-1- PURG NG OF A WAFER CONVEYANCE CONTAI NER RELATED
APPLI CATI ONS Thi s application clainms the benefit of
U.S. Provisional Application No. 5 60/542,032, filed
on February 5, 2004, the contents of which are hereby
i ncorporated herein by reference in their entirety.
BACKGROUND OF THE | NVENTI ON THie- present invention
relates to the purging of high purity environnents to
renmove contam nation. Mre specifically, the present

i nvention provides a nethod 10 for purging a

st andardi zed nmechanical interface pod to ensure the
qual ity of the enviroment therein. The invention
particularly pertains to the purging of a container
for sem conductor devices, wafers, flat pane

di spl ays, and other products requiring high purity
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In the fabrication of semiconductor devices the silicon wafers undergo many
process steps to build the layers of material necessary for the device. Each process
step requires a separate tool to perform the task and the wafers must be transported
between these process tools. The reduction in feature dimensions on the wafers has
driven the constantly increasing purity of the gases, chemicals, and environments
that contact the wafers during each process step. Since the cleanroom environment
is considerably less pure than the surface of the wafer, the exposure of the wafers to
cleanroom air during transport is detrimental to the process, resulting in defects and
wafer loss. The standardized mechanical interface (SMIF) system has provided a
solution to the transport of wafers in the open cleanroom.

While impurity tolerance levels vary from process to process, in most

process tools the advantage of point of use purification is clear. Process gases are
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facility, the greater the distance traveled the nore
likely that contam nants will becone entrained in the
stream Furthernore, it is often not feasible for

suppliers to provide gases of high enough purity to

the fabrication facility. Even in cases where 5 the
production of gas of sufficient purity is practical,

the |ikelihood of contami nation during transport and
installation often precludes the direct use of this

gas. Therefore, many inventions exist in the prior art

far, 1.n rificati . F I S

¢ ngeh S8R 8 g BRLONE os s B oigE Yl B fpcarion
offadiligs therpeddadde davnthed @i €1ed thenharefikebehat ¢aamdrBinbats will
beconme standard practice_in the industry. 10 To ensure..
LG e tﬁ% pireana eFgtharmgrss fds plten pet igasibledonguppliers to

U 0L e SO IR R s o

niké prlodoetion of\pae of edfficteaspuritgnd piacieead, the dkelitarodarfdontamination

mechani cal interface .(SMF) d d front openin

uirre frapees W@ﬁ%ﬂ%@gw&@éﬁ iRt P ebE 481 or

C Ot AiTh Rk AN RN RE T 854t i thelpRor WRTBF fhe fJoRNof use purification of
particul ate ‘contam nation and 15 providing a

streadnaldof thd gascs usad anthiegdodens wolsacldhaviintdrpotation o these methods
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alTePoRibhiasea kitematie absplirdnHedRfisAstolsigd the\FOUP WihBhe tool
may outgas contam nants, especially contam nants
and an automated door to open and close the FOUP for access to the wafers. Once
opened, the FOUP environment comes into contact with the tool environment and
the interface is generally purged by positive flow from the process tool.

Despite the purging of the interface between the FOUP and the process tool,
the FOUP environment is still susceptible to impurities, both particulate and
airborne molecular contaminants (AMCs), from a number of sources. The FOUP is
made of a polycarbonate plastic body that is sealed to an aluminum base. The seals

and resins used in the FOUP may outgas contaminants, especially contaminants

absorbed during the wet rinse process in which FOUPs are cleaned. During the
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30 absorbed during the wet rinse process in which
FOUPs are cleaned. During the -3- process step, the
waf ers are continuously renoved fromand returned to
the FOUP. Dependi ng upon the process occurring in the
tool a variety of contam nants maybe retained on the
surface of the wafer. As the wafers rest in the FOUP,
especially if they are stored3for an extended tine,
these contam nants nay be rel eased into the 5 FOUP
envi romment and contam nate additional wafers or
p f
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conpl i lons arising fromgas that Is not of
ceﬂttaallyrundpimabtey | evel , the starting and stoppi ng of
burge g3 {enps 1ss|uQ<§ fo gsys? Techolo gies a number of valve arrangements,

sensors, and actuators have been disclosed for incorporating purge gas flow to the
FOUP when it is present on the stage of the Isoport. The focus of these inventions is
the introduction of purging to the Isoport without regard for control of the purge
conditions. The conditions for administering purge gas are crucial to the success of
the method. In addition to complications arising from gas that is not of a certain
purity level, the starting and stopping of purge gas flow introduces new
complications arising from the turbulent flow of gas within the FOUP. This
turbulent flow, which occurs whenever gas is instantly made to flow across a
pressure differential, causes particles that have settled on the bottom of the FOUP to

become entrained in the stream and to subsequently settle on the surface of the
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conplications arising fromthe turbul ent flow of gas
within the FOUP. This turbulent flow, which occurs
whenever gas is instantly nade to now across a
pressure differential, causes particles that have
settled on the bottom of the FOUP to 30 becone
entrained in the streamand to subsequently settle on
the surface of the -4- wafers., As a result of purging
the wafers becone contaminated, resulting in defects
and | ost wafers. The Asyst patents clearly are a novel
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' agnlgfggnrtrllgn 4 T%ere‘fo%gn aré%ontammants become concentrated on the adsorbents
they may be released into the FOUP environment. This complication is prevented
by periodically replacing the adsorbents, thereby creating a new process step.
Additionally, since replacement is dependant on time rather than contaminant
concentration, the method is susceptible to the effects of process irregularities. For
example, a system upset may result in a large amount of impure gas entering the
FOUP, such as from process tool purge gas. The impurities in this gas may saturate
the absorbents in the FOUP and result in their inoperability before their scheduled
replacement. Since FOUPs are normally cleaned in a wet rinse process, the
adsorbents must be removed or otherwise protected prior to this process. Thus, this

method of contamination control possesses considerable disadvantages when
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concentration, the nethod is susceptible to the
effects of process irregularities. For 25 exanple, a
system upset may result in a | arge anount of inpure
gas entering the FOUP, such as from process too
purge gas. The inpurities in this gas may saturate
the absorbents in the FOUP and result in their
i noperability before their scheduled replacement.
Since FOUPs are normally cleared in a wet rinse
process, the adsorbents nust be renpved or otherw se
pr S net hod
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no§ gﬁﬁgall excl usi ve. SUMVARY OF THE | NVENTI ON In
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B 1y sealed transfer container to a seal ed

chamber iafotdes&hibd®ent o%@hemeemhgﬂletmewﬂ@é‘mmﬁng an object
steps of purging the transfer container with a gas,
exipus pmgn hermetically sealed transfer container to a sealed chamber is described.

The method includes the steps of purging the transfer container with a gas, exposing
the transfer container to the sealed chamber, and transferring the object between the
transfer container and the sealed chamber. The gas used to purge the transfer
container has a contaminant concentration no greater than about 100 ppt. The
method may further include the step of detecting the contarminant concentration of
gas that is purged from the transfer container, the transfer container being exposed to
the sealed chamber only when the detected contaminant concentration is no higher
than a threshold contaminant concentration. The object to be transferred may be a
semiconductor device or a wafer. The transfer container may have at least one non

hermetically sealed container within the transfer container that holds the object to be
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the transfer container to the seal ed chanber, and
transferring the object between the transfer

contai ner and the seal ed chanber. The gas used to
purge the transfer container has a contam nant
concentration no greater than about 100 ppt. The

met hod may further include the step of detecting the
cont am nant concentration of 25 gas that is purged
fromthe transfer container, the transfer container
being exposed to the seal ed chanber only when the
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the purged gas is no greater than a threshold concentration.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the éccompanying drawings in which
like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon

illustrating the principles of the invention.



i ncluded and configured to identify the contam nant
concentration of gas that is 20 purged fromthe
transfer container. The detector is also configured to
send a signal to a controller for opening the

cl oseabl e door when the contam nant concentration of
the purged gas is no greater than a threshold
concentration. BRI EF DESCRI PTl7C1\| OF THE DRAW NGS The
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FIG 5 BRaphzaphiehe sul of the contammapt conffliation m a
S CERFIER O AR S A 20t 5L
W tibédimeandfablé imsaidtionf t he inventi on.

FIG. 6 is a schematic of an experimental setup used to test the contamination
level in various locations of a system in which a FOUP is connected to an IsoPort,
some of the measurements utilizing a method in accord with an embodiment of the

20  invention.

FIG. 7 is a schematic of an experimental setup used to examine the total
contamination levels in a wafer chamber subject to different system configurations
and environmental conditions, some of the measurements utilizing a method in
accord with an embodiment of the invention.

25 FIG. 8A is an external view of a stocker, consistent with an embodiment of
the invention.

FIG. 8B is a cross-sectional view of a stocker, consistent with an

embodiment of the invention.
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FIG 6 is a schematic of an experinmental setup used to
test the contamnation |level in various |ocations of
a systemin which a FOUP is connected to an |soPort,
some of the neasurenents utilizing a nmethod in accord
wi th an enbodi nrent of the 20 invention. FIG 7 is a
schemati ¢ of an experinental setup used to exam ne the
total contam nation levels i a wafer chanmber subject
to different system configurations and environmental
conditions, some of the nmeasurenents utilizing a
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unified pods (FOUPs), has been previously disclosed, its application was impractical
prior to the present invention. Alternatives to purging have also been disclosed, but
lack of control in these passive systems makes them less desirable for contamination
control. Additionally, these methods are compatible with and complementary to
actively purging the FOUP.

Embodiments of present invention solve the problems associated with
purging FOUPs and provide an enhancement to the SMIF system that will enable
future technological developments. Embodiments of the present invention utilize
extremely pure purge gases, <100 ppt total organic contamination, preferably <10
ppt. This purity level was not readily attainable in most prior art methods.

However, innovations in gas purification technology by the applicant have
facilitated the availability of gas of said purity. Other embodiments of the present

invention introduce the purge gas flow in a non instantaneous manner into the
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Wil e purging of SMF systens, specifically SMF pods
and front opening wunified pods (FOUPs), has been
previously disclosed, its application was inpractical
prior to the present invention. Alternatives to

purgi ng have al so been disclosed, but |ack of control
in these passive systens nmakes them | ess desirable for
contam nation 20 control. Addigionally, these nethods
are conpatible with and conpl enentary to actively
purgi ng the FOUP. Enbodi ments of present invention

< : | Lo : '
oo s RO 8RB R AR PR Sy i
enalheapplivitivneofipaeging hodéscabeddiavikd pdsremt. S. Enbodi nent s

of the present inventi %g utilize 25 extrenely, pure

pur ge gaLBs embodineens gt the Presentdpyention. RUSEE &3 histmasis to flow

prtﬁfo%gﬂlalpmﬁlps_ st that e §mﬁit1‘rﬁi'rlr1eta%ﬁhéo g&hmﬁ@ﬁ oPfle Jubdid Y is <

attal nabl'e in nost prior ar o However,

i NOVt taderlorganigestpumiafio GEDGC)) prefehblyl sHypity A flew control
agfl I c§nt have facid?it ted the gvai labiLity o%. as 0(516.

s B aURYSeS A S8 H9S T FRMPSAtR Tome Z5reldan con {j8hta ppsired
| PHGWPRHE S af DEDHANHITHLIAMISR 23d R TebMEH SPAABANE Sntrainment
manner into the -9- FOUP. It

! e ~is relevant to note that
t euie hiffigendy chimaséede Mgk grsns heammde tmflowdhough ¢ SMI pod 7

t appl i cat.i f ourgi as. descri bed i.n the i or
Rt R 8t b s R RO S g e Beped of
gaBe freként MREAtibO ot drodned tAE gt obstables fd 1BE phreSMESF doR@éyance
t he contani nant concentration of the purge gas 6 is <

5 deymep fr thopraressingaiidevieeriuseaptileite erytom)contaminant levels, e.g.
prs%ﬁn%o%ghé/t <W%%§SD tﬂatAalflell(ziyg ?aglré B&late%.e\“ ce 3 causes
purg ] 01 ke %0

urge gas ow reas ma zero flow

condi t i Apréferréd elabodiment Jflthvpresdng inveAtiorfinkalves thedbllowing
that turbulent flow and the resulting particulate

erfiePaianAanieted & Bl 14 SMERtRof. Bieferitide d@UIbus genngeigd faa
g;sq\gm;%lggxﬁ Or édn%&ﬁéﬁtﬁ_tﬂ%%?f, ?re?é{'aﬁypaﬂqs%)orﬁd}gﬁ%ﬂ - @vik@lot a

syste n Its broadest odi ment
t HOUR stooaeabcld® The cpnesénh irvolrves thedinavaiccdipamente a

T e g S B UL Sh 0 Sl Seer e IS G, 1

CQRE PON AR ot SY6BESy alfizidd 11 SRR ERMEUACIR redid 8RS 1R alishAknt

panel display substrates. A preferred enbodi nent o

t eug be seattemiptade Af theFQUR o preertyhadighed, lacligited signal is transmitted
to a flow control device 12, the operating parameters of which have been predefined,
preferably this device is a digital pressure compensating mass flow controller
(MFC). The gas then flows through a purifier to ensure that its purity is within the
aforementioned range 13. The pure gas exiting the purifier flows into a FOUP via a
valve between the FOUP and the SMIF system. It is preferred that the opening of
said valve is also controlled, either actively or passively, by the proper alignment of
the FOUP, for example as in devices previously disclosed by Asyst Technologies,
see U.S. Patent Number 6,164,664 and references therein. The purge gas exits the
FOUP through a valve similar to the inlet valve, and its contaminant concentration is
monitored by a suitable analytical device downstream of this opening 14. When the

contaminant concentration of the effluent reaches a predefined level, the analytical



10

15

20

25

30

steps as depicted in FIG 2. A SMF pod, preferably a
FOUP, is connected to a 15 SMF system or conponent
thereof, preferably an Isoport or simlar device or a
FOUP storage rack 9. This connection involves the

ki nematic alignment of a nultipoint contact mechani sm
to ensure the proper placenent of the FOUP 10. If the
FOUP is not properly aligned_}3, an error nessage
results and the alignnent nust be reattenpted. If the
FOUP is properly aligned, a digital signal is

tr )

o cgepgc{g:t%hﬁgltgg %@aﬁm&wﬁ % Wﬁx@ @‘)%ﬁl%l s\}/gt%%leféfﬁ %@se (S:I%Piﬁ r{réa&/, be used by
prthé eysaiﬁh h & hirsetd oy maandrs dapdidgmﬁxqionphembamn In some

conpensating mass fl ow controll as th n
f | SRROUmRpHE §Anay Brustored & Pﬁosldéﬁé@élen%lrpa?cq% %orﬁw?
f
)ﬁr@f‘eﬂe& ﬂo?E]?:lﬁgaE’H%fiG@ﬁwr gﬁe;g P f ﬁgqjaﬁhe FOUP-

Irting t pur| ows i val ve
bqﬂmmtdoh dodr@iyRha hbpbit®. S sFsignas trmmalsiotbensecpbgﬁaad digital MFC

t eni n f 25 sai lve is als optrol | ed
oGO R Ry §oh 0w Tergiis YO o fhet Bt Bidd o Since
OfwafEﬁearé:%allE/%nﬁfﬁPa |l &méved Forf 8Nd £88mPd &YIhe FeIUP,

di scl osed by ASyst Technol ogies, see U S. Patent

NLOvhENU®IS PBYgeaB nznmitoring &4 eryedss chiestait mfothaiqnebget has

exits the Pthr h, a ar .to.the inle
o $iyiotiy o v o “Bhttalb e Mart Ptk g gpe
bYFGUB Uht 8olpBrt sadséh (e OUR Y ERsEIowNgsor € AMtias pbit &n optional
openi ng 14. Wen the 30 contam nant concentrati on of

t Hagitgl signalmay begiessnifiedodhe figHaldMIFEV L to adist purge gas flow to a

a EP%%;\%“%@ lsetg%lgt Véo%ﬁarﬁmﬁﬂ%nh{e%trgugtgl thé‘ggﬁgo%ﬁé‘{s aggm

syﬁélﬁmremlzauﬂtﬂm &b&he@fan radyveitsat v@lﬁaefiﬂlaratdlgmo RighbEprovides
appl.ication. enbodi nents it may be st or ed to

pristifigationddpk qh@ HQUPpw@@&s@a%ﬂ% framspey. anfl/r?r giqeage 17
f
pretrer flﬁ‘%ﬂ}sﬁ’ﬂoﬂ%pﬂ’% e§§F%§lcjpﬁfg 19'9¥ 1&%dth1&1 zﬁi glgl%i 10% ﬁé#rt]gﬁo, of

in the opening o ess to
| sapolt {soPort Thors wirghg wvnmwmm 620 prassiecbnizhe stagedof the load port.

digital MEC 12 to adjust rge l.ow t hr, h _t he

FaB CORABRTE P e aeiP HButiet S RO UPSH Ao JHp stk Bgrgon the
n %J{g@'dfk‘hecl%& boBEfoYe, [IBARY 8dd/of Bfftald tac By ih ARGrbEesk BRI has
FOUP, continuous purge gas nonitoring 14 provi des

c dresn asteblishédr Aatdrdmgdd dwtmetth@d pargei gas flowns igfoduhel to FOUP
\\hen a et ur

{ oviina ot Bepringnl doreepiipieh | AT B RaS b dgtemer

t QRAt sqgﬁﬁentﬁtelﬁﬁlh&epﬁllrmmﬁ MoPdndaR&tesulting particle entrainment in
purge gas stream. Additionally, in FIG. 3B an alternative process tool 305 is
depicted with attached load port 315 with a SMIF pod 325 present on the load port.

The present invention is not restricted to a specific purge gas. The nature of

the gas used may vary according to the requirements of the manufacturing process
and may be proprietary to the process or tool. Since SMIF pod purging has not been
feasible prior to the present invention, the optimal purge gas may not be known to
those skilled in the art. However, it is anticipated that the properties known to be

optimal for gases used to purge similar environments will be applicable to the

purging of FOUPs. Common purge gases used in other ultra high purity



10

15

20

25

30

digital signal may be transmtted to the digital MFC
12 to adjust purge gas flowto a predefined setpoint.
The contam nant concentration in the purge gas is
again nonitored 14 until it reaches an endpoint, at
which tinme a digital signal provides notification
that the FOUP is now ready for transport and/or
storage 17. 15 In FIG 3A, theg;process tool 300 is
depicted with attached | oad port 310, of which
| soport is one variety, with a FOUP 320 present on the
st 0

o ofinch) e R0 ey, g8 o AAE SR Res Rordd12 Bopongy, e
t hepplisdra g€ thefpredeat inoadiopdiat dise]foaesd?a nek | ptm%e g@ﬁl foumd to possess
after, co act with the process tool has

es%oaslﬂr: PAVARIBES AVAGPHS A trREasheen &Y thf‘pmrrgglgg%féﬂtrq Rjgh purity
Sods %ﬁ@é}g G5ds 4Rt E%n&&'%s Wﬁx@harggfé e &8 %tfézmi rga@fn the instant

co centration < 100 ppt, prefer
mainmertionthaabesudntticipiateds zil‘ghoagln ﬂlemad:thsdst ofrsbmil wsntweﬁfda m\dmown

??ﬂyfa%ﬁrei\ Bt Poteeier or 8% SR E BheifondB F @68 8Ran duy i
g@i&% Ao US. pdRRE AbSlkaribh !Nﬂﬂe@q @%@3 |9©§CU BOPitent

a SMF pod 325 present on por
przélsldwatwmb@mheo h0/6&3 pes, and Qttrnnemml t‘\@phcaémdﬂumber

P uaRor DT MR Rl aficbGPo R RRDATEY ey

pr oCes SAccnd@in By aldghad eapbi@ict ¥f the pidtentiho&aRs, Dk Ipu1rge gas is
tool. Since SMIF pod purgw?g has not been feasib

prp@ﬁeﬂ@u@m@abﬂléwmrsm@ cofamiripéion sescapliblp dejecsgars not
rka By 573 pbfke B R braRLA I8 P ot gy sos e

t anbe puepthanihe {nbicigane st ths SMIFddENYEosmBht. ambodlments of the

environpents will be a pllcabletothe 30 purging
FOUPENT BYRRAAT 336 F GG 8 IR e D8k HEsetiyg] WanﬂYegq?ntammants

P kb the chviro BT SIS AR B6R (L] FOE Loy BT BN
t hegpreserttmimusnnomprhfsablly sd0epsd a novel purge gas
found t ossess ..consi der.abl e adv s oV

o o Do i Ren BF gl e AR oFCarin Syeen
g%nga%hhg’ %éélés'té‘ ﬁﬁrg@%@se@ ORRHFR e effatiil BesEBr Epmtge Qas.

use of said gas I n t he |nst ant 5 i nvention has bé€en
anSpecifisatlpdhe acﬂctlh@u@ﬁpurhexmmmtqnﬁo suygtntfses aysirgpurge gases

. h d
SRR e B BiR LS BSePh ARt BlrRuleg 8 e ¢ Huedlifs gom o
defuirp&icerivivokinSat. Reds@pécufipd theedhk gﬁyd}lwmaﬁd cH&NB8Irfksties of O,

U.'S.  Pat ent
and/or H,O assist in the desorption of organic and other contaminants from an

impure surface. Additionally, it is known to those skilled in the art that these
oxygen containing species are necessary compounds in certain processes, such as the
proper curing of photoresist polymers. Therefore, in certain embodiments of the
present invention, water and/or oxygen may be added to the purge gas post
purification. In these embodiments, the addition of these species will not result in
diminished purity of the purge gas within the stated limits.

Though previously described embodiments of the invention are directed to

purging wafer transfer containers such as FOUPs and other SMIF pods, it should be
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Appl i cation Nunmber 10/683,904, and International
Appl i cation Nunmber PCT/US2 004/0 1 72 5 1, all of

whi ch are incorporated herein by reference. 10
Accordi ng to another enbodi nent of the present
invention, the purge gas is purified such that the
waf ers, or other contam nation susceptibl e devices,
are not contam nated by saiglfgrge gas. A broad
definition of this is that thé purge gas is nore pure
than the anbi ent gas of the SMF pod environnent.
ETRAdi RS, Yl I{rgsee nt ijrvgﬁtﬁ{ﬁt canMEPM 04 R AGR ﬁawaﬁ{h? %

t o purge gases At efrec I'vely ‘renmove contam nant's 5
f regamphe the mvdthaizriesdribetl by kenbSWneriodf the igenti@uirg @ot limited to
gases with < 100 ppt total organic contam nants,

nore .
prigiéring Mpfees sl thp envirommeniseed BUE podst sliegadbodsyag hg practiced
ARPH) ERMrans iR EnAHSUr AT Sn RERLAL QBN AR HeWbfidts that
speci es to purge gases, |Inproves the effectivehess

a apeitrgesfeesl and Speaosdd i alhd tyansfeneontdthiet imay be fanp seneiconductor
oxygen qQr water to_.oxygen-free or_dr uy. ases 20

S RS oRisS g B rcealppaerfte%%tﬁfvaa%%?%g@nwp%Or other
| &3vfdct REedifteto®b it SRtre @RS B BscaRU HAH&TY o, @BBSents of a
I't is speculated that the physical and chenica

prioglevadues sybte®2. and/ or H20 assi st in the desorption

of organic d.ot her contam nant.s from.an inpur.e ..

sur f aconARRHOdR I N AR c SR el F direstgd to

t RRiridyihg b hahsttN@eaind A e GO rRleAt 1R tRRE! The Aefhod comprises
necessar¥ conmpounds in certaln.%rocesses, such as the
25hgstep ef pwrginigrige Bansghsroiaasr sithpotag et das Tpertanipest

in rtai.n i nent.s. of present invention,
mé?ggm%%%?%gggggggﬁu%ﬁ$8%€ﬁ§§@%d to the purge gas post

puri fi caddtidt.endbodinhes of gihieeinibn isdirdched taddhdthahofatansferring
these species will not result in _dimnished purjt

f
t F@ ofgymc@ EoeAsNag) }.tqqnﬁti@ql,]é( sgidg@ gaanqer,ﬁqngqmq%a gﬁled ch%m%er. The
PIfthd! 540%{161@§§ng15ng96 Gaodi TR Wi%hte [ SasiE HON & Odhe@hfhant

directe rging wafer trans contal ners suc
asohtddBatiamno gtehter tiaklaboytdd®,ppi.t Nekité tratwder-cbatainer is exposed

under st 00 hat the present .i nventiaqn can be practiced
witP #‘W@gﬁﬁﬁﬁa‘&fﬁ?-gﬁ ¥ IntgRiagig @ pojt it ?9%’6‘8@015@5@@10?" 58

bYen§FRHETEBE Be BandBecdntN AR bhe Re AL E MR bek tbd BGE®
purifying wafers and the environments of SMF pods.

Themmetthation); dfinklty e abjectie dransietrbd hetyveen tedfapsfer container and
ggﬁgg%ied: cﬂg%nbler? tlr{éoo%j fpc? gnrg?ftble%%lnlsi%rrgg %{ c%ﬂier '(Aflsrec%ln! ’Opttilggally, the

method includes the step of detecting a contaminant concentration of gas that has

been purged from the transfer container. The environment of the transfer container
is not exposed to the environment of the sealed chamber until the purged gas
contaminant concentration is equal to or lower than a threshold concentration level.
In another embodiment of the invention, similar to the transfer method
described above, the transfer container is purged with a gas. The contaminant
concentration in the gas is below 2 ppb. The contaminant concentration is also low
enough such that the contaminant exposure concentration in the sealed chamber,
after the sealed chamber is exposed to the transfer container, is below what would be

expected if the transfer container was not purged.
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5 are transferred and cleansed in the transfer

contai ner may be any sem conductor device,

el ectroni cs manuf acturi ng conponent, flat pane

di spl ay conponent, or other object needing to be
transferred to a purified seal ed chanber (e.g.
conponents of a high vacuum systen). One nethod, in
accord with an enmbodi nent of the invention, is
directed to 10 purifying a transfer container that is
non hernetically seal ed. The nmethod conprises the
Step O AR Athchlifer o R eriaR t AU PEEedth bk BB hlitrring
has a contam nant ENtrati o at
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cancemhnaidatinon mmthghe’ahmsfertcbammb ttuallolz@ﬂlempmlcohﬂéudtoﬁ chae’lce to

transfer container, is e sed t he, seal ed cha

(gl R Ryept the o 50 R R oan] vt SOORR ow

t henboRIMedt Wi&bé’ﬁra&tﬁ%d‘iﬁ 2BaJafEnRIUBh RN QFhedlA tt&%ﬁé‘é@'to be

chanber to be in fluid conmunication). Finall

0 tifa@eferneé befwess ﬂeertr%xsfeb eonteimar atkesepled ﬁbm*ebera@mtalen@asarﬂy
%Od t he seal d tch nber; the object may be

é@ﬁ@ﬁnP%nleﬂE % ect i on. Optionally, the

rret hod TnnebfeeembsEmShtedT th indeht@sy b 9fktém CONEARTORAR an object

concentration of gas that has been purged fromthe

t rgfsgaartwe sy ApiBaents FPraPEYes Atensieheontdinersad prsgalsd ehamber.

S ofed Oa@l@ﬁr ﬁ%rﬁalﬂglt I8 %%g%%%l%c%aflg Sea%&l éon?zﬂ?@ %at ?J P&rggd with a

C Of26 @Bvinghiconcantragsual colhf’anﬁﬁaﬂt@n@ grdafba tha@ abbmels}@qiaﬁts per
concentration level. 25 In another. enbodi nent . of t

i rilinn: drhe sedled phambes i gpaneqtethwith the&ansks copfaiyer. %@gbsable
abcR)Y)? s€ ?esttﬁélgﬁxflfornrﬁéﬂf%ﬂhg géalécf’clﬁﬁrb%ieﬁofff th@ lgve %glvi\}eﬁlt of the

he contam nant concentration in the gas Is
p:tansth eortaintawheratht doanis elusedt Aaletactr & guionelly inehdudhThe

su h that the conta osure concentration in :
eg@guwn&lwamép e e SPRam S GaPeenasrof e £ tha s
4R tﬁé“t?aﬂsféi‘ 'Eﬁlflﬁfnef; OWin2h BRY oontaniRst @¥hiMARht WPMIeHual to
e 3 expected if the transfer contal ner was not

purgetbw a thigshalioehay the dbisdionisrionfuret éo sandersi grahtd scontroller
di tflaGtCotp%gs tth cﬁ)sez}ﬁé gc%rf %qlbsteaﬁgrﬁ{ ?Etlrl Iogj%ct, such as a wafer or other

semiconductor device, may be passed between the transfer container and sealed

chamber.

Sealed chambers, used with the aforementioned embodiments, include
chambers with an inner environment that is hermetically sealed from an exterior
environment. Such chambers are constructed with walls that are gas impermeable
(e.g., stainless steel). Thus, leakage of contaminants into the chamber is limited to
where a port connects to another environment. Sealed chambers include
semiconductor process tools (e.g., a photolithography tool) and other containment
vessels, which may sustain a vacuum or other condition separate from the open

atmosphere.
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a sem conductor device. The system i ncludes a non
hernetically sealed transfer container having been
purged with a gas having a concentration of

contam nants no (greater than about 100 parts per

trillion. The system al so includes a seal ed chanber 5
in communication with the transfer container to all ow
t he sem conductor device to _transferred between

t he seal ed chanber and transfér container. Such an
enbodi nent nmay al so be practiced in a broadened

cont extr, Wnerel.n ﬁt&%epl?éeﬁg&nﬁ&?&gnm%ﬁtggffh%ﬁﬁx‘?&ﬁ%%}’&%?
t he transfer con alr ner an i'S not
nelaeiadio FQUPS omdthadypes of SN podandTht transd@woneninet thayrbe

anot her enbodl ment _of the jnvention, ystem faq
t reoRsirEied Weh anteriseh applesiss Ae E\NBOB’ﬁ%‘%P%ﬁQhP%lypmpylene)
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The transfer container is a non hernetical y Ssea
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Hﬁ ,tcgl' | %m‘é{oif %lfqnﬁt)la 103%%& fg@rjl%ﬁ grarel@t ohatd La neg%lk%gnl}nent in the
C QR felr %Qntﬁ\ﬂntap ARGhird0rber c&ﬂ%ﬁfaﬂ@ﬁ is the Gbﬁ%%feh%d by the

door separates the environment of the seal €d chanb
f rapmtaites. Enwxannﬂ@nwafﬁrs map offtgas ﬁs«ﬂ desotly msabawémabmmunt of

the 00r ect or. lLuded.
bl PRl B AR R P Mg B Yl PR A

C QEtin@fBrﬂédntI‘hﬁ@ REMOEFRInkOFY tBE inl/BEticGiaBay Badbld SurifUdfige of the

fromthe transfer container. Wien the contam nant

¢ Gy BRARIMEN o sushstransirsichargberg ps Well anihginaenisaifol d | evel

t he det - ' i I .

oot ol B 7L KL A58 TN B LA sk cmbocimans

Sulfskslireaition arafotdhieet to digemicsasuch asdly@tocarbond, bat include the
sem conduct or, devi ce, maybe, passed between the
t rTARSS rcoRBRIBIEPL congera da high PUEhLPRossSIngeRvEgnments. Other

| %ﬁﬁ Te%nm SEChninEd of ﬁo@&%ﬁd@sﬂgﬂ&&ﬁgs mqﬂqtﬂgétmﬁs gnd

arrbers Wit nerenvi r onmen
h eannmbmaalAlny of aise dorftamnimants, @xhixtires thedf,enay maed tehe removed

h chanbers onstructed w th IIstht are
R RO o Ag v eLs S B LS ey De e g dfRuree of

c%ﬁ{yf&@ﬁgnﬁbérnto the chanber is limted to where a
port connects to another environnment. Seal ed chanbers
i ncl udeGassenseddngurgedhe ranste contamst ;i @e agove -gescribed

i R HEREE o 28 e itieoah et ones S B MIEREF afgroue
f rumfying eAMOBiments. Types of purge gases include air (e.g., XCDA), oxygen,

nitrogen, water, a noble gas (e.g., argon), and mixtures of such gases.

The concentration level of contaminants in the purge gas affects the ability of
embodiments of the invention to purify transfer containers sufficiently to allow
exposure to a sealed chamber without detrimentally contaminating the environment
of the sealed chamber. Embodiments of the invention utilize purge gases with a
contaminant concentration level no greater than about 100 ppt. In some
embodiments of the invention, the contaminant concentration is no greater than
about 10 ppt; no greater than about 1 ppt in another particular embodiment; and

about 500 parts per quadrillion or lower in yet another particular embodiment.
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enbodi nents of the invention are not limted to FOUPs

or other types of SMF pods. The transfer container

may be constructed with materials such as plastics
(e.g., polycarbonate or polypropylene). Since the
transfer container is not hermetically sealed,

contanmi nants may |eech into 5 the environment enclosed
by the transfer container. As vveII when pl astics are
utilized, off-gassing of the pl asti cs may further

cont am f

cont ai nof Agtr i pRORIER Bohd taf o RS cBhambes ao affets the
obpwity of eavisdmatcne df thy tiahder @artdimsrnard suEﬁHquemﬂmﬁJle @srity of the
waf ers may off-gas and desorb a substanti al rmuat of

coffaledichamber afieT itHe exnogediodhe pentenis abthedrspsien
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e I ments of e I nvention enabl'e purification

of stantard Bievs peymmente (sif)sandha gas dlosf wte dtaedeatmuins sine hihd about

as ir. contents. tam nants to be renoved from a
%@]ﬁﬁ’a@ ARRLHC tl%r eﬂg’gal%nfh enbodi ments of the
' nvent i Biveh& 88bodimBhts 8Lt B8R Ivifon aStaRf@Tontainer is purged,

hydr ocar bons, but include the range of contam nants
of the Sleveetpurge msghaspbﬁr intrgdyned die s phrtiguianvianoerte stepress

o Pfiche SRR Stich 26 it 1508l RSaind! SRPSRIGARRAL G e exposca

COgtafdi chambss, THe MAwbEifigge g&seig eghpedfedm ra%asstbmldmlg no flow
removed froma purge gas. As well, such contam nants

masonitiqndaihedesiad flay ralseasppgecddp bemgtiptipdiicad in a step-wise, or
h f

¢ ne B S SRR At ey L iR Lk 8

gapressurecdrpsnestireamhds €lovi sontbBerSMIFC Yy ofla pfﬁisx&@d&xtroller in

Q%Ang%{c”%n SR a”%m Aaitnce B é’e{sdgtg?f iy i st echanism
9aRyr antgolhn%‘% &dinrﬁ'l%'f cﬁ’:l mSHE B ?s?oodT@Fthose of

concentrati am Int pur ge ‘gas
af drdotasy sihi uathel art ﬁunoh comnﬁh:d iimeottustiod of ﬂne pluma‘s helps

to purify transfer c er ffcet o all 25
exﬁigtﬁsﬁ}eafeg&gwﬁ%o?@wgp%a@ ad S e e finc?
rﬁml%&faﬂga&hﬁmﬁﬁﬂd pRARAL coﬁ%ﬁmhﬁﬁoﬁ R Ar R B®mber.

odi nents of the invention utilize purge gases with
a Alternate embodiments of the invention may utilize a transfer container that

holds one or more non hermetically sealed transfer containers. For example, the
transfer container may be a stocker 800 than contains one or more FOUPs or other
types of SMIF pods as shown in FIGS. 8A and 8B. A stocker may carry 25 FOUPs
to be inserted into the environment of a tool for subsequent distribution of the
FOUPs’ contents into the sealed chamber. In such an instance, the flow rate of
purge gas utilized in such a transfer container may range from about 100 slm to
about 10,000 slm. Such embodiments may allow the contents of FOUPs to remain
protected from contamination for an extended period of time relative to FOUPs that
are not subject to a purged stocker. For example, components of a Cu deposition

process may only be exposed to air for about 16 hours before contamination
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contam nant concentration |level no greater than about
100 ppt. In sonme enbodinents of the invention, the
contami nant concentration is no greater than about 10
ppt; no greater than about 1 ppt in another particul ar
enbodi nent; and 30 about 500 parts per quadrillion or

| ower in yet another particular enbodi nent. - 15 The
flow rate of a purge gas fIOV\_/i%g into a transfer

chanber also affects the puri]ty of environnent of the
transfer container, and subsequently the purity of the
se t

¢ PR . Wk BRI F RO (e R, Bhoue2
utdalyszrﬂa}apawbgteregtas silh@deg’radmohea&splhaa about 300 5
standard liters per mnute (shn), and a gas flowrate
bet ween about 3 slim and about 200 simin a
pagiiadbpEgenbodi ment. In rel ated enbodi ments of the

i nvention, when a transfer container is purged, the

fl ow of Th@ fdwias exanyplépeare nteamdo dibdstriate pariardriaspdctsrof some

manner ..t 0 sUuppress articul ate contam natjqQn j.n.the
PO B R en B ThE S Bttleh S ot I1laiied 5 it sqgpe of
Seﬁlﬁ&rﬁ&ﬁﬁ%ﬁbodﬁh@n‘c“&f Y 8T erRioh I8at eSili2qr anped from a
substantially no flow condition to the desired flow

rate, as opposed to being introduced in a step-w se,

st.anti.all inta eous fashion. This flow may
beE)é%ﬂPS\}eg‘d%@i)&ﬁnPf@ e:f{] "3ressure conpensating nass
f1 ow comhé etmld3phdrd/6E FOQJP 5 0P SSKAhBn SOt h?dlrb@a[rbcbtﬂ
conjunction with a calibrated orifice for

gas
| nedbEimenis fndes statigyropditiens anscmidng 24 puege. The experimental

%ttllipotor t%@@? cohﬁ%uﬁa@feﬁ% d&t i 4?1'0% iR F‘Fd}tly {ihe a?]{o?v titroller

hose I nary SkKi
SuMO Wamsredltd) athintaih adthve tatoof thé ptuze gasingesigaThbeleps dry air

o3 BV anUE paPePCCEav Bt PdR epbpR A bk

; a%%%”f%hiﬁﬁ%ﬁ%%emﬁ?%ﬁdhﬁ% R430 4chB0R el BRIz o
t r amgdremaniocohadmetion helbw ]2ppth @l dsuomepuntp 430 wasmmad
netical |l y. seal tr er contal ners r exa
@"Wsrnﬁﬁ%cér‘hec%ﬂﬁ 5o é‘?& ﬁﬁ?arﬁgleéoﬁ?‘ﬁﬂle?rh% effH’éZF\ n Pressure
C OHPHAS rRABG29 'fac'f@}@@ i %r?’th@ 'bof?ée'ﬂﬁrﬁtlorf Yt RbinzM Fas

pods as shown in FIGS. B. A stocker nay carry
25cat@lped with aalibragion tcmd'e |fmt a)cqriﬂan@hmn’czunmntt sebéf kenzene,

¢ ORhuch e BBSEAHE M FLRhSS RGN of the
The results from the FOUP experiment are shown in FIG. 5. Under static
conditions, the combined non methane hydrocarbon (NMHC) concentration was 71
ppb within the FOUP before the XCDA purge was started. Once phase equilibrium
was reached within the FOUP, the average combined total hydrocarbon (THC)

concentration was 357 ppt under the purge gas.

Example 2: Load Port and FOUP Test
The experimental system depicted in FIG. 6 was used in another test run.
Four measurements of the concentration of hydrocarbon contamination were taken:

(1) at the exit of the load port delivery system, a sample was taken by hard plumbing
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FOUPs' contents into the seal ed chanber. In such an
instance, the flowrate of 25 purge gas utilized in

such a transfer container may range from about 100 slm
to about 10,000 sIm Such enbodinents nay all ow the
contents of FOUPs to remain protected from

contam nation for an extended period of tinme relative

to FOUPs that are not subject 10 a purged stocker.

For exanpl e, conponents of a Cb deposition process

may only be exposed to air for about 16 hours before

cont e e .
o1 S PR G et B G R ER ) G APRREIE of HiEflad port via the
mayOp@squitieé@mectt (b& lpeatndRQiaddGi ®n(ilipkesnflltade. FOUP at the
EXANPLESié§ The foll ow ng. exanples are neant to

i | Pyree it (sqedppation 3P FIG. p; angiéy) @ﬁﬁ@bt%%ﬁﬁ@la%to
: hﬁeth‘f@’Bﬁlk%ck%B&nc?%ﬂﬂMt ggFglg%eeiocanéﬁ Ogﬁﬁ{ ﬁg@. ky.mt

he 'scope of particu odi ment
i nvent i anMiFRawas 1ssedttd hiaéadn a Bosnpakeoflthe pgP gad atﬁpsﬂmrfer

{ PR G G Bigh 02 LB it e Ao BlARD Psfenex

an@E%@l@F@4K%@@p&@ﬁ&QMyM1S%SBﬂaHSHt]?illlencsae Mﬂgsafcﬁﬁserttgfto

FOUP contam nation test”  is shown in F . mass
f | genecde punfi¢dpurgd gas having seditaninasi qmmmraaom bdwwrlapp; The

o pgt e RS BoR b h Sy o3 BB Pt 3 putes Bs fow

PUvhé teemidabdakiBild e T3 (CosRentBitiodNevdds b tBE FOMP under static
Massachusetts) 420 to gener@zbgwjﬂur ge gas having a

co@ﬂ@hﬁlmmer@ Bifedied dogatian ¢ cpprentratiorametlia paapsed to

430085 o oo SIS PR AR | GRAI Lrap 440 for

sanpl e CO |on erence in pressure and

fl ow r aFer Iwa&ufﬁﬁérﬂ) (i3,che MefMiembidperavastitsddiraily o the
contam nants was calculated with a calibration curve

f o CA IR, b iPASEPTESHECAREHART Wadsedfio Hraipiaife, prgﬁureocrf BOrRsis

et : I T

OB B REA PR and ALY TRed i A 8 ol il 01

condi ti Simsga athbel-plontbed ednrotiomeduidnet beydadectaidations 620, 630,

(N centration s 71 b,within the

be%%f %ef fre Oxepst e H RSt dibulatrrmrad fo aflow for

€04kt 1ie! ¢ ose locations. The sampling shroud enabled connection to the FOUP
and load port so that samples could be sent to the GC/FID. A pump had to be

used downstream of the GC/FID to collect samples for locations 620, 630, 640.

Therefore, the difference in pressure and flow rate had to be factored in when the
concentration was calculated using the BTEX calibration curve.

The results from the load port and FOUP test are summarized in Table 1 in
terms of the average concentration of contaminant hydrocarbons (Cycs) measured at
the various locations. As shown in the table, location 610 was not a significant

source of contamination.



was reached within the FOUP, the average conbi ned
total hydrocarbon (THC) 25 concentrati on was 357 ppt
under the purge gas. Exanple 2: Load Port and FOUP
Test The experinental systemdepicted in FIG 6 was
used in another test run. Four neasurenents of the
concentration of hydrocarbon contam nati on were taken:
30 (i) at the exit of the Ioagllgc_)rt delivery system a
sanpl e was taken by hard plunbing -17- to Tefl on
tubing (see location 610 in FIG 6); (ii) at the
outlet of the load port via the FOUP quick connect
(seelocation 620 in FIG 6); (iii) internal to the
Four Meastrementyq Rointof Analysis(see | ocat A¥aragCiies (PPt)
FIGL6); and (iv) |linternal to the FQIP t neasure

bul K backgtipund wi|tTeslon purgi ng (see | ocation 6406 n

FI G[©6)~ S VFC VeRefbred Lo2dBo! aim a [T ow ratgof

faXa¥al N

h
i FLe e p cen TeloR & Foad U FORPL For e et

CESCQKEQL&_VQas purlif :E-EZ&@E@QLL‘S—COLPQJ'—&H on 2%40/10
Billerica, Massachusetts) to generate purified purge

er i _ _
Tne | gas A 1 PPURTMAR of FROEGRNERS SRAFODP Fofiitppuits

| oad port gas outlets. Gas flow 10 was term nated

whiBxembhe3: TWGfa®mi6ept Eapérifedtevel s of the FOUP under
static _conditions were neasured (tl ocation 640). The
1)

concent FaPi bis hichepatoakthg seperimentasaRiniset pdnersareobHer
TP ReRTE RS bAREHS i TOOD PRSI Rler gakip i Fgrious
bapkipeesms vorditieg Tat ataivpuerpusest thie semp i @i elinéngie @ssdxpesure of
R £ 8 e P ETOR b ot GrorhRe LS By Srocatbons;
haggls phanhg ‘éoﬁt‘aﬂﬁﬁﬂog% éﬁ@%fér RRhu1PS: BRAAy RNl Eh%efli(b@lﬂs

620, 630, 640 of FI , a custom stal nl ess stee

N

—1

10 sheoutbnmaentconstructed to allow for sanpling at those

15

20

25

| ocatio T ing shroud enapl ed_connect.ion.to .

he FobtrGa afe, IR e us et Brma R L EORaRE 6T HE ik fying the
t 0 ek @inet FIR aifwld PR ifQOWHE aR & eddheld m_odmkr}ﬁﬁmepﬁzo, 721
the GC/FID to collect sanples for |ocations 620, 630,

6400 pProvitieraeX6Pd\ gasraireginflfasmgriceontamipad sougeatratien béloww 1 ppt. The
r atgz(?s S 1%%mt e tlﬁee infs rﬁ}n%rrlteaqldi f0r Man’?prie }nre];gsurement was pressurized to 30 psig
with a backpressure regulator 730. Since the FOUP 740 is not hermetically sealed,

the gas stream to it was at atmospheric pressure. The wafer chamber 750 was
composed of stainless steel, A rotameter 760 was used to determine the flow from
the FOUP 740 to the wafer chamber 750. The wafer chamber's operating
temperature was maintained with an environmental chamber 770. The GC/FID 780
was used to measure hydrocarbons in the gas samples. A cold trap was used to
measure the hydrocarbons at ppt concentration levels. The lower detection limit
(LDL) for the cold trap method is 1 ppt. A MFC 712 was used to maintain the
sample flow rate through the GC/FID 780 at 0.75 slm. The tubing between the
FOUP and the GC/FID and valves V1 through V5 was coated with Sulfinert.

Measurements of wafer contamination were made under three different

conditions:
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concentration was cal cul ated using the BTEX
calibration curve. The results fromthe | oad port and
FOUP test are summarized in Table 1 in terns of the
average concentration of contam nant hydrocarbons
(CHc) neasured at 25 the various |locations. As shown
in the table, location 610 was not a significant

source of contam nation. -18-_NMgasurenent Point of
Anal ysi s Average CHCS (ppt) (i) Teflon 6 ii Teflon &
Load Port 236 iii Teflon & Load Port + FOUP 248 iv

FOUP St at | gggaf n Load Port
and FOUP Test esuP%[é}tyta%x]wnﬁﬁﬂ O%\EW dé?orage

Exper i méntThe HOW@ uﬂderspuagacdndnmhs torabvénhdnye xipiag XGDAa
setup use sure wafer _contam nation due

exposur td%l SR e s omARRTS (Y orsgae Peing AP CDA.
vari ous purge gas conditions. The main purpose of

this setup is to elimnate the exposure of the wafer
t ot he Qmmgwﬂdbreg necagienenNvalie Vo masdes oppt toatlowfXCDA gas

f t t t
PG AT B dorae Ry P R EOUR-ROIIE FOENEr S the
MEO UL R as dabbed. MtAv¥em Sy atsRnéPaliBd INARIVD, &% hddWwuab&e closed to
of the air during the eerrlrrent The ai'r was

pufkHdse ghevivader alnﬁmlmré@ﬁ»@ @Kﬁmmlqmrﬁorr inegasrE@enty 2jand 3,

cortel VAR By SRl AL IS L Sy F SRR atow he

I Nplufgesanto A6 at Sl #iphigh it FOUTENERE pWas oil BGS Witk #8Bugh the
to 30 psig 15 with a backpressure regulator 730. Since

t h&afaoghamher 4ng qybio vt N@ﬁ iabeit|3y0 toeahont .5 shme ThEotameter was
oSS Biehiion? hnuh ERERACA FUB RATHE Byro LRI and to the

r ofwafmtchﬁmﬁﬁfOA\MS thmdeﬁ-d)a}dteﬁtqyemod doit daeh bf the thiee meadrements,

o Biea 4 R T B TS G, IR AL O i (O mpetaturs

€ nYéaEﬁ’éH;r@ﬁhﬁiles GRANESecttd By IR Vs 488 opening valves V2 and V4.
Between sample collections, the wafer chamber was isolated so that all of the
hydrocarbons released could be captured for measurement.

The results from all three measurements are summarized in Table 2 in terms

of the total volume of non methane hydrocarbons (NMHCs) collected from the

walfer.
Experimental Conditions | Wafer Contamination (nl)
Static 421.817
XCDA Purge Gas 70.241
UHP CDA Purge Gas 1096.621

Table 2: Summary for Wafer Storage Experiment

The results indicate that XCDA purge gas conditions are more efficient at
limiting and removing hydrocarbons from the wafer's surface than static and UHP
CDA purge gas conditions. Due to the hydrocarbon’s present in the UHP CDA
purge gas, more hydrocarbons are loaded onto the wafer under this method than
under static conditions. Prior to performing the UHP CDA purge conditions, the

hydrocarbon concentration in the UHP CDA was measured at 15 ppt. Therefore,



20 was used to neasure hydrocarbons in the gas
sanples. A cold trap was used to neasure the

hydrocar bons at ppt concentration |evels. The | ower
detection limt (LDL) for the cold trap nethod is 1
ppt. A MFC 712 was used to maintain the sanple flow
rate through the GO FID 780 at 0.75 slm The tubing
between the FOUP and the ijfgé[and val ves V1 through
V5 was coated with Sulfinert. Measurenents of wafer
contam nation were nmade under three different

r |
F op ekl htpuytriegy 08 o NN R P bR B8P yater and
semﬁﬁmdﬁmsnu5|ng XCDA. 3. The FOUP under purge
conditions for seven days using UIP CDA. 5 During al
three S ment s, lve V5 was |eft open to all )
XCDA ga feotﬁmmfém@ﬁ a¢ PernrigTiaraiRit $hexm d deagripe tiped ith
Fofefél%ﬁ?éé ;& gréfénéd elﬁﬁtralﬂn@h@tthérébﬁ R%n %Qd?d&%og BPRRAe skilled
Val ve VI opened and val ves 3, wer e
c I mstbd attdhatempomchahges/mffenn amhdd:telﬂs mey bh maﬂaﬂferem without
i ronme renments 2 an ves
v3 ?H@F‘é%%‘é‘ﬂége %??86\9 éEV‘i?é‘O&r?&CQ?&P%é‘?deb%*hS&BB“{ng i
allow the 10 purge gas to flow at 5 sl mthrough the
FOUP. The purge gas flow rate through the wafer
chanber and out to vent was about 3.0 to about 3.5
slm The rotaneter was used to determ ne how nmuch gas
was actually flow ng through the FOUP and to the
waf er chanber. After the seven-day test period for
each of the three neasurenents, the wafer chanber was
i sol ated and heated to 150C. Once this tenperature 15
reached, sanples were collected by closing valve V5
and opening valves V2 and V4. Between sanple
col l ections, the wafer chanber was isolated so that
all of the hydrocarbons rel eased could be captured
for neasurenent. The results fromall three
measurenents are summarized in Table 2 in terns of
the total volume of non nethane hydrocarbons (NVHCs)
collected fromthe 20 wafer. Experinmental Conditions
Waf er Contam nation (ni)



Static 421.817 XCDA Purge Gas 70.241 UHP CDA Purge
Gas 1096.621 Table 2: Summary for Wafer Storage
Experi nent 25 The results indicate that XCDA purge gas
conditions are nore efficient at limting and
renovi ng hydrocarbons fromthe wafer's surface than
static and UHP CDA purge gas conditions. Due to the
hydrocarbon's present in the UHP CDA purge gas, nore
hydrocarbons are | oaded ontg;the wafer under this
met hod than under static conditions. Prior to
perform ng the UHP CDA purge conditions, the 30
hydr ocarbon concentration in the UHP CDA was neasured
Whgt isjoaipggtl is ‘Therefore, -20- purging with an unpurified
gas w Il add hydrocarbon contam nation to the wafer
and not prevent it. While this invention has been
1. par A methad b pwifying satnahstbe sentailbed comphsing:ef er ences t o
preferred epbodi nents thereof, it wll. be understood

by t hosePWigg 1Bg raasferconfnes withya a5 hing 6 fOneqRNARRL O n
for @i intflk ol SefBYh RPaRE €0¢ }th‘%rs%mrifm&h@gt) #RRAnifeng
fromthe scope of the invention enconpassed by the
appeodeidecheangmon he@meticalfysealed clainmed is @ 1. A
nmet hod of purifying a transfer container, conprising:
purging the transfer container with a gas having a

2. CONQRB tHeJIVT Mhim €0 Hidd e snsTed cafitedbeconifries plagid, the
100 parts per trillion (ppt), the transfer container
bei npstoerttetingthegds| whenearging the tranpier eatHBy- of d ai m
1, wherein the transfer container conprises plastic,
the plastic contacting the gas when purging the

3. t r amht efetigandfaliaed 1, Wherdil ehd@infadinadts Echid®al lecasttone e ganic
the contam nants include at | east one organic
contCaMrmant. 4. The method of Claim 1, wherein the
contam nants include at |east one of

4, The method of Claim 1, wherein the contaminants include at least one of
hydrocarbons, amines, organophosphates, siloxanes, inorganic acids, and

ammeonia.

5. The method of Claim 1, wherein purging includes flowing gas through the

transfer container at a flow rate less than about 300 standard liters per minute

(slm).
6. The method of Claim 1 wherein the gas is air.
7. The method of Claim 5, wherein the flowing gas is introduced to the transfer

container by ramping the flow rate starting from about 0 slm.



hydr ocar bons, am nes, organophosphates, sil oxanes,

i norgani c acids, and ammonia. 5. The nmethod of C aim
1, wherein purging includes flow ng gas through the
transfer container at a flowrate | ess than about 300
standard liters per minute (slm. 6. The nethod of
Caiml wherein the gas is air. 7. The nmethod of C aim
5, wherein the flowing gas is introduced to the
transfer container by rampipng the flow rate starting
fromabout 0 sIim -22- 8. The nethod of Caiml1,
wherein the concentration of contam nants in the gas

is 0 greater .tha bout 10 t.. 9. The t hod, of .
8. & TR ST IR o gt e s BB irrtion D8 S TAGR T teges s

t he @aSecdt& thddbSLERS §5t. t han about | ppt. 10. The

met hod of Claiml1, erein the transfer container is a

front opening unified pod. 11. The method of Caim 1,

wherei n the transfer contai ner i . st andar di zed . -
9. ocrinesto] ¢h QPP e R Uk BB kBRORHAAER i o sos i

wheQthaﬁaqhgﬁ@mhnpbgges at | east one of air, oxygen,

nitrogen, water, and a noble gas. 13. A nethod of

transferring an object froma transfer container to a

105 ealﬁl% rﬁ&ﬁ‘&?ﬁ@laﬁﬁ ?,r%ﬁ‘j:r&inQHé R E BEalddfistd & fo%éning unified
container w a gas having a concentration o
contpadi nants no greater than about 100 parts per
trillion (ppt), the transfer container being non

hernetical ly seal ed; exposing the transfer container

tot i f i : i
1S, B PRI CHATeCSie e BRI BHfL 0 L PRy Rk
chanmheshanigdl.infétfeceneidhod of Cl aim 13, wherein the

object is a sem conductor device.

12.  The method of Claim 1, wherein the gas includes at least one of air, oxygen,

nitrogen, water, and a noble gas.

13. A method of transferring an object from a transfer container to a sealed chamber,
comprising:
purging the transfer container with a gas having a concentration of
contaminants no greater than about 100 parts per trillion (ppt), the transfer
container being non hermetically sealed;
exposing the transfer container to the sealed chamber; and
transferring the object between the transfer container and the sealed

chamber.
14.  The method of Claim 13, wherein the object is a semiconductor device.
15.  The method of Claim 13, wherein the object is a wafer.

16. The method of Claim 13, wherein the transfer container includes at least one non

hermetically sealed container having the object.
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15. The nmethod of Claim 13, wherein the object is a
wafer. 16. The nethod of O aim 13, wherein the
transfer container includes at |east one non
hernetically seal ed contai ner having the object. -23-
17. The method of C aim 16, wherein purging conprises
flowng gas into the transfer container at a flowrate
bet ween about 100 sl mand abouj; 10,000 slm 5 18. The
met hod of Claim 13 further conprising: detecting a
contam nant concentration of gas exiting the transfer
container while purging the transfer container,

wher ei n exposing the transfer container to the seal ed
chehber Tlaeouttnd oI Clsitb b6 mdeﬂémﬁmrgii‘ilgcmpﬁmiﬂ@&ﬁﬁg gas 1nto the
concentration of the exiting gas belng no. _hi gher

a t hr estFIISEET CORteIF AhhtloWdREHFhY eRn Rl 10£bslmpa9ﬁlébﬁ5610 000

of trangferring an object fromtransfer container to a
seal ed chanber, conprising: 15 a) purging the
transfer contalner mﬁth a gas, the transfer container

rLahs ofe Bl ok T | R ERLEEambrRRbor | and o)

t r ansferrin gdétaﬁn%bd %&aﬁ%ﬁﬁﬁ%ﬂcéﬂ?ﬁtﬁ)ﬁ p gﬁseémﬁﬁ’g"{h%'tﬁ%fer
and the seal ed chanber, 20 whereby the gas has a

concentgoatdiner W_)lﬁﬂﬁt:mmmthgtﬁwf@emmm@rp arts per

billion,, and the .concentrati on of t am,n s .Jn

s | o e SRR R SR Bl flen RO SRUPT Mg obOs
cont am JubBEQRKORIHE CortaniRA Ecticb@tatioaldreke @éﬁ@% b#being no
the transfer container to the seal ed chanmber ower

t han i fhigherthan e Bgeshpldenptarainanenperfasioped. 25 20. A
system for transferring an object between two
envi ronments, conpri sing:

19. A method of transferring an object from transfer container to a sealed

chamber, comprising:
a) purging the transfer container with a gas, the transfer
container being non hermetically sealed;
b) exposing the transfer container to the sealed chamber; and
c) transferring the object between the transfer container and the
sealed chamber,
whereby the gas has a concentration of contaminants below 2 parts per
billion, and the concentration of contaminants in the gas is low enough that
the sealed chamber has a contaminant exposure concentration, after exposing
the transfer container to the sealed chamber, lower than if only steps b) and

c) are performed.

20. A system for transferring an object between two environments, comprising:
a non hermetically sealed transfer container, the container having an
environment purged with a gas having a concentration of contaminants no
greater than about 100 parts per trillion;

a sealed chamber connected with the transfer container; and



a non hernetically sealed transfer container, the

contai ner having an environnent purged with a gas

havi ng a concentrati on of contami nants no greater

t han about 100 parts per trillion; 30 a seal ed chanber
connected wth the transfer container; and -24- a

cl osabl e door configured to separate the environnment

of the seal ed chamber froman gnvironnment of the
transfer container when the door is closed. 5 21. The
system of Claim 20 further conprising: a detector for
identifying a i nant ~concentration of gas pur
fromthe tr aancs1 %rgfegdélﬁf gloalggl}reﬁE%seg&aé%@greng%ﬂﬁn troggﬁle sealed
t o sencchan®egfiéh ah@nviroa®eht &l thefrahPér REHIh&IvRdAGhe door is
cl osabl e dgor when the contam nant concentration is

no grea‘tl@?edt han a threshol d contam nant concentrati on.

21.  The system of Claim 20 further comprising:
a detector for identifying a contaminant concentration of gas purged
from the transfer container, the detector configured to send a signal to a
controller for opening the closable door when the contaminant concentration

is no greater than a threshold contaminant concentration.



