PURG NG OF A WAFER CONVEYANCE CONTAI NER RELATED
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February 5, 2004, the contents of which are hereby

i ncorporated herein by reference in their entirety.
BACKGROUND OF THE | NVENTI ON Thék-present invention
relates to the purging of high purity environnents to
renmove contam nation. Mre specifically, the present

i nvention provides a nethod for purging a standardized
mechani cal interface pod to ensure the quality of the
envi ronnent therein. The invention particularly
pertains to the purging of a container for

sem conduct or devices, wafers, flat panel displays,
and ot her products requiring high purity environnents
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reduction in feature di nensions on the wafers has

dr ingewpordied kespiatbyrefopericadr dgieAdrepuri ty of the gases,
chem cal s, and environnents that contact the wafers

dugli P ﬁﬁﬁﬁi'ﬁkﬁ@e the cl eanroom
englj{?%?]@ngﬁttﬂﬂ\fﬂé conlg?E era I\IIy ess pure than the surface

of the Whaé preserithievenipwsdlates ofthd prergingf efitsgh purity eavir@mments to
air during transport is detrinmental to .the process,

r eEAQVersgR iR irattoa: Morg spechgady s QEeser{BVN LG dgmethod
me _ .
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cl emiromorent thkidie T entiontpeitenimyepdrains|te thegrygihg ofin

process t rocess, in nost ocC t ool,s the

DT RgebFTpn RUCHT STUBopUAITT AL PUIE! (B0l gpd other products
Pr Q&8 aasiepudty el i6Mnédt @R ENO iHe@@niathdr MteltrRRE Wath&Y process tool
| ong di stances 0of piping throughout the fabrication

f aot dtheysealeHehgmbert er the di stance travel ed the nore

likely H]ﬁllte fa orpcta 1oh 5 snetmslcc\)l}ﬁldlu!:tor 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




beconme entrained in the stream Furthernore, it is
often not feasible for suppliers to provide gases of

woigis/esough purity to the fabrication facilitypCTESems/003287
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in cases where the production of gas of sufficient
purity is practical, the likelihood of contam nation
during transport and installation often precludes the
direct use of this gas. Therefgre, many inventions
exist in the prior art for the point of use
purification of nearly all of the gases used in the
fs .
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aval
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FOUP.wth the tool and an autonated door. to open an
cl W@%r Eqrgarpingibon QV pa@e@% the wefgs f{@w%’ﬂ%ﬁféég%%%wn and
t aeﬁé’ﬂcfa%‘i ateR iR eGR Rk tﬁ@ Rifa é?ﬁ/115ﬁRJent of the

ronfent and { e |nter ace is generally purged
qa‘otesv a)dil bwthierSVITE kustqmm t]rree)safelts@mlothdi‘)esrpsntt\@ daveces, such as flat

Epgggglslﬁg}bs}, Qreet (Iﬁ{jpt eg v gh&etﬁgﬁﬂcg r’thli§§ E?o?qg%‘ggd OP polycarbonate

Suﬁﬁﬁf&t 'ﬁp{y%lctaPFUWﬁéstd EDaciBPEM B (wafdth, 3R CIRRLE secured on
ai’rborne nol ecul ar contam nants (AMCs), from a number

of individuebshelvese TROHOUB ineaaceséd to tbo mms&ﬂlma@l an interface

p qsviclecor b‘801¥ ”tslagh as ﬁw‘ciseg})lo?t@ atvgllaab% Foth sysmalnolog-ll-gse The
Isoport provides a kinematic coupling mechanism to align the FOUP with the tool
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



and resins used in the FOUP may outgas contam nants,
especi ally contam nants absorbed during the wet rinse

wonres@ss’7in whi ch FOUPs are cl eaned. During theprase®s/003287
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step, the wafers are continuously renoved from and
returned to the FOUP. Dependi ng upon the process
occurring in the tool a variety of contam nants may be
retained on the surface of theswafer. A s the wafers
rest in the FOUP, especially i? they are stored for an
extended tinme, these contam nants may be rel eased into
t
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ni trogen containi ng 300 bﬁ%ﬁler ocar bon _cont am nant
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cl ear | y ndesi rabl e, |In patent
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purge gas flowto the FOUP when 1t 1I's present on
st 3Peppo hfydioharbbs opoaminaiitse Basedisn efectrivebmeaswemeito ng wafers
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c Oﬂﬁgﬁ hibBRRd fc@ﬁtaﬁl@fn T ﬁlrlgﬁ‘% P EPYA5thAIa8 aETHIEp@ityliSvel is
the success of the nmethod. I'n addition to

miparl}cmde@n@lgru sing fromgas that is not of a
certai

My patents issued to Asyst Techmnologies 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



purity level, the starting and stopping of purge gas
flow i ntroduces new conplications arising fromthe
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fl ow, which occurs whenever gas is instantly nmade to
flow across a pressure differential, causes particles
that have settled on the bottomof the FOUP to becone
entrained in the streamand tossubsequently settle on
the surface of thewafers. As a result of purging the
waf ers becone contam nated, resulting in defects and
f
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er surraces WI not I Cl ent noved.

Eveshtarhinbite tcthsinamdesdistic esmliticise Mhietdfyrepibie I’]Tebnﬂ@lcé hiene of the
waf er surface, . the wafer surf ace@gy still reach
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to

B e
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conplication is prevented by periodically replacin

t hequalits omb edsosptionrenditipns temttiovg cantasungntotemshe @%JP
environment. Therefore, as contaminants 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



Addi tionally, since replacenent is dependant on tine

rat her than contam nant concentration, the nethod is
weoeuss@psi’bl e to the ef fects of process irregul BRCTUSE®S/003287

For exanple, a systemupset may result in a |arge

anount of inpure gas entering the FOUP, such as from

process tool purge gas. The inpurities in this gas nay

saturate the absorbents in thesFOUP and result in

their inoperability before their schedul ed

repl acenent. Since FOUPs are normally cleaned in a wet
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transfer container is described. The nethod conprises
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pI astic, and may al so be a standardi zed nmechani cal

| ntnéhtdaﬁbisma @né may Aigodieta Bpwiardigedunechreigalpsderfapggod or a front
e%mrggﬁlnﬁed ylp%dt hﬁieQ:%lc’itaH‘rc' Sgﬁ 5,9 tht@ %ﬂgﬁsehl?g pturgen%eetransfer container

e an organi c con

10 hyﬁhﬁpbaﬁlbefganﬁsl’boﬁfﬂrﬁﬁz&t iy des Geepaospihet ean arganophosphate, a
S|onane an |norgan|c aCId annnnla or _a conbi nati on
of Sikpgne, AN flwégaalﬂ%a%mm%mwrmwg of PRy obdhe used

I
:Tg?fg (’;Hﬂ&i 50513%?1@% n?@? 9§ Jb%& td@‘égé e nt%ﬂ{;s «%g:g»fl&ﬁner may

Thmckyde onayr tateenfair bwgenam&ogdar ouglh, akde holbiogher The gas may
cont ai ner of | ess_ than ahout 300 standard liters per .
i E&YF@% e th u%élﬁg © g rCQfl@HWﬁ?} fres Bt vabent Afundged titers
15 S r@xﬂﬁut%%nﬁ' SBthd h@wgét% Iﬁ@)ybeb@etxkf o Bdcedih Rhe 2b6 §lm. The gas
transfer contai ner by ranpi'ng the ow rate starting
at mapbeint®dgtaed intortha fratdier coptred byreanpiog thaélow rate starting at

entbg&Q a method o f transferring an object froma
ically sealed transfer container to a seal ed

chanmber i shofRs 6mbb@ehent of the invention, a method of transferring an object
from a non hermetically sealed transfer container to a sealed chamber is described.
20  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
25  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



The nethod includes the steps of purging the transfer
container wwth a gas, exposing the transfer contai ner
woaodshesweal ed chanber, and transferring the oBC®@IS2005/003287
bet ween 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 nethod may further inglude the step of
detecting the contam nant concentration of gas that is
purged fromthe transfer container, the transfer
co I
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20 f gar acf,lﬁ' ee trg:rrlls\flerrc%rr]l amer ‘foe Qg"ctgrr B0R S]Z)ecron 1%{1}6 Itg %nd a signal

to a controller for opening the closeable door when the contaminant concentration of

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
25  will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the eccompanying 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.



envi ronment of the seal ed chanber when the door is

shut. A detector is optionally included and confi gured
woaoisdesit7if y t he cont am nant concentration of gas/uShws/003287

is purged fromthe transfer container. The detector is

al so configured to send a signal to a controller for

openi ng the cl oseabl e door when the contam nant

concentration of the purged gags_is no greater than a

threshol d concentration. BRI EF DESCRI PTI ON OF THE
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pr@gﬁ§§n£5@Mh¢@M@npreferred enbodi nent of the present
i nvention that |ncorE rates feedback from a sensor.
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10 pr aﬁbcb’ttlmleﬁl\/@ﬂ’chd: pﬂ:sed‘?irﬁen&ﬁq depicts a SMF pod on the
stage of an lsoport connected to a process too

V\,her ei nFitret is@ Sﬂl%’é?’dlcr?éﬁn §EPSEIREE Sep é\lS?f’e‘{Oﬁeﬂ the,contamination
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i's a sc emati c of an experine setup used
teahbmhﬁwmmmﬂunnwmmmm level in a FOUP sone of the

nmeasur e ts utilij Z|n thod iin accord wit .
enbodi " Sographh PRt Of @ﬁcoaﬁﬁem@t @Msﬁeatt%n@@ﬁﬂ? during
15 of (i@ rERRt &F ARAlERONE '&Bﬁ(ﬁﬁb@ﬂtﬂﬁﬂn% s ut 2 Hralcé@d 4%h an

different test conditions, one condi izing a
me¢thbetlimenbafdbe thventidn. an

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  1invention.

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.



enbodi nent of the invention. FIG 6 is a schematic of
an experinmental setup used to test the contam nation
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is connected to an IsoPort, sone of the nmeasurenents
utilizing a nmethod in accord with an enbodi nent of the
invention. FIG 7 is a schematic of an experi nental
setup used to exami ne the total contam nation |evels
in a wafer chanber subject to different system
configurations and environnmental conditions, some of
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theinventlon FIG 8B is a cross-sectional view

of
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control and reduced devi ce contam nati on. These
| ngavince wend sfthineentpetovitiviad ctealgﬂwem grivadodmentt SME systems have
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systens have p ed a particularly |gggrtant role in
t heongione with iag fu@i/iercmlwmmwtﬁmoféh%@ ltesinelvgy ppdes and the drive

| nttogf%c?ﬁﬁg‘ gu‘tg ﬁ‘ﬁ' r%ﬁ te%ﬂgolggyg Pﬁ&@ %{teh Eﬁ&ﬂqconﬁ%l ?&8&1%? thore

roverren s con 'nue W enen
of crh&lelstc thepdobeseyf sant@adador fabgcdiony a“hb@\ﬁae Cenhbiidéf@nts of
sub-m cron technol og1 nodes, . cont am nati on control
belbs pR&lFrryptemdhaicanable teshnplesisplrdyancssments andinuensguetayields
faﬁéh‘é@ets%]??' Theref ore, enhancenents o f the SMF
stemt " enabl e technol ogi cal advancenents and
i ncr easWhilafeargiyg ef SMIIF systems, specifically SMIF pods and front opening

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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application was inpractical prior to the present
invention. Alternatives to purging have al so been

di scl osed, but lack of control in these passive

systens makes them | ess desiralgl e for contam nation
control. Additionally, these nethods are conpatible

wi th and conpl enentary to actively purging the FOUP.
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in a non instantaneous manner into theFOUP. It is
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pr &8 @Rdschiiiv editioa dveRUinge t1@atajér distddhd €o the pukg@ing bhéaivghance
a purifier 5 such that the contam nant concentration
of dvires Sorrthe PEpesssng of deyisgs fiseentiblalo VsFyyloni gontaminant levels, e.g.

CO&%@%H&%&%}?@@@%@ fla aﬁglecfigﬁéy su?)gt??tgspt . A flow

con causes purde gas flow 2 to increase
from a Agrefefredembodidicht oftht pre@eiésveneaon fivolves diecfollowing

a rate such that turbuylent flow and th sul ting
pa?t?l?stﬁﬁldﬁf”_éte@ﬁfl&?éénireat Shevad preleraba OB nnttsed to
PUS OBF 9@Serh Or EOEPolBREGietd £ r%gbii&r Qi_f_%ﬁ%cﬁ't &Mil_'r:ltilglo&jeche ora

that 1s"a part of a SMF system 1. In i
br Bat@sstoregdadk fe Athis deanewohoavafestthekipemgianalignment of a

BB BBk i T L RO EAGE b HoPAOER™

S Ughe §ISUIPs81dt PropRfly aliSvedCan bR Birbembssh@yRbSits #ddhe alignment

sem conductor wafers or flat panel display substrates.
must be reattempted. If the FOUP is properly aligned, a digital 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



A preferred enbodi nrent of the present invention
i nvol ves the followi ng steps as depicted in FIG 2. A

walds/ped) preferably a FOUP, is connected to aCENSE005/003287

system or conponent thereof, preferably an Isoport or
simlar device or a FOUP storage rack 9. This
connection involves the kinematic alignnment of a
mul tipoint contact nechani sm_tjg _ensure the proper
pl acenent of the FOUP 10. If the FOUP is not properly
aI [ gned 11, an error nessage results and the alignnent
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by a suitable anal ytical device downstreamof this

opdigitlgignel mapbs tiepaniisdtatie digital Mie bhte adingpuege sapdow to a
ef Iy ST

e fed BRGNS The RO RSl AR ABlipn W' purge papin gnin
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preferred | soport or simlar device the signal
| nwhich Isqqnem ingnofaridiy HOUPBODPRS pressht atoihe st;gge toﬁthe load port.
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normal 'y continually removed fromand returned to

t he
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or nat 1.on ab
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t otheh@fficiently eliminates turbulent flow and the resultmg partlcle 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
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At this point an optional digital signal nmay be
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flow to 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. In FIG 3A, the
process t ool 300 is depicted with attached |oad port
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process tool 305 is depicted with attached | oad’ port
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and conponents. rthernore, the use of said gas in
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pre erred purge use w nven 1 on
eXplﬁr@&Fe@&hﬁ)@Eheﬁif YIt &i sfpeculated that the physical and chemlcal propertles of O,

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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17251, all of which are incorporated herein by

reference. According to another enbodi nent of the

present invention, the purge gas is purified such that

the wafers, or other contam nghion susceptible

devi ces, are not contam nated by said purge gas. A

broad definition of this is that the purge gas is nore
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enbodi ments of the invention are not limted to _
pmmlwmgatmb eFinalin thet dhgecs nviransfomsd otvofon g Fansé sontainer and

Fie se&chP cgiq %P; tge? o‘t% E&%a{y eedtransferred in either direction. Optionally, 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.



with any transfer chanber that is non hernetically

sealed. As well, the objects that are transferred and
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sem conduct or devi ce, el ectronics manufacturing

conmponent, flat panel display conponent, or other

obj ect needing to be transferred to a purified seal ed

chanber (e.g., conponents of _gshi gh vacuum systen.

One nethod, in accord with an enbodi nment of the

invention, is directed to purifying a transfer
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conprises the step of purging the transter contal ner
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cotansiaread betiviccndhs tanséeranpamer andecaled dhagiber is not necessarily

co i ' i.pal.ly the object is transferred
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Optionally, the nethod includes the step of detecting
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the transter container 1's no xposed to the
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contam nant concentration is equal_to or |lower than_a
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a gasfer Thetagenwhm Hentoocsrrdesatr At dadertoms vpieongHy incduded. The
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chanber is exposed to the transfer container, is bel ow
wheit bel@w b dhrigghold level, the detector is configured to send a signal to a controller
20  that opens the closeable door. Subsequently, an object, 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
25  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

30  atmosphere.
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The systemincludes a non hernetically sealed transfer
cont ai ner having been purged with a gas having a
concentration of contam nants no greater than about

100 parts per trillion. The sygtem also includes a

seal ed chanber in comunication with the transfer
container to allow the sem conductor device to be
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steel ). Thus, |eakage of contam nants into the chamber
is limn G@@stuged to purge the transfer container in the above-described

embodiments include any of the gases mentioned earlier in the SMIF pod and FOUP
purifying embodiments. 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.



where a port connects to another environnent. Seal ed
chanbers i nclude sem conductor process tools (e.g., a

wohaisargt7hogr aphy t ool ) and ot her contai nment PesA8R®5/003287

whi ch may sustain a vacuum or other condition separate
fromthe open atnosphere. The transfer container used

wi th enbodi nents of the invention are not limted to

FOUPs or other types of SMF ppds. The transfer

contai ner may be constructed with materials such as

pl astics (e.g., polycarbonate or pol ypropyl ene). Since

the tra i ' : [ e

cont am naRre ey TelRked e RTHE LT R PR RERe foo gffcts the
by pttity dfreamsbmenent @ tlei tremsfer dentaieéld, andidseqleatdy ittespuaity of the

utilized, off-gassing of the plastics nay further
R SHaer RECTa R BA It ROV RIS Ao SREEb e
ANBLIRRIrRQHE 68the ineRRbAMINAL Iﬁii_jgé SastltRy £RE RES than about 300
transferred by the container.” FOor exanples, wafers may

5 of stagded ditats dersoinutea(sknbstdmgasalovaraie hetwstn about 3 slm and about

o.the transfer contai ner environnent

\(/:\z ?b@%ﬂ%n%\g .?ulﬁrse%%qdffﬁeqtr ansferred. Thus,

enbodi Mpntdated efbEditfRMB I R Inv@ioBNaRéEa REhhdféd dontai® is purged,
of the environment of such transfer chanbers as well

as therféaw ot pwige gesmarbpindiodnendtis amgriialar epaspetiof uppiess
ng @gﬁitcgﬂ?e éo%?atrnihﬁtic}‘hlsiﬁ]%géé\faﬁ{gge? 'ggﬁ)tgin@ L S&;ﬁ%}hgeglﬂy in the exposed

ntron are no organi ¢s, sucC

10 hy dsadsbetaaiter. Dhe flowolf paige theisramped fbmendubsiahtidlintso Hdw
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ex§fpliden toﬁé{s aa%reérﬂ%@, ©, & eRoSprhios g wirodugaddn askes; wise, or
| n%&%’tiﬁll?@s&%}m@% AR Phis ﬁB?‘J rﬁ%ﬁ@?&l?evedgysléﬂizing a

cont am nan m xtures thereo y need t
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may he renoved during.th rge of transfer chamber. .
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mentioned earlier in the F pod and FOUP purifying
enbuotinargskidl in Thpats Sichpungellegasredictioh wd éreqiurgg gasdielps

e T JRKREALCE DN PR RS W
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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



enbodi nents of the invention to purify transfer
containers sufficiently to allow exposure to a seal ed
woheosines77ni t hout detrinmental ly contamnmi nating tRET/US2005/003287
envi ronment of the seal ed chanber. Enbodi nents of the
invention utilize purge gases with a contam nant
concentration |evel no greater than about 100 ppt. In
sone enbodi ments of the inventjen, the contam nant
concentration is no greater than about 10 ppt; no
greater than about 1ppt in anot her particul ar
e HEN,
I gaggjal n yg{l@é‘lﬂg&%ﬂﬁt partl Jgﬁng%rbo ?rlg!f#te(!1 H]é)ﬂ?%rer about 2
r atleysahappmsibgorg e sﬁine\degtgdatmnda]aestpimesf er chanber
al so affects the purity of environnent of the transfer
contai ner, and subsequently the purity of the seal ed
chasheypaiker it is exposed to the contents of the
transfer chanber. Enbodi nents of the invention utilize
5 a pur ge Thadolldvong esdnepleess mdaahtoabositat@atistlanaspeds of some

laithG 3¢ er mﬁgé %%Sl'o%%i%gqgiﬁg%p %Er I tu?t%i grto %mlt t%e scope of
en‘a@ﬁpﬂﬁemar tbé@hrhest tBORehtIRthet i9htilingl. i nventi on,

when a transfer container is purged, the flow of purge
gas may be |ntroduced in a particular manner to

? ﬁ?e Paf(t)yf; he?gﬁ“?sq} nation in the transfer
con an eh

"n the exposed seal ed

10 chanber Th?EIa&nedeQWe@ff ammgmgfav‘szaé Sxandifipd tbr fhiy@rdcarbon
substantially no flow condition to _the desired flow

r af@taminapisgidenstety eadiigns et wiheeCPA rIrse e phspperimental
or séﬂ]ﬁ %latﬂé F@UPﬁcdl 'ﬂﬁﬁlﬁﬁﬁcﬁﬂgﬁl@ s}fo%v?fhh(ﬁG I h 'Asmggs%mp@%troller

be achi eved |Z|ng a pressure conpensating ness
f 1 6l eansal ﬂoenamﬂwﬁﬁ) flowrata opthegsigeegas an b svh | Bie dl¢an dry air

e B bty e aeroree RO PUR sl o (o
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enbodi ments of the invention nmay utilize a transfer

contlailated witne calbiraipngnevedor aropmbined cortpminant sgt pjbenzene,
20 SCRI§She! LRIRER enS SRLAVIGES (BTISK) €XanPl €, 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)

25  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:

30 (i) at the exit of the load port delivery system, a sample was taken by hard plumbing



transfer contai ner may be a stocker 800 than contains
one or nore FOUPs or other types of SMF pods as shown
woOonodslo@s71 8A and 8B. A stocker may carry 25 FORPPS/US2005603287

inserted into the environnent of a tool for subsequent

di stribution of the FOUPs' contents into the seal ed
chanber. In such an instance, the flow rate of purge

gas utilized in such a transfeg;container may range

from about 100 sl mto about 10,000 sl m Such

enbodi nrents may allow the contents of FOUPsS to renmain
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puF@aiP gtiok IcemnecF(:see ixcatiql 620 i0FiG06) (i irtérnal tGuhe FOUP at the
e B e AN BSHEE eli  rour

CORRARGE bl BRBrodhd Wafonibilpih R N6SEH 10 ifr . B ker
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| i WH50bRECIRORA patifisPmipablii ewp@faﬂ%ﬂbgmeﬁeﬁngsa&ﬂﬁ@eus) to

invention that is utilized. Exanple 1: FOUP At nosphere
Tesenangie Phafigd roeastees ba\ang acmwplmst)cqmsnteat@mhqm topt. The

hydr o contanm pant s under static.conditio

Y SROGAS AR GO I DR R She S G ERR et bR W Gow
10 Cc ORiag mrhahdtewhis thd BHGS kendentritid leveld of theFHSP Lh@¥ static

controller 410 was used to maintain a flow rate of the

pu P@l@l@%@s weregnaasiied thgatidnetf)-drhy canpentiatipy mgtwdwess used to
?mr 3 ggg%ga@gn O@@g@ﬁgﬁég}%ﬁ% gas purifier

rporati erica, ssachusetts) 420
t 0 geneffat mepsirgaegtdd, thadiefign aubdmntvasntormptted directly to the

cong ati.on bel ow 1 A vac 430 was used
dotfidr fliaﬁn erﬁ%we%lreagﬁroa vag Xoet t&rmglat%m BPEsTIrRet {bpsis
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when the concentration of contam nants was
cal cul aSedewi tand-plwebadivoatdctinn colmldelotba'madezmibca’wds 620, 630,

E%@ %E@ﬁ;)ectustggl S Slpl €ss S G%éel 8 Ieveas cons cgegrt]g gpow for and

sampling at those 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
20  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
25  the various locations. As shown in the table, location 610 was not a significant

source of contamination.



The results fromthe FOUP experinment are shown in FIG

5.

Under static conditions, the conbi ned non net hane

wayadsmegr7bon (NVHC) concentration was 71 ppb weChius2d0Re03287
FOUP before the XCDA purge was started. Once phase

equi libriumwas reached wthin the FOUP, the average

conbi ned total hydrocarbon (THC) concentration was 357
ppt under the purge gas. Exanmplig 2: Load Port and FOUP
Test The experi nent al systenrdeprcted in FIG 6 was

used in another test run. Four nmeasurements of the
concentrati on of hydrocarbon contam nati on were taken'

(i) -
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location 610 in FIG 6); (ii) at the outllet of the
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was used to maintain a flow rate of the purge gas at

25

gas was purifie
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wi th an Aer onex

purifier (Mykrolis Corporation, Billerica,
Maghaatpls 8t VEfet Stogedxptemp i fi ed purge gas having a

cont anmi nant _concentrati on below 1

as was

Sal | owed H16- FIipdvsehermatig et 8in %?(Pélﬂ@elétﬁloﬁié’ Y64 & pspturgwafer
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back pressure regul ator was used to naintain a pressure
100f eawrp@ngntdurr ng this test and a MFC was used to

nar o- pl MBGA Anided PENeRoGed o et il e g gung e

62Qxp&Blento e 8 wak Gurified ¥ithHtQFbSxC IS KT R lrifier 720, 721
shroud was constructed to allow for sanpling at those

| od@prayide a KKDA gapstrasm kavind fcavidpingst opemBEtips helpw 1 ppt. The

t h%ag ga”é%m to the instrument and for sample measurement 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:



and | oad port so that sanples could be sent to the
GC/ FID. A punp had to be used downstream of the GO/ FID

woaosargeet sanples for |ocations 620, 630, 648CT/US2005/003287
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Therefore, the difference in pressure and flowrate
had to be factored in when the concentration was

cal cul ated using the BTEX calibration curve. The
results fromthe |oad port andGOUP test are

summari zed in Table 1 in terns of the average
concentration of contam nant hydrocarbons (C cs)
nmeasur e rSUYaL ' éﬁ&% in the

t abl e, I%?E&eit on G%d%s;tatkcg@ghgﬁgg?ﬁgant source of
cont am rfat TlenFGEPBImddr pigernendytiafs fohevimdaysReing 220D A.
FOUP Test .Re anpl e 3: Wafer. Storage Exper.i
fro 7 s Deatbbane Bres rudlis prraiosashy UEELDA
to measure wafer contam nation due to exposure to the
FOUP envi ronnment under static and various purge gas

condi t i dhwringribthaed mepurepass, valve MSswedelippes ta alow XCDA gas
elim nate, the.exposure of .t fer to the surroundi

ot PR (R bEyR b Vi 07 FheRotirandl o Tl the

t hergaiP s caddedCVRERIW Nwhd Spened ahdQalve €2, VO Uind VoBwere closed to
directly fromthe FOUP environnment. MFCs 710, 711, 712

wercspessdhe welarahambero dhd FQWP reavisownenthBoraneasyignicnty 2 and 3,
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was mai ntai ned with an environnental chanmbér 770. The

GC/Behweersmpds caltast onsp theewafar ehamhgr wes isobatiesd dorthatredl afdbe
sanpl,es. A cold tra s used . .to neasure the
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det ect i Omhelrkglilds 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,



(LDL) for the cold trap nmethod is 1 ppt. A MFC 712 was
used to maintain the sanple flow rate through the
waeHEIz87780 at 0. 75 slm The tubing between theCEOSE05/003287

and the GO/ FID and val ves VI through V5 was coated

with Sul frert. Measurenments of wafer contam nation

were made under three different conditions: 1. The FOUP
under static conditions for seygn days. 2. The FOUP

under purge conditions for seven days using XCDA. 3.

The FOUP under purge conditions for seven days using

UH I i b 1 [

P Bl R B BRI ot B 8 vater
dowospreeaminf val ve V4. For neasurement 1, the inlet

to the FOUP was capped. Valve VI was opened and val ves

V2, V3, [ 4 were.closed to expose the wafer chamber
Lo e b i S it 1R B SrEaRRRE et gl Ssgriti
vakareen¥bs B ¥3edBh8o ARRARALSRET, VidkVEst WA theekilled

closed to allow the purge gas to flow at 5 sl mthrough
5t hen thegrt thatherious geangas i1f foow and detailk maydie mids thertimrwithout

chanber. and out to v was about 3.0 to,about 3. .
o1 APl PopClib ctfoali e BREF thappmierE o O tradiitg glaims.
was actually flow ng through the FOUP and to the wafer
chanber. After the seven-day test period for each of
the three neasurenents, the wafer chanber was isol ated
and heated to 150C. Once this tenperature reached,
sanples were collected by closing val ve V5 and openi ng
val ves V2 and V4. Between sanple collections, the
waf er chanber was isolated so that all of the

hydr ocar bons rel eased coul d be captured for
nmeasurenent. The results fromall three neasurenents
are summari zed in Table 2 in terns of the total vol une
of non net hane hydrocarbons (NVHCs) collected fromthe
wafer. Table 2: Summary for Wafer Storage Experi nent
The results indicate that XCDA purge gas conditions
are nore efficient at limting and renoving
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
wanesiiogded onto the wafer under this nmethod thanmuso@dsrno3287
static conditions. Prior to perform ng the UHP CDA
purge conditions, the hydrocarbon concentration in the
UHP CDA was neasured at 15 ppt. Therefore,purging with
an unpurified gas will add hydrgcarbon contamn nation
to the wafer and not prevent it. Wiile this invention
has been particularly shown and described wth
references to preferred enbodi nents thereof, it wll
be understood by those skille@&qyghe art that various
changes in formand details nmay be nmade therein
wi t hout departing fromthe scope of the invention
en&ggﬁassed by. the appended cl ai ms. CLAIMS cl ai ned i s:
A SCBmetisi fying a transfer container,
conprising: purging the transfer container with a gas
havi ng a concentrati on of contam nants no greater than
5 abéut 10omsthadofparifying kitiapster gpttdinern, hemprisingf er

cont ai ner bei_ng .no ernetically seal ed. ,The met hod. of.
G ai m 1. wherRrHg e RS G etk DR ke o5 P g abehteBlon of
pl asti ¢ cohagiRdrAsShd reaRntiRGLbBEE 106HARBDIRBROPGPY. 118 transfer
the transfer container. The nethod of aim1, wherein

t he contcaniaHenbsingfen bgengicallgsealedne or gani c
contami nant. The nethod of Claim1, wherein the
contam nants include at |east one of hydrocarbons,
10 anknes, Thegadthpdof@hahds whetcimth@nessictr battgiaa wnagisdsplastic, the
and anmoni a. The method of G aim 1, wherein purging
i ncl udePFHeFPHGCEthe BROYHHN PHERE tha Sratecontaisier at
a flowrate | ess than about 300 standard liters per
mnute (slm. The nethod of daimb5, wherein the flow
raBe i s Thetmwibod abOlaim 3, shareantheabotami2aibs sichade at least one

organic contaminant.
15
4. The method of Claim 1, wherein the contaminants include at least one of
hydrocarbons, amines, organophosphates, siloxanes, inorganic acids, and

ammonia.

20 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 5, wherein the flow rate is between about 5 slm and

25 about 200 slm.

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.



The nethod of G aimb5, wherein the flowing gas is
introduced to the transfer container by ranping the

wohas/oret7e starting fromabout 0O sl m The net ho#CofUS2005/003287
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Claim1, wherein the concentration of contam nants in

the gas is n o greater than about 10 ppt. The nethod

of Caim8, wherein the concentration of contam nants

inthe gas is n o greater than,ghout 1 ppt. The nethod

of Claiml, wherein the transfer container is a front

openlng uni fi ed pod. The nmethod of Caim1l1, wherein
tra | j ; .

R B e e L S

|ncIudesJaig&easﬂmnmbouﬁl&ppt oxygen, nitrogen, water,

and a noble gas. A nethod of transferring an object

froma transfer container to a seal ed chanber,

COBPI i STAQmAHEIbNGlalS, {vhaRE! 6 5RRNRLAGS oMddhrfingas i in the gas

havi ng a concentration of contam nants no greater tha

about 1B80npgretntsr fen aboutl 1 pwn (ppt), the transfer

contai ner being non hernetically seal ed; exposing the

transfer container to the seal ed chanber; and

tr amsf eTheReethPobiaBE Y, REEMELINe iRAGsef éiﬁﬁilﬁér i§ @At BFdning

and the seal ed chanber. The nmethod of C aim 13,

wher ei nuaHiedgisdect is a sem conductor device. The

net hod of Cl aim 14, wherein the sem conductor device

is a wafer. The nethod of C aim 13, wherein the

t r ansf eThe andtied ef Clialig [1/éHB8redt the @ABLfeOOEtAOEY is a standardized

hernetical |y seal ed contai ner having the object. The

net hod Beckiyeshmterfaggradei n pur gi ng conprises flow ng

gas into the transfer container at a flow rate between

about 100 sl mand about 10,000 sl m The nethod of

G 82.m 13Bhe wmdilet oftd@lapm il swherein 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 14, wherein the semiconductor device is a wafer.

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

non hermetically sealed container having the object.



detecting a contam nant concentration of gas exiting
the transfer container while purging the transfer

woanisarsiel, wherei n exposi ng the transfer cont aCTMAIS2(06/003287
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t he seal ed chanber occurs subsequent to the

cont am nant concentration of the exiting gas being no

hi gher than a threshold contam nant concentration. A

met hod of transferring an objegt _fromtransfer

container to a seal ed chanber, conprising: a) purging

the transfer container wwth a gas, the transfer

contai ner being non hernetically seal ed; b) exposing

the transfer container to the seal ed chanber; and c)
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and the _seal ed cha wher eby the g S a
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bi I l'i ongingnd the concentrati on of contam nants in the

gas is | ow enough that the seal ed chanber has a
cont am nant exposure concentration, after exposing the

tr sfe con eaI ed charrber | ower than
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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



fromthe transfer container, the detector configured

to send a signal to a controller for opening the
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greater than a threshold contam nant concentration
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a closable door configured to separate the environment of the sealed
chamber from an environment of the transfer container when the door is

closed.

5 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.



