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and a conductive via plug filled into the via hole
130. In addition, the ultra lowk dielectric |ayer
120 absorbs noi sture when exposed to air. Accordlngly,
great care - should be taken to avoid exposure to air
during critical process steps, such as via opening,
formati on of copper seed |ayers, copper cheudcal '
nmechani cal Polish (O dP) and fornmation of the ultra
low-k dielectric material. 100051 Traditionally, after
and aondudtive sla pugpfilskingt @ via ke bt adsiton] 9@ g formbved -

h t f '
i e R B SR SHEUREY S 8551 S blf, it el
shoull e Rdkea Iﬁ@ﬂ&d'kﬂvv]e:tp’ﬁsﬁiead agaﬂmbg fefrsf) prongss lsteps.l bedoasenia
rocessi n en oor- o € Cass te,or
opem?zsrfsv:@swegn ¢ GPRRSHSSE AR APPIT S 5 %PP%SE%Whe :

andf&ﬁ?&%%ﬁb?&@ﬁﬂtg%kaidec&[&ﬂtbﬁm surround| ng environment
- Including oxygen floms into the cassette or FOUR

- After the door is dosed, the a a mnthl
[0005] 5 s Teaditiorally. apiey R ehPIOREs 81 st{“? %1%5&%5% ‘%irf%
the pz%@é%y BharfheY B8P pbieness the cli@AChrowst Sep el te&@ra;pﬁﬂy Lsﬁyﬁm a -
O forned. over the substrate 100 to form-the cop :

c:asseﬁbe@ré@ﬂt ayeing wofied podGE) UG} SbFedETRIArEEEEt Wfsn the

door S ROLE M %{: FOUP xyfemc#v%d .6 bkt ﬁﬂc&fwfn@ bf 18e Glbstlab00 in the -
process ep 1s performed in the sem conductor -

cassetipo HOLER, mﬁmga fhecugosndify enmmlesusslﬂldmg@xygsr Bewsigto

t b d w thi
the caapr gEr QPP ARFTES AUbH et Al BRI LBz or
FOUTSHIS RUaB a0 TIDESS, descuﬂ:bd aBovfemxygtn tenda)ib readpauitti the :
. layeri does not _occurred. gl 1|n he -time. .RE %
‘coppeg ﬂaéramiﬁ’é%‘i*%%é@%ﬂies“'“ LT 1R E° 1 RPE*aRy e
© oxide tayer 140 fornmed -over the copper |ayer 110

[OUBEjd [ OR6Her adﬁﬁsérmg;rprbb]hega 4Ditome" of reqmd:@tegum process

evices Qv tra e . 100 - sem.condu
step ispesiozwed Hétg'ﬁf‘?‘?lcf’%@l wﬁ%ﬁc&%&’r e 'Iglr il éésa S %8 ps
pmce%%&twe E&f&&eda&ﬂﬁﬁ babigaeftirhimediant gamﬁ dra-ife] &Lh as

. strate. These time require

i cat
fromthveéhm:ﬁsflésﬂhsﬁwnbia%e%s%h = {erERi aﬂﬁﬁf?%p Id%?%’i"’f :
occuried WikES Bl m@é’@éﬂddosssamﬁg SR 1alg ﬁﬁad% @&ﬁbﬁgarﬁvtr_%ﬁfer

I ncrease, process tiie .and. coaneX|ty ~[JO 00~1 .
omdes;yen\wfoﬂmdd@snﬂiecspmlﬂmm .6, 506,009 provides a

description of .a prior art cassette stocker, the

[0007]ent DRE g irtfprsiib &s&%fc%ﬁd‘udtd}%iééﬂcﬂkﬁﬁw&a&%@ mence .

semlcsnductor process usua]ly has a plurahty of the critical steps ‘each w1th an
associated Q-time designed to protect the substrate “These Q—tlmce reqmrements o
comphcate the manufacturmg processes I addition, if a Q~t!me is rmssed addmonal

steps sueh as cleamng steps increase process time a:ad complemiy

{BUU&} . By Way of back_ground,, U S. Patent No. 6,506 009 prowdes a descnptxon of a |

prior. art cassetbe stocker, the ent:rety of which is hereby morporated by reference L
herem. U S Pateni Pubhcaﬁon No 2003/0070960 prowdes a descriphon of a pnor art



herein. U. S. Patent Publication No.
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" BRIEF DESCRIPTION OF THE DRAM?INGS

[0022] ° Following are brief descriptions of exemplary drawings. They aremere '
. exemplary er_;fnbodimeﬁis and the scope of the present invention should not be limiited .

[o013] - FIG.1 is.a s::hemaﬁ'c dmm&ng 'éhowmg a ixio: art viahole sh."ucﬁlre. '_
[0014} - FIG 2A is a schemahc side c:ross—sectzonal wew of an exemplalywafer carner.
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[0017] FIG 3B is an enlarged drawi ng of the stage,
~carrier, sealing apparatus and wall of the enclosure
shown in FIG 3A [0018] FIGS. 4A-4C are schenmatic

cross-secdonal. views illustrating an exenpl ary
process of at t achi ng the carrier 200 to the facility
interface 300 as shown in FIG 3& [0019) FIGS. 5A-5B°
‘are schematic draw ngs show ng exenpl ary pressure ‘
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{0016};nl oadi 319isafschidieatie iitdsaation om exespige faciissovdrfck-on of
HE PREFERRED EMBCDI MENT [ 00201 Thi s descrl ptl on of

017} o R ) R R SR B 7 L RRIRE LB S o

wall bf@hPencterasd dhewedn PEE.BAOf the entire witten |
description. In the description, relative ternms such
S écaem@k vs il dsbatifRhh exempl

[001319l b (gﬁA-% g%&?éﬂﬂhcadgg : "ews.p and é bot t ont args

procéé@bﬂ attadlsing €iel mﬁﬁer@@@totﬂ'@fﬁ@ﬁl&y (néer@ce S00msishop it Fis. 8B.

: downwar dl'y, " “upwardly,’' etc-) should be const rued:

.[0019Lh0&*ﬁ(£§ At%e g(rgc—al\%ﬁlﬁggun er” di g’t’{}%sﬁgﬁ'&ﬁfr%%guregllatlve

withih @h @Eclegiee &ftr.locimpy e wiicmsling oftbe endlgstreomn asteEedo not
. require that the, apparatus be constructed -or

-+ operat ed ﬁs&ﬁfdﬁwmmﬁkn@mmm»ﬁe 2 A

s a sche I'C cross-sectional view of an exenpl ary
.- wafer carrier. The carrler 2000 ses %ﬂ? :
[0020F nc [Thisi feacripHon @6 Hs e SPAIgTs=e8 58 B R
Aconnec%gnﬂg%}tfl . Eﬁllp & drhidn. ﬁmﬂiﬂh'a@é%o%Qbﬁﬁ&er%@aﬁt&f the
0

rf.er or formsd inte aIIythereln

m@hﬁﬁmﬂemphﬁsanmés@@w%ﬁﬁréﬁ Sa loper," “upper,”
~ Jectangul ar 1 47§ vaI u L hegr »shapg : MJ%*&
“horigprpls g'e?q Stk ETeG T/ssaho Ee cabl et 230 | ocat ed

" as deB{ SN tHetedf @3 @, “batibor2 8y, ” ’édwhlwdh?h” upopr e’ efc. )ohould de

%23%:"82%{’%6 In ot heﬁben(n%odl nts }{oﬂ%ﬁ%%d}g%u%qﬂﬂej-:

' dJschQ&LtT]:%Bé angma@m@meﬁeﬁ@wwmpﬁm andhd@nbiegire
transfer of substrates 280, The cakinef 230 can . . -
that ﬁhenl@l?aé@tluﬁ he eanstBFPS B ARSFASY B SPRIEEHT AR B Bewal 1, top |
“oowal - .-bottomwal | .of the carrier ~.4.230, In st|II '
. [0021Pt h %ﬁG QPD@ diserpntaSic cioh@se@:ﬁbmdll ﬁeﬁ&&n@&mphryhvafm satlenn

- The carxfer %8(? éon%pzrges a-l;\.he%closure 210 compnsmg 2-door 220 for openmg and -
-' closmg the encloure 210."A hollow cabinet 230 is coupled to the carrier or formed

" iregtally therem. The cabinet 230-can be; for- example, asquare, rectangular, oval or
other shape thati is adapted to store a fluid. FIG. 2A shows the cabinet 230 located

. proximate to awall 260, sach as the top Wall of the enclosure 710, Tn other _
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cabi net 230, wi-rich is essentially a tank, contains
at least one fluid 235 therein, shown partially
filling cabi net 235. The cabi net 230 includes at | east
one val ve, such as a valve 240 and an injection valve
250. At ‘| east one substrate’ hol der 270 is di sposed
within the enclosure 210 and coupled to at |east one
of the walls 260 of the enclbsure 210 to carry at
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- door220 is conﬁgured within or coupled to the’ s1dewa]1 260 so that it can’ move (e 2.

: shide or swing)to close and open the opemngm the sidewall 260 of the enclosure 210,
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a door 220 (Le, cover) for covering the opening to
seal the enclosed 210. 5 fOX23] 'in the enbodi nent of
- FIG 2A, the endosure.210 is seal ed when the door 220
Is connected to or closed over the opening to the
encl osure 210, In sone enbodinents, a sealing |
apparatus 215 is di sposed between the encl osure 210
and the door 220 to seal the carrier. 200 against a
surface The seal i ng apparatus 215 can be di sposed on
ther I bewseakidYhor 220
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[0[]25] ' Referring to FIG. 24, fhie pressure within the sealed carrier 200 is maintained
- ‘higher than the pressure of the. enwronmentsnrroundmg the carrier 200 in order to )
| prevent or reduce ges flowing from environment into Fhe carrier 200 durmg prolonged
‘ storage penods Far example, 1f the environmental pressure is about 1 atm,.the
pressure m&xm the carrier 200 is maintained }ugher than'] atm. Accordmgly, the
a reqwred pressure within the carner 200 can vary with the environmental pressure In
_some embod:;ments the pressw:e mﬂ'lm the carrier 200 is mmntamed withina selected
Trange, such as from about 1. O atm to about 2.5 atm. In some preferred embodlments
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pressure within the carrier 200 is mai ntai ned higher
than | atm Accordingly, the required pressure within
- the carrier 200 can vary with the environmental
pressure. In -sone enbodi nents, the pressure within
‘the carrier 20Q is maintained widiin a selected rang
esnch as from about 1.0 abn to about 2-5 atin. In "~
some preferred enbodi nents, 6 the pressure within the
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reduction chemcal within the carrier 200, the anpunt
of H2 wwthin the carrier 200 should be equal to, or,
| ess than, about 4T. per volume. One preferred anmount
of 112is between about 10 parts per mllion (ppm to
about 4% per volune with the remaining percentage
conposed of at -l east one non-reactive gas. |In sone
enbodi ments, if NI-13 is. the reduction chemni cal
within the carrier 200, the amount of NH3 within the-
%;%S}m 10 QbokiaSS % Raroluakovith #. 5 %
bem%%ﬁ%%lh Sﬁingggfﬁg?@d anount. ofﬂnﬂNl i3 is 7 between
xemaahngxpeztentwmmppeed ot lephigne pRRFeACEYLBBuUt  15. 5% per
volume with the 'remai ning percentage conposed of at

| [DDZSL sORE RPN RAG! 1 edRE aphRARB 213 BodsabEcompletely seal the
|ments ‘the seali.ng appar atus 215 dges .not :

caxnatﬂ@ﬂlanddlqgaswaiurtﬂhecal@ﬁﬂq 5 allyrpddp dpak getlog anigith n
e cany] %Pd_%%rroun &%) ﬁa&%gﬁﬂkaﬂﬁuﬁﬁoﬁ’tﬂéﬁﬂ he

eV, I ng t e carrier. 200, . at |east in
hazafdvek, suatve MHS thd gastshéug&@ cawier BOYia costalled so it the lwl@ge

t he th n
 of the gs- ‘?oéﬁ’r}g&%“ktd’fdw?ﬁ %“1 qutt Jgjgcgaﬂ n O{:[u%ieg’é % %lels
1hek%€&@ﬁ&hdﬁ@ﬂ?ﬁmnﬂfbgbﬁg&fQE@pnenahphﬁm?muEhtNﬂmbnmmM$ﬁf
evel s snou no owe r,l1 se 0 A e
the gan iz Db FRecSREL AP 178 Antedy yhimirR iy shielpBpder

the-carriér 200 may al so be adjusted to elimnate thls
jmozggonm&xm Eﬂ@@QZA ﬂ?eéaﬁ:retm doonpFFis@ at MAst drisgedzadtion fuid

conprises_at ‘1 east’ on reduc -
- and/goRoR-EREEYerid £ taer%!?t‘frﬁ PET B4 {1 38 g g%hgcoéla éhve Fquid
'”ﬂmn?g BoL ParkeRb | Whikh ¥6hyrises b nbatilé Vilve The éﬁ&iddh&&ﬁh;eldakﬂs @h
rises a needl e valve in.an eibodi nent rele ses a

| aasfqrpaar,i HycheBeid 285 within f ckine 350 inq e saige2d0 €230
N pressg.ge mtﬂ.?&&%%ﬁér%ﬂ 200 Q?ME) Er:}@ thid £ gﬁa'dfz@rﬂﬁr&:@ bPrdeh@ired

rrier s at or | evel an a predetern ned
: Pressﬁlf:e, s anpld, the ergsumesntal Qresss;caﬁepg e1 ater e T ipier oy edo0

r.essure t B,
atofyepE s el e vl e g DAESHE Aol Yl s
m&,iﬂlm&lcabh@t mmwwm@rédmmum: debird auname. bedpieet
+ 230 is lower than a-predete ned .or armu '
 enibagiments dhp R FERPESSATESIE B N: BT Poe P gpo?
4% ph 2 e fo bbbtk 108 5 vbidrieS I bt @ﬁbc&bﬂuﬁts théﬂ/miiiea%zs :
’ ume to of about” 10% per-vol upe. |In.

: hqmtéfﬂaoﬂhd@ﬁb%xﬂeﬁsﬁﬂée Withing 1258 frem abouat 1 atm to agou’c 25 atm ] et
‘oom temperature Hz1s ina gas phase Onie liquid He s released into ﬂus

enwronment it converts to the gas phase and fills.into.the enclosure 210 of the cartier
200, In embodlments the gas of the fiuid 235 can be ﬁ]led into the enclostre 210by an- -
_ 'installed pump (mot shown) In some em'bodlments 2 pressure gauge 261 1 is coupled to
T the valve 240 by connectlon 265 tosend a sagnal to0 tngger the valve 240 to release the - ‘
: _reductwn fluid gas In other e.mbod.lments the pressure gauge 261 i is not reqmred if the
valve 240 is tlme settor release the gas af the ﬂmd 235 or is itself pressure sens1trv& .



liquid H2. Under the pressure within. a range from
about |I. atmto about 2.5 atin and at- room
tenperature, 11:~ in a gas phase. Once liquid H2 is
released into this environment;-it converts to the
gas. -phase and filld into.the -enclosure 21. o. of
-flie carrier. 200 In enbodinent the gas of the fluid
235 can be filled into the enclosure 210 by an

1ol St P R el A3 B B Dbt e

" injedtidR&alvie QR0 2fs fngs e@detths bfdaht df@hdﬂdl@ Wwiﬁlﬁﬁ ﬂvhé:ﬂauﬁet
I.n_ot her

40:to rel ease:the reduyctjon fl
. 23 %ﬁﬁ“ﬂ%ﬁ?‘&mﬁ{fﬂ Eiggreds ivertiga e ?%q tﬁﬁ thefuid 235 infostlie | 1
callih& 230 Bbie RAReistich 45 ek@indl BulBhRoESt %B%Bﬁ%h@im&ﬁ’@ of the

fluid.235 or-_is itself pressure sensitive. 8p
FAuid235 grithin Hhssabingiisy is lgss redefernainedapouns. é&etpﬁfévfly, the
 gadddis Qbt 1k o dBmple ébu@ﬁtv!ﬂ%‘z
, g2 Jae seﬁﬁés T he anount ofh the flui S%Sﬁ%$ﬁoﬁﬁ} éhn“i-
23%diaty) the rabinket 380 erritbelf etrties as agiaggmal to trigger the |
~ir~jection valve 250 to fill the fluid 235 into the

 [posggabi B%Bnl%%%btaﬁﬂﬁ‘ér@s SRR oBtiE Baldss A m%ﬁﬁlpagzegfg} #bd.

- - tank (not shown) if amount of the .
‘ selwemr etipeordighiaddp aﬁ@@ bpth theingectitn effheregneivatfmid®ivaio

DAL £1001 I06RL Yo o B8 roBUR 1l APl REURS Lo

e |nJ tion v e set

1nﬁhﬂﬂm¢dﬁﬁihm&$aﬂﬁﬁhhmmo the cabinet 230 or itself
" serves as a gauge. 100311 In sone enbodi nents, only

e f. . g ‘
0T, 95 e B2 R A A5 S Rty s o
dir¢cHy b itprendlost @10 Educiniesrridl siwdc2Bipught ealvehe cabi net

and the rel ease of the gas of the reduction fluid

2p5nt t
e h R i P B e pdet DB ed By i bRl enlosure
210t cafiinet 230is idispppestat p &apiegiod of fhefehdprire8 Wisnfthemmdlecular -

weilht S s B0 G SR RS AR LLATLAN. £X SRS correr
200 pFonvixemge, assune dett t}tecﬂxﬁqbﬂﬁds NEdsiané the @.ﬁ wifhﬁ ’sgaeamatzmo is .

encl ozﬁgg a{\fiéoeﬂ% AL Dok gﬁﬁ%ﬁﬁqﬁi@&ﬁﬁgﬁi&ﬁ%W%w

of H;efzs DN thd ghs dordBHsds 30% mdtgbwﬂet, EiR piaMcany %h\t\@fﬁmgas is

f th h 200. F
abogLAk e ialest han -l 56 e 8rakPB0 A g heo REiSHIoR

- the &ffos&RIT10 85 PR $fficiently diffuses into the enclosure 210 When the valve

240 s actuated. In contrast, the cabmet 230 is dzsposed ata bottom regmn ofthe _

- enclosure 210 the molecular welght of the fluid 235 is less than the molecular Welght
of the gas wzthm the cazrier 200. For example, assume that’ the fluid 235 comprises Ha

-.-

and the gas: mthm the carrier 200 comprises a mixture of Hzand nitrogen. The
_ molecular weight of Hais 2 and the molecular Welgh’c of nitrogen is 28 If the gas -
: compnses 1% Haand 99% nitrogen, the molecular we1ght of the gas is about 27.74,




a mxture of NI-b and He. The nol ecul ar wei ght of NH,
is 17 and the-nol ecular weight of He is 2 If the gas
co; xi pxi ses 10% NI - 13 ‘and 90% He, the nol ecul ar wei ght
of the gas is about 3.5, which is less than 17. Thus,
t hdcabi net 230 is disposed at the top region of the
encl osure 210 so that NFl~ efficiently diffuses into
the enclosure 210 when the .valve 240 is actuated. In
- contrast, the cabinet 230 is disposed at a bottom
- which 1‘%%%& #@hn b NEherefors i@ Ss of tAd Buidf235 withirohe caliiest 29ki ght

fluid 235is | h
Cisprpbat R PR T Y P IOET SHU PR ICUARar B Sepelgfie

) 210 J}hﬁﬁtthet@fvefiéyiSQC@éédc R 5 e o regindl’ & het Igakediotthe top
e carrier 200 conprises a ntxture of FQaEgF %%wﬁﬁﬁgﬂ
wall ZHﬂes shryeic G2l igHep sigion opp bp thedapgoRting o
. ( lchn bd@e BBEomGRPaIT FeBe siddedil
3§Egéﬁr%$dgen,t?%% -FFecuIar meigh?@of the -gas is
ZﬁOUﬁﬁ@uhd&iwgﬂm 9 which is larger than 2. Therefofe, the:
gas of the fluid 235 wi-thin the cabinet 230 disposed.

L ORLE Rahetl®is SBELASHY Rabitddl &fcfelscﬁfrﬂﬂbbdve
[NB{@ #ﬂsgguln Eg&%n% ogure 210 wh aﬁén the valve 240 is:

fdmmﬂomtﬂteeam@ a5 qahe:rﬂprlyﬂef@rse wnttmsﬂzﬁ goclpsure L0

_ bR LB )
Fﬁﬁh%ﬁﬂ%gﬁ‘@%ﬁ¥%%mﬁop portloni%€ 1ne Si emell 268umg?0'

'znanh&ﬁmﬁﬂﬂhﬂ&ﬁwwj¥ﬁhem&sﬁdmihembﬂtrdwmn@@ﬂ@ﬂmuaWWﬁe&@he
bottontportlon of the Sld 260 f the encl osure

substzag?2601he gahinet i @5 P&WP ﬁno?&?ﬁe capinet 230 is
not- strictly. required as descrlbed above. . The gas

[0035F €| easmh duiloisées, tanbidr G3be cdmTate RRLS pijoriediwigin an

. within thé enclosure 210 i di f. hgr
envirgngpent pihaty st Hpra :}é FRoEr, E@‘% ey O(e)§2e230 ®
remo%é Bth Bhid &ﬁb&ﬁﬁk&sﬂﬁﬁuﬂQS cah Be, dorrexamele, 4 figit of 2 non-

.effectivel é prevents oxi dation Q chem

_ r
eaciive gt BHPLEE TRUE.Bs SRR APEO BT R CUGT R s
di sposed at any desired |ocation. [00351 I n
raﬁx%%ﬂﬂﬁgkbodlnents -transfer .of the substrate 280 i's

erformed within.an enV|roqg§6m%ﬁ h that atr g%d g
{0036hot Agpisviefering t RS- Foieg Ik
the :éie%@é’é’a?&’e 265 b cﬁtp%s&’{@&me@ﬁiaw QG[Eoff&télér{ilo&&% martr}l&e for

uird of a nan- . :
" pressure gauge 261 is adapted to sense the pressure within the carrier 200 The release

""I“I

' valve 263 is adapted to ad;ust the pressure within the carrier 200 when the pressure
~within the carrier 200 is l"ugher than a desired pressure Timit, such as dbout 2.5 atm.
_ | Ad]ustmg the pressure W1thm the carner 2{50 can prevent potenhal explosmns resultmg
. froma velattle reductton gas Wuhm the carrier 200 as descnbed above ‘In some
embodunents the pressu:e gauge 261 senses the pressures within and outside the
catrier 200. If fhe pressure within the carrier 200is h.tgher than the pressure outs1de the |
 carrief ZUU"by A CeTtaiT amoun:t"thepressure gauge 261~sendsasxgnal to t]:te:valye_ZGS. -
o trigger release of at least somié of gas" within the carrier 200

0 - L




reactive gas to the substrate 280 (e.g., an inert gas
or nit370.-en) wthout need for the -reduction fluid.
10036] Again referring to FIG 2A, in one enbodi nent,
the pressure gauge 261 and the rel ease valve 263 are
di sposed ori the sidewall 260 of the enclosure 210.
The pressure gauge 261 is adapted to sense the
pressure within the carrier 200. The rel ease valve

263 i.s .adapted_to adjust. the sure Within
Iﬂﬂ?ﬁﬁ dasome Eﬂ% ﬁsl%% Falis Pos coperiien PRES (g fhoyrm)
wh209aé Sohighesn tﬁsﬂ&ﬁ:hit&ﬁe PefSSlil#hih e darrics VOHpRASses

about 2.5 atM djusting the pressure within the

the gp#ing {0PED @q:r&kaw@b‘@%% pBrdhese smbedipientsi A sTeusaEmIEy
261f1£1‘?d§'69:£&&3h% kﬂ\ee:eresggﬁae%s E&}ﬁes%lte@érﬁl%%n& G2t ec?30

ribed above. n sonme di enent s,

neeged Jowther goipgdingsis, ﬂms?eesetvhbfe Bﬁfé@gurﬁgﬁ E\/\lﬂ@me}?@lan gaterial

5 85240 A B o ek DA Sl Bk

piemaleririe maR€iht by gmeme 4 agml dooum tm tHelreegoe eslse &S, dau f}&s

] S a s nal. t he val ue- 26

- cnntiogfraSi g plhpind Baugd B Tt R ot MRS e gprutea

1o tHORIve26371 I n sone enbodlnents,Athe rel ease val ve 263
conprises .a spring (not shown) which has a nechanica

ool PRl G R bR B e B

 thari HesebardioRbIdBRD3(. ‘Ilﬁ&ubftﬁﬁtslhblt&rs gAgeproRtitkd tSsup@brt the

- required as the r 63 i s pressure
subslersi 260y S%f&ﬁfw@ nééﬁf@&‘f’ 19 Rlageprgnall extrusions -

: _mo%%m@&l&%m,@do%@%&eya&mﬁl 263ctaRIREIBRYf Aclding the

: pirezoel ectric material which has a materi al property

subsiigéh2®lhat the pressure within the carder 200 presses

the piezoelectric nmaterial to generate a signal .to

[00387ar NFRN 28 B ScAbOASErdatidg o fleelPlarf tarls 208 HRAGH WER the

the pressure gauge 261 is also not required though it

"doo%%aq o€ epriss 2H0saseEd. IRIEHE Hhapipms sOndieubhy ke reference
15%5&11?@ b AO T vidhy thi thar%i AR08l HeseNBlsg5HAE

conpri se one or nore one substrate holders

".momﬂaheopmmgsﬁbbwmm@l@ers 270 are provided to .
~ suppoert t he substrates 280. The substrate holders -

.10046} 70 ﬂ@sﬁ%aé&msﬁ@&eé HInAlBSw ofdiBibder w%ﬂl ferQBe
- or grooves wthin the walls 260 or other hol di

systeynr Thetfaciliy m@pfa@ﬂ gysigh mmswgmenéome 300, The enclostre 300
: comprlses a sealed. space 310 hawng a gas therein and at least ane door 325onorinat

' least one of the walls 320, of the enclosure 300 The gas compnses a gas as descrlbed -
above in connectlon "Wlth the: descnptmn of camer 200, e. g . a reduction gas, non-

reachve gas or mixture thereof. At least one rebut 330is dlsposed mthm the enclosure

'300. Atleastone stage 340is d1sposed outside of the sealed : space 310 and on or .
| proxnnate to; an outer surface of one of the walls 320 of the enclosure 300 proximate to
the door 325 for supporhng the enclosure 210. Optionally, the enclosure 210 can be
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substrate 280. [00391 FIG 2B is a schematic end view
of an exenplary carrier 200 shown with the door 220
of the carrier 200 renmoved.. In FIG 2B like itens are
i ndi cated by |like reference nunbers. as in FIG 2A.-.
In this view, the sealing apparatus 215.can be seen
di sposed - around the opening of the enclosure 210.
[0040] FIG 9A is a schematic cross-sectional view of
an exenplary facility interface systen-L The facility
. dJredﬂﬁthﬁ 1858 SYHeQlb SR RtyIRS wal 32N thsencls@GG00. THee door 325

300 h
s proided e the e FU TR bo-IBaaR e PRTLRY
ast, QN8 Ghe LG URI 16 a3 e Biciltth ert@igle0 auleast IO valFhim

transé%-rée | be |
npr1ses a gas as descri bed above in
providedrecthe emlmmterﬂﬂﬂhbl steeensdingts thesnciopae 39irludesa

a reducti o v 88 8oitfledoXhd ¥ Bves
valvg ?’El%é’f‘g&freleﬁ ggs gre?%%o?{%gﬁ? isﬁgdl sp os@éd wi t hin
350 dnl@6€ NTHQBHBIS50 Bﬁé}ate#to tramafet the webatitateyRB0 eaoveree the caprics 40
. outside of he qgﬁgg_mmg%p 50N-  or pr oxi mat e
andﬁ@Pﬁﬁﬁﬁﬁﬁ@P gL 3 R0l 1's 320 of the
encl osure 300 proxrnate to the door 325 for
[0041§; U P PRHetpr&guieheten tﬂe&adoﬂlre 39 is opintened h{gheq then the pressure

enclosure 210 can ec e al
the gRsENmEYt By TR Ef efaM? %‘9%9%1}“[% urg&g %ﬁe"lr' e
350 aﬁa%o AePgaugk 37%@Ydéi$@p&0eﬂthatechheg&‘m irametbe manment
- stored in_the enclosure 210, can b r

into the sndesare 3. Set veswle ey oenry - %‘F]Dutfl acr |
preseugé ﬁ&tﬁﬂﬁﬁe ertlioshiRAPD isQRAnMBleN Bridhsr %ﬁ@ﬁbﬂﬁdmfr@ E&ctdi:dmg@,

: enclosure 300. In sone enbodi nents, the enclosure 300
the fressime e thintheeatloargl canyar ikl ©a SBvHAIYR Al gress e
3 REerERERe@00 :Grddl Bhita 0eEm 1850
Smmgﬁgﬁggﬁaﬂ% :ﬁﬂ% operateseto transfer the
. -abous RBStrh aTke eeo)smememnhrdmaa gea thereip ingdieding pideash engpidcess

.. chanber 380 through th 04Lkedh
e e ApehP e N A2 ) Az 0B Tl

abovk RAErinBRICAREESHE end@ilretile :@smeductmgas sprovdediongdugeor |

" encl osure 300 throu coqper at e _val M2
prevent@xBBton AR g AiHaces 8}8&:13 GRS b@“‘ﬁ‘r“% I%Vﬁ& e Confihed
' des ﬁ&iiﬂo@@h{{oﬁﬂéﬁaﬁw@&%é@mmo i nt'o the -encl osure 300.
' or. exanple, if the environnental pressure i s about 1

- atm_the .pressur tl-dn t enclo
[004%mi e, &PW@&WP%H@F‘W %Wﬁ%&ﬁ c c o r §Drtrm _
- chamber 380, A process chamber 380 can be, for example, awet chexmcal platmg bench, | :

! dry étch chamber for via. openmg a chamber for formation. of a copper seed 1aye1;, ‘
.¢hamber for copper chemical mec}:wmcal polish (CMP) a chamber for formation of low-
k dielectric material or other chamber which forms or exposes ma_tenal on the substrate '

thiat may react if exposed to the envuonment

- [0043] I'ié"ferrmg w0 FIG 3A; the vaive 350 and-the exhaustlon valve 360 aredasposed
" onone of the walls 360.of the enclosure 300 The valve 350 m]ects the mlxture gas

BT



the pressure within the enclosure 300 can vary with
the environnental pressure. In sone enbodi nents, the
pressure within the enclosure 300 is fromabout, 1.0
atmto about 2-5 atn-L "fhe encl osure 300 includes a,
gas therein including at |east one of a reduction gas
and -a non-reactive gas wth respect to the substrate
280 as described above in connection with the
_ Img sure 210. The reduction gas is provided to Sedu

' F’g-“"ﬁ HRzeREctisRisaRITORe SR P"ﬁ’éeg i & sogre {Rkshown) to adjust

thé H&Eé&@&ﬁ%ﬁ&ﬂe@ﬂ Breshuie WAE fie 2h&o%d300ak vk 8n a

descri bed above in connection with the carrier 200.

" Prﬁcésﬁss]qurrssﬁ# sirhoaphrtlaim: Fesampamnditgerdpthqgns
infrOARES Lfgh%%ressg %c%ﬁ@zs%s %%cﬁz}@&%%d RNAWE, }%%Qso& of

pr.ocess for exanmple, a wet :
. abotied¥ pedvopine foref abmriddl peavrdmyleeEhe ehanttion velye 360 exhausts

gasllr rﬁ"%lthe erln(~:lh‘;l tfoocrfl ng#egd}e r&%@gg{ é:ﬁ'gsg% Imhthm

. Cha n1ca mechani ¢
the ﬁcﬁ@eﬁﬂﬁw&ﬁ@:ﬂiﬂ&ﬁnﬁﬁbﬂﬁﬂpﬂﬂéﬁeﬁﬂn&i pressurre lsuch ﬁlabotﬁrﬁ Fatm,

ri i.ch for pose
Raffige e et e B GiAss il D pomapipesiinerior i e e 850
or BD is LR, @RMicheAIBRAimdR) #dlvaRefa8 bi'SBqu@ctEfF@nuxt%fe dshe .
val ve 350 and the e ._xhausti on-val ve- 360 are

. compeppg e redirtinn BRTInt be ARAlpTSH Wish thtErelTe:
enc’ié)&m F08s Med o A Prd kB ilifed Sedbined S8 28 @%bdnﬁ%ﬂ,%ﬁg

he reduction gas'into the enclosture 300 froma source.

' éﬂ{aﬁ’é‘lﬁ thetrobre ges codjpuising thﬁedsﬁfesssss &optibe endomurdP0avhen the

. )
profEEAR, S RSB i il Ul e s
as aniud AF rent  soteengadimeanty, fredubedShynd foe theabdiausgn valve 360

- i RERG G ERRR A RE R T s oot By Bl oD

inte xhdustficantheahiesS610prdspersively. t he gas from the
'enclosure 300 toadjust the pressure therein when.the

BB PSS G300 5oL

othe pre erm ned ,
extRastiervaved60 ot bdth 2o thgt ﬁﬁt;iﬁe&m&ﬂmg&&ge%ﬂ serild a360il o Arigesithe

e di men on one e 350 360 i S_US

- valg R e PR e E3eeion 6 i e FatieHes 200
andih% eMizRisGRSval €D kd s&sgstttﬁ@mbsﬂs Ghé Rfludaty slsfesu&ﬁtﬁl

: encl osure 300 when the pressure within the enclosure

fromhe erclaseirel wiham the rastRer arerre dcashessyadaer
o o&@p&iﬁoﬁl&r@ vth@ﬁi‘éssure gauge 370 is not requ:n:ed if the valve 350 and the
' exhausﬁon valve 360 are time: set to inject and e)dxaust the mixture gas compnsmg the -

. reduction gas, respectively, or the valves are pressure sensmve or include mtegral :
- BAUGES. '

' '-{0045] - Insome embodments the pressure gauge 370 senses the pressures m&un
and outside the enclosure 300. If the pressure within the enclosure 300 is higher dhan i
-~ the pressure outside the enclasure 30C by a,predetermmed amount, the pressure gauge



exhausts the m xture gas conprising the reduction gas
fromthe enclosure 300 when the pressure within the
encl osure 300 is higher than anot her predetern1ned _
pressure, such as about 2-5 atm’ In some enbodi ments,
t he val ve 350 and/or the exhaustion valve 360 is
coupled to a na s fIOM/controIIer (NTS) (not shown) to
control the flow of the gas into and out fron1the
encl osure 310, respectively. [00141 In some :
oal t 40 rdiSase a8 drifhén thae
370 SE'\’/"EE@@%%% %%?ﬁ%ge?ﬁ%*%%%@%g@gég)o or bo?%%so that the

enclofifre SEUER] gRuigeirdV Presamadiffareptighiateathedt r i gger t he
val ve 350 to inject the m xture gas including the

ronas]. SAHCL] Oneu% ar&l&{t% g%l}fcgﬁ RGTREM £253Q6her @06 thiixture gas, is

exh i on va exhaus the m xt ure as
m]ectécnﬁlltdlﬁle pacloduee 306cyche vive3Rd. Hoveges thePraiiesed et

when asur ed. adch
st 0 RS ER RS oS b BiT

as deslcﬁbémibokr@ oM teadnfiftiohief ﬂnairmeuﬁfgas ariihint the enclesued

| 360 t 1 t
substanball e vgase Lo M Bl AR Ron s
accep&a%’feo %ﬁ(}tbfé%ryoonﬁﬁeﬂaﬂ&'t ¥AbdRiS g dievares 350 st %Omtmheei

, I ncl ude |ntegral auges [0049 I nbo nts
abovalheolmeeis 7’280%@@%’ taﬂﬁheﬁ{r] éwgoswe?ﬂﬁe
~and ‘out si-de, the encl osure 300. the pressure

fooary?i Bichh Rt gy brtA0Ack ! &lege%e 3t anclodine2}9; wsbiog €

appaﬁﬁééﬁégé%‘fﬁ%;ﬁ@%“ééeﬁx%%@k@éewaepé%iﬁt A e

Vik YE o398 oh Ond WAESHEs bhed 86 that tHei n the "
Of&mc osureﬁ%ggﬂgnt ?he ge3|red press%?e differen

substtaSes peGeinde Hapsidshd bmewﬁw@n@ewﬁﬁm apd thp fagilithigs ace
4 A L% 334! €1e8Sin, aratus
e A S0 DBl 5 P, Btk s
215 séaz;weyerclosm}&ezm nesisat i et 2ol theenclgerre 800 dg6o®f the .
mxture gas within the nclo e L nt ai ned
mmb°ﬁﬁm§ﬁ%ﬁwémW§?EﬁﬁggﬁﬁgéF? wﬁ%m@%%@ﬂ@ﬁ%ﬁ%ﬁ%ﬁﬁdltlons
subst{tiallh SimfllaX o thSseGahinidid Uaktidr260. dinaitins erré:oam&meaﬁlep gan be
subst anti.al | y: mai ntaj ned as deeiglbgggggg%e
differeaf a8 barigen set dilierenen Hoes B R 3 Demig 1. %%”E
&ESJ 459851 deration in locating the valves 350 and 360
are escribed
' [0948] Agam refemng to FIG. 34, after the subsﬁa’ce 280 is removed from the
;enclosure 210 mto fhe enclosure 300, the door 323 between the process chamber 380 and
the enclosure 300 is opened The substrate 280 is then transferred into ‘the proeess
' chamber 380 for processing, and the door 323 between the process chamber 380 and the
enclosure 300is closed. After the processing, the substrate 280 is transferred ﬁ:om the
process dlamber 380 into the enclosure 300. The condition within the process chamber
" 380 may be dlffererif from that within: the enclosture 300; ~and-the-opening: -of: thedmm:
©.323 between the process chambex 380 and the enclosure 300 may destroy the desn:ed :
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above in connection with the carrier 200 and can be
applied to the enclosure 300. [0047] FIG 3B is an

enl arged, partial view of the stage 340, enclosure
210, sealing apparatus 215 and wall 320 of the ,
encl osure 300 shown in FIG SA After the door 220
the carrier 200 is renoved, the door 325 an the wall
320 is opened so that the substrates 280 can be ‘
transferred between the encl osure 210 and the faC|I|tg

 conditien Withia thy endlosere Whotowgerr, thhgalypditnnd the 1eiegsq walve 36

AP0 0 oplElhn i SERM PORILAL U gl
comlitibrossutescr8@8 abbve étemdosagrdd:ﬂe demt383 betveerpibe pseness chamiber

38(9 n d i | O«g&’fﬁg%? %me 0 J% ev(rslag seu(.) i o ﬁdl%grg F%g b& n the order of
ter@ Qﬂsecd:ﬂ&spWhﬁh Lﬁhbﬂ:dalnﬁiﬁgﬁ such &he;fomambha argh d:ddﬂtlenhcmrmg

on e g TRETSs AU e he Wi paf e A eas,
" cor@Ridh HoBb @i the éiu‘fa@e Eﬂ tﬁe coer Bp&raN0 bhea SoHiRbiial Va BB filisd

removed fromthe enclosure 210 into the encl osure
~withipthe FigdhaliBP as dpvaeinglenl -t he process ‘chamber 380 and

. the enclosure 300 is opened.. The substrate 280 is
Jooddyen mGensd-ec aﬁé:gchmctcmswcasm SiengliiiEaatingeleaiplary

processi ng, and the doo et ween the roc
Proge obaachizg tanerrtiere0l &4@6%@&?@%5 gﬁﬁg@

_ processing the substrate 280 |s_transferred fromthe
- -[0051!] ocC Maﬁ'ﬁgn@m 280t eirfieit 100 isaﬁm}ed&ppﬁnamto{h@n 310a of

o stl ocC ‘ er 8Q. be . .

Pf‘é’F% ﬂﬂﬁé@ %tferﬁ‘ﬁ]e %ﬂ(ﬁﬁ'&b@ﬁé g%rg% Which is

corﬁ et:lﬁ@a&fé?% Bﬁerﬁ&fxﬂ inhorhe efllosure3A8. REEIREG Fﬁ&%ﬁﬁ@ﬁ 88&has
anmber 380 and the encl osure 300 may - des

n@@s&r sep QAnE NPt 9ther apPratys adapted F?ch@stb? %n%ere 310, is
dis \é&xﬁ Fhe thi}& sﬁﬁh&é%f FQvand ol Be BelEaSRe WAl \é.@oa%éa th&or

e to pronptly recover the condition wi'th
B25en ¢hat ther @008 OR5 dandk attarhad tiedie el 31eondighilp ﬁﬁaé’dle enclosure 310.

._ o Ro I
in R pRAh AR NE LbE AR08 RN ddiebob 1D
;pedphmydmmsuammmdmg&hebpmmmﬁwﬁa@wnwnnnﬂﬁé4Kn ﬁheomtﬂﬂnﬂxﬁof
of _second ich - nou
the i o R0 e RS s sl e B R bR e 2k £
or ddhertaPparatil &Hﬁ;&&@t&s&& therepig Ibt-@\rebh €he dcdors 200 |ahd BIH after the
: adversely affect the
attaclnmm of the carrier 200 and the wall 310a. The sealing apparatus 327 is adapted to
seal the gap between the frame 225 of the carrier 200 to the WalISlOa, when the door220 |
: 1s attached to the wall 3102 as shown in FIG. 4B. In some embod:ments the sealmg
~apparatus is disposed on the surface 225a of t’ne frame 225 sm-roundmg the opemng

825a (show in FIG. 4C)

{0051] At least one fasteners 322, such as clamps, knob c]am_ps, clips or other dewces _
© that can fasten the carrier 200 io the wall 310a, are conﬁgured on the outer surface ofthe
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connecti on between the surface of the copper |ayer 110
and a conductive via plug filled wthin the via hole
130 as shown in FIG 1. [0049] FIGS. 4A-4C are
schematic cross-sectional views illustrating an
exenpl ary process of - attaching the carrier 200 to the
facility interface 300-as shown in FIG 3B. [OOM
Referring to FIG. 4A, the carrier 200 is noved
approached to a wall 310a of the enclosure 310. The

' wal | 310i ' aes. 20¥28uch

“aﬂ%ﬂhéﬁﬂ$§ﬂmg%ﬁ$‘%8r§% ?ﬁﬁ%%géégﬁgﬁgtpenlﬁ%@?ﬁ%gﬁfhe

as th&RSIO 928, €Tha kBtenArse2 barrlep, fyppraraplesroBRs] orsrs@ha&ssmoaed to

ﬁmméggggéﬁgﬁh%%@ﬁo rlgggﬁge%mgﬁﬁg%gfsﬁggggﬁgi ?%e |nner

sho liﬁﬁwﬁ@ Q0T dafi e 0@k br BdRahaAnchdfastamesn3tie lvglds 18kBeiaail

door 325 so. that the door 325 can be attached to

cmnbeﬁgﬁmaﬂh3@§Y@§3@@Ltlghtly seal the enclosure 310. In
sonme enbodi nents, the sealing apparatus 328 is

rooszfli SRRISE: QR vehies, R0&T as33B1a1324 had a peve e configreel within the

surroundi-ng the openin 5 i n. FlL The
wall Sl cThaoperieeot She varTis Soaii B S e r R G e
encloSq i) 0 s&HRR El%éi%ﬁ 277 to3eabvesr Somuliegibn Sdalddby 1Bk Bdaligg

or oth r apparatus -adapted to seal the regjo o
e of -

’ appamméns shiveviodis. 45204 dnect 30 neat §7610T £ RPEUER AL
Le carsd o aegdrl eiFN6n 8@l dribdiments,
reduchioh SR ¢S géggggs ad?g ﬂ%é Ze gap between_t he
only bieadrBh2 e 824 frel Whrig e zﬂb@s&l@tadf@lw ordipoeed taRBOW
" _ the door 0..is-aitached tpo .t
-boﬂr&p@gnggﬂ Fﬁwgg hﬁSﬁ?ﬁ% dtgﬁ%¥géhwgégﬂm--apparatus
injectich ¢fia8 RRSOEhs ONa iliGufdliab &&.ﬁc&i@ﬂm reduction fasdne th@fegion In

e e A B8 N s oA 95

ChavRIrCLbichsea i OlelOka1d8MIE 85 andl Batinoaion ThRSK B idregas
aﬁm%arrler %%8 to the wall 310a, are configured on the

‘or thomi>duregas.f ace of the wall 310a proxinmate to edges - of
the sealing apparatus 327 to fasten the carrier 200,

| [onssf uc *keféﬁn & REIE! B ehe%dRier TS basded & the 322 mem mm as&hn’
fotated or vertlcalkéanoved to #%
 sealingmnpi o200, Untier ths sepcigrent FRbeeRER S 4B &
attachdd B %‘:ﬁg’c séaﬁ}ﬁﬁ S 3512t he Sehfing Afpardths ﬁ@fﬂy@ﬁal@ﬂ% :
. Tor more than o asteners 322 as-long as the carrier
" gap 1260cenchnddyes YHsnd 328 The vk 334 ten3gpayes air trapped withm-the:
3 regmn sealed by the sealing apparatus 327. The valve 326 then u‘gects the inert gas or
" the mixture gas within this region so that this reglon is filled with the gas so, that does -

not substanﬁally.react with the substrates 280 stored i in the carrier 200, Insome

. embodiments, the cycle of the removal of the air and the injécﬁon of ﬂie mertgas or’
.. mixture gas is performed at least one times, suchi as about 3-5 times, so that the air
... trapped within this rré‘gjo_n seaied*by‘thesea]ing apparatus 327 is subjstanﬁally ;em’or?ed. B



[0052] At |east one valves, such as a valve 324 and a
val ve 326, configured within the wall 310a. The
openi ng of the valves 324 and 326 are confi gured
within an area enclosed by the sealing apparatus 327
to renove air froma region sealed by the sealing
apparatus 327 as shown in FIG 4B and inject an, inert
gas or ~a mixture including the reduction gas as set

10068 oA t gk 4 ot e et e

locH8 & thit wie s Rlet-eghe ‘ﬁ«’&hM@r df SheC:RBEH o860l T2 18dakiON¥ can be,
both-the renmoval of the air fromthe regi on seal ed - b%
forepampleapionnapivdha inmer Spipceefdhe wall 310, fﬂé‘g belew tfopgping 325a

ik Blobe:d8 By e dboF B4, U 8 ASn HACHHARNGN LB H6AI00 5 SR8aS -

Into egl on. " sone enbodi nents, the valves 324

omiit faniD. %@ﬁp@nﬁzﬂ@@tcam bexsmay e towsds the englosure 310

aft%cf:ﬂe £e941clv%{<§ftﬁeV@ 395, Cﬁﬁés@'be%ﬁo&eeﬁﬁ\éﬁh? o%{nd%{éc%[}%r

‘ ion rate of ne m Xture
200},3&':511:[1&1@ 53} inRlefleig thegediotida £3s. Etﬁ-ﬁ;er,tﬂmm’aappeémﬂﬁmthes

e .

ngesafedtﬂate tfusﬁ:@giﬁt. ZQ&orcﬁngl trhaabeekt &m0 Bal bd th@sB Al béigeen the
. -axggparatus 32 7 so _that- the igg%%ggﬁapparatus tightly '
- gres 1P Ang thegapiep pahort b ersidiss e preRatT
inviRofehSddvet 1S RoIRARMERerol The BRRES oMHe: Btk 780 L8 SiiPh:
seal ed by t’he seal i ng aggaratus 327. 1 he val ve 326
- perforevdiappas éerh in coprechipreyith §ls 3éy foreramplext ur e -
- gas-within this region se that this region.is

foosfsy | | etlemizAsh e plassteving 4 Esu?@&&m ed Witkin DSt RBE2ld Y
react with the substrates . stored in the carrier
durirgran yoacdgy traspBu/af! ﬁ%ﬁ{l&‘fyc}telﬁ’é&@fé%'f #0 frame thestnge 840. of
" the air and the injection of the inert gas or mixture
[003BRS IKRfRERE A7 FTE5 A{Pcre@SienSRe piehiass of INCHvasnalaut 3-5

times, so that the air tra within this re~gion.:

- sungpmdting thy enclngue il PiEdgerRipica Eé’tlﬁ‘g lepehpregsuss, BL reprasenis the
seleEt%H?:‘f@sgure vibhid fhelcBAad e SR &2 e sRGH Ik le, #ﬁ@epmsénhs%

door's 325 and 220 are sequentially renoved

o -mm!mmde@md pissgureivithingdbe erclosene 289 @d%ﬂpmm%emmm

esBUI DR e SR 00, A8 SR mcnle ¥ o BRTR e

- of Mm@mm n@:nam is lower than.EC, it is assumed that leakage of the .

- - gas occurs between the envnonment and the enclosure 310 and/or the carner 200. The

o enclosure 310 and/or the carrier 200 thus can be c:hecked before the use of h:ansfezrmg
: and carrymg the substrates 280, a

: [0057] : Pnor to T1, the enclosure 210is seated on the stage 340 and physically -

 coupled to the enclosure 30{] with the door 220 oPened or removed and with fhe door

- 325 opened as shown mFIG. SB "Because the spaces within the enclosures 210 and 300
'  are connected, the pressure within the er_ldo_sure 210'is substanha]ly equal to the
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that is covered by the door 325.. In addition, the

di nensi on of the door 220 is smaller than that of the
door 325.- The door 220 thus can be renoved towards
the encl.osure 310 after the renoval of the door 325.

- As descri bed above, the enclosure MO and the carrier
200 contain the gas including the reduction gas. -
Further, the air trapped within the region se aled by
the sealing apparatus 327 and the inert gas or mxture
gas is.then .in ed, i@t o ethi 10 BubsaLo el agl v,

-Pres’l?‘ﬁé‘“’%%’d?g‘? S “Jf%b CE I;t}e tra%%%??%d bet ween t he
tran @GS Whcariist 00 aith hiene Ry the époxzﬁ?G isgtephedtio sneeted Ve

exposure to air..The es caROWSOY B TifteldS -
ﬂwqﬁégﬁﬂﬁpﬁgﬂﬂFﬁgﬁ@FH 2$k? gran ﬂ% ?ﬁ% subnggteg
frorr?t%g F}tﬁ%"s@tahh Ea%ortﬁ@ S Osechaerbd @socs@ng‘ appehatisiieigiEee i on

.bmmm% fiege ek SR g8 TR N LR SR G e

dur i Do AT Eonsheehr @eeadi fegmdyth pregfure
'g'eg%"!kf‘§| er g%om%‘%mthe st age 3401343 00561

| msaafmadwgmﬂﬁd@closwre% IP@E‘#‘&%WP?&’EGHB B’iﬁésé%?’é&“l’fﬂ't‘*he‘

envi nt mrlgg,q,ggln PR B ZASw BOFIG. 2A
eml?sé‘fﬁégggﬁ?dﬁmf OWE | eve %gersge%ggﬁgﬁé Pl represents t_he
operieh @GERERTOS bf memmmzss stered witbinghe fabime 3 igio thee

facil-ity interface s ‘., a
enclopo A PEr G A Bk BRETS 3g bt s ?E‘Pesentiﬁﬁ-
Proc%;i%emg@eﬂmemo gasionast, pé eﬁswd,@nw sttdrser%@ bfee ferilitydnteriace

sone enbodi ments, ..if, ei s
assouseden@wmepsssswpﬁw@%f‘ﬁ‘eé Ferfedt ‘ﬁi’sm’e |
ZIUJtSﬁ)Iély&caﬁ hRAnlisRKAER 28 Ehdwiein messsommwmvm .

envi rodnent and the encl osure 310 and/or .~th g
she @A bétweer?TIGnd TAwas oadPog enogsh ippllangits pr “15?}538‘8’?\*?@!’3 200

t hus_can b REIRLR ptgbPe. Af fidk BRHepausk HE:
e“ﬂgﬁﬂa ? a%l ﬁ%ﬁgﬂbstrateg 280. 1065i Ptior to TI,

sp a&m@n@moeaems @dséeaxesomcﬁeﬁenéﬁsgeacs@%afhe
enct o S o OBl et B e 6001300 240 ehe phewdaOr

e door 325 opened as

m&&lﬂﬁl\é@%@uﬁ 2188 p&ﬁaldﬁm anf enzyraiced swiistantially to the
encl osures 210 and 3Q0 ar.e connected, the pressure

pumwmsﬁﬂﬁﬂﬁﬁéiéﬁ%ﬂ%ﬁ%ﬁ%3210 i s substantially equal” to the:
- 17

[0(}58] The timetine of FIG. 5B shows ﬂle operation of the carrier 200 when sufflelent ' |
timé passes from a time T1 (where the. carrier 200 is unloaded froma facxhty mterface)

' 'for the pressure within the carrier 200 to reach the desired minimum pressure P?_. From

~'time T1 to time T4, substrates 280 are stored and / or h:ansported within fhe carrier 200.,
At time T3, the pressure reaches the desired minioum. pressure P2, and from time T3 to
E T4 the pressure is maintained wifhin the des:red pressure range (P2 to P3) by operahon
of val es 240, 250, 263, pressure gauge 261 and / or cabinet 230. At time T4, the camer
- 200is agamloaded ontoa stage of & facﬂlty’ urterface- Thefleor 220-of the: catrier. 20045
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pressure within the enclosure 300, e.g., Pl. After one
or nore substrates 280 are transferred to the carrier
200, at the time TI, the door 220 is attached to or
dosed over the carrier 200 to seal the enclosure 210

~as shown in FIG 2A 7he carrier 200 is lifted from
the stage 340 and transported to a sel ected processing
apparatus during time between tinmes Tl to tine T2-.

In this enbodi nent, the desired mnimum pressure P2
oipksiddi o ré]:hrﬁreé ROk dlsaraerie 200 is $01hplgdh Erart dmaliosirh 800, at which time the
envi ron e§§ure Peéq ? the ?gafe M mai nt ai ned
PFSEHE fAYaY e Vigtdabc (o] Heshd 0" I ncrease the
pressure within the enclosure 210 to the desired

{00597 muin sgifl efen embailrnentseaftea Eneedopn 8205k dawed; the palge 240 Anjects

BT RoR R TR LT Ao e iAol 50 Blescs

e b Oaghen the eaxﬂeemuo the eAvirdigerttiifithe p’@asumwuhniethe dagrier 200 is
perféﬁ% 1£ uentf rocess, ‘the,gnclosure 210 is

-Medey Elacion rgssgfeﬁel 349 of a facility
interface associated with a second process -appar at us

[oo60and Ahmxghcvrcam ~Gisillngrates del opaﬂaao:eoﬁﬂ:ﬁmdhaemmlﬂm Blis

physi dly cou Lo an encl.osur e
k?ﬁ%?n%%F?m%? %%Sgﬁﬁ ﬁ%?fdPH?ﬂPiﬁgg% meen f? an%le
erlcdoses210 qgsubﬁa&l@gceq@ﬂ té thegrésovetwichip fesacibery 810N irmnstill
the enclosure 21

to reach the deslred i
othepenbydiments, the desited Presgire e aiBtains g@?"%ﬁiﬂﬁ Fois
10%13? Fl_%?r, §s%§e wiRindRder3fiEuR80 B@ﬂ'ﬁlﬁﬁé ﬁl@ eARSorintRt SRRAGR:

encl osure 300 is substantially |arger
Pe¢.han that mnthln t he encl osure 210, the pressure
~within the enclosure 210 is pulled down and nai ntai ned

[0B647St ARl gi(} it nQerdtltR haP bESSIE@IHRH ifelhs & ckdifplary

enclosure 0058 The -tineline of FI.G 5B_shows
| emhedmpeirsat Bont J@rut@ch@eaeacr Rether, sopangsadeddnims ghafi be i ne
 cBARIGR bR kel VR (I Rl Buention ehich
maybla irade bptlm&r $1411®’d 1@@@2 field ofghistart wishaiés dep P fhgrecope
essu 3§H%HT t'”&mﬁ&mto time T4, substrates 280
ﬁyﬁﬁ g SFHEARIES  ed within the carrier 200.
Au timen,the pressure reaches the. desired _
mij. ~|nun1pressure ‘P2, and fromtine T3 to T4 the
pressure is ‘mai-ntained withi.n the desired pressure
range (P2 to. P3) | by operation of valves
~40, 250, 263, pressure gauge 261 and/or cablnet 230. At .
time T4, the carrler :




.200 is again |loaded onto a stage of a facility
interface. The door 220 of the carrier 200 is opened
or renoved and the carrier 200 is coupled to an
encl osure 300, at which tinme the pressure equalizes
with the pressure Pl of the enclosuré 300. 10059] In
still other enbodi nents, after the door 220 is dosed,
the valve 240 injects the reduction gas into the
~carrier200 The release val ve 263, such as a spring,
rel ease e gas wfi-dn the carrier 200 to'the-
ﬁgﬁ? ﬁ@ﬁtgﬁf the pressure wit hin the carrier 200. is
hi gher than P2 without the use -of the pressure gauge
261 A ch¥Gomphisingough FI GS. 5A-513 illustrate the
- operation of enbodi nents, where Pl is |ess than P2,

in sonp g@&ﬂ §d0&he desired pressure to be
na|ﬁ¥h|ne Inthe enclosure 210 .is substantially

i
" equal to the pressure th he en [
Stipneseneeieni rrrnat Cofhet fuP IRl A L8 dallap

tﬁ‘ié&&%\é’&é&%ﬁoﬂﬂ@dm osure 210 is |ower than the

?Pe sure wt~mthe enclosure 310 but above the

envi ronment_ pressure [ 0061 eReM
|ﬁﬂéﬁﬂﬂéﬁsﬁ%§fB@Eﬂkﬂgg@Pﬁﬁgﬁg?ﬁ er#%g GDégﬁbﬁ%} one
nggdlnents it isnot imted thereto. Rather, the
ppended clai ms should be constructed broadly to

i ncl ude ot her var en '
- i ri/&he *Faéﬂel‘vﬁﬁ ﬁ%ﬂr %ﬂf’aﬁrgs gredl‘rw 0se s%gﬁrggmiaﬁm%nﬁ%d o
~ épresl;,g‘le@ua%f rtessmetdtqrger&&pmmgrrbmlgﬁe ceTipe
ge o

eqU|vaIents of - the |nvent|on 19 What is

ﬂ.

con

suhs

clained is:

cohphe sirrigr o W%E‘Qﬂ%ﬁ?ﬁgl G ﬁlﬁﬁ% to rlh rrrefssme.w

. ﬁﬁ&ﬂbglQﬁﬂk@%ﬁﬂﬁﬁ%ﬂ&éﬁ%ﬂ@ﬂwﬁhmkﬁﬁ&t one val ve and
;ontalnlng at | east ne reductlon f|UId and at |east

 one substrate holde s o

: .atmtoaboutZS at.

-5, The carrier of claJm 1 further compnsmg a sea]mg apparat:us chsposed
between the enclosure and the door to seal the carrier when the doorisina closed

- posﬂ:ton, and to seal the enclosure and an mterface appara’cus when the cloor isinan -

oper position or removed

-6 'I‘he carrier.of. clalml wherem the cabinet comprlses a ﬁJ:st valve and a secortd -
‘ valve, fhe second valve posmonecl fo allow release of a gas of the reduction ﬂu:ld into
| the enclosure When a pressure within the enclosure islowerthana predetemu.ned
. pressure level; and the first valve pos1ﬁoned to allow f}l]mg of the reduction. ﬂmd mto

l‘ ﬂ13 cabmet.

'7 The carrier of clarm 6, wherem the predetemmed pressure Jevel i is about 1 atm.
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2. The.carrier of claim1, wherein the pressure within
the carrier is miintained at a pressure higher than
the -pressure of the environment surrounding the
carrier. 3. The carrier of claim?2 further conpri sing
means for maintaining the pressure wthin the carrier -
W thin a sel ected pressure range. 4 The carrier of
claim 3, mherein t he. selected pressure range is from
about . 1. atmto ab n1 5. The carrlgf 9

east one of a

o1 bt R RS BB e 4SBT A 4B e e
gal bPR %ﬁﬁ@fh%mﬁ@?(ﬁz}eﬁﬂ&ﬂ% )and the door to seal

the arrier en the door is in cl osed p05|t|on
and to sea cl uce an terface a
o hos Theeaiss Pt et iy afbﬁe&d'aﬂ%.ﬁ e ProRfHisleg : Pogom
re Bﬁ of e reh&ﬁsr&é ard amme&umtwmﬁme faltHRAARDETES hes aa
|rst val ve .and a_ second I%%ﬁ %he e&ond val ve

et B ERE of & 81 VISR LaA e o TRedAtatrpeEien of
thé ki ol b Hm%h@&l&! @éﬁﬁ@oﬂ%@&dﬁcﬁn@ﬁﬁ&ﬁ otk b fhe t he

enclosure Is lower than a predeterm ned pressure

mﬂmtéﬁrwgglmtdﬂt@gﬁﬁmﬂv&?%& tioned to allow filling
"of the reduction fluid into "the cabinet. 7. The.

car g ¢he &fmied @R m‘aeérebe "gﬁéjﬁﬂﬁﬁmer@nﬂosure, wherein

pressure level iIs about atin. 20 The carrjer of
thegasicomprisegraediaiion ges q«@e;m;ﬁemuve 2] wﬂe BEPACt egugace of the
emﬁﬁ%ﬁg one of a gas or liquid of hydrogen (1-12) and"
nmoni a (NI'13). 9. The carrier of claim8, wherein the
cabi net is disposed proximate to a bottom re of the

 enclloThe eartipnpf slai L@ ¢diesgin ﬂtﬁ r@ﬁlﬂch@e gRarempEigeRct legt one of
2 gy Ao0 POLR CHnBFis el 1844 ol ofn BRS¢

hyé?#%ﬁn % carrlerhgg? ? e ca |netﬁ&? dlspoged)at a gas
andnﬁnﬁﬁgJon of the enclosure and the nolecul ar wei ght

of the reduction fluid is nore than the nolecular

v ﬁq“rheéaﬁl £9R5n ¥, WHlePeih B ﬁd&,g&re 8dual &fbr 1&9%@5&@%
- claiml further conprisi as W thi

Pegvmim ané mmags equal to or less than about 15.5% per volume

13. The carrier of claun 1 further comprising a release valve within the enclosure,
- the release valve being actuated to adjusta pressure within the carrier if the pressure is
. lugher thana predeterrmned pressture Ievel ' '

© - 14.The _carrier of claim 13,-wberem't1"_1e predetermined pressure level is about 2.5
Coatm ' _ - a o

15, The catrier of clazm 13 further comprising.a pressure gauge coupled to the

, 'release valve, - T

16. An-‘_apperatﬂ‘s, comprisiné: :



the gas conprises a reduction gas and non-reactive gas
Wth respect to a surface of the substrate. 11. The
~carder of claim 10, wherein the reduction gas
conprises at |east one of hydrogen and anmorda, and
the non-reactive gas conpri ses at |east one of an
inert gas and nitrogen. 12. The carrier of claim1l,

- -~ wherein hydrogen is equal to.or |less than about. 4%
per vol me and ammoni a i s equal to or | ess than about
15.5 % per volune, 13._ The er, Afker

' Cofnbehug campitiens s RERE W%[Eﬁ? edéér’m 0s efi G t he

reI easg%%al vceos%e _égggé@bgggng@uaﬁmmzreduqmoemr e

carrié the. pressure is higher than a
predetern1ned pressure | evel . 14, The: carrier
ofaﬁbmdnpqmﬂvm¢%W%?ﬁ“#ﬁ@“bredeternlned»pressure | evel
is about 2.5 .atrrL 15, The carrier of claimi13

ur d;@%ﬁ&é{a{ &Stiﬁeepaﬁxs@foemgwg@gc@eﬂ@oﬁl’fdo t he
re?%%% Ivecﬁﬁg An apparatus, conprising: 21 an

~ encl osure conprl cf%ﬂ@e reln and at | east -one
- doweastreivayF SR BV an openlng into the.

encl osure, the gas conprising at | east one.r duct|

gas T&iﬁﬁﬁﬁuﬂﬂf&bﬁﬁédwﬁlﬂr & SEIOBHE PR L AR O

t he openin t R clsnstse, a
hmxﬁ% gm$ ka$g%eggﬁ%%gﬁﬁ?%a?ﬁﬂeenclos F§WWk

ARAAEBELIS cmmcm acrharfeal whiish M) ARPERTF 83
GWPS ggnnected to a process or transfer chanber which
diclenripmiedsl depofiéRRAPRIRE D a wet berielk, a dry etch
' chanber a copper deposition chamber, a chemnica
meghan] galardel éﬁihm%wmpwthe deastuneyafisfoRprisesan
' di el-ectric materi al I .10 h
injection valve and an exhaustion vaﬁP ale Q0 ARBRE 3 itfrured to inject the gas
jnto the enclosure when a pressure ‘within the endosure islower than a ﬁ:st _
Predetemuned pressure level, and the exhaustion valve configured to exhaust the gas
comprising the reduction gas from the enclosure when the presm:re- w1t1'un the.
enclosure is higher than a second predetermined pressure level. -

19. The appara’cus of dam118 Wheran the first predetermmed pressure 1eve1 is
gbout 1 atm and. the second predetemuned pressure Tevel is about 2.5 atm: -

20, The appaxatus of claun 19, Wherem the reductlon gas compnses at Teast one

| ofhydrogm (Byand ammonia (NHa) | |
21 'I‘he apparatus of claim 20, wherein the ijCthIl valve is ﬂlSPOSEd pro:umate '-
to: a‘bottom region of the enclosure and a mnlecular welgh’c of the redn ction gas isless
- thana molecular weight of the, gas within the enclosure, or the m}ecnon valveis -
E dlSPOSEd pre:amate 2 1o a top region of- the enclosure and the- molemﬂar#welghtgf,_ﬂ.;e
reduction gas is more than the molecular we1ght of the gas mﬂ:nn the enclosure.




. 18. The apparatus of claim 16, wherein the at |east

~one val ve conprises an injection valve and an-.
exhaustion value, the injection on valve configured to
i.nject the gas into the enclosure when a pressure
within the enclosure is |lower than a first
predeterm ned pressure | evel, and the exhaustion val ve
configured to exhaust the gas conprising the
reduction gas fromthe encl osure when t

e r ess
Wi t 28 mhe djeparatgp @f i W&%Péﬁé?oaeﬁéﬁfqg%%%blﬁﬁ anabout
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first predetern1ned pressure

level is .about | atin and th ‘seconhngﬁed t er m ned.
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kégo hﬂh&ﬁ e reduction gas conprises at |
one rogen - :

eas | -J#-and ammoni a’™' 21. The
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an a nol ecul ar wei ght of the gas MAthIn the

enclosure or the val ve . s ,
o an T oAt 5 e G SO E Pt B Bl the
pr&ﬁir@ | 1 e S wiithidd &1&1&&@%@5@&3@5 is rmr e than
nol ec

ul ar wei ght of the gas within the enclosure
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_ aﬁﬁ§3£gﬂgt5ggnpr | ess than 15. 5% per vol une. 23 The
- apparatus of claim 16, wherein the gas within the

‘ enclosure pri.ses | east. one of an inert gas and
ni t¥ ofdrens %ﬁg]ﬂ@“eﬂﬁ%%?éPEQIﬁ? &clai m 16, wherein
thepressure within the enclosure is higher than the
pr essapperd#ts ¢dagprisingt r onent  surrounding the enclosure.
25. The apparatus of claim24. further conprising ‘
means for, J,é?ﬁ‘% BSHGnWt 1HAsPofd ¥sCtiok | ©f

: within & se ec%gggaﬂg%sur g%nge 26. The col arrier of
 corHgaired ﬁ&pvmfmmpemng irgo $le fipett codoprregheigas cwapvgm at leaspppe

bout 1.0 atmto about 2. 5 atrn
re Hciton g H _

| a robot disposeﬁ Wlfh‘!n the enclom:re;' :
,h a stage d:sposed adjaceni: the openmg to support a carriet; and
at least one first valve coupled to i:he ﬁrst enclosure, Wherem _
) ﬁIﬂn:amer corepﬁéésr' B
" _ .a'seeona et"ztzlosﬁj':e;ciomprisirng'a seeoﬁd door; - -

a cabmet coupled to the carrier, compnsmg at least- one second valve, the
cabmet cont-auung at Jeast one reductmn fluid; and
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27. A transfer interface system conprising-. an
apparatus conprising: a first enclosure conprising a
gas therein and at |east one first door . configured to
cover an -opening into the first enclosure, the gas
conprising, at |east one reduction gas; a robot

di sposed within the enclosure; a

st agedi sposed- adj acent the opening to suppbrt a
carrier; and at |east one first valve coupled to the

first encl osure, wherein. i SR theRamd aefdsute to
secondagﬁ¥F@?ﬁ?gﬁ%%%%gggin a second door, -a cabi net

's_giap%%lléaagtﬁr@sﬁﬁm:aﬁar rier, conprising at |east-one second.

val ve, the _ cabinet containing at |east onexeduction
fluid;- and 21 at |east one substrate hol der di sposed
within the second enclosure to support at |east one
substrate.. ' 24" -
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