw% i E@ of t Orp%ﬁ Fn"’\g cPth IR gte the

nmay reacgm 1R an These conmpounds
I n partrcu %I n%ansrgdnadequate envi ronnent (such as one |n

whi ch huni di t'Bhe' §a sﬁe Wk ST bER&S rémeolaesp?aehrhgt b m{wﬁaﬁerewr&ﬂ
|n

of the s Eré ‘?ﬁto &ﬁﬁéﬂ"éﬂaggnﬁr@ﬁ uls i Ssing need to
gp;e[gghf RS e Ie AU dan If i A o Ger
further rmrné)%ﬁax ogHtpro%u eH Vf‘,eé’gre %rwerab Qﬁ)h 3&?8%‘? Qs may Ieak
pol 1 Ut i 6 eg% re*awf of ik ifreeh W%V M QU g Pl thr
Cr 0SS- CO CREPPWH e i RRATIA6 SORE r@tﬂemas'ﬁw%a@wrg@ﬁeﬁéwh as one in
parti cl e¥hicl) Bepidib lsélf?steﬂtj IfuRRs serfain phesesvinl the mastitacturing of the pybstrates. This
document SEEoNMERE 75, e nRiaiReh by thehistemal gimmgpbgre of dheatsinspbrt pads tTihag,ghe
waf er s plranseert pedsi afe iasulfcienbdt prieméntiom il rdangesndf poliativheand tufbempes mai it
an acceseeriainl @s¢shetennmoytribetecto \aelditionahipbiiutian [(gaseeakitgothrouainthef whllse ektaihibd)
ai r, forhwendityptress-cineantiinaioh pehidg/C0SiNG fettthniiynsi that depwvate pmamticleaCiac 6F of-
pur gi ng tajheboin tEOW@Is) &ENg a purgi ng conpartnent equi pped with an
upper transfer hole that may be closed, facing the | ower surface of

t he chanber, Thg dopusranhgP 11 rﬁé'flswléescdb@rthe purging oka sticiseftssbstatecwated @laged
suppor t edsiteya sérbed mineenvitommerit Shamisee écgipped ivith i @cqiiss §ol8 Ghat @R detcaRdréd
whi ch hagthxelewerfdobt, @dd illekiiwithiair] fog@aniprf Dhetiftber Slcokiitted 3 Rs towdEsdraad
the spaces hegine eftisd CospHamg 'ApRgNE lcBhparfhicht RUGIBRS witi8h LR taREfeOhole
the i nith@vdylRIBRBY, AR ToweP sitHCE 8tk 'aﬁérﬁ&‘ﬂ HpehihgineWlver ABG: 98Bick
I's eXpe'df%ﬁbsirQié%é@egf EL'fl:?poFthd) L Sovf 666t Ss N9 R |r}%' I'% u %'nﬁ)aﬁr%em whigh
gg?‘?or ﬁgh n%lexsﬂ 8d Witnt &) t]_,ﬁ 54 I?errgfra at {X?sfr? ggr%e Yme SRaces lggqieen the
ot hod AP Rl kP &regﬁgg gtgarf ?fﬁggmswramevra AR
or dor -t PEARIALE A08 9ah. S PEAIRFLUIOI e TRSSEIR AHREP Holen Whish AVRPt i o

An analysis of the interior atmosphere of the chamber is performed in order to test its quality.



The cl eanliness of the pod's internal atnosphere is therefore
implicitly assunmed in this docunment. This nethod nakes no suggestions
regarding how to clean the interior volune, the walls of the pod, or
the substrates that it contains. Furthernore, this cleaning nmethod
applies to a sealed pod intended to keep the substrate wafers in a
vacuum Its walls therefore have a high nechanical resistance, which
I's not the case for non-seal ed transport pods intended to transport
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It has recently been noticed that pollutants may still be present
under the film Crystal growths, which develop on the active surface
of the photomask, within the focus area, may be observed underneath
the film These growhs, anplified with the reduction in size of the
technol ogy, have a direct effect on the lithography steps (defects
are printed). Their |ocation underneatf the film nmakes cl eaning
difficult. Ceaning a photonask already equipped with its filmis a
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technology, have a direct effect on the lithography steps (defects are printed). Their location
underneath the film makes cleaning difficult. Cleaning a photomask already equipped with its
film is a long, complex, and expensive process, because to date it has been necessary to
remove the film for cleaning, then reapply it. This delicate operation must be performed by the
manufacturers of the photomasks, and not by the users, which wastes time and results in
significant additional management costs for the stock due to the short lifespan of the
photomasks.



The invention thereby ains to considerably reduce the dangers of
pollution on the active surfaces found within the unseal ed encl osed
envi ronnents, such as the active surfaces of filmcovered phot omasks,
or the active surfaces of sem conductor wafers contained within
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6 wall s of the unseal ed encl osed environnent. By adjusting the
pressure drop within the decontam nati on chanber, in accordance with
the invention, it is ensured that the difference in pressure between
the interior and exterior of the unseal ed encl osed environnment can be
wi t hstood by the waifs of the unseal ed encl osed environnent.
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of the inner atmosphere of the unsealed enclosed environment. It is therefore understood that
pumping the sealed decontamination chamber too quickly may lower the gas pressure present
around the unsealed enclosed environment within the sealed decontamination chamber too
quickly, with the gases not having enough time to escape through the natural leak in the
unsealed enclosed environment, so that inner atmosphere of the unsealed enclosed
environment reaches a higher pressure, causing an outward differential pressure against the



It is understood that the ability to avoid such a danger of
degradation is particularly useful for a sem conductor wafer
transport pod, because the contents of the transport pod, to wit a
stack of sem conductor wafers, has a very high econom c value in
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In such a situation, the operations of filling and punping the
purgi ng gas may be perforned sinultaneously, with the punping flow
rate preferably being less than that of the injection flow rate.

As an alternative, nultiple operations of filling and punping the
purgi ng gas may be perforned simnmultaneously. To further

I ncrease the passivation effect, it isypossible to provide for

mul tipl e purging steps conprising operations of filling and punping

t he purging as which would alternate with the punping step
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step is fRkAbAL Rhvidnightl 0od of tine greater than that needed to
ensure sufficient degassing of the walls of the unseal ed encl osed

envi ronment . More advahteesusly, thel Rindingdgdsl ragl 184 nitrbgen, Waikh BEnuti@iRUEY PRUery

tests congysrt s bah@inebRREd PIfb e 509eaRY eAblosdaEPRIMfheRfICl Osed
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encl osederRid¥id SHViFBiHent Meliellde decont ani nati on operation being halted
once a satisfactory decontam nation state has been achi eved.

In particular, the invention makes it clear that it is possible to confer upon the walils of the
unsealed enclosed environment neutrality or passivity properties which are more stable over
time, by way of a passivation effect which prevents significant and harmful degassing during the
periods when a transport pod is actually in service, i.e. when it contains semiconductor wafers.

It has been observed, in accordance with the invention, that effective passivation of the
walls of an atmospheric transport pod may be obtained by combining a sufficient pumping step,
such as by lowering the pressure to about 10 to 10™ Torr and maintaining this pressure during
a sufficient period of time of about 20 minutes, and the purging step with a neuiral gas. It is
thought that this combination makes it possible to sufficiently expel the gas molecules
previously trapped within the plastic walls of the atmospheric transport pod, and to then replace
them with neutral gas molecules. Should the walls of the transpoit pod later be degassed, this
degassing essentially produces only neutral gas, which has no poliuting effect upon the active
surfaces of the semiconductor wafers contained within the transport pod. it has also been
observed that the wall of the transport pod passivated in this manner has a lower tendency to
accumulate polluting gas molecules again.



9 According to a first possibility, the decontam nation status
I s assessed by exam ning the pressure drop curve within the seal ed
chanber: if a predefined stable pressure | evel has been achieved, it
may then be assunmed that the decontam nation is sufficient.
Alternatively, it is possible to analyze the punped gases, and to
research the presence of polluting gasgs; the punping step is halted
once the pollution level in the seal ed chanber drops bel ow a
previously set value. The decontam nation step may be
accel erat ed H\p #editernagve precamplement. the, purging step e« theniayanyerimethod may feier
such as eanpiise ehipaat areipreration ehpHMpPiBDIaE purging gagslyinaiwvhieh the mixigelséihe gas
aspect, present inendécontatiinstibrosesiber idextracteditierefderont am nati ng an
unseal ed encl osed environnment, conprising: - a decontamn nation
chamber capabh &uen acgveliamithr) cpgratiangse il adcpuering &evPYrgngrdds may be
means f operforieedoeimultangogsis witipthe Ipemeing dlowdiatsi prgfepablyaleind jesse thannthatl evihe
wi t hi n tinectbedlowtrated nati on chanber, - punpi ng neans, capabl e of
punpi ng the gas out of the decontam nation chanber, wherein: the
punpi ng neang\shaly altesnajixe.i myltine porrpliang < dagiang pumping the pEERGEIRs MBS
are pr ovpatietmedsirdjaneeustyne punpi ng capacity and to adjust the gas
I njection flqw, ) means for controlling the difference in )
pressure bet i@ tiardnarease thepassivationgfiest §ris Bpssibifetoprevds g muipleorisging
envi r onngens Wriﬁ'pg)gpqﬁ@ns of filling and pumping the purging gas, which would alternate with
the pumping steps.

At the end of the process, it is possible o advantageously provide for an operation of
filling with purging gas, comprising a period of overpressure, during which the decontamination
chamber is maintained at a pressure greater than atmospheric pressure, before being returned
to atmospheric pressure.

Effective passivation of a transport pod by an inventive method thereby makes it
possible to use the transport pod not only for fransporting semiconductor wafers between
operations of processing these wafers, but also for storing semiconductor wafers for longer
periods of time, said wafers being kept within the transport pod, which itself constitutes the
storage means.

In accordance with the invention, it is possible to apply the method to the processing of
photomasks equipped with their film. In such a case, the gases are introduced and extracted
through low-conductance filters separating the film from the active part of the mask, without
removing the film.

Alternatively, it is possible to apply the invention to the processing of atmospheric
transport pods, with the transport pod being kept closed. The transport pod may be empty, but it
may advantageously contain semiconductor substrate wafers.

Preferentially, the pumping step is maintained for a period of time greater than that
needed to ensure sufficient degassing of the walls of the unsealed enclosed environment,

The sufficient period of time may be determined by tests conducted beforehand on a
series of unsealed enclosed environments.

As an alternative or complement, it is possible to provide for means for checking the
decontamination status of the walls of the unsealed enclosed environment and for checking for
products that may potentially be contained within the unsealed enclosed environment, with the
decontamination operation being halted once a satisfactory decontamination state has been
achieved.



- the command neans adjust the punping capacity and/or the gas
injection flowin such a way that the difference in pressure between
the interior and exterior of the unseal ed encl osed environnent,
determ ned by the nmeans for controlling the difference in pressure,
are at all tinmes less than the difference in pressure that would
cause nechani cal warping that woul d dasrage the wall of the unseal ed
encl osed environnent The nmeans for introduci ng gas may advant ageously
conprise a source of pur The control nmeans may affect
the punpi ng VEFeeingfo Biﬂr H@S@gy HGrFﬁF mRallen statis 18 Astereed by $xamining the
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for neasuring humdity, for exanple a | 6w pressure humdity sensor
such as a pl agsmirsource to generate a plasma within the gas m xture
to be exam ned, associated with nmeans for collecting the radiation
em tted by tHeepimpngmeacs havaasaiialld punpig a@padti ation to an opti cal
spectroneter, as described, for exanple, in the document EP 1568987,
i ncor por at ed- KeP@age meaps AkerRIpViged to adjust A PURRERYEPICty fand i adjust the gas
cConposi tiniggtiopflowhe gas m xture found within the encl osed environnment
may, in partlcularf make g ible to determine the origin of
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heat the unsgh? gla %srfer:Bg%xcgggiasrramntageously comprise a source of purging gas.

The control means may affect the pumping velocity of the gas pumping means, and/or
the variable conductance serially connected with the gas pumping means, and/or the means for
introducing gas.

Preferably, the means for controlling the difference in pressure comprise, as an
alternative or complement, at least one warping sensor, suitable for measuring the warping of
the wall of the unsealed enclosed environment, and for providing a signal for controlling the
changes in pressure within the decontamination chamber.



In one possibility, the decontam nation device is such that the

punpi ng and purging stops are automated and are triggered by reading
signals comng fromthe punped gas anal ysis neans and/or a warping
sensor. Advant ageously, the decontam nation chanber exhibits

di mensi ons which are only slightly greater than those of the unseal ed
encl osed environnent placed therein. Tihe desired effects are to
mnimze the tinme needed to create a vacuumw thin the unseal ed
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t he |nve?ﬂ°%8?1°sﬂ’sve‘fpr?e3 decont am nate a transport pod,

Furthermore, the decontamination device may comprise heating means, which may by
nature involve microwaves, infrared radiation, injecting a heated purging gas, or a combination
of these means, in order to heat the unsealed enclosed environment.

In one possibility, the decontamination device is such that the pumping and purging
stops are automated and are friggered by reading signals coming from the pumped gas analysis
means and/or a warping sensor.

Advantageously, the decontamination chamber exhibits dimensions which are only
slightly greater than those of the unsealed enclosed environment placed therein. The desired
effects are to minimize the time needed to create a vacuum within the unsealed enclosed
environment, and to make it possible to perform a gas analysis with as little dilution as possible.
The inner volume of the decontamination chamber may ideally be about twice as large as the
outer volume of the transport pod, and 20 times larger (for example, 2 liters) than the volume
enclosed between the film and the active layer of the photomask. To achieve this, the
decontamination chamber may be flexible or pliant.

The decontamination device may further comprise means for measuring the change in
pressure within the decontamination chamber, such as a pressure sensor, Measuring a change
in pressure particularly makes it possible to test whether the creation of a vacuum within the pod



-Figure 3 depicts a cross-section of a device according to one

enbodi nent of the invention used to decontam nate the filmcovered
phot omasks; Figure 4 depicts one possible shape of the

t heoretical curve of pressure versus tine, used to control the change
in pressure within the decontam nati on chanber; Fi gures 5 and
6 are detailed views of the pressure change curve of Figure 4, in the
areas close to the I ow equilibrium pressure; -Figures 7 to 10

depi ct gas exchanges durijng_ varjious stages. of renovin ol Jutjon from
2 Poop CE Brrsiiats bagamormaly HinedtulPasorsr B ER s St B daR R 1B Prpracs
decont an?ifdiabigeddGinReor 4% n particul ar the adaptation of a warping
sensor; -Fi gur e 12 depicts the resul % of the decontam nattign

measur enment : he gas DUEBGE aps, cggﬁrfs&ai gagt oneYimATY RUmRIpd, UNit _A vantageously,
decont ani"faPYBRInY JYeN5s &4Heh LIRS TSSPMRR PUMPIBy 4Py whigh gy be a
active SWF@H@@"HF“ Jacsan "W”t'%P'l‘f"_P'P% ugy _sséa"‘lse’ﬂ lcﬁgafde@‘r'ﬁ?iztf'%t’i‘li@fﬂw
Fi gure 12pnéRapfluring the molegularphash kyfrapidly aehiayingJ@y prepsrses ¢ftagowfifata 105fTorr.

d ' [ ' ' he d f th |
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contam nraegclzlir?gnthe fcjﬂ owing example embodiments, given only by way of non-limiting examples, and

the attached drawings, in which:

- Figure 1 schematically depicts a decontamination device according to one embodiment
of the invention,

-Figure 2 depicts a cross-section of a device according to one embodiment of the
invention used to decontaminate a transport pod,

-Figure 3 depicts a cross-section of a device according to one embodiment of the
invention used to decontaminate the film-covered photomasks;

-Figure 4 depicts one possible shape of the theoretical curve of pressure versus time,
used to controf the change in pressure within the decontamination chamber;

-Figures 5 and 6 are detailed views of the pressure change curve of Figure 4, in the
areas close to the low equilibrium pressure;

-Figures 7 to 10 depict gas exchanges during various stages of removing pollution from
a FOUP transport pod;

Figure 11 depicts one embediment of the decontamination device, and in particular the
adaptation of a warping sensor;

-Figure 12 depicts the results of the decontamination measurement:

-Figure 13 depicts the effect of the decontamination, by observing the development of
crystals on the active surface of a product within the unsealed enclosed environment:

-Figure 14 depicts, in the form of a graph over time, the effect of decontamination and
passivation on the development of the crystals on the active surface of the products; and

-Figure 15 depicts the steps of the passivation measurement method, by observing the
contamination.



DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1 shows an unseal ed
encl osed environnment 1 in the formof a volune 2 delimted by a wall
3 and conprising one leak 4. During a first step of the nethod, the
unseal ed encl osed environnent 1 is placed within a seal ed
decont am nati on chanber 5 whose inner volunme 5a is slightly greater
than the volunme of the unseal ed enclosed environnent 1, in order to
contain it. The decontan1nat|on chanber 5, which may be flexible or
pliant, conprises one door for |nsert|ng§or renovi ng the unseal ed

encl osed env@ﬁﬁ%ﬁf‘oﬁ O%HR?HEEBE@ EI“@O%{ME Stlow, and an outlet 7

connected to 8 & decpntzf\ N
chanber 5 i 5@%& ”éS?%‘E 2elcsp W‘"ﬁ@?ﬁ'ﬁa i e iRy
pUMpI NG F%g A ot S ey P g prphc
advant ag%!ﬁ%’?’?e”‘ a 'Fs%'é?ﬁﬁ’dﬂﬂw Ba %6‘9085%‘??"@50“ @1&61‘?“%1@ Whose inner volume 5a is
t ur bonol dishiiyAreaterghan theyelumgof qugalg@, Iq$gd @gRyifonment 1, in grdar to contain it.
i nvent i v’éﬁmcnotemmm thagpen B, whigk mayrke W@ff o plishtraproprises @wse yoor Sb for
punpi ng néetirguérsemdevisgthei unsealed edicldske envimeskrid!, endhiels@ brengdsrfommand an
1, by usoutigt T benrleetadt telgashpimmng siesnsig.tithierwalllteoftad Hed@ntdnitdtion ghewetadr &ds
encl osedmedhahicalyrapdblelofsthitanding Heac@ames nmay escape the unseal ed

encl osed environnent 1, nmaking it so that the difference in pressure
bet ween t he iTivaepuraping Ipeanse Sancwiseert dgasb Iphepimaty plrepioghswdtl 8a and
encl osedadvantagemngpnd secohdarapurdpihg Lhitrels, duels as & drborhtledularhmolecutary oicaise
mechani cglmpvay ypitng t hat woul d damage the wall 3 of the unseal ed

encl osed environnment 1. The method further conprises at | east
one step of [rT@stioventige rethodt crogpiaes iat [gase ssrustepwift simoltaneeusiyn pembpiegl the
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gas 13 dﬁﬁ?ﬁi’?ﬁ%'%@ﬁ ?W@O“'ﬂ?"éﬂ 6, comand neans 14, and potentlal I y a
war pi ng sens i nve

depi cted in | ‘E’_)S"E'z”“$ t*lfwg%eé‘p%eeﬂ?@i}{?"ﬁ'@ %’h%%ceo@”ﬁ’”a%%/méﬂ‘sf@‘r controling
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t r ans pomall ggguipped with an access hole 3a that may be blocked by a door 3b, and which makes it

possible to add or remove a stack of substrate wafers 100. A decontamination chamber 5,
which may be twice as voluminous as the unsealed enclosed environment 1 which is placed




The inventive nmethod is particularly well-suited to atnospheric
transport pods 1, whose plastic structure cannot w thstand
differences in pressure which develop to rapidly or are too |arge,

and which may danage the wall 3, such as by causing a fracture in the
wall 3 of the transport pod 1. An atnospheric transport pod 1
contains |l eaks, and the inventive nethesl proposes to nmake use of the
pod's natural |eaks 4 during the steps of the nethod, so that the
transport pod 1 remains closed (the door 3b is closed) during the
entire miheEiein. is Wistinasished and isrguieeted to purging gas iRleckd MeYS R TdePaschustping
t he punpimegnsidals praseurprmeasaement meapsrdPyiopmepswiag the gas atensugr yithuthe
8a, and pletantemisdtioy charuberisalbhed meansifee comoling devdifferéncelia presaure defwebh the
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t he closing of the variable conductance valve 12, and/or by
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pressure between the interior and exterior he unseal ed encl osed
envi ronnment lweSetdin taklgutd €S | ess than the difference in pressure

t hat woul d cause nechani cal warping that woul d damage the wall 3 of
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t he nmean controlling the di rence in pressure. ~The
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menory 14aninkid HeBoMthmBtidnQNEmBEr, prograns are stored. The processor
14a may receive information fromvarious sensors, such as the

pressure sensacoidthy fohite Waepiion itSie rissired1id, coatsl the phamgedn gRsssamakithirethe
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The command means 14 may comprise a processor 14a, associated with a memory 14b
within which command programs are stored. The processor 14a may receive information from
various sensors, such as the pressure sensor 10, the warping sensor 15, and a pumped gas
analyzer 11.

At its output, the processor 14a is connected, in a manner known per se, to varicus
actuators used to operate the variable conductance valve 12, the driving motors of the primary
pump 8a and secondary pump 8b, and a valve for controlling the flow rate of the gas
introduction means 6, 13.

In a first embodiment, the command means 14 control the variation in pressure within
the decontamination chamber 5 by following a theoretical curve of pressure versus time. This
theoretical curve is saved in the memory 14b, during a prior acquisition step. Figures 4, 5, and 6



depi ct one possi ble shape of the theoretical curve of pressure versus
time. They show a first step A of punping, a second step B of
mai ntaining the equilibriumlow pressure limt, and a third step C of
rai sing the pressure by injecting gas into the decontam nation
chanber 5. The processor 14a receives information fromthe
pressure sensor 10, and, based on a pragram saved in the nenory 14b,
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According to one variant not pictured, the inventive nethod proposes
to simultaneously punp in and out of the transport pod. This
differential punping nmakes it possible to create a vacuum nore
qui ckly and nakes it easier to interpret the data. To achieve this,
t he punpi ng neans of the device conprise first punping neans for
creating a vacuumin the seal ed conpartugent and second punpi ng neans
connected to at |east one orifice, blocked by a filter, of the sealed
side wall of the transport pod for punping the inside of the
transport pod.Thehersst efesisgdnpaping genieans Isdis fpew.cthcedaiplynihe gﬁ the
t ube. wall Igfiheg wisealed eestesied enviPngiantsls ng magernghat {te; tatudelpheteak paay be,
decont anmiieathe samawtetherstsic fully popariially blaciedm of the wall 3 of the
unseal ed encl osed environnent 1, which here is a transport pod. The
figures depi ciNoy '?idﬁstCPB?\d%f'gt“F?é '5,3410|8, which deP'Ftr?”Ff‘terﬂIPEE"F]O“ﬁ!lQr‘Pfrﬁ'@? Rifgsure
step of |vetietions greaseongsr kingopr ios ther limitinaulowepressure. FHihgefiecudt thishiategtignal
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t he unseatvafets.ahisl tbogtit tvat thisopariatd pdilutias appleasnwhep taneticas ripessife occur teo
| n Fi gur eyuigkly i niéwn greisbgred @t tHafi iti regdlts drons thepinerbase inOWe rmdzal fasRCpath of the
pressur e dagicRB wlenh thelprétdiire ishery lolve degassing flow (arrow 51) occurs,
then gradually reduces as the pores of the wall 3 are enptied. After
a period of abbetle@btamimaiibesevdde mbeporBpriselteated yalis imgrdéi ovprédeobiine yases
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envi r onneEAmpartment and second pumplng means connected to at least one arifice, blocked by a filter,
of the sealed side wall of the transport pod for pumping the inside of the transport pod. These
second pumping means comprise a second pumping tube.

Now let us consider Figures 7 to 10, which depict the decontamination and passivation
mechanism of the wall 3 of the unsealed enclosed environment 1, which here is a transport ped.

The figures depict a portion of the wall.

In Figure 7, during the step of lowering the working pressure (curve A in Figure 4), the
gas molecules trapped inside the wall 3 escape into the inner space 2 of the unsealed enclosed
environment 1, as shown by the arrows 50.

In Figure 8, during the decontamination step at a lower balance pressure (step B in
Figure 4), the degassing flow (arrow 51) occurs, then gradually reduces as the pores of the wall
3 are emptied. After a period of about 20 minutes of step B, the degassing flow becomes low.

In Figure 8, corresponding to step C in Figure 4, during which a purging gas is
introduced, the purging gas molecules gradually penetrate into the wall 3, as illustrated by the
arrows 52.



It has been observed that the inventive nethod considerably reduces
the effect of degassing the walls of a FOUP transport pod. This
reduction is depicted in Figure 12, for various ions. I n
practice, when sem conductor wafers are placed inside a transport

pod, a gradual growth of crystals on the active surface may generally
be observed, as depicted in the upper part of Figure 13. On the other
hand, when the seniconductor wafers are placed inside a transport pod
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Figure 15 depicts the effect obtained by decontam nating masks in
accordance with the inventive nethod. During a step one, the initial
degassing of a mask transport pod is neasured, prior to
decontam nation. Fromstep 1 to step 3, a 20 m nute decontam nation
cycle is carried out, with nitrogen or dry air. At the end of
decontam nation, the final degassing of7 the mask transport pod is
neasured. It is observed that the final degassing level is much | ower
than the initial degassing level. During step 4, the mask transport
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At the end of decontamination, the final degassing of the mask transport pod is
measured. It is observed that the final degassing level is much lower than the initial degassing
level.

During step 4, the mask transport pod is left to sit in ambient air for six days.

During step 5, the degassing of the mask transport pod is once again measured. [t is
observed that this degassing, after being left to sit for six days, has practically the same level as
the final degassing before being left to sit for six days. In the absence of the decontamination
method, the degassing level would have been the same as the initial degassing in step 1.

A second 20-minute decontamination cycle may be carried out with nitrogen or dry air,
during a step 6, and the degassing is measured again. When this occurs, the effect of the
second decontamination, which further reduces the degassing, is observed.

The essential observation of this Figure 15 is at the mask transport pod maintained its
reduced degassing property after the six-day pericd was complete.



Once the desired decontam nation | evel has been achieved, punping is
hal ted, and the unseal ed encl osed environnent 1 is returned to its

initial pressure by introducing clean gas. During the purging
step, the purging gas used nay be of a density greater than that of
the gas found inside the encl osed atnosphere, i.e. its density is

greater and/or col der because the conduetance of the filter is
proportional to the square root of the quotient of the terrperature

di vided by the mass of the gas. The nmss properties and/ or
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atmosphere inside the unsealed enclosed environment 1 intact so that it may be analyzed. This
is because the gas quantities to be detected are very low, and this does not dilute them.
Additionally, this purging gas may preferentially be a gas which is not already present by a
majority inside the decontamination chamber 5, which wilt make it possible to distinguish it from
the mixture coming from the atmosphere of the enclosed environment, and to reduce the
problem of dilution. In such an application, argon is particularly suitable as a purging gas,
because it has a high density, is inert, and is commonly available near processing equipment.

Alternatively, the purging gas may be constituted by a synthetic air which is 80%
nitrogen and 20% oxygen. The synthetic air may advantageously be used in combination with
IMS gas analyzers, which are calibrated to this mixture.

More commonly, nitrogen may advantageously be used.

As indicated above, the invention has applications in decontaminating and passivating
photomasks or transport pods for semiconductor wafers. It may also particularly be applied to
molecular inspection and decontamination in the field of medicine (prostheses, etc.), the field of
agrifood, or the field of automobiles (oxidation of precision parts, for example).



1. A nethod for decontam nating an unseal ed encl osed environnment (1)
conprising an inner space (2) delimted by a wall (3) having a
natural |leak (4), conprising the follow ng steps: - the
unseal ed encl osed environnent (1), having its natural leak (4), is
pl aced within a seal ed decontam nati on chanber (5) conprising neans
for introducing gas (6) and means for Punping out gas (7, 8),

- the gas contained within the decontanlnatlon chanber (5) is punped
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al | tlne§'f@§ 1 an the dlfference in pressure that woul d cause
mechani cal war pi ng that woul d damage the wall (3) of the unseal ed
encl osed environnment (1). 2. A nethod according to claiml,
characterized in that it conprises a step of raising pressure, during
which the increase in pressure within the decontam nati on chanber (5)
is adjusted so that the difference in pressure between the interior
and exterior of the unseal ed enclosed environnent (1) is at all times
| ess than the difference in pressure that woul d cause nmechani cal
war pi ng that woul d danage the wall (3) of the unseal ed encl osed

envi ronnment (1). 3. A nethod according to claim 1, wherein the
variation in pressure within the decontam nati on chanber (5) is
controlled by following a theoretical curve of pressure versus tine.
4. A nethod according to claim1l, wherein the variation in pressure
wi thin the decontam nation chanber (5) is controlled by following a
signal given by at |east one sensor detecting warping in the wall (3)
of the unseal ed encl osed environnent (1). 5. A nmet hod
according to claiml1, characterized in that, to adjust the change in
pressure within the decontam nation chanber (5), the punping capacity
of the punmping neans (7, 8) is varied, by controlling their

rotational velocity, and/or by controlling a variable conductance
(12) of the punping neans, and/or a gas flow entering the
decont am nati on chanber (5) is varied by controlling the nmeans for

i ntroduci ng gas (6) 6. A method according to claim1, further
conprising a step of purging, said step of purging conprising at
| east one operation of filling with purging gas, during which a

purging gas is introduced into the decontam nati on chanber (5).

7. A method according to claim6, characterized in that the sub of
purging further conprises at |east one purging gas punping operation
during which the m xture of the gas present in the decontam nation
chanber (5) is extracted therefrom 8. A nethod according to
claim7, wherein the purging gas filling and punpi ng operations are
performed simultaneously, with a punping flowrate |l ess than the
injection flow rate.



21 9. A nmethod according to claim?7, wherein nmultiple purging
gas filling and punpi ng operations are perforned in succession.

10. A nethod according to claim®6, wherein nultiple purging steps,
conprising purging gas filling and punping operations, alternate with
punpi ng st eps. 11. A method accordi'ng to claim®6, wherein the
purging gas filling operation conprisesgan overpressure period,
during which the decontam nation chanber (5) is kept at a pressure
greater than atnospheric pressure, before being returned to

at nospheri c pressure 12. A method according to claim®6,

wherein the pur gas is nitrogen. 13. A nethod according to
claim6, wheré& ‘M e purglng gas is introduced into the unsealed

encl osed envi ronne tl extracted theref ro throu&1
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(5). damage ghe wallifBt i the unseaediensipsedeniranment (Nawher ei n t he gases
punped are anal zed, and the )ing step is halted once the | evel of
pol | ution insid "P?f@“’sé%W%gc%aﬂcﬁﬁ'?F‘SWeEH%Weﬂt ‘fﬂ)"“iﬁe‘"’c%ﬁ’f?g of gaising
t han a pr@g@yrevgprlﬂg which the increase in pressure within the decontamination chamber (5) is
adjusted so that the difference in pressure between the interior and exterior of the unsealed
enciosed environment (1) is at all times less than the difference in pressure that would cause
mechanical warping that would damage the wall (3} of the unsealed enclosed environment (1).

3. A method according to claim 1, wherein the variation in pressure within the
decontamination chamber (5) is controlled 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 (5) is controlled by following a signal given by at least one sensor
detecting warping in the wall (3) of the unsealed enclosed environment (1).

5. A method according to claim 1, characterized in that, to adjust the change in pressure
within the decontamination chamber (5), 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, andfor a gas flow entering the decontamination chamber (5) is varied by
controlling the means for intraducing gas (6)

6. A method according to claim 1, further comprising a step of purging, said step of
purging comprising at least one operation of filling with purging gas, during which a purging gas
is introduced into the decontamination chamber (5).

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

8. A method according to claim 7, wherein the purging gas filling and pumping
operations are performed simultaneously, with a pumping flow rate less than the injection flow
rate.



19. A device for decontam nating an unseal ed encl osed environnent

(1), conprising: - a decontam nation chanber (5) capabl e of
contai ning the unseal ed encl osed environnment (1), - nmeans for

i ntroduci ng gas (6, 13), capable of producing a gas injection flow

wi thin the decontam nati on chanber (5), punpi ng neans (7, 8),
capabl e of punping the gases out of the;decontam nation chanber (5),
characterized in that: the punping neans (7, 8) have a variable
punpi ng capacity, 22 - command neans (14) are provided to
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12. A method according to claim 6, wherein the purging gas is nitrogen.

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

14. A method according to claim 1, wherein the unsealed enclosed environment (1)
being a photomask equipped with its film (3), the purging gas is introduced and extracted
through the low-conductance filters separating the film from the active part of the mask,

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

16. A method according to claim 15, characterized in that the transport pod contains
semiconductor substrate wafers (100),

17. A method according to claim 1, wherein low pressures, of about 10?2 to 10° Torr, are
achieved within the decontamination chamber (5).

18. A method according to claim 1, wherein the gases pumped are analyzed, and the
pumping step Is halted once the level of poilution inside the sealed decontamination chamber
(5) becomes less than a preset value.

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

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

- means for introducing gas (6, 13), capable of producing a gas injection flow within the
decontamination chamber (5},

- pumping means {7, 8), capable of pumping the gases out of the decontamination
chamber (5),

characterized in that:

- the pumping means (7, 8) have a variable pumping capacity,



20. A device according to claim19, wherein the neans for controlling
the difference in pressure conprise a theoretical curve of pressure
versus tinme, saved in the nenory (14b) of the command neans (14), and
whi ch the command neans (14) follow in order to vary the punping
capacity and/or gas injection flow over tine. 21. A device
according to claim19, characteri zed 'Q that the neans for
controlling the difference in pressur@ conprise at |east one warping
sensor (15), adapted to nmeasure the warping of the wall (3) of the
unseal ed encl gsReafd bR Nbre(ptvidedns afilaMhepitehicy S4paBIR! andQidjust the gas
control lij,pgichAgwvariation in pressure within the decontam nation
chanber ('5). 22. A device according to claim19, further
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23. A device according to claim 19, wherein the means for introducing gas (6, 13)
comprise a source of purging gas, such as nitrogen or synthetic air.

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

25. A device according to claim 24, wherein the analysis means (11) comprise means for
ionizing the pumped gases, means for identifying the ionized gases by measuring an ion
parameter, and means for performing an operation on the measured parameters.

26. A device according to claim 24,characterized in that 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 (15).

27. A device according to claim 19, wherein the decontamination chamber (5) is of
dimensions slightly greater than those of the unsealed enclosed environment (1).

28. A device according to claim 19, further comprising measuring means {10) for
measuring the change in pressure within the decontamination chamber (5).

28. A device according to claim 19, wherein the pumping means (7, 8) comprise a
primary pump (8a) and a secondary pump (8b), which may be a molecular, turbomolecuiar, or
hybrid pump, and finding a pumping to capable of establishing a vacuum of about 102 to 107
Torr within the decontamination chamber (5).



