SUBSTRATE CARRIER AND FACILITY INTERFACE AND APPARATUS
INCLUDING SAME [0001] This application claims priority of the filing date
of United States Provisional Patent Application No. 60/747,445 filed May
17, 2006, which provisional patent application is hereby formally
incorporated by reference. BACKGROUND OF THE INVENTION Field of
the Invention [0002] The present invention relates to carriers and facility
interfaces, and more Earticular%to semiconductor wafer carriers and .
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electronic products, semigsreuctomntesmwiagy has been applied widely in
manufacturing memories, central processing units (CPUSs), liquid crystal

) dispﬁ%gés LCDs). light emitting di LED | r-di nd other. .
[0001] devices %?I%ﬁf‘gi g{ag[éi. n %% (le%t%%gc%%%/e |§)ht}?%tg%fr§jtlgélng gaméltdsl efgﬁos‘f)les%a{)& al
Patentrégpﬂmmﬁmmd iea Nodﬁ@v&ﬁi&ﬁéﬂf@dlﬁmﬂﬁf | eeal Qﬂﬂﬁmgr?ml '"l kgmié been

.. reduced and various, materials r and ultra low-k dielectrics,
apphc%%ac\}/%%geeﬁggyo%gse %f%ﬁ%%?ﬁ? t%é%%%é%%r overcoming manufacturing

obstacles associated with these materials and requirements. [0004] FIG.1
is a schematic drawhdd-SHeRiAE X1 SftiERE %%@%@%ture. A copper

layer 110 is formed over a substrate 100. An ultra low-k dielectric layer
Fél dsofehmesveneivihe copper layer 110. A via hole 130 is formed within
the ultra low-k dielectric layer 120 to expose the top. surface of the copper

jo002; 'ayertiQ-lthe conperlavat.d 048 §xposed do-aik, he-tppaukaes,gfdhe

copper fayer 110 reacts with oxygen in air, forming a copper oxide layer
particud gy trisqadticter MriEcErErG a0 fagdity igedareadversely affect the

electrical connection between the top surface of the copper layer 110 1

m{gggqmgiﬁ@emm@g filled into the via hole 130. In addition, the ultra
low-k ‘

[00G3] With advances in electronic products, semiconductor technology has been
applied widely in manufacturing memories, central processing units (CPUs), Hquid
crystal displays (LCDs), light emitting diodes (LEDs}, 1aéer diodes and other devices or
chip sets. In order to achieve high—iiltegration and high-speed requirements,
dimensions of semiconductor integrated circuits have been reduced and various
materials, such as copper and ultra low-k dielectrics, have been proposed along with
techniques for overcoming manufacturing obstacles associated with these materials and

requirements.

[0004]  FIG. 1is a schematic drawing shovéing"a traditional via hole structure. A
| copper layer 110 is formed over a'substra’_ce. 100. An ultré low-k dielectric layer 120 is
formed over the copper iayer 110. A via hole 130 is formed within the ultralowk
dielectric layer 120 to expose the top surface of the copper layer 110. If the copper layer
110 is exposed to air, the top surface of the copper layer 110 reacts with oxygen in air,
‘forming a copper Qxide 1ayér 140 due to oxidation. The copper oxide layer 140 can

adversely affect the electrical connection between the top surface of the coppér layer 110



dielectric layer 120 absorbs moisture when exposed to air. Accordingly,
great care should be taken to avoid exposure to air during critical process
steps, such as via opening, formation of copper seed layers, copper
chemical mechanical polish (CMP) and formation of the ultra low-k
dielectric material. [0005] Traditionally, after a critical process step, the
“ substrate 100 is removed from the process chamber that performs the
critical process step and temporarily stored in a cassette or front opening
unified pod (FOUP) until subsequent processing. When the door of the
and 2 c68888HE0RE QUP it ¢8inyetdoiallmiedatementdtitve ubsliratéovdB in

the cassette or FOUP, air from the surrounding enviropment includi
dielectrig ayeh il AOTRIGS S ERESH BB AL o o & , e hi
should iSe38Rlechwihindagmaasetie o EOIP aitirthpreukstritesl 60ck\es via
_ described above, oxygeeg{ ends to reaét{\:%iépr&hg&% er.la er;(3 Kngf\lﬁ%d
Opening, R ST R FOEFES SN the Eapper oxide layer 140. [00 %% order
© and forlQ-AQEresSHMigREQblemR, AR timeidsrzduired after a critical process step
is performed in the semiconductor manufacturing process. The next

5 Substrale pracess must: thin. 3 ARk HIRTRIPINRSR RS om
[0005] peﬂ%@gétrl?ﬁ# e stc C%%f?%%?%{%%gth urs. If a subsequent process, ?m
the proseithafbemdtisrpeffarerter doiyenl goesrbsiei sl erweRT et in 2

. eriod, a cleaning process i j I ¢ QXi ‘
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door oSemMicendtcto FOVR esremvervsdbstrdiew peamsayhié she gekatsieddbsn the

) usu s.a plurality of the critic leRs Sach Wi ' -time
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steps such as cleaning steps incr. rog ime and complexitys.
FOUP yoin 81553 éﬁf%ef @@(ek%‘?o%%&?&%fégﬁ%{%h% FS@%,soes,oog provides a .-
copperd8s&r iptiniyehed prier fid sasseste 300ckenthdlentreyeobwikiciriehétby

incorporated by reference herein. U.S. Patent Publication No.

[0006] ZD%QQZQ?OGQ&%%%%%MQHQQO%W iy 1@dred after a critical process
 step is performed in the semiconductor manufacturing process. The next substrate
process must be performed within a set predetermined time period or Q-time, such as
from 2 to 4 hours. If 2 subseguent process, such as formation of a barrier layer, does not -
occurred within the time period, a cleaning process is required to remove any copper

oxide layer 140 formed over the copper layer 110.

_ ‘[0007} Due to high integration of semiconductor devices over substrate 100, a
semiconduc:ior pfocess usually has aiplura}itj? of the critical steps each with an
associated Q-time designed fo pro{ect fhe substrate. These Q-time requirémentg |

_complicate the manufacturing processes. In'addition, if a Q-time is missed, additional

steps such as cleaning steps increase process time and complexity.

[OB.OS],‘ By way of back_ground,'U.S. Patent No. 6,506,009 provides a descripﬁon of a
| prior art cassette stocker, the enﬁi‘ety of which is hereby incorporated by reference

herein, U.8. Patent Publication No. 2003/0070960 provides a des_cript‘;onof a prior art

2



wafer cassette for storing and transporting wafers, the entirety of which is
hereby incorporated by reference herein. Neither of these references
provide a means for ‘limiting formation of oxidation on or otherwise
protecting surfaces of substrates when substrates are stored within or
transferred to cassettes or FOUPs. [0009] From the foregoing, improved
cassettes or carriers and facility interfaces therefor are desired. L
SUMMARY OF THE INVENTION [0010] In accordance with some .
emplar 'gnggﬁt 2 5§Q[ | ;;&ngg[:' 0 inet and
Wafegiéeast o%be? g%?b%% ate h?ﬁde . ‘Ifr{;ﬁe{ nclosg?g?%ﬁgmﬁﬁﬁ%ge{w
Incorpspaied ieycsipien-eohareinaiieithehef chesn cetommorspratde ashomesatve
lisa -omt@w@c@totaamﬂ%ﬁe&%%vﬁg%@&éﬁug%@%};ﬁ?@g@% O5an
within the enclosure to support at least 6ne substrate. e above
substapigoirestad ednwraesenethtempsetiell wd'68Bs  understood from
the following detailed description of the preferred embodiments of the
[oo09invertiomttial fsppavigedhin.crntection uithr tha-3seOmPANING SHAVINGS.
BRIEF DESCRIPTION OF THE DRAWINGS [0012] Following are brief
therefprazs, %H?%‘f exemplary drawings. They are mere exemplary
embodiments and the scope of the present invention should not be limited
thereto. [0013] FIG.SOBIASOR¥ Ot CIHERAWNVESHBMUING a prior art via hole
structure. [0014] FIG. 2A is a schematic side cross-sectional view of an

-[oalo]exem%&%&&%&ﬁ%ﬁ@%@ﬁﬂ&ﬂ%&aﬁ%ﬁ&&%&%@%ﬁ%

carrier of FIG. 2A shown with the door of the carrier removed 016]

enclogses, a gafiinet aneableashoak shbataRckdemdibeyenslmyaemasses a door.
The chi¥HefiEHouPRdSAMme plaraed e wibghef Bensaas £ MER - 38ING and

o apparatus and :
contains at least one reduction fluid. The substrate holder is disposed within the

enclosure o support at least one substrate.

[0011]  The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of

the invention that is provided in connection with the accbmpanymg drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  Following are brief descriptions of exemplary drawings. They are mere
exemplary embodiments and the scope of the present invention should not be limited

thereto,

[0013] - FIG. 1 is 2 schematic drawing showing a prior art via hole structure.

[0014]  FIG.2Aisa schematic side cross-sectional view of an exemplary wafer carrier.

[0015]  FIG. 2B is a schematic end view of the t_:airier of FIG. 2A shown with the door

of the carrier removed.



wall of the enclosure shown in FIG. 3A. [0018] FIGS. 4A-4C are schematic
cross-sectional views illustrating an exemplary process of attaching the
carrier 200 to the facility interface 300 as shown in FIG. 3B. [0019] FIGS.
5A-5B are schematic drawings showing exemplary pressure changes
within an enclosure after loading and unloading of the enclosure on a
stage. DESCRIPTION OF THE PREFERRED EMBODIMENT [0020] This
description of the exemplary embodiments is intended to be read in
connection with the accompanying drawings, which are to be considered
(o016] Pa%el e senirsmitiendescHpions knthetgdaripfioilitelativeizerms
~ such as "lower," "upper,” "horizontal' "vertical," "above," "below," "up,"

—_"down' "top" and "bottom:’ as well deriyatives. e.
[0017] h&%rﬁ%mg%aﬁﬁggﬁmgﬁfﬁrﬁ?y%’t%)é/s B&E%%%Hé’o%%?rﬁggu tsoa:r%dfer

wall offeihe drentaiinovas thetégcribed or as shown in the drawing under
discussion. These relative terms are for convenience of description and do

 [ooz8] ”O‘F&?M%%@Q & ABRRIAlUsRe GoRsiHEies.er Rsraladdna pasigniay

oriéntation. [0021] FIG. 2A Is a schematic cross-sectional view of an
procesﬁﬁém@@twﬁf@p@aiﬁégﬁmﬁé%ﬁ@hmm%&aéﬁm%%%1%}3'

comprising a door 220 for opening and dosing the enclosure 210. A
joo19] holiawcahines 230iscoupledhindhpostenas tormeraintogealiy- thansines
. The cabinet 230 can be, for example, asqt%%re, ectan%ular Q\éal or other
within engpElaTHE SR EER SRS SRA ST ARRIE S o BRI T BT 230
located proximate to a wall 260, such as the top wall, of the enclosure
'210. In oth@EsARIHTEDINS GRS ERHINREPBRRE I dveB QWEYIED the door
220 so that the positioning of the cabinet 230 will not interfere transfer of
10020] S“b@%ﬂ?ﬁié 6 GAPIRRSR yeHisalnoharzenialy Bispaseshon
a sidewall, top wall or bottom wall of the carrier 4 230. In still gther
connectinThpdi@ntecarmBanIies 23evEagha Hish SL8 dcH Srebgaspd the

e O S TG Eabme: S36, The caine 230 e ot
“horizteast ohesilve, Sabhvas a 7 “ap,” “down,” “top” and “bottom” as well

" as derivatives thereof (e. g;, “horizontally,” “downwardly,” “upwardly,” etc.) should be
construed to refer to the orientation as then described or as shown in the drawing under
discussion. These relative terms are for éonverﬁanc:e of description and do not require

that the apparatus be constructed or operated in a particular orientation.

[0021]  FIG. 2A is a schematic cross-sectional view of an exemplary wafer carrier.

' The carrier 200 comprises an enclosure 210 comprising 2 door 220 for opening and
cloéing the enclostre 210. A hollow cabinet 230 is coupled to the carrier or formed
integrally therein. The cabinet 230-can be, .forj exarnple, a square, rectangular, oval or
other shape that is adapted to store a fluid. FIG. 2A shows the cabinet 230 located
proximate to a wall 260, such as the top wall, of the enclosure 210. In othér |
embodiments, the cabinet 230 is located away from the door 220 so that therpositioning

~ of the cabinet 230 will not interfere transfer of substrates 280. The cabinet 230 can

vertically or horizént_ally disposed on a sidewall, top wall or bottom WaH of mé carrier



240 and an injection valve 250. At least one substrate holder 270 is
disposed within the enclosure 210 and coupled to at least one of the walls
260 of the enclosure 210 to carry at least one wafer substrate, display
substrate, such as liquid crystal display (LCD), plasma display, cathode
ray tube display or electro luminescence (EL) lamp, light emitting diode
(LED) substrate or reticle (collectively referred to as, substrate 280), for
example. [00221 The carrier-200 can be, for example, a cassette, front
opening unified pod (FOUP), reticle carrier or other carrier known in the

230. In.stohen mparEmsioas seinebAdt etorisuBiwared iprahedsssdrfieAe
cabindPe30aikE-RO0sa-EQIR anckiherdon 22045 06ated 098 Sidaef hewm

carrier 200. In this embodiment, the carrier 200 also includes a frame 225

partialy fHipmeabisgt 330 ddit FePiREted el e Rttt oneraly o Zuch arpaialse
240 arFiRcR22RR Phthersame:3eisatiachadia asaaling)ap eﬁs%yéd%mieﬂe

‘on- a facility interface (not shown in FIG. 2A, but shown in FIG. 413). In

enclosgghal BRpbament [ leafrreiohe webs6hettha erdersor 2P0t carry at
ieast JREFRFLALIBSRALI ARG ERFIRE, i stils ?f&ﬁcﬁ&%@ﬂ&l@ﬁ@@éﬁ or
0

220 is located at the to%e?f the carrier 200. The dimensions e ddor

- plasma sisplafiotaiede sarikr et i diflersrounesraee dE dasniel dighve
emitting ARGMED '%M&%&ﬁ@Weﬂ@cﬁk@ézﬁef@é@mmﬁbé&%ﬁe 280, for

enclosure 210 can comprise a sidewall 260 having an opening throug
-examplfich a substrate 280 can be placed. In this embodiment, the door 220
need only cover the opening. In some embodiments, the door 220 is

[0022] confiferednatiflanadiepied dadne isldewalbBeisethaldbpanrmeave y
lide or swing) to dase and.open the ppening in the sidewall 260 of the
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serrﬁcc_fﬁlﬂ@@dﬁguﬁﬁfmu.ldzb@n@ﬁdﬁi&iﬁﬁﬁlﬂ!ﬁbmﬁé!@m 26 mesth OAldoor 220

. include an,opening having dimensjons that allow the substrates 280 to be
s Tocafid OB A SHERAAERE: e hE s ERR TS RCAPB AU A Bcudes 2

frarne COVeE) festcbyeiing 1he eparingdeedaatiheenelosure 2102160231 4pthe
surfacee Eﬁ%g Ccinlfn tﬁg %l‘%TIHFEEI %2'52{3\ h@%}?@ﬁ l’rgsaltj ég 1:}1& Liasp%%?é%is Vé?s%@s?decdnog %a%i.z'u'oty
interface (not shown in FIG. 2A, but shown in FIG. 4B). In some embodiments, the
| carrier 200 is a cassette and the door 220 is located at the bottom of the carrier. In s’rﬂl
other embodiments, the door 220 is located at the top. of the carrier 200. The dimensions
of the door 220 do not necessarily match the dimensions of a face of the enclosure 210 at
which it is located as shown in FIG. 2A. For example, the enclosure 210 can comprise a
sidewall 260 having an opening through which a substrate 280 can be placed. In this
erhbodjznent, the door 220 need only cover the opening. In some embocﬁmen‘cs, the
door 220 is cohfigured within or coupléd to the sidewall 260 so that it cain move (e.g.,
slide or swing) to close and open the opening in the sidewall 260 of the enclosure 210,
' Aitemaﬁveiy, the door 220 can'be removed. From the foregoing, it should be
understood tﬂat the enclosure 210 need only include an opening having dimensions
that allow the substrates 280 10 be moved smoothly in and out of the enclosure 210 and

& door 220 (Le., cover) for‘covering the open;ing to seal the enclosufé 210



is connected to or dosed over the opening to the enclosure 210. In some
embodiments, a sealing apparatus 215 is disposed between the
enclosure 210 and the door 220 to seal the carrier 200 against a surface.
The sealing apparatus 215 can be disposed on the enclosure 210, door
220 or both. The sealing apparatus 215 can be, for example, a rubber
strip, 0-ring, gel or other apparatus adapted to seal the carrier 200. In
other embodiments, the sealing apparatus 215 is not required if the
enclosure 210 and the door 220 are tightly connected, such as by

ro023] fasignersI80adh Ihefepr 220 isiemavedrongpenadiie tiansianaldeas2o

one substrate 280 into or from the enclosure 210. The enclosure 210 is .
is connevnddeteuriosan AR fhe BPEF SR SPLHBTAT Hurfig fRRsEmshateents:

i liNg-ARRAAINS2A FHOBINBLAEIDRVERR 10 8RFIIN0 to seal
@ Se%ﬁ%&?ﬁ%%%%ﬁ%us?’&eals the gap between the enclosure 210 and the

 the cariielflicgrapparanes SRR ESEITABRE iR on the
| enclosBTRIIMEPSILisResSBiR thaliibesyhsiraie PBMisxpesekiaphe a

environment when the door 220 is removed. The enclosure 210

rubber hioipeGeriiig gither FmEARRETy E6RERISAREHETIRETEES APbarmaissr
embod%[exjgrlk%g %Fﬁﬁ%ﬁ%ﬂﬁ? ribetransienefdhe: subshate: 280,18, the

ration of the trate 280 exposureto the environment is short
door 2Xroudgizhtiatditecniedtoiian Rciitepeveen the substrate 280 and the
environment. In addition, in embodiments, a reduction gas is provided

[ooz24] Within: the.canias 200 deaedrepdhedaxidaiiafeasidesariiadsiiaionte [0RIBko
‘ Referring to FIG. 2A, the pressure within the sealed carrier 200 is
or Erormyfr ARl A BT S ST G R B RO SR P G e ot

shown G2LEE1- 200 dniRdas o pirveTtersieiugegpadowintsf omme viremen 210
into the carrier 200 during prolonged storage periods. For example, if the

and,/ ordniRrERmEPRATHHES SARS DS BB P AYRETHYRS BT ARthECaprTace
apparafldiSineiniaingcigherthancl AtnAssorlinghttheered wied Hassiitat

within the carrier 200 can vary with the environmental Jpressure. In. some

 the subgirso dRhErREPEE e SatFE VIREIFNERE BRI HE0ER rrdlriEsifd Vofthid 2
enclosiit BRieH FRRYE iSUE-AS-frany RO LA AR AREHE ZhbcaiiRe WpBRMas or

' preferred embodiments, . . : .

sealed by the door 220 after the transfer of the substrate 280. The duration of the

substrate 280 exposure_tb the environment is short enough that little reaction can occur

between the substrate 280 and the environment. In addition, in embodiments, a

reduction gas is provided within the carrier 200 to reduce the oxidation as described

below.

[0025]  Referring to FIG. 24, the pressure within the sealed carrier 200 is maintained

higher than the pressure of the environment surrounding the carrier 200 in order to

prevent or reduce gas flowing from environment into the carrier 200 during prolonged

storage periods. -P or example, if the environmental Iﬁressu_t;é is about 1 atm,.the

pressure within the carrier 200 is maintained higher than 1 atm. Accordingly,. the
required pressure within the carrier 200 can vary with the environmental pressure. In

: ‘ s;ine eﬁéodiments; the pressi;;é within the carrier 200 is maintained within a selected

| range, such as from about 1.0 abm to about 25 atm. In.sonie-preferred embodiments,

6



6 the pressure within the carrier 200 is maintained within a selected range,
such as from 1.0 atm to about 1.3 atm, so that the pressure difference
between the environment and the carrier 200 will not crash the carrier

200. [0026] The desired pressure is maintained by a gas provided in the
carrier 200. The gas can comprise a reduction gas, a gas that is
non-reactive with the substrate 280 or a- mixture thereof. A reduction gas -
can be provided to reduce or prevent oxide formation on the surfaces of

the substrate 280 due to exposure of the Substrate 280 during transfer of

the pigEsUmEHe Saordeie G4t eriBEs I A erlapid danahe edhagfrom

1.0 atR0R ABSAMS SMPRAIME RS thesstRHAe-28Q CoMRISeRLXRISGHEIRRRI
layers é&ot_shown in FIG. 2A, but shown in FIG. 1) and the reduction gas

W&@@%H%F%ﬁﬁ?@r@a (NH3), or other reduction gas or

mixture thereof. The non-reactive gas component can comprise an inert
[0026]gas Shehdasiieeliprasgthe) jsmeainthierdgensErprivydtdri( K, cerien 2(XeThe
radon (Rn) or other.gas such as nitragen (N2) that does not substangiall
B A SOt e SRR 00 (e AR B T P F BF By b
mixtunte desieatleAr eedticivieggs cabderpiiordédiatesduithior alever dideftiemaston
. layen). In some embodiments, the non- reactiye gas.can be provided into .
om 5 TR PO BYPEAR £ LR EPRRE Ea e gt AR e st
' of thesailiieain 2l ioih ercenbodinions dhetoeti-teastivé gabaray-ze 2000Videshe
into the carrier, 200 from, the cabinet 230 if the cabipet 230 comprises
 emboen BN R AR S R0 T a7 8 OGP ORRTHT T1C. 24,
but steabinit FGt Shavirthe [Rdxdibhgamotyitds hydddetqH ) asshouid DeH;),
controlled to prevent explosion or gther volatility if the selected reduction
or o2 Rl s RIS AT R0 4 i FOAGETE GG AR T
compgatrer 206; dhemrtoarhaidik @) mibea (620 (shpiePeequa) lereh
less than, aboyt 4% per yolume. One preferred amount of H2 is _between
OX), T A RN D CR e 5B PR D Peacs with
the suf€MIBIIAEh-PRIBENERGLBD RToserkof Blitkast one:naniseRshive @asidh (o.q,
sbscr S EnRadmenic,  NHx B the Jeduetion shemical witin he cayier,.

reactive gas can be provided into the carrier 200 by a valve coupled to the carrier 200

thec

and to an external source. In still other embodiments, the non-reactive gas may be
“provided into the carrier 200 from the cabinet 230 if the cabinet 730 comprises a mixture

of the reduction fluid and non-reactive fiuid or from a second cabinst (not shown).

[0027] The amount of the reduction gas should be controlled to prevent explosion or
other volatility if the selected reduction gas is volatile. For example, if Hpis ’che
reduction chemical within tl‘te.carriér 200, the amount of Hy within the carrier 200
should be equal to, or less than, about {L% per voiume. One preferred amaﬁn‘c of Hpis
between about 10 parts per million (ppm) to about 4% per volume with the remaining
percentage composed of at lé.ast one non-reactive .gas. In some embodiments, if NFH; is |
the reduction chemical within the carrier 200, the amount of NH@ mtl*un the carrier 200

is equal to, or less than, about 15.5% per volume. One preferred amount of NFs s



is equal to, or less than, about 15.5 % per volume. One preferred amount
of NH3 is 7 between about 10 parts per million (ppm) to about 15.5% per
volume with the remaining percentage composed of at least one
non-reactive gas. [00281 In some embodiments, the sealing apparatus
215 does not completely seal the carrier 200 and the gas within the
carrier 200 is allowed to leak or flow into the environment surrounding the
carrier 200, at least in small amounts. If the gas is hazardous, such as
NHSs, the gas within the carrier 200 is controlled so that the leakage of the

betweed3BSA9D I@thgqﬂflmmﬁ@mmwa@m ama beingsiuFer eitnipe, with

_ .NH3 the levels should not b? allowed to rise tq 25 m in the
remainigg RIRPREIEE TIERAFRFLAL Bt ‘RS- §RE RY TRTHE &iithin the carrier 200

may also be adjusted to eliminate this.concern. [00291 Referring to FIG.
[0028] 2A1ﬁmemabmbbaﬂﬂmnmsmmmm@mdgw aitcamaleiely seal the

non-reactive flui 5.therein s a.gas. li h.(collectively,
carrier 2, i%mfaéﬁe%‘?ﬁaw éhw fich ¢ c?rgw%%s%ié a ne(laté?e&,\'/g ig{i?ﬁ&a#%gm%%dlment
envirorfQleasesaugdifornatihyet 20BUAH12SE witimthonapitet 2 30egrs ihe

nazaza G £ WETL NG prSSeu e IIOIE HATISL20R 15 L OLIONAL RSl

rmeasured pressure, 10r examp e, the
of the gRAVIERE mm&mrﬁﬁw&s(hg;ﬁalrt@ Hinasim jszitign. \/&W@mpwowﬁﬁbﬁ‘ls

filling the fIw%ﬁé? into,the cabin 230 when the am fluid 235
the 1‘3"9\3\%%% 69 otwar ﬁ?g a prede gr?rrﬁ‘r?(xaod or &éswe amount. In
the Uas,SQ 1enen) hadimentsc she Stuitlanmpeise da avijxaied of N2renadtthinavhishn.

is from of about 4% per volume to of about 10% per volume. In other

foo29] & s e%@ﬁga%ﬁtﬁ Huid,235 I, liquith A2 Lindes She. pressure aitpipra uid

1 atim to about 2.5 atm and at room temperature, H2 is”
and/ orun@gasqnmagmmmmqmdm@rgia@a@é HEiAier Batr oA aY:

"ﬂmdﬂ)zgﬁe”%v 0 %\%ﬂ&[‘?ﬁﬁ fillsintosthe anelasre 210 AhHae casriakes -

n em iments as of the fluid 235 can be filled into the

gas for@id bguie ﬂﬂzﬁikﬁ}amuﬁlstdﬂ@(iﬁwm a0 ixttotha amish R ehtodiments,
essturg BUEDRLIR Ao € 284 45 %%%H}%Qe%tﬁ Halve %%ngyefﬁwg%@ﬁmd
Pressiige [gna

rlgger fie Valve 240 to releass the
pressure, for example, the environmental pressure (e.g., 1 atm). The injection valve 250

allows for filling the fluid 235 into the cabinet 230 when the amount of the fuid 235
within the cabinet 230 is Jower than a predetermined or desired amount. In some
embodiments, the fluid comprises a mixture of N2 and F in which Ho is from of about
4% per volume to of about 10% per volume. In other embodiments, fche fiuid 235 1s
hqmd H,. Under the pressure within a range from about 1 atm to about 2.5 atm and at
room temperature, Fois ina gas phase. Once liquid H2is released into this
environment, it converts to the gas phase and fills into the enclosure 210 of the carrier
200. In embodiments, the gas of the fluid 235 can be filled into the enclosure 210 by an
installed pump {not shown) In some embodiments, a pressure gauge 261 is coupled to
the valve 240 by connection 265 to send a 51gnal 10 trigger the valve 24_0 to release the
reduction fluid gas. In other embodiments,- the pressure gauge 261 is not reqlﬁred if the
valve 240 is time set to release ﬂ;e gas of the fluid 235 or is itself pressure sensitive. "



reduction fluid gas. In other embodiments, the pressure gauge 261 is not
required if the valve 240 is time set to release the gas of the fluid 235 or
is itself pressure sensitive. 8 [0030] In some embodiments, a gauge (not
shown) is coupled to, or installed in, the injection valve 250. This gauge
senses the amount of the fluid 235 within the cabinet 230 and sends a
signal to trigger the injection valve 250 to fill the fluid 235 into the cabinet
230 from.a source such as an external fluid tank (not shown) if the amount
of the fluid 235 within the cabinet 230 is less than a predetermined _
100301 o o TR PRI GER) i GRIGE 1SR oS B e i the
injectitijeeiion 250V EREGis: oeses tthéibtherfhiics RNk IbEeabinahe 3Qkat
. Itself serves as a:gauge. [0031] In some embodimenis, onl .of the
20 a0 ) G LGt IR CE RSt 6 AL s Tt PR
cabindi @80 thernjeaiinrodible sedn etitrihlidAdGdnio(beshatingif ahel dheyunt of the
. ease,of the gas ofé}i reduction fluid 235 intp the enclosure 210 under
sruid R R e A ot B e G B O o o PR EAB e
ganged804s raqtitaglifethiffhaic 235 fifecticlirealieiPso ihereaelasuiRHe from
. an external sgurce thrqugh a valve. [0033] If a pump is not provided, in
235 mlf?r&%f ?8%8%%2%8“@@%%%8565& §&ticlosure 210, the cabinet 230 is
disposed at a top region of the enclosure 210 when the molecular weight

[0031] of tHe fioroe288bisd Ergerttheniytivagned i vee et it ReQaswrichinttive
seleciGOYHRY: SO0 ERLSRMAR AU e et lladd 433 s NG and e 083,

within the carrier 200 Is a mixture of NH3 and He. The molecular weig

the cabinrtradshe raledatofitiul grelel ihe ighudiondlisd 2itheqtie conprise10
under%%g/%é\xlﬁj?jgﬂg ﬁge%%igl% the molecular weight of the gas is about 3.5,
which'is

ess.than 17. Thus, the cabinet 230 is disposed at the top region
of the enclosure 210 so that NH3 efficiently diffuses into the enclosure

[0032] 21 ol P ISERPRR B SAS e cReH Y iorriasauirectiiinid Spisdilled

direcﬂ?iﬁl%%ﬁg Aladeatiom fegianef dherencleseR1Q:Hihemplecular weight
of the fluid 235 is less than the molecular weight of the gas within the

. foo33] cargel %ggﬁszpsrn%)éaprygxluedeacE% g}%é? % tsrjp%glcy Ic?eﬁt?r’gr}g OMBE Sg%% 1'?1%0 enclosure

210, the cabinet 230 is disposed at a top region of the enciosure 210 when the molecular

wetight of the fluid 235 is larger than fché molecular weight of the gas within the carrier
200. For example, assume that the ﬂﬁid 235 is NHs and the gas within the carrier 200 is
a mixture of NH; and He. The molecular weight of NHz is 17 and the molecular weight
of He is 2. If the gas comprises 10% NHa and 90% He, the molecular weight of the gas is
about 3.5, which is less than 17. Thué, the cabinet 230 is disposed at the top region of
the enclosure 210 so that NHz efficiently diffuses into the enclosure 210 when the valvé
240 is actuated. In contrast, the cabinet 230 is disposed at a bottom region of the |
enclosure 210 i the molecular weight of the fiuid 235 15 less than the molecular Wéight

| of the gas within the carrier 200. For example, assume that the ﬂuid 235 comprises Ha

and the gas within the carrier 200 comprises a mixture of Hz and nitrogern. The

" molecular weight of F2is 2'and the molecular weight of nitrogen is 28. If the gas

comprises 1% Hzand 99% nitrogen, the molecular weight of the gas is about 27.74,



and the gas within the carrier 200 comprises a mixture of H2 and nitrogen.
The molecular weight of H2 is 2 and the molecular weight of nitrogen is
28. If the gas comprises 1 % H2 and 99 % nitrogen, the molecular weight
of the gas is about 27.74, 9 which is larger than 2. Therefore, the gas of
the fluid 235 within the cabinet 230 disposed at the bottom region of the
enclosure 210 efficiently diffuses into the enclosure 210 when the valve
240 is actuated. Note that the "top region" is not limited to the top wall
260-as shown in FIG. 2A. The top region can be the top portion of the

which 1§ i %ﬁé@'%ﬁ@z ofrthegprlogure210 ti@dﬂlﬁﬂléﬁﬁoﬂﬁhﬁm&bmbmw%e

ortion of the sidewall 260 of t cJos 034]
disposegomfige %ﬁﬁﬁ%ﬁﬂ%"&a‘ﬁr %Oﬁlﬁ%?'g@l Cl?eq 4aes?%crl S FapSsare

210 whi93a1Ioased fram e uic: 285 ehn 'unﬁeagiyrcrﬁmemmam the top
enclosure 210 if there is sufficient time ﬁj%) s to dlffu %hlfsﬂé%v%?ﬁ 260
wall 26Q) e s R (A e2n oGP REI0THE FHELVE R prevents
of the e%is'alr%fh% othes e 'Bdﬁﬂizfﬁﬂ‘gﬂ@rmaaidlﬂeﬂhﬁ isahstiaier20, dhtheabingtall
0 can be disposed at any desired location. [0035] In some -
260 of tbﬁrﬁmém‘r@ﬁt% ransfer of the substrate 280 is performed within an

environment such that air will not flow into the enclosure 210 when the
[0034] dogH2201s hemaveds thethidaTiiliditment shichyiceggEwhnstsissibed above.

example a fluid of a. reac g %to er;ﬁ@@r&q&m%fzw
The gasgelspshg gﬁi e reguctlon E?urd 0361 Again referring
there 1st9u@1@1eﬁr°mﬁe&6e @m@@rm&iﬁfashelp tbsgaedjiuges 26thimthattadeiagse?10
‘ valve 263 are disposed on the WaII 2 fﬁr{!g e I Qm-ﬁt?%
ma maﬁ‘Fé‘é"stﬁPé E;% ?%ff?‘é%ﬁ%?e’%%o ggn%reo?rggg pressu?%cl\?v in'the carrier
substrarOfR0] Becrelease salvendeidspaiagtecktyyatisisethieqtiwsure within the
carrier 200 when the pressure within the carrier 200 is higher than a

[0033] ?#rf B sRbet i limit, such. as. aBout 2 o atm ARNEINGNS LSRG an
wit

the carrler can prevent potential explosions resulting from a
anmomkaweuﬁdﬂﬁmgaﬂlmh&nmmam@rez@‘@%@r8%@%&;15%%@@%88%

removed. In this embodiment, the fluid 235 can be, for example, a fluid of a non~

reactive gas to the substrate 280 (e.g., an mert gas ot nitrogen) without need for the

reduction fluid,

[0036]  Again referring to FIG. 2A, in one embodiment, the pressure gauge 261 and
the release valve 263 are disposed on the sidewall 260 of the enclosure 210. The
pressure gauge 261 is adapted to sense the pressure within the carrier 200. The release
 valve 263 is adapted to adjust the pressure within the carrier 200 when the pressure-
within t’ne carrier 200 is hlgher than a des:red pressure Yimit, such as about 2.5 atm.

Ad}us’cmg the pressure within the carrier 200 can prevent potential explosmns resultmg B

" from a volatile reduction gas within the carrier 200 as described above. In some

l embodiments, the pressure gaﬁge 261 senses the pressufas within and outside the
carrier 200. If the pressure within the carrier 200 is higher than the pressure outside the
carrier 200 by a certaii arnourit; the pressure gauge 261-sends a signal to the valve 263

to ’triggei release of at least some of gas within the carrier 200.

10



embodiments, the pressure gauge 261 senses the pressures within and

outside the carrier 200. If the pressure within the carrier 200 is higher

than the pressure outside the carrier200-by a certain amount, the

pressure gauge 261 sends a signal to the valve 263_ to trigger release of

at least some of gas within the carrier 200. 10 [0037] In some

embodiments, the release valve 263 comprises a spring (not shown)

which has a mechanical property such that the pressure within the carrier

200 esses the the release yalve 263. For those
[0037] SRS TEERISE TS Aot FORUTAE R TRETR R ehov™)

WMCWEB@%&M@W@EWHM‘E i &Qrﬁtgmﬁfba&thﬂeﬂed:ahm@imﬂ presses

embodiments, the releas 3 r e oe ctric material
the sHB I ORER TATS R e o e AP E RN oA e et debgt
261 mQ’(@ﬁﬁ&ﬁﬁft&i piereeldcitc vabienod i@gmm&t@mﬁﬂmht&i&hﬁﬂf@ﬁbé as

ase valve 263, For thi bodiment, ressure s‘also
needq U o TR e AT A SRS SR iRsey c Taderial
whzciﬂefearmgt@ﬁl@@%rﬁflm&@ﬂhﬁﬁ&qﬁﬁsmud&&ﬁretﬂdeacﬁmm@mw@e
. ore, than on substrateh Iders 270. The bst ate hﬁg are
piezo AR AT 6 R I PR SR

embolfnéf Qharpﬁﬂgmﬁl@ge&gemaﬂ iexlBdSion SeQIOKIGHOMESIndH @ﬁh&;&\t&lﬁpied
260 or other holding structures capable of holding the substrate 280.

to the¥8 215 2B is a schematic end view of an exemplary carrier 200
- shown with the door 220 of the carrier 200 removed. In FIG. 2B like items
[0038]are iRefientag by ke Ibféhencallnginisé ibasndenge 2A0 nomhpsivieynethemore
seall [
T o Wy e

subsmxmriﬁmrﬂamhﬁmiadéewﬁ@mﬁm manmérfa&ﬁ@ysmaﬂ extrusions

on o: S2RISES 20 cnclostre:200, The enclasie. 300, comprises 8563led. .
§T ace %Tﬁ aving a gast erein an eéet one oor nor I at deast
subsoame2siithe walls 320 of the enclosure 300. The gas comprlses agas as

described
[0039] FIG. 2B is a schematic end view of an exemplary carrier 200 shown with the

door 220 of the carrier 200 removed. InFIG. 2B like itemns are indicated by like reference
numbers as in FIG. 2ZA. In this view, the sealing apparatus 215 can be seen disposed

around the opening of the enclosure 210.

-[0040]  FIG.3A1is e schematic cross-sectional view of an exernplary facility interface
system. The facility interface system comprises an enclosure 300. The enclosure 300
comprises a sealed space 310 having a gas therein and at least one door 325 on or in at
least one of the walls 320 of the enclosure 300. The gas comprises a gas as described
above in connection with r:he deécrip‘cioﬁ of carrier 200, e.g., a reduction gas, non-
reactive gas or mixture thereof. At least one robot 330 is disposed within the enclosure
'300. At least one stage 340 is disposed outside of the sealed space 310 and on or
proximate to an outer surface of one of the walls 320 of the enclosure 300 proximate to

the door 325 for supporting the enclosure 210. Optionally, the enclosure 210 can be
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above in connection with the description of carrier 200, e.g., a reduction
gas, non- reactive gas or mixture thereof. At least one robot 330 is
disposed within the enclosure 300. At least one stage 340 is disposed
outside of the sealed space 310 and on or proximate to an outer surface
of one of the walls 320 of the enclosure 300 proximate to the door 325 for
supporting the enclosure 210. Optionally, the enclosure 210 can be 11
directly coupled to and be supported by the wall 320 of the enclosure 300.
The door 325 is provided so that the substrates 280 stored in the

dj;fecﬂenc'o “Eft&%?acﬁé‘#j: repery, anaierezh betneendhe@edosuEh Boor 325

Bhd the taci ty interface. At least one valve is provided for the enclqsure

is prova@e] ko Swhtie mivstirrems0 ieAdO RF EHOP A THB S DaREPBEDand
transfe%g@?%%ﬁ%\é%W%%@&Wﬁ@ OB 370, MavbecounRAdodhevabess

e robot 350 operates to transfer the substrate 280
providodtive e thrcisgrrie 360 I AerR S RGeS A ot AR 8Tt s

valve %%%g@ %geﬁgt : 0411508, pﬁ?ﬁé&%%ﬂ@&ﬁé@%%@ﬁ%@c@ﬁgiﬁiwmms

pressure of the environment surrounding the enclosure

350 an@060hBugivoGEraneTR S ITAIFES (SRR G ShaRgAGgR BraRter 200
and the &%‘%Eégs%{%% L oigeguce gas.flowdrervihe.emyvironment into the

enclosure For exampf, if the environmental pressure is about 1 atm,

the pressure within the enclosure 300 is maintaineg gé%p\er an about |
[0041] ] BRI G e SR N RN SUBEh Ak e hcgeure
of the SRMYORMERALP . e SAAS:eRB00iMenightheopeessureof ity dhees
-~ enclosure 300 is from about 1.0 atm to about 2.5 ) ﬁpen?gglosur.e 300

350 anfhBlces S e P ErPRAan Ty STRLET FHEIEE BRFdtRISHTI YRR ARy Bormnent
into tHIQRAERGIVenaas With{8sNe sk tadhesubsiraieGR-asdeserbed: dhove the

connection with the enclosure 210, The reduction gas is provided to .
presstre it IR R A 6 o TR EEDE T e g o SRngs
the priS¥E'S AigoREQRdas-desTrbed AP avRIRIRORNECHAMuitAl hreaafic In

200. [QO42] In some embodiments, the enclosure 300 is onrlecéed to a
some qrbecsR RS B EHEmYEN SBB A TREEER AN B8 ta bETO
about SXAMRIerRWRlicherice RlaN-DLRED therein including at least one of a
reduction gas and a non-reactive gas with respect to the substrate 280 as described
above in connection with the enclosure 210. The reduction gas is provided to reduce or

prevent oxidation on the surfaces of the substrates 280 and its levels are conirolled as

described above in conmection with the carrier 200.

j0042] | In sorne embodiments, the enclosure 300 is connected to-a process-or transfer:
chamber 380. A procesé chamber 380 can be, for example, a wet chemical plﬁti.ng bench,
a dry etch chamber for via bpem’ﬁg, a chamber for formation of a copper seed layer, a
chamber for copper chemical mechanical polish (CMP), a chamber for formation of low-
k dielectric material or other chamber which forms or éxpoées material on the substrate

that may react if exposed to the environment.

[0043]  Referring to FIG. 34, the valve 350 and the exhaustion vaive 360 are disposed -
" on one of the walls 360 of the enclosure 300. The valve 350 injects the mixture gas

1p



a dry etch chamber for via opening, a chamber for formation of a copper
seed layer, a chamber for copper chemical mechanical polish (CMP), a
chamber for formation of low- k dielectric material or other chamber which
forms or exposes material on the substrate that may react if exposed to
the environment. [0043] Referring to FIG. BA, the valve 350 and the
exhaustion valve 360 are disposed on one of the walls 360 of the
enclosure 300. The valve 350 injects the mixture gas 12 including the

edu as.into the encjosure 300 fr source not sho
inclad SRS B OIS FESETE A AeTe SraiBe e aio el st
the pritaaratipiedetwtBine gmeasureithtcthasabionir %mmlfosremélan a
embodiments, the gas introduc e valve 3 a mixture
redelr R A P Sy AR oL AT BT BT b Bt
- introdlO%d pervekthe %&@Mmﬁ@ﬁﬂ@@m%mh&gﬂﬁgaﬁbﬁl of
enclosur 300 to a stt essur therej res [
* about R 10 ARG CT T S SR e 2o et
the gaaliﬁiiﬁl’!:{é atioseaiizen H@mﬁpiﬁzﬁgﬂweﬁhﬂab}%eaﬁ%eﬂ %@mm@mﬁm
bodiment

| 350 360 d. | h ts,
the engBEUa D S P SOV T AIKIRE BEe R e A T g
Rathei e mmmtbmme@sw@mmmﬂwmsw@ /30 isalve 350

o5 i A O et s PO SIS

compﬁﬁdﬁ@ﬂﬂ{ﬁeﬂm&ﬁ%&wﬁ\m e endlosues00oIshighepibatranaiher the
pre eter ressure, gﬁch as %bout 2.5 atm. In ?}%me embodﬁggnts

enclofiie S0 8 Bt A AuHEE PEORER SO @S LRI Th A BRE flow

exhauS@HOYekME Sh{rohshewny tonmtotitiertiodtoftitegaslinies30d atien the

from the enclos re 310 res ectively. [0044] In some embodiments, a
pressuRWLEKE (i A i 06 B BB T e

as abo@@mmmamtgerﬁé@sﬁu&igﬁ@ge 3HOsenessa sighabietsggerifinaliee 360

i gl BATAE APRGRLRT Ve 560 5 LR e N BT R

into atidet@duEHAROaSclosure 310, respectively.

[0044] In some embodiments, a pressure gauge 370 is coupled to the valve 350,
exhaustion valve 360 or both so that the pressure gauge 370 sends a signal to frigger the |
- valve 350 to imject the mixture gas including the reduction gas into the enclosure 300
and the exhaustion valve 360 to exhaust the mixture gas including the reduction gas'
' from the enclosure 300 when the measured pressure reaches predetermined limits. In
other embodjments, the pressure gauge 370 is not required if the valve 350 and the
‘ex_haus’cion valve 360 are time set to inject and exhaust the mixture gas comprising the
reduction gas, respectively, 61' the valves are pressure sensttive or include integral

gauges.

[0045] . Insome embodiments, the pressure gauge 370 senses the pressures within
and outside the enclosure 300. If the pressure within the enclosure 300 is higher than

the pressure outside the enclosure 300 by a predetermined amount, the pressure gauge

, | 13



from the enclosure 300 when the measured pressure reaches
predetermined limits. In other embodiments, the pressure gauge 370 is
not required if the valve 350 and the exhaustion valve 360 are time set to
inject and exhaust the mixture gas comprising the reduction gas,
respectively, or the valves are pressure sensitive or include integral
gauges. [0045] In some embodiments, the pressure gauge 370 senses
the pressures within and outside the enclosure 300. If the pressure within
the enclosure 300 is higher than the pressure outside the enclosure 300
370 serfY A gumined @medniuttiepresss 6 Qaigged:2 Frogsendistarstaal to
triggerthe exhaustion valve 36(%#2 rele;g %Stpgagﬁs within the enclosure
[ c

enclosuaeGUi A hestarue b RISSHE HHETERtET i€ réa . [0046] In some

embodiments, only the reduction gas, rather than the mixture gas, is )
[0046] injgeteshiatenthedineiasyenB0thbyafieciion ¢35 HEWEFer e IBES Fes 19
and volume, perceniaqs ol e i gaswibinibe Raslasuie shousbe

injected{BiRHIRERTYEHCH a way as described above. if the conditions of the
Percm%@tgg@%mmmg:emm?gmﬁ %@éﬂ@tmﬁﬁ iRne away
lescribed ahgve, the injectio ?ﬁ-g@g&c 0N, 935:is Hacesntable. FRciershe

as descpipeg; Efgrgg(gﬁé’lﬁ %cc%{-f%rés t%e VEIéI ves 350él and 360 are described above
substariBA0Npectai st hdkesaitiet 280 artbcinessapplid rsdistimRRbife

300. [0047] FIG. 3B.is an. enlarged. .partial view. ot the, stagie 340 desceribed
acceptabie| F@r%fﬁr, S %%raggﬁa%%csaﬁg gﬁéd wall 320 of the enclostire 300
above SIQNALRBIGYA tAftertive 20D Croberppiader2de metrmavctthe

door 325 on the wall 320 is opened so that the substrates 280 can be

transferged bet pelas pd:the fagilibrinerace] bysdkien
0027] oA T EIMEERINE Sanry E:%ﬁ%gé?ed tt%’?he wall 320. The se Iingg?
apparammRatas! WY S3al the endrssurc30d shayawis e wwan Srbihpgloor 220

of the SISIO4E:300I0, sarme. smhedimenis. heipsessltp ancigasieanelitions

fh the ‘enclosure 300 are substantially similar to those within the
substraasisd 200 binatheeerboelivrendherriosnp <l firprahe 8 Tbny Beire by

the rob%i‘rf %&n"fﬁedgn% QLSRG Achemicalsenctionendherabyage8fapparatus
215 seals the enclosure 210 against the wall 320 of the enclosure 300, In some
embodirments, the. pressure and gas conditions within the enclosure 300 are
substantially similar to those within the carrier 200. In other embodiments, they can be

different as long as such difference does not cause a chernical reaction on the surface of

the substrate 280,

[0028]  Again referring to FIG. 3A, after the substrate 280 is removed from the
entlosure 710 into the enclosure 300, the door 323 between the process chamber 380 and
the anclosufe 300 is ojaened: The substrate 280 is then transferred into the process
chamber 380 for probessing, and the door 323 between the process chamber 380 and the
enclosure 300 is closed. After the processing, the substrate 280 is transferred from the
process chamber 380 into the enclosure 300. The condition within the process chamber
380 may be different from that within the enclosure 300,-and the opening of the door
323 between the process chamber 380 and the enclosure 300 may destroy the desired

14



the substrate 280. [0048] Again referring to FIG. 3A, after the substrate
280 is removed from the enclosure 210 into the enclosure 300, the door
323 between the process chamber 380 and the enclosure 300 is opened.
The substrate 280 is then transferred into the process chamber 380 for
processing, and the door 323 between the process chamber 380 and the
enclosure 300 is closed. After the processing, the substrate 280 is
transferred from the process chamber 380 into the enclosure 300. The

condition within the amber different f om t
conditip WAth I %m\/\eﬁﬁclosgre%ﬁg "é’%’ﬁ‘éfnmg é?‘f%/ oor ng% ﬁ/@%%%g%tﬁg 360
are abpfec@as:eipaiy baio%ﬂthaddh&’emlm&mm@andymsﬂ%a@' bhekdesingebitad
condlt n wi e enclosure 300 wever valve 3 an
condi} a8 SO PO A Rb TP Ay S MRt A BRE, chorber
380 arehtie sdc300:=(380k ‘Ematdmmtedec@mimndmﬂémambem thfterrder of

Iosm of the door betwegen the procgss chamber 380 the .
tens o RS W eS8 g Sk O e et AR becurming
on thetenﬁ@:fesﬁdmmbaﬂmh 18Ghartgigiblph isucvihattfed exaap ﬁf@hyhe

on occ n th urface of the S tra 280 is ligi
Conne\?\ﬁﬁ?i F%@%Ii‘s;é'@&f‘%c? ffie conﬁgcf oriY Se ween ﬁecgﬂ ace%f eh%i%per
withirlapery1d Bdad3 epabowetivin HEPIIQ filled within the via hole 130 as -
shown in FIG. 1. [0049] FIGS. 4A-4C are schematic cross-sectional views

[0049 ]"'”Sgﬁ%%—&(&é@ plany precess:abatiaching.theinariera00 o the-faglty
interface 300 as shown in FIG. 3B. [0050] Referrlng to FIG. 4A, the

processofiataguns thoverrispprddertba frllirantarieaei0iine Shrussind i Gh-

The wall 310a of the enclosure 310 includes the door 325, which is
- [0e50] configused:ip ROVRE. a,mp@eruﬂgma@e Qﬁtﬁ@&tﬂp‘;ﬁé&:}édﬁﬁﬁhﬁmﬂ 310a of

paratus 328, such as aru nger Ori g el or

the eraliapre 1B oE4s HELLAU Sh/D ST Ao LbEt BRI Sh e AP o TadistYe
configipli3tQaandiheiwean:theoal eﬂ@mm doesaB2b Haeﬁhsvsperch as

“325 can be attached to the wall 310a segé gﬁoen osuﬁ%% . In
2 rub L e B S PSS AR S A 338 S S dor
dispostboal#ileinner surface of the wall 310a and between the wall 310a and the door
325 so that the door 325 can be attached to the wall 310z to tightly seal the enclosure 310.
In some embodiments, the sealing apparatus 328 is disposed on the door 325 at the
periphery area surrounding the opening 325a (shown in FIG. 4C). The outer surface of
the wall 310z includes another sealing apparatus 327, such as a rubber strip, O-ring, gel
or other apparatus adapted to seal the region between the doors 220 and 325 after the
 attachment 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 wall 3102, when the door 220
is attached to the wall 310a as shown in FIG. 4B. In some embodiments, the sealz'hg
-apparatus is disposed on the surface 225a of the frame 225 surrounding the opening
325a (show in FIG. 4C). ' ' '

[0051] At least one fasteners 322, such as clamps, knob clamps, clips or other devices
that can fasten the carrier 200 to the wall 310z, are configured on the outer surface of the
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periphery area surrounding the opening 325a (shown in FIG. 4C). The
outer surface of the wall 310a includes another sealing apparatus 327,
such as a rubber strip, O-ring, gel or other apparatus adapted to seal the
region between the doors 220 and 325 after the attachment 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 wall 310a, when the
door 220 is attached to the wall 310a as shown in FIG. 4B. In some
embodiments, the sealing -apparatus is disposed on the surface 225a of

| wall 31@&@{@@@2@@ sdgredinftihg amm@@@mgag%wsmsmm Qg@;:)i_efog@l}sg@h
as the ﬁgg%g’giﬁ%%ggﬁ:%gé% uch as %@@9&%@9‘&%@@&@@%@@%%& to

e carrier 200 to the wall 310a, are configured on
fasten fhe-gtter S00faeeafitherct Hivht Broaproidhinacblivifed bf the BeaIRg
apparatus 327 to fasten the carrer 200, such. as the frame 225, Ihg-rier 200
shown faflete-3 f%éoﬁebcér,l?oorremx%rr%p éﬂ,n rotatg# or vertically r?]](?\g/ed to fasten
can be {ecadigr 200vAheltamber of the fasteners 322 is not limited to the
number shown in FIG. 4A. It can be one or more than one fasteners 322

o052} | Rt’l%a%? dhe cawier 200, Lanhe fastened e vl 30 JOAR2WAkin the
eas

one valves, such as a valve 324 and a valve 326, canfigured within

wall 316ae Thalbpagias Hidhspeaiieg 324 radARRES SAEIRSSE AHE Cortigtiad -
emiose\g%h ! %%%ga%%gfém% kythe Sealing APRAHS32IQREI0ME BiE Balling

rgglon se the sealing apparatus 327 as shown in FIG. 4B an
apparatnjet?ams sertyds GG AhauFLTIRILETHE FRESFE AN SISHGHS RS omiTe
;above into ' peslively:Jn soms-anbodimenise @absanafs,
reducﬁﬁ]negvagl%geg%%ggr%gg é%’“é%.‘z used ifthe se%%tedq\?g%ave is configured to allow

only ortecsh tieevedes B8t et 8 2irerertife e GROFCEBIAIME IR to aliow

apparatus 32/.and-ne. el IDEF GRSLI M IREHES.GR5IIT e,
both thﬁwlég?é%‘ﬁgg%r%h éaaas}‘ ir%g%h@ggé%%ﬁ%%mg embodir.nae?nt‘si,é;he valves 324 )
injecticAnst/-orifef: gre coe plédoegAe vl RIS HUFEONBBIRTS (RfFeFiRn
s0me egﬁ%rg%eg%égc@é) Ve rateof %&?QP%M%ME@S of thedaed 9ass aoihe

controliers (MFC) to control the removal rate of air and the injection rate of the inert gas

or the mixture gas.

[0053]  Referring to FIG. 4B, the carrier 200 is attached to the wall 310a, such as the -
sealing apparatus 327. Under this embodiment, the surface 225a of the frame 225 is
attached against the sealing apparatus 327 so that the sealing apparatus tightly seals the
gap between the doors 215 and 325. The valve 324 then removes air trapped within the- |
region sealed by the sealing apparatus 327. The valve 326 then injects the inert gas or
the mixture gas within this region so that this region is filled with the gas so that does
not subs{anﬁally react with the substrates 280 stored in the carrier 200. In some
embodiments, the cycle of the removal of the air and the injection of the inert gas or
mixture gas is performed at least one times, such as about 3-5 times, so that the air

trapped within this region sealed by the sealing apparatus 327 is substantially removed.
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[0053] Referring to FIG. 4B, the carrier 200 is attached to the wall 310a,
such as the sealing apparatus 327. Under this embodiment, the surface
225a of the frame 225 is attached against the sealing apparatus 327 so
that the sealing apparatus tightly seals the' gap between the doors 215
and 325. The valve 324 then removes air trapped within the region sealed
by the sealing apparatus 327. The valve 326 then injects the inert gas or
the mixture gas within this region so that this region is filled with the gas

[0054]5° “J'f{%tf%%%ﬁg tﬂ%é‘ﬂgéﬁacgggill}’c&?%ﬁ% ‘g{% ﬂ?gﬁ%@%ﬁg 2 tc%jeii‘téhe

carrier n some em ments, the CcycC _ e alr and
locatithe thjgotidhnot ihéetfene rstmnattixadrég ashistprieforfie d e legstionecan be,

Tes, | g . ins th : ]
for e N o N I g o2

that isRefemidcplotheGonTs The licuiditon dheidtnoasioneqtndatty 2hiovanlie:
than ;}g@%@%ﬂé Hak- Wik ned ineriers e Hansier ofhe, SHRSHALRS 4830 Téﬂ@surﬁ 310

ations can be, for example, proximate to the inner surface of the wa

after tBe Oemamiddbed dhe theoo Bahintys3EBeribedtabat dhedivylabiere 509 82d tha carrier
200 o B B8 SRR R0 2o Fome e et
regiortiseatednion Shobthbrgpar825:ua S Heurdibee inbrh\asstheraixtios gas 3 thand
..t i Q i i ' ti <FEurt th
et B e e
enclosprerdlasrol fhixtardegadiswiibnuirgeestahittbekporersion akcddrelprghenthe
nven U0 HARS 0N cap e Hansiened benesiie. cadlosile A0 ALINGy be

carfier without substantial exposure to air. The présent invention,
performdesactiSontt imtadatidvetyi B Gabdférntthmsigbstrates 280 can still

be performed as set forth in connection with FIG. 3A, for example. [0055]

10055] FIGEK I\ 2B A16.10tshowinaaressure ehangewithin 41e.anclasure o
210 durlr:g;én unloading/transfer/reloading cycle of the carrier 200 from

duringise gmigedne/ e0s6T RElerdinptey BRyighe PETepeodnee e siasadft. of
the environment surrounding the enclosure 210, PO represents a
[0056] low He¥elrpig3sUTE: Bh Geresentsiihehe pressure of the environment

surrounding the enclosure 210, PO represents a low-level pressure, P1 represents the
selected pressuré within the enclosure 300 of the facility interface, P2 represents the
minimum desired pressure within the enclosure 200 and F3 represents the maximum
desired pressure within the enclosure 210, In some embodiments, if either the pressure
of the enclosure 310 or the carrier 200 is lower than IO, it is assumed that leakage of the .
gas accurs between the environment and the enclosure 310 and /or the carrier 200. The
enclosure 310 and/or the carrier 200 thus can be checked before the use of transferring

- and carrying the substfzétes 280.

[0057] Pribr to T1, the enclosure 210 is seated on the stage 340 and physically
coupled to the enclosure 300 with the door 220 opeﬁed or removed and with the door
325 openéd as shown in FIG. 3B. Because the spaces within the enclosures 210 and 300
are connected, the pressure within the enclosure 210 is substantially equal to the
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selected pressure within the enclosure 300 of the facility interface, P2
represents the minimum desired pressure within the enclosure 200 and
P3 represents the maximum desired pressure within the enclosure 210.
In some embodiments, if either the pressure of the enclosure 310 or the
carrier 200 is lower than PD, it is assumed that leakage of the gas occurs
between the environment and the enclosure 310 and/or the carrier 200.
The enclosure 310 and/or the carrier 200 thus can be checked before the
use of transferring and carrying the substrates 280. [0057] Prior to T1, the

pressuﬁqg%%r&g %ga@%g?tgdgpe ggfsxagﬁeswandrphyswm@@@ BRECEES the
enclosure 300 with the door ned or v
transfeged BpRCARESANVALHEIEDS %‘P%ﬁ o f nevedand %%@8‘3@9%‘7{31‘

ecause t e spaces within the

the cuﬁ@?%@%&%@@&@cﬁﬁ@r@ﬂ&&Mﬁ@r%é&lﬁhﬁwmmitﬁ@%ﬁéllé@ﬂe ‘

210 is substantially equal to the ressure W|th| ﬁgglgﬁyjrﬁ
from the gageBIRRBLSHIBP TG Bt jé %Efsemfci:aﬁ?f&rred to the zarrier

betwee%%%n@g ’ﬁ*le?&'ﬁh%J 'B%hﬁmdﬁma?gﬂao&fmhbﬁl: fkﬂ@r@dcs@dmum RrRSTERER
to seal the enclosure SS Own N
within ﬁft@én¢}@$ﬁ%%19t§dé‘ S5 8 T DR TGS S e eSe

IOOf ected processing
P1 maiARRALAWISHHILIRG Umesheteeen mme@efmmumw&mmssgmmumme

e desired minimum pressure P2 wit e enclo r-than
enclosﬁh@ﬁ'éﬁ\tﬁdhmﬁ?ﬁ%%ﬁ@ﬁ@ Eﬁ?i;?ﬁ’ée?réé%ure | r%n&%':xblntalned]'\tl @}!ﬁ tir‘?é
operatyt 9@%&%@@@ Jn,Qeitadncsasected pmhsuthwmhmwﬂammﬁwe 210

3 e desired m|n|mum pressure P2 the I\ze 24 own n F'%g&ﬁge ent
enclosmé&ﬁé@ orreren $baREEHE B - fn ore Wlt e “cabinet 23

rocesi iR %ﬁcl%@ﬁ@%%@&@dé@@@%eﬁ’ﬂ@jptﬁssLstagfé\Mﬂ@ftm‘fecﬂﬁwmdm;fepe
P ?b perform a subsequent process th ﬁldec(é)surg%é 0s reloaded, .6, 1 cve
associzedtethonsaconsyBToAEP O REPRIGHHS Ated \With A secon
210 is %Csu fEeh ARRAIRY sAnddhe daes SRtisstemeveIFTheRrEIGs Gk Robvisthat

ally coupled to an enclosure 30Q asgiﬁown in FIG. 3B. F é :
the tinstioate ¢ha T tandifvRaneEy g SHFF2 W ﬁ‘é’ﬁ%%&%% SUGH T Allow the

endosﬁ;f‘?ﬁ; 48 %ﬁﬁ%ﬂ%&%&%ﬁ%&@r@a@ﬁm desited Mipsaumspréssure
ttime T2, because the 3 e fhe space within fhe
spaces within the enclosures 210 and 300 are connected and the sp ithin

enclosure 300 is substantially larger than that within the enclosure 210, the pressu:r:e
within the enclosure 210 15 pulled down and maintained substantially equal to the

pressure 1 within &ﬁa enclosure 300.

[0058]  The timeline of FIG. 5B shows the operation of the carrier 200 when sufficient
time passes from a time T1 (where the carrier 200 is unloaded from & facility interface)

for the pressure within the carrier 200 to reach the desired minimum pressure P2 From

me T1 to Hime T4, substrates 280 are stored and/ or transported within the carrier 200..

At time T3, the pressure reaches the desired minimum pressure P2, and from time T3 to
T4 the pressure is maintained within the desired pressure range (P2 to P3) by operation
of vaives 240, 250, 263, pressure gauge 261 a.nd/ or cabinet 230, At tine T4, the carrier
200 is again loaded onto a stage of a facility interface: The door 220 of the carger_ZOU is
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spaces within the enclosures 210 and 300 are connected and the space
within the enclosure 300 is substantially larger than that within the
enclosure 210, the pressure within the enclosure 210 is pulled down and
maintained substantially equal to the pressure P1 within the enclosure
300. [0058] The timeline of FIG. 5B shows the operation of the carrier 200
when sufficient time passes from a time Ti (where the carrier 200 is
unloaded from a facility interface) for the pressure within the carrier 200
to.reach the desir inin: ' ' e
e e it e s SO0 e the
prestimesEBplresmdtsthe raewsce Thotds eulernimeR pressure P2, and
from time T3 to T4 the pressure is maintained within the desired pressure

[0059PN0E{RAIIGE) bypreration, alvoliesiadf2 b0 (RGBAPRssHIega0gects
61 and/or cabinet 230. At time T4, the carrier 200 is ggain loaded onto a -

the reegsion BamRy S EARARS 2Pte TSCEIBEOTINE CArridTOTS- T8 B pries
the g3k \enaverd-and-be-rartiondQave cauiaditararensiasureBI0hatWNSN00 is
time the pressure equalizes with the pressure P1 of the enclosure 300.
highggdbon FRavitre taee At REeSHTEr #8B6P220 is closed, the valve
240 injects the reduction gas into the carrier 200. The release valve 263,
[oo603uch ASRcspirTIeI6AsES ifvetyas thithipatzéi canfendBiiotné where P1 is

nviropment if the pressure within the carrier 200, is. hi her,than, P2.. .
less iR ThEdiEe ST H T R e g1 STOBROL AT e RV AT e
enclobusirate ihesbpenatidiy etemibo thmprisswirendthih ihdessltsare B, ifrswitie

embodiments, the desired pressure to be maintained within the .enclosure
othe G N S R B A e Lo e R R oS,
lowc@thehambadimentsrithendasisac pnesshie hatwbovaithaiaedwithienteessure
enclosure 210 is lower than the pressure within the enclosure 310 but
above the environment pressure Pe. [0061] Although the present

invention has been described in terms of exemplary embodiments, it is
[oo6Tjot linitdauigbrite pRestrérintra dppoadbdcsl sinis Bl tigems of exemplary

embodiments, it is not limited thereto. Rather, the appended claims should be

Pe.

coﬁs’n:uc’ced broadly to include other variants and embodiments of the invention which
may be made by those skilled in the field of this art without departing from the scope

and range of equivalents of the invention.
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constructed broadly to include other variants and embodiments of the
invention which may be made by those skilled in the field of this art
without departing from the scope and range of equivalents of the
invention. 19 'What is claimed is: 1. A carrier, comprising: an enclosure
comprising a plurality of walls and a door; a cabinet coupled to the carrier
... within the enclosure, the cabinet comprising a valve and containing a
Whgids WRERSthifhe valve is operable to introduce said fluid into said

1. enclastigianehthpifinigh is selected from the group consisting of a
reduction fluid and a non-reactive fluid; and a substrate holder disposed

withAMFRCSEIS SHraREinp potepdtinet ar lsandiedosiier of claim 1,
whereiatheRIGEBIaMIRIBARR CRITIRH BMANIAINR B APHRSIYRHghE

than the pressure of the environment surrounding the carrier. 3. The
valyg dnst ervpdnine 2 fifider comprising means for maintaining the pressure

withiRvHaeeGaiRer BN apeeleried PIRSRWEAIIR ¢ dhesanigialalaimg
3. wherein the selected pressure range is from about 1.0 atm to about 2.5
c.

the flimdss ¢lected oot FRUP, SARHEIEM Ariis Aoseinidpap sdraicsactive
flutlispesed between the enclosure and the door to seal the carrier when the
door is in a closed position, and to seal the enclosure and an interface

apparStiE TR d55PRSIARD PO\ Bt TRPROVEHSSTRE carrier

of claim 1, wherein the cabinet comprises a first valve and a second
valve, the second valve positioned to allow release of a gas of the fluid

2 into tHE SRBUE R FhFEL e WRRH thETEHR BEUra TR Rkngd 2t
a prredetarizheethpresspre darebrang dhefiishvalvaitonasitionaddaaliow

filling of the fluid into the
3. The carrier of claim 2, further comprising means for maintaining the pressure

within the carrier within a selected pressure range.

4. The carrier of claim 3, wherein the selected pressure range is from about 1.0
atm to about 2.5 atm.

5. The carrier of claim 1, further comprising a sealing apparatus disposed
between the enclosure and the door to seal the carrier when the door is in a closed
position, and to seal the enclosure and an interface apparatus when the door is in an

open position or removed.

6. The carrier of claim I, wherein the cabinet comprises a first vaive and a
second valve, the second valve positioned to allow release of a gas of the fluid into
the enclosure when a pressure within the enclosure is lower than a predetermined
pressure level, and the first valve is positioned to allow filling of the fluid into the

cabinet.

7. The carrier of claim 6, wherein the predetermined pressure level is about 1 atm.
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cabinet. 7. The carrier of claim 6, wherein the predetermined pressure
level is about | atm. 20 8. The carrier of claim 1, wherein the reduction
fluid comprises a mixture of hydrogen (H2) and ammonia (NH3), and the
mixture is in gas or liquid form. 9. The carrier of claim 8, wherein the
cabinet is disposed proximate to a bottom region of the enclosure and a
molfﬁzlar weight of the reduction fluid is less than a molecular weight of a

8 gas WRAIFITHE CAFIRI o INBLSHINRT TEIHEpRR dbsh SorRy s gioh K thee of
hyéngless)and themoalecder weidhhehihaurdyctiondlyidis.masedhan the
molecular weight of the gas within the carrier. 10. The carrier of claim 1

further comprising a gas within the enclosure, wherein the gas comprises
9. a redugtionrgas dElainos-aastiveBasile esprpbiedpsskiacgabti8otiom

substrate. 1]]. The carrier of claim 10, wherein the reduction gas
re St B S BENHE b MG ABORELA ShARGHECHAB TN bneredetva

mdesLOMPiR SO [eastBhe efasiier @asandiniiegenpdsediie eapresieh
Iaim?}rr]l, wherei hydr%%e{;is eqéigl tf(;or Ieas than about 4% per volume
of iR FAGTRANIATE LG UAT K BIFICLE HAR HBBAr a9 DELBIRAE Tan Phe
motasiiRr efgiainlifudhenonmprsiog@erelease valve within the enclosure,
the release valve being actuated to adjust a pressure within the carrier if

the pressure is higher than a predetermined pressure level. 14. The

10 carrighotaldsncr3jakhereintiie eregelanmings prassivitd exelospl v etein
eatm. 15. The carrier of claim 13 further cqmprisirc%tﬁ pressure gau

e
th C%a[fpci%%l%wmsea FEINIEHQN gRS 0T nON-Teactive gas respect to a sur%ace of the
substrate.
il. The carrier of claim 10, wherein the reduction gas comprises at least one of

hydrogen and ammonia, and the non-reactive gas comprises at Jeast one of an inert

gas and nitrogen.

12. The carrier of claim 11, wherein hydrogen is equal to or less than about 4%

per volume and ammonia is equal to or less than about 15.5% per volume.

13. The carrier of claim 1 further comprising a release valve within the enclosure,
the release valve being actuated to adjust a pressure within the carrier if the pressure

is higher than a predetermined pressure level.

14.  The carrier of claim 13, wherein the predetermined pressure level is about 2.5
atm.
15. The carrier of claim 13 further comprising a pressure gauge coupled to the

release valve,
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