PROCESS APPARATUSES [ 0001] This application clains

priority of the filing date of United States

Provi sional Patent Application No. 60/ 747,442 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 process apparatuses, and

nore particularly to  cluster -processing apparatuses

for sem conduct or I, Qi of the Rel ated

Art [0003] Wth ad%b@&?&ww&%‘c product s,

sem conduct or technol ogy has been applied widely in
[000%iR.N U fTdnixt applmgaaremﬁn'nsq&iortry of thelfiliprakess] DgitadBthigs Provisional

/stal. djsplays (LCDs), |ight
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d speed require nts di mensi ons of semi conduct or

|ntegrated circuits have been reduced and various

materi al s, such BRACKEIMGENIARY THEANVESWION

di el ectrics, have been used along with techni ques for

oV Hﬁ{ﬂﬁ turing obstacles associated with

th %égp&r?aﬂtﬂlgril a s{g{r:ld requirenents. [0004] FIG 1 is a

schemati ¢ cross-sectional drawi ng show ng a
[0002]r adTh¢ pregenbingeriisingelatasto propess. apRavdpyser andapere tartcularly to

d over a _substrate .100 k dielectric |ayer
clusty B e P b R 10 A copper i a
130 is fornmed within the | owk d| el ectric layer 120.

| fDédeeiptioppd they RalatkDAtts exposed to air, the top
surface of the copper via 130 reacts with oxygen in
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foood | - if ae 8 AR b S i e i e g e
appladkdieitelst Menh @A mERRRE (ehabl dﬂ%&é@ﬁg g cPQ@ liquid
surface of the coppér via 130 and a con uctlve | ayer

crystehdispleiieo YD) olight amitiingabiodss (LERg)c bseti Chgﬁ{s;s angrasher deaices or

al .

chip 3hQuL 011%% LAkeR LYy V%téjgr&JJ sp\;e%r%%a%‘r g "'dimensions of

Critre DFOCGSS suc

serm&ﬂ{d’fﬁ:tdr(iﬂtegfat@d)ﬂ&ﬁﬁts $@€éﬂ bée@l)ﬁi@ﬂﬁcedf@lﬁfﬁﬁfioﬁﬂ kerG&®) BRI as
| ayers copper chem cal mechani cal polish (CIVP) and

| COPpﬁbmﬂttmlow gliglectriosy haviebre uefidedl @rg with techniques for

overcoming manufacturing obstacles associated with these materials and requirements,

[0004]  FIG. 1 is a schematic cross-sectional drawing showing a traditional via hole
structure, A copper layer 110 is formed over a substrate 100. A low-k dielectric layer
120 is formed over the cbpper layer 110. A copper via 130 is formed within the low-k
dielectric layer 120. I the copper via 130 is exposed to air, the top surface of the copper
' via 130 reacts with oxygen in air, forming a copper oxide layer 140 due to oxidation.
The copper oxide layer 140 can adversely affect the electrical connection between the
top surface of the copper via 130 and a conductive layer (not shown) formed thereover.
Accordingly, great care should be taken to avoid expoéw:e to air during critical process

steps, such as via opening, formation of copper seed layers, formation of copper layers,



material. 10005] Traditionally, after a critical
process step, the substrate 100 is renoved from the
process chanber that perforns the critical process
step and tenporarily stored in a cassette or front
openi ng uni fied pod (FOUP) until subsequent
processi ng. Wien the door of the cassette or FOUP is
renoved to all ow pl acenent of,the substrate 100 in the
cassette or FOUP, air fromthe surroundi ng environnment
. I ncl udi ng oxygen flows into the cassette or FOUR. )
coppAf tlemicl enatbamicalpotislo §&dT) anbloginatips okiggubige love-idielediec
cassette or FOUP with the substrate 100. As descri bed
Hm&%@gve, oxygen tends to react with the copper |ayer
-110 formed over the substrate 100 to formthe copper
[0005pXi dErabimp@nliyl, 4fter 2 PROGEprdeassetape thetsobsinate 8686 istriingved from
problem .a "Qtine" is required after a,critic .
the pRecseaemmber it peTpRY e RRHCH FTERe LT Ub AR R stored ina
' e
e B T B Ry hen the
doorpétheadssette @ FORP is sapdvedso allpwmpleementiotibe sgbstiate F00 in the
subs nt, process, such, as formatiaon .of..a barrier .
cassefia g FOChoas Mk B PR eD et G e Sows into
the cSsEAN MDD OB ESS tHeS bR JsEE, tho aft YRURIAMYHiG IR Essette or
oxi de layer 140 formed over the copper |ayer 110.
FOUP 068irhe Bulssttate 100 Asidghcrihetialpar, iosngasf tendhiogend wdtlothe

coppGRRETH O REEes et Py by ot 100e S i v Sd e

with an associated Qtine designed to protect the
[0006F UbSh bade to Ttiemes Qid problefre g (D-wmehissequivaphiteat eeitichleprocess
manufacturing processes. In addition, ifgg@C}tinﬁﬁis
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ifmis | ayer to prevent
oxi dation of the exposed copper |ayer. However, after

[0007} he Dusrierdlnd bighdfitegration epgsonicondustor slsyicseperrsubsieate 100, a
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associated Q-time designed to protect the substrate. These Q-time requirements

complicate the manufacturing processes. In addition, if a Q-time is missed, the required

additional steps, such as for cleaning, increase process time and complexity,

[0008] By way of background, US. Patent Publication No. 2002/ 0074664 to Nogami
et al. provides a description of a éeﬂﬁconductor manufacturing method, the entirety of
which is hereby incorporated by reference herein. In this reference, a CoWP (cobalt
tungsten phosphor) film is formed over a copper layer to prevent oxidation of the
exposed copper layer. However, after the formation of the copper layer and before the

~ formation of the CoWP film, the substrate including the copper layer is moved from the
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process chanber and exposed to the environnent. A
copper oxide |ayer forns over the copper |ayer before
the formation of the CoWP film The nmethod of Nogam
et al., therefore, cannot conpletely protect the
copper layer from oxide formation. [0009] Fromthe
foregoi ng, inproved process apparatuses and net hods
are desired, SUMVARY OF THE | NVENTI ON [00101 In
accordance with sone exenpl ary enbodi nents, an

an encl osure, at |east one

t |
P“’%wggg@ég% Sf5Poses tp SiRTVRETERE | A SSPPUREAFARES forpgover the

copSAAb RS HeborBaBe RrBB80r Hahe CRyANdIAL TheAsthNg i etal.,
configured to cover an opening into the enclosure.

therfoge, gasnoirmompeisiyatrotectabe coprer Aayty éonpoxigagrni@itienr obot
is disposed within the enclosure and configured to

an I at. I SS .
00 27555 B SR B PSR o R0 A DRI S
The above and other features of the present invention
will be better SUMMARYOF THEAINVWENTIEINow ng detail ed

description of the preferred enbodi nents of the

pnvent | Ls rovj i n l.on with the
[{mlgc conp %%3’%’%%%% P"}&% %énse. ex%%%@? 5&%@%%%%?%@69 PRGES comprises
an eRROMIAGE 14430 d2d proakds idrABeradl ottt afdl atiRa&onPhIRBSTRE

exenpl ary drawi ngs, They are nere exenplary o
enclasip e Besstherrin apd atdesss ene floerrenfigersdiie cpyRranapening into
-the éﬁ%ﬂhpe Ml c;:%g Bk GfeadiRRL %&hcﬁ%%‘é] Tikd Bbotls 'd‘%sp%sed within
schemati'c oSs-sectional draw ng show ng a
the drchitd aanidorVigardaicb eransfer b etibiterte bédrbdd theldGor 2nd hedprocess
schematic,  cross-sectional view of an exenplary cluster

champes c d 68 VAe inppmiet odhe smdassqe.-F| Gs. 3A-3C are’

schemati c cross-sectional views illustrating a process

001107 ThEBBYA arkf otRerGRRRRSs PXicdiSrebed) tveARth (M BRbARR Of
a cap layer over a copper via. 3 10016] FIG 4A is a

undgeiveddtdns thojplloivewy dftaitededsserpitimaesiibe pfefermedesteipglisneyts of
.cl ust er r ocessi appar .at us, IG 4B is.a schematic
the ifyBenSBRLF GROTOY BGOBRotHE Va5 Rarqpary ing 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 a schematic cross-sectional drawing showing a traditional via hole
structure.

[0014]  FIG. 2 is a schematic cross-sectional view of an exemplary cluster processing

apparatus.

f0015]  FIGS. 3A-3C are schematic cross-sectional views illustrating a process for

removal of a copper oxide layer and formation of a cap layer over a copper via.



cluster processing apparatus of FIG 4A taken al ong

line 413-413. [001-71 FIGS. 5A-5E are schematic

cross-sectional views illustrating a process for a

formati on of a dual damascene structure. DESCRI PTI ON

OF THE PREFERRED EMBODI MENT [0018] This description of -

the exenplary enbodinents is intended to be read in

connection with the acconpanyi ng draw .ngs, which are

to be considered part of the entire witten

description. In the description, relative terns such
jo0leds "FlendA isa 'sch;egp-éip top viewrpfong @mbg;ii,men't@épzp iewplary cluster

"above,' "bel e U e ! " l
procqSPE Sopemaiat oo £4 B R R o 5 e SR o AL Yy
clusteSionovair@ apparattipwad) 44 takehalgngdfieulBdithe construed

to refer to the orientation as then described or as

ho in dr awi ng_.under i scussi on. These rel ati.ve
10017} 0y el 5 P B B e G R S et A b hrae o 2
form B, £duditBinbhe 3pRANAL US be constructed or operat ed
In a particular orientation. [OOl9] FIG 2 is a

schemati ¢ cross-sectional view of an exenpl ary cl uster
pr ocessi ngPEGEBAF BN OFTHAE SIRRFERRIHLS EMEDR ratus

i ncl udes an encl osure 200, at |east one (and

foo18P" efﬁﬁ?ﬁé&éﬁgg% b @k lekdmPbdy PhB6ESRnENe HRENd1B bedbad in

east one robot 220 and orie or nore val ves, such as
conneationesitl? 8@ anempAfingxirevdges, 20dch arald be oomsiichet part of the

. support. device ol Jectively.referred to as "stage")
entirg WEliRE SoSatPHRL F ke o S06 B0 B0 gOF e SPpes
“horizORAL ~ 27 icai“GBoved! THeRy, 8 “ SHPIHEALE “Ad" arkMhbdMoReeESwell

chanbers 210. I'n one enbddi nent, the robot 220
as detivatiredsshereofng.ga “heiitontallyg Ui devieeddi, s pegwardhy,” etrg should be

201, [00201 Th | 00 i ncl ud | ed
consSHEE R a2 GHETOREY BER Cor i 2ans = Bt aR BT ncer

discuS8ah C8hSP 368 SteBAE bR I8 detidhtSof HEcrftichh@daRCh A S b Bire
200 and a top surface 20la_of the stage 201. The

 that theepparatus b2gongrusted arepgtried it pabstlapadentadon. 203
configured to cover an opening into the enclosure 200.

n i the: daor IS o di .
o] 1 P BRSS9 e B0 i
appatHes. derchadd ptotessing awpateths snclt dmtanensiobster290 et 26t o@n

e S ER L ALRSEECLE oL oA L o geess, olanbers
morevAfrel Wbl adavid B0LAd 240, A stage 201, table or other support device
(collectively referred to as “stage”) is disposed within the enclosure 200 to support a

| robot 220, which carries a substrate 270, and process chambers 210. | In one embodiment,
the robot 220 travels along a rail or guide 225 disposed on the stage 201.

[0020]  The enclosure 200 includes a sealed space having a gas therein. In some
embodiments, the sealed space is enclosed by walls 205 of the enclosure 200 and a top
surface 201a of the stage 201. The enclosure 200 also includes at least one door 203
configured to cover an opening into fhe enclosure 200. In some embodiments, the door

203 is disposed on or in at least one of the walls 205 of the enclosure 200. The dooé 203



position proximte to the door 203 to positions

proxi mate to the process chanbers 210, or between
positions proximate to the process chanbers 210. The
robot 220 operates to transfer the substrate 270
anmong the process chanbers 210 or between the process
chanbers 210 and the interface 280 through the door
203. In sone enbodinments, a plurality of robots 220

axe provided within the enclosure 200 to enhance the
rs 21

. _transter eed betyween the process chamhe or
s ENEL R LRBA By SRy DrARBEPLORT S CATS TR Doryiea e gaocess
chag®rs 002 bhrAhichBASIZ00 M VEhAE2D ShcREPHLAS %éﬁ&i&é et A6 a
encl osure 200. In sone enbodi nents, the cl uster
posibicaquresinge sptherdernd0d teglositions prodinete 10 80 podesa chambers 210,
rel ease val ve 240, for., providi nd hausti.n e
or bERLERS FoslBink et B PR ARG A R 008 Cherates to
trangfe@ SEel§bsEataT0 3bRnEENe PRCEAUBLRBels Q10 BELMMME thed}Bress
and 240 for use in control of the valves 230 and 240.

chamhersoif apeibriingsfrce 25¢ theoygh theslops@3a da seme erdrodineents, a
i roll.ers (NTC

pluFBHPAERER 20 ard B5keR VAL, B EORO R iR i nter
speddpedtieb thd [0ese tharhiberk DEY br A& @ the BRodEsX EHARELBABL0 dnd the
. sone_enbodi nents, the valve 240 is configured to
intefar 489 the pressure within the enclosure 200. [00221

The substrate 270 is, for exanple, a wafer substrate,
[oozi(jl Spl et Bl FAVLisTHEMARS withih HHAICEL%S0] LrFéo?x‘Pé ay

LCD), plasma display, cathode ray tube display or

embefinents, the dwsiee prepsng Hipardtaapctidep b aylve@B0 khd)htelease valve

200 B e B GGl 58 B, SEpRrimnes, 1 ST enclonre 200,
A prRBeirOgHA S 2 nkyEd ProdRS vAIDES BinkReh S 28 1¥ontrol of the

| east "one of a reduction gas and a non-reactive gas
valved 2 aresdc n sagne Fmbsdipsttatize Vi tes 280 ped (et 340 argasipbaito at

et e TP HE oo R Bt B €530 Ry o4 Pt afor e

injectiBR ralRT thednert2A0 ol ISt rirk 305 f18s0Rk k¥R aBHBSE 8L §2194 940 is
: ano;% the process chanbers 210 or between the process
CO

tr eprpipd) therptesshiee withisy tha enclegae 20h sone

enbodi nents, the substrate 270 conprises an exposed

. ip El in E
00299208 L 8, BT, B O LS

a liqaidnapétal dibpidy (LCIOY, phishardispey ehibote gfstube dipkdyltrlectro
thereof, The non-reactive gas, conponent can
luminescence (EL) lamp display, or light emitting diode (LED) substrate (collectively

referred to as, substrate 270), for example.

[0023] The enclosure 200 includes a gas therein including at least one of a reduction
gas and a non-reactive gas with respect to the substrate 270. A reduction gas can be
| provided to reduce or prevent oxide formation on the surfaces of the substrate 270 due
to exposure of the substrate 270 during transfer of the substrate 270 among the process
chambers 210 or between the process chambers 210 and the interface 280. In some

embodiments, the substrate 270 comprises an exposed copper layer (not shown in FIG.



conprise an inert gas such as helium (He), neon (Ne),
argon (Ar), krypton (Yr), xenon (Xe), radon (Rn) or
ot her gas such as nitrogen (N2) that does not
substantially react wwth the surfaces of the
substrates 270 to form an oxi de or other undesirable
reaction. In sone enbodi nents, the gas conprises a
mxture of N2 and H2 in which H2 is fromof about 4%
per volume to of about 10% per volune. [0024] The

amount of the reduction gas should be controlled to,
2, bup shapamin B Loidothe spducsioReps canpises iygrogen (He), samaniagits),

L . e . .

or of IR 985 LR B TR LA Sl b op i i

compieuRtin@t gidduch khhelivoh ¢Hepobas(iNe, 286n (AhHdalptdbgKeg uadon
o, or less_than, about 4% per volune. One

t f d
(Xe), apdumiRog Pr piber 525 sugfbryiEIvash ) tha dogt 1 Sﬁé&?ﬁﬁﬁs{ Ect with
the skRRI of &e%gf?é{'}ate%%g 7 fc}f% Mk bodhBeud RRBLRE Phction. In

percent age conmposed o east one non-reactive gas.
' some dinls@limentzhihd igaerdnspriseb aM3tirs of Nhend B drc tvihinh Idhis iroza bf
wi thin the encl osur(;[g 00, tpe amount of NI -13 within

about f4 Peg felugatp &F 3 PR IPI or 1 ess than, about

15.5 % per volunme. One preferred amount of NH, is

[0024fet VBRMANAREH bf He rRRISNREE sl be BortRRIY] tb @rékerbxplibsibn or
Yo per volunme with the remaini n{gl per cent age conposed

otherogfolagility Edbe selareededuetiancgdsievgaiie. Foopsmple iiets the
oo o e | .
rod SRORLARML e PSEERIRUEE AL Db £361 Bale e 200

shoulRIBe dg@BN®NGr i8dsrhay ABbNALY Ber €ehes Ohe p2&tirbd atioler of M is
prevent or reduce_gas flow fromthe surroundin

betweapahoghHepRrts pet &nitlion (BREY &2 ebat 2Bper vRBme Wikhe remaining
percetn%%e eOM! 59@{'&%% ?el HHE S BadtRe %g;g ultn S%ﬂ%te%b&dﬁe ts, if NFzis
pré’ssurg W In e éenclosure O I's mal ntal neﬂ

the rdfivghier cidngital afithih tHe aichosuAc200r i gloynt bieHpwedsn the
within the enclosure 200 can vary with the
enclogigi2PQ g, (rlesdiate abeW DoifePaniabiinfehis prefpged amount

o SR 0SSl s £, B

remaiyd@sy pértdritapetdoenpenal ofsitieas?Oite wamnrrehetsle gas. f1 ow into
' t he environnent surrounding the encl osure 200. If the

~Jas_is hazardous hunmans, ..such as, NH3,,.the gas_.
1002537 i et e Patietoat o &R P e ea0p R wned
highel GHAHE pessiirBQf SR%en0irdARSNARIrrdi@ St d the BnklBEEFe 200 kedeles to

in the environnment. For exanple, with NH3 the | evels

prevent or reduce gas flow from the surrounding environment into the enclosure 200.
For example, if the environmental pressure is about 1 atm, the pressure within the
enclosure 200 is maintained higher than about 1 atm. Accordingly, the pressure within
~ the enclosure 200 can vary with the environmental pressure. In some embodiments, the

pressure within the enclosure 200 is from about 1.0 atm to about 2.5 atm.

[0026]  Insome embodiments, the gas within the enclosure 200 can leak or flow into
the environment surrounding the enclosure 200. If the gas is hazardous to humans,

such as NHs, the gas within the enclosure 200 is controlled so that the Ieékage of the gas




shoul d be mai ntai ned bel ow 25 ppmin the environnent.
The anount of the gas, e.g., NH3, within the
encl osure 200 may al so be adjusted to elimnate this
concern. [0027] In some enbodi nents, the enclosure 200
I's connected to an interface 280. The interface 280
is adapted to allow transfer of the substrate 270 to a
carrier (not shown), such as a cassette or froent"
openi ng uni fied pod (FOUP), coupled to the interface
280, as, , descrihed in, for exanple, conmonly assigned
does RAt 1EgHE Hu#\q:fglwflsvelﬁv%meﬁ%ampiaft &Rt exapgipie wish NGpp the levels
shoRl BetthaiNerin®Dbel dv( 28 { e dnPRoMa¥ntl The Q0B uhALL @ERSY e .,
Docket No. 2006.0090/1085.004141, the entirety of
NHy#vithin itlee dretasbye 200conpalsabeddipyted ¢ dininet thisreencern. The
pressure and gas conditions within the interface 280

oY, SRR ALY, 8 AL B ST SRl i 0. e

inteffack 2806s ydiptad Adlow BafifensgsRdsiantare70to 4 hariea (s skébn),
of the enclosure 200, The val ve 230 is_operable to

such #§ eassetedrons apAiag vaitipsrad @l myupled to teatimésrfasn 280, as

cesd s I OGO AP B SRHEE ), 8 AR e

AppicaissnGeaial Net 60 17474143) fdedooreii1E, 3006 N flornbe DRaREASH! €
an_a predeterm ned pressure, such as |

200 is Iomeﬁééﬁf)l : el :
200644080/ 1085 Q01 Sho erfizinetovhichis heasby iperrparsiackly Tferenee herein.
The PR e S o Pl R efihea B0 Bl e bbb o,
or differerrrérond hboseal len2UhOendosmpe?@bl e t o exhaust the gas

fromthe enclosure 200 to adjust the pressure therein

oo T S RE L e el B SEE0HS e e ek P the
encl&RB200, RN ald 13024 BBk o Mgégg)@%a 2 36180G 2AGncihBingIne

enbodi nents, only one val ve or 240 is used. hi
redustienh gesrirod itheencinsurd200ixim e sgB8Ge or s@uEesdant shojpay to adjest the
into the _enclosure. 200 when the essure Wt hi .
tevefHnd BBy SRS IR SRk A Reat B ER B ettt o s
loweRHRESA pRdaREm@EdMSEsuid) Quatass T 40 ThREmeREIHRTHAENE MBe gas
when the pressurée wthin the enclosure 200 is hlgheg

introdingerd by fresudicalRiconwprisess miktare ¢f0daaid Hiningehich He is from of

di t 0] | ed t h
sbor§TRORLTRIRe i ASeBLERP PE ARRE, 20 %% R Bt s
the a8 B@en Zelnelends 200 & Akt thOpidsé a8 Sherbif Svhedl the petBure Avithin

the enclosure 200 is higher than another predetermined pressure, such as 2.5 atm.

Rather than utilizing both valves 230 and 240, in some embodiments, only one valve 230
or 240 is used. Insuch embodiments, the valve 230 or 240 can inject the gas into the
enclosure 200 when the pressure within the enclosure 200 is lower than a |
predetermined pressure and exhaust the gas from the enclosure 200 when the pressure

within the enclosure 200 is higher than a predetermined pressure.

[0029]  Insome embodiments, the pressure gauge 250 is coupled to the valve 230,
valve 240 or both so that the pressure gauge 250 sends a signal to trigger the valve 230



to inject the gas into the enclosure 200 and the val ve
240 to exhaust the gas fromthe enclosure 200. In
ot her enbodi ments, the valve 230 and the valve 240 are
time set to inject and exhaust the gas, respectively,
or the valves 230 and 240 are thensel ves pressure
sensitive or include integral gauges. [0030] In sone
enbodi ments, the pressure gauge 250 or gauges senses -
the pressure p within and outside the enclosure 200.
If the pressure within the enclosure 200 is higher

to injeftahe fhanpy ihe sndlesune 28] atel thheabrelbsurdargGhpgasirom the

encioGgy - FRORF GOBTRIRG S VBTS20 e O YA LB BT
injecORR Mnbitind D&, & i@dgﬁ}él% 8§ #09akas 240 drideqdest fivehselves

pressure differen is reached. 10031] The val ve 230
presstamsdnsitivs edirtcudenjregtal ghiegaseduct i on gas or a mxture
containing the reduction gas. O course, one or nore

[OOSOi Eje Ctgigﬁ%lg g\éﬁ‘aloﬁﬁfciergcg(%hg sgf‘re BE]?%@ g@%ﬁfggﬁvesi s@ﬁ%%é‘ﬁressures

gas or 'gasses and tfom't sane or

withifnt k8 d S P et Esswa 200.0l ghasretduee withirs$erackeaed0 is higher
vol une percentage of the mxture gas within th
than thegressyreougide shaencipgira 20 ¢ FrRASCEHIRIS amoa*@t%e pressure
d i " | the WiSHEe I VBe
gaug§§§?%3§§?8 sgggFggggﬁﬁéﬁhgggﬁP%qgﬁgﬁtgﬁclosu?% 200, in
encloRe00 Latbihe eidsitke] preesuye dfffetrdreial Bdeahedn gas into
encl osure 200, the valve 230 is disposed proximate to

' t ' f 1h l 200 _when t -
o0 B G R, AU RS i
the I%Q;JCESH L2l olobhle, Se difo@agievdnialves 280 calibd priidedtaD.

r exdnpl e, assume that the reduction}aas I njected
injectingpie tdesiraregaser 2aes il fKpr the same er AUkiRie B0EEeS, #f oRgRs the

the epclosure 200 is a. .mxture of NHI.
sy B O RTopTagg of 1 Ty e RS B FEiagf 200 e
main¥8hght s8fh Heuid® a8 deddibbhab@as conprises 10 % NH3 and
90 % He, the nol ecul ar weight of the gas is about 3.5

‘ which is less than 17. Th t he. val v 30 is

(003211 s Jo sapop ORIt G e VAR CIbPTHGID A TR 8P il e
e 30 Rl k2 L IR gt gt e
valveQBovedispdepd privamatd toe 138 Gegion df the esddsiyye R0 wier thomplegular

g o SASL e Ser S0 A o
enclodfiledb. Plr ngﬁlple, assume that the reduction gas injected from the valve 230
is NHs and the mixture gas within the enclosure 200 is a mixture of NHszand He. The
molecular weight of NHz is 17 and the molecular weight of He is 2. If the gas comprises
10% N5 and 90% He, the molecular weight of the gas is about 3.5 which is less than 17.
Thus, the valve 230 is disposed proximate to the top region of the enclosure 200 so that
NH; efficiently diffuses into the enclosure 200 when the valve 230 is actuated.
Conversely, the valve 230 is disposed proximate to the bottom region of the enclosure
200 if the molecular weight of the reduction gas is less than the molecular weight of the

mixture gas within the enclosure 200. For example, assume that the reduction gas
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m xture gas within the enclosure 200. For exanple,

assune that the reduction gas conprises H2 and the

m xture gas within the encl osure 200 conprises a

m xture of H2 and nitrogen. The nol ecul ar wei ght of

H2 is 2 and the nol ecul ar weight of nitrogen is 28.

If the gas conprises 1 % H2 and 99% ni trogen, the
“nol ecul ar wei ght of the gas is about 27.74 which is

| arger than 2. Thus, the reduction gas fromthe valve

[ - regi f
co %e%ts-% ?12:? g% fnﬁ%&é gggmffl'ﬂt?t e ﬁlg)glglte\%ﬁ? into Ees% m})btu(;:‘re of Hy
anderittbgeu rﬁleﬁﬁalemmfgé_’c UﬂHyE 2%&8 ths rraﬂ‘ftcu&k" eigh¥ef aitrogen is
i‘gtthe % gf_éon s, not limted totheto wal |
28. 2™ gatrPTRrges & % BiT9EERi 1A I%‘%‘?Fuil?ééﬁ’fﬂg]#é’ftﬂé&ﬂas is
aboﬁ@ﬁ?t FORRRh id Bfper ShALY O 2l r@&uctd?) O%E @oﬁ?ﬂ’ﬂe%aﬁgcﬁ% ) cisposed
Al 'so, the bott©mregion can nean ottom port

proxifnatdie thi @ewauinl reg@ﬁ ob thet dnelosmel 208 l&ff&:léiﬂ(j) difftses wtﬂun the
red wthin th

e 230 i.,s fi
end@f‘éf@?‘)g%‘%eaﬁlae Yfﬁ‘ée ?éeodla 8?"]‘18??% Note tha B eppaoRy ds ppidimited
to RGP RO ih MOUDTHAAGE LA 00he S Bbitir/bf
sidepalif05 of Hteiepplostfiret208. Mw@emﬁommtgtdme:au ahean tﬁabotmn portion

not .l i oth t|on vi d abo
o el 2Eiet ik s su R0 e lemBr e SE u A B
Dl’lﬁ)‘?ﬁﬁ‘&ﬂ Saghih ﬂ{e%ta{gé@{)@ RgH @Eéﬁeﬁu@t@gl drs[% 18 JIBRAL N jf.flﬁtenclosure 200
|C|entI{ prevents oxidation of other chem cal
oy

thropgh epewings (ot shvyuvishindhetoprorfachef thabiage 280 and t he
val ve 240 can be di sposed at any desired |ocation.
003

[oooé]m t@fe S AONE: %{mﬂ% (IE[%%Q ééll;é’%g%ir%e RSB S no‘%?um%ed 8 A0

descaipioappesviedatdvabnd alﬁlﬁ/vﬂm Sieigtres Ofs Iex@APIhe caStiibe
initial condition is undesired and a desired

Provadif? B¢ sRFiopius 20R & emarpetthat fbgeniés praveely oxiglsgive or other
cherﬁ@ﬁlﬂegctﬁﬁs acie %ﬁ.grat«l: (i %ﬁ&&%@'ﬁﬁ%& Va&% 24%(29%1&?%?%05@

purging step and punpi ng step are provi

| at argy dbsied Beatiomndi ti on. A purging step introduces a

reduction gas or a mxture set forth above into the

I 2 t h
ro0s s RE s AapisteB B S RSB 200 ip dimed fndiidRinag
pres§ilre Bf alﬂﬁftﬁ%ﬁﬁﬁ%heﬁ‘@ n@%aRkdenoib¥irt B6r éé@hﬁﬁ e, 284 initial
exhausts air fromthe enclosure 200 so tHat the

' condm@s@ wndesiiedrrnd 2 drsired chuditior w2Gtn the enelbpace®00 described

aboB e R BBUE A SR S et P rmetraer R
pumPHABMLare provided to obtain a desired condition. A purging step introduces a
reduction gas or a mixture set forth above into the enclosure 200. A pumping step
exhausts air or gas from the enclosure 200. In some embodiments, a pumping step
performed, for example, by the valve 240, exhausts air from the enclosure 200 so that
the pressure within the enclosure 200 is reduced to a predetermined pressure, such as
0.7 atm. The pumping step then stops and a purging step performed by, for example,

the valve 230 introduces a reduction gas or a mixture gas into the enclosure 200. In



the valve 230 introduces a reduction gas or a m xture
gas into the enclosure 200. In 9 sone enbodi nents, the
purgi ng step and punping step are repeated for severa
times to achieve a desired condition with the

encl osure 200. [00351 In still other enbodi nents, a
purging step and a punping step are perforned
simultaneously so that air within the encl osure 200
can be efficiently exhausted therefrom In the

embodi nents, if the valve 230 | ntroduces a reduction,

somegmbodipeR s, heppUrEng§ip AW WARINESIRPST S tRP s tefidotsgrga! times
to achite G HAsiD& CRRIABUNRE 4@ erlcRBdOOPOr ti on of the

encl osure 200 and the val ve 240 can be configured at
the bottom portion of the enclosure 200, because H2
[0035] no| bovillathesertindimynts,e pinghtsasten fxha aRppgiter egrerformed

. ight, a t .2 ' n e .ef. '
simu ety B 4 e B s bl AR AN T R RL S e
therddRirh.| BIthe Embb&ineied, @3bé €120 030 infrotihe=s\sadedic as, such as Ho,
i ntroduces a n xture of ggses such _as H2 and Kr

into {hesnelesaR0uihylves) capds ereisma At tetop Rertan At she

e A i 2 e R st mh G Ve
enclcetfd W Iseea R Anwldchimr vatigte: 22 #(ighsa then sio (hblgonledwaight
aborie ) 17 D R SEVE T POARHHE PE AR G S0 z0ptiswaed at the
| boﬁo%?g&ba%%@ ﬁ#e%@fogmgtioa HQH{]_QMOQ 250 S 0BN L RUARIHY &%@ﬁ-@, such
ca e perrorne e -

y swtching gases supplied to t
as Fead\iesnitd@uiun dvea2dle. 36 ) beadxaiiph eir (aeleseltar aight abbnoh29) into

paragraph [00291, the valve 230 | confi gur.ed t he
the esa%@%uaﬁﬁﬁ%a s ‘ai?%%oﬁﬁ% b et Gatine=ts9e bf’*fsomg%% e@ﬁﬁ
enclofie 280 Gnk it VL0 ER HEPEhARBY & HE t%goﬂti%n%@ Rfd G Rbre

at the top portion of the enhclosure to maintain a
200 tdesire efficieotiy ethieagst aii frhinthe kaclenwt 88 rle sO@ enfmdiments, the

PurghgG R HE RHIRET RS R B PUP TPy b sarar S PG 0o fhe
valvesPbl QCues, Hr b le}aﬁ%e%%%ﬁ{r@ir%ﬁ@?%gg%%m9p WEOdAHek 230 is

step is performed by the valve 230. The process
configtnadizeé ts: 12t0m pertiod of frespelosing08 toinsroguge a mixtyomscluding

enbodi th rQcess .chanmhers O includ s
H arf D8 ValVE OGP E A P 70 SRR LRGP LR P Ayptain 2
desirb@ESTREH O withirCiRa BRE5s R YO0 6 rivabviak teY it 06RESon within

chanber. In one enbodinent, the process chanbers 210

the enhedugeld00aBsaragingsterfioperformachly thsealiez48 Foimroduce Hy into
the enclosure 200 and the pumping step is performed by the valve 230.

[0036]  The process chambers 210 include respective doors 215, In some
embodiments, the process chambers 210 include apparatuses for a metal processing
and/or cap layer formation. A chamber may be a wet or dry process chamber. In one
embodiment, the process chambers 210 include apparatuses for forming the via shown
in FIG. 1. In some embodiments, the chamber for metal processing includes at least one
of a wet-clean bench (such as a scrubber), a metal reduction wet bath (such as a copper

reduction wet bath), a metal reduction dry chamber (such as a copper reduction dry
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in FIG 1. In sone enbodi nents, the chanber for netal
processing includes at | east one of a wet clean bench
(such as a scrubber), a netal reduction wet bath (such
as a copper reduction wet bath), a netal reduction
dry chanber (such as a copper reduction dry 10
chanber), a netal plating bath (such as a copper

el ectrical plating bath or a copper electroless
plating bath), a dry etch chanber, a netal polish

apparatus (such as a chem cal mechani cal polishing
cha@%w , apstal alaiing bath (seok fs drERsE elerigicalalating bash or a copper

cal H

e300 BNSe 31 85, OGN ORPERERL AR,

cheininat preclsstict pCMhitd FIND) ppannit)eiovalk dicleatineaposition
apparatus (such as an anneal chanber) or other

APPERATDERCI TFPHFHY2BPT SSRI8IS (myPe APEAraBif § frin-on dielectric
(S(D'g)PfI \Q/?}%&%ﬁ dr IAQ{JVI_\]T%%SSEI?@@W d[fLP@V@ﬁf ?ﬂ th@ ol Eeatment apparatus

onnent . me enbodi nent, e cap layer
(suchess antainneal chamber) oe athef diambdrorhielx fmpis ey egpdsaymatonial on the

cobalt silicide, titaniu silicide, titaniumpitride,
subgHate A FHAY: FEat T FRPRTEE e epiranment, In SRRt  cap

layek WRGSHRR Bhbel 48 Bfm AP S:Ean?&,%{ lafdr dfREbatt SH1idiQs, Bthium
over a netal-containing lay to “protect the layer

silicideptitaniird aftiride, HEOOSY]ttEIGE nisdds Graaloms tndatatn wiride,
Cross-sectional vie) show n he removal of. a ,copper
g g o SRR AL DR Tpfited At DG ISEB

prot\é&t%he tebhhskidRidal G 3A, a lowk dielectric |ayer
273 fofns over a substrate 270. A copper via 275 is

formed within the lowk dielectric Iﬁ%gr_273 in a
[003F0 pp EIGR Be b inteichenaliq Frgsairpaeeal HEwsHapwing Wgremoval of a

di.sp i_t.hin encl T str
conflr BRI A ol I G0 800« DB RS LB PG o0
a lowipdieRt R laye 233 ared ovkd Hbubsaatdl70] @reoppel via RO forlsed
described in connection with FIG 1. Because the .

within alpytle dirlyticlanet?/p ibe serrsd chyricaerlgiag apraniys theg is no
dispgggd within tRe %g@e%;r? ggd ?ﬁ'l%é et B30 I é/?@m%. &1 5bl&he §opper

copper Vvia Copper “vi a I S~ expose

electritgl Wanhg Qppeatus atd stoeappéthirox taeet @yeshcRvil) avidescribed in
adversely affect an _electrical .connection _between the

connes g Vit FlGo o Besatsedhastaitrate s ppigrrotssiwity the sapiithin the

; r , .
cu S SOLE b DU 0SNG LOBEORERS BB AN
is exposudeao ttheleddrdringenitnThe fqger 28de daydr 2TewBlLdiblerselyeafféan

Is transferred from .
electrical connection between the copper via 275 and a metal layer (not shown) formed
thereover. In order to remove the copper oxide layer 271, the carrier carrying the
substrate 270 is connected to the interface 280 and the substrate 270 is transferred from.
the interface 280 through the door 203 to the enclosure 200 by the robot 220 as shown in -
FIG. 2. The substrate 270 is then transferred to one of the process chambers 210, such as
a copper reduction chamber, within the enclosure 200 by the robot 220. The copper
- reduction chamber performs a copper reduction process on the copper oxide layer 271

formed over the substrate 270 so that the copper oxide layer 271 is removed as shown in
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the interface 280 through the door 203 to the
encl osure 200 by the robot 220 as shown in FIG 2.
The substrate 270 is then transferred to one of the
process chanbers 210, such as a copper reduction
chanmber, within the enclosure 200 by the robot 220.
The copper reduction chanber perfornms a copper
-reduction process on the copper oxide |ayer 271
formed over the substrate 270 so that the copper oxide
| ayer 271 is renoved as shown in FIG 3B. The

FIG. SBbShe aifbetra2Q70 & thiemoved i theredinsionstarmbroandcingheather

and_j nto_anot he chanmber 210,.sugh _as .a aye
chamgy 7k PSR SRR T BOR AT PR Frop R en g Lo eiopre 200
by thQX'o}BcR%Z[‘j.o@Qﬁn% A trd At Db RA the BRShRIceRetine®BrstAe, thwo
process chanbers 210, the substrate 270 is exposed to

substrite 2§35 ewpodeilno tiregasiveiis dhecretigure?08as s¢tdptth agpsy elhe

The expas copper, Vi.a 275 i . 2
expotst TROFOTE A7 FREDERTS FePakapaiob AR EEk reb il bonyeen the
proc&l aRiRbets 210byPthe RS 1r0EE ehilokdie 2601 CTTss eap?lifer fHhention
cap layer formation chanber fornms_a cap |ayer 277,

chambetforms azap biyar 277 Fudhasaeobaly aificids {ayer1dver HisspRPenyia 27> as
275 in_Fl . 7
o S 3Ny 7 e S0l AL o161 o

expolifte ke RRAVIrbARBRNVhOhER stiberaeDiElis atasf2#6d oat of the cluster
transferred out of the cluster. chanber enclgégre 200

chambay ensdytsurendlithrasgh sbeingeipce ABGmED & SFTFieE Afaf fhgforpppiton of
f oy matd-an. of 7 ; '

the ot UG 77 one pitiale 2 bV ok e e BB edxbr by

the réHIPOL0. 22 subkteats D5k Hadretr&wferiesl thitbnirtterfars 280 prdistored in the
the interface 280 and stored in the carrier connected

carrigroppretachipdhe Weetarg@l-[ 0038] Rather than utilizing a
net al reduction chanber, in sone enbodi nents, the

{onasf ggﬁ&%&&&%ﬂ%ﬁ% 2t Lalir S @R VRAmbYY, B Ve @Rbedialenss, the

I's di sposed athin the enclosure 200. After the
copperemidaleyef27i irerevopypeé by &G ME appyatusiiat is digposertbwithin e

270 ] f t he roh it ;
s R e R e T R
frmfé%fearﬂsybﬁé +GRRYE) inBeg aisRytiverhitnsdieimief fdfermingsthe aire

p

270 i erformed wthin the encl gsure 200, the coppe

layerdVaaodsciibednhovec Beruse Gintepien el e subeate 47 s pggprmed
20 1S, then, formed over. ' 1
it e 0L R R B i 25 PRARTEL ol Qe The cop laver
277 i€ FQRERMNHver {H2Q3Bper Wa 373 drld %bl&tefs taebeshareiy 275 fome  of
t he process chanbers 210 can be, for
-exposure within the environment.
[0039] In still other embodiments, one of the process chambers 210 can be, for
| example, a metal plating chamber such as copper electrical or electroless plating
chamber that is disposed within the enclosure 200. The copper via 275 is formed by the
| copper plating chamber without being exposed to the environment. The substrate 270
- is then moved from the copper plating chamber by the robot 220 and into the cap layer
. formation chamber. Because the transfer of the substrate 270 is performed within the

enclosure 200, the copper via 275 is protected from oxidation.- The cap layer 277 is then
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 proichibHe 21P g eed

exanple, a netal plating chanber such as copper

el ectrical or electroless plating chanber that is

di sposed within the enclosure 200. The copper via 275

is formed by the copper plating chanber w thout being

exposed to the environnment. The substrate 270 is then
~nmoved fromthe copper plating chanber by the robot 220

and into the cap layer formation chamber. Because the -

transfer of the substrate 270 is performed within the

Ios e 200 ia 275 1s protected fro
foreg B cOTHRE Vi SR et 100 ko BF s 275 from
expbdife E@ﬂ@%ﬁrfﬁuﬂdﬁ%&rﬂ&oﬁﬁkﬂ Whihraheng A6 11 SfcRehs dobe

copper via 275 from exposure to the surroundi ng

V|r g§¥L when reane from.the encl osure 200. O
[004 ther fLFaRembPHISE e therfBickesier0d can plgo include a

1520, 0 ot L 0 A
fornmest @rer aﬁbdtaeymﬁo Berawsel thevtemsfen bét}rea;ubma&‘a Q70 Beefusted

.1 transfer t he sy rate 270 is perfornmed wthin
it B et 208t TR aB BiO AT O S BiGoc TBeretore, the
forrﬁef&éﬂ‘d?ﬁﬁéﬁélq erd B&d ﬁ%@sﬁﬁem&ﬁ%f gfh?ﬁlgﬁto& Qﬁc&fca%%%ﬁ@ftﬁé of

ayers and medsur enent of ySI or electri
materiad prvietd e lef perframed ivathih dyeearglosare 208 witcfuo threcbrinérh fiom

p | osyre 200 without the concern for oxidation
OXE%PO?HE&ﬁﬁF%$?§1Z$§yer [0011] FIG 4A is a schematic

top view of another enbodi nent of an exenplary

[0041]] USFET. 4 BeeshéNgHAPPaiaH bfandthés enfBdified FGRIBIpEry
cross-sectional view of the exenplary cluster

clustsr peassssingprspaiat B 4P iF ghegatic aweﬁscavh@ngl Higwief the

fe t A _and egi on
oxer e Aud e el § T e Rbh el ate
chanbers 210 and seal ed fromrenai ni ng portions of the
100428 nc| Bsiarrn@@OFINGT A and 4B sededionr22F dwddfingt bigbilrednewdGOws of the
The, sl - del structé%g 260 seals the region 227 in
pg rﬁﬁ\?&'&% BOGHPEE Of R egglogere 208 with a

shlelarb@ cSNRE ek Eﬁ) Ofted8 A S & rPR0 séegg theS¥@IR87 ifiwhich the

line track, parallel-line trac ape track
robotﬁ%ap@vealde loyeBths lgajpke 226 aThe sha@erqﬁ dret gride P25aaik bey for

exanfiie i el e T s P ok Shabe

serpEIRERRIR of bthe® Eh R WERB] E@ﬁm@ HRGBBS: 208D BESHetty Granster the
substrate 270 between the process chambers 210 or between the process chambers 210
and the interface 280. In some embodiments, the robot 220 can be, for example, a robot

arm that is disposed within the enclosure 200 or the shield structure 260, The robot arm

is operable to transfer substrates 270 among the process chambers 210 or between the

process chambers 210 and the interface 280 without a track.

[0043]  Referring to FIG. 4B, the valve 230, release valve 240 and pressure gauge 250
are disposed within the shield structure 260. In this embodiment, pipes or conduits 231
and 241 are connected to the valve 230 and release valve 240, respectively. The pipe line

231 provides the mixture gas or reduction gas described in connection with FIG. 2 to the
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and the interface 280. In sone enbodi nents, the robot
220 can be, for exanple, a robot armthat is disposed
within the encl osure 200 or the sl-deld structure 260.
The robot arm is operable to transfer substrates 270
anmong the process chanbers 210 or between the process
chanbers 210 and the interface 280 without a track
[0043] Referring to FIG 4B, the valve 230, rel ease
val ve 240 and pressure gauge 250 are disposed mithin
the shield structure 260. In this enbodi nent, pes or

valve g Jibe Pipedine 24 @xbapststhe n@@ﬁﬁ%swa redugtipn gﬁaﬁ@@l Yggelease
valv%’%l% rEL&AS Em¥E ]\_(I?er&s“%e HERGELAVE e d%i;ra % QSP&sHe%Smoner

provi des t m Xture-gas or
(not ﬂenm)rfomgoﬁmgqimsm:ﬂre trbeant tvikhir Be sRicldsitdtureT280vaEhe e
230.. The pipe |jne, 241 exhausts the m xture gas or
cons. gﬁpé’é@o%#‘ﬂi Vi eple aglense yalvg 49 Ad PriSsws peuge 250
withTRO PR Sictdrb 86PEREbd the Sarsdds thPsL@RHE é%v@ in connection
- pressure controller (not show) for controlling
withflessure rel ease within the shield structure 260. The
consi derations for positioning t he val ve 230, release

al 240 and.pr u 50 mithi the s
tooasl ¥, ol 3R e SR 20 bl et i atve
costs g ﬂ@@?ﬁ@ﬂmﬁﬁ mathfabheblinde? the[d261e] pReqitt fiftGoad®iohe hdlset
tructure 260 can reduce manufacturing_ and operating

forth élb%‘fesls asdqca% Ebs@uelflwawme 20 i paf Hraited Fide cppiéguration
showg%sf F Sﬁ‘h %ﬁo&%ﬁgﬁ% 'tﬂ@ &u%@os ‘mrra ?5(? Hl rr? 989/ % noi:

Isre UCG ructure I'S no

only tHagegion fZ]Z'Z]EHo&Irl @JFIGSTBJMBB,J bt Bls6G8he ArvdbedR.chhinbenpro. The
enbodi nents, the shield structure 260 nay cover not

regiop RP4 s eRgosesgiotie 2@#@%%@@@ fresthedap swfawf the Y ahehe
s | I

stage B A Bl p A eng L b B A S el Sy SR e
than @@iaf thé rdgien 257 hgiesr24ikr teorthabed ipd encldshee 2(fad@e shield

enc) osed by the shield s cture 260 be | ar
structupefPlinesd OBY GOer iqv@g"ﬁsﬂn %%#m SHEk 27 e e Rept R G et

1 PR Yy

v S b L R R A
proceeaa’lhanpjmrﬁdﬁﬂlayldtthanﬁérmce LBewhilbsdating éh@F@amivomghe benaining
, , hanbers 210 or between the process chanbers
porty ‘é %ﬁ“ %5815 {0 f ace 280 while sealing the areas from

the remaining portion of the enclosure 200,

J0045]  FIGS. 5A-5E are schematic cross-sectional views showing a formation of a

dual damascene structure.

[0046]  Referring to FIG. 5A, a dielectric layer 510 is formed over a substrate 500. A

conductive layer 520 is formed within the dielectric layer 510. A dielectric layer 530

~ with an opening 540 including a via and a trench is formed over the dielectric layer 510

to partially expose a top surface of the conductive layer 520. The dielectric layer 510
-and the substrate 500 are similar to the dielectric layer 273 and the substrate 270 as
descrxbed above The conducnve Iayer 520 can be, for example, a copper layer,

aluminum copper layer aluminum layer or other conductive layer that is sub]ected to
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[0045] FIGS. 5A-5E are schematic cross-sectional views
showing a formation of a dual damascene structure.
100461 Referring to FIG 5A, a dielectric layer 510 is
fornmed over a substrate 500. A conductive |ayer 520
is formed within the dielectric |ayer 510. A
dielectric layer 530 w th an openi ng 540 including a
via and a trench is formed over the dielectric |ayer
510 to partially expose a top surface of the

onductive | ayer 520, The dielectric |ayer 510 and
oxnf ndf goped © 860l he Gelerirr ﬁjaa’.er P gy Oé%?eme(:ar; Res layerf

b&12d C %
ric R R S 0 A0S A R B0 B e
laydr ay ether dadlemiiniayen thebgapesolhta videreal aomidnctivel layees. or

ot her conductive layer that is subjected to 14

R N R R e s
laye@ B3Maid ﬂ‘ﬁz%ﬁeﬁit%r 540 la® ¥hderdlirEHIEC BB Thé B¥@er 12§t 3388 be, for
l ow-k (ELK) dielectric layer or other dielectric

examplges tarfgduncdia) lasf@m sardalgpfitricer(Tablp kygy titarduindyg dayer,
.. .00471. t hen. f d
e e i e T T

by, faf éxdritgle (PEVDNPpadduas: DD Fm%EsJ.G SB. The barrier
| ayer 550 can be, for exanple, a tant aI um (Ta) Iayer

ant nitr | ayer, |ta
[004$]i ta%ﬁs ﬁilﬁaeorﬁﬁ spegl layer ﬁw@fﬂ qvgrr }Ileéiﬁé?ler 550
as shHRén RAFIG, 6€. Tay Qéeda.é er%@ 1sba.qa & fgﬂﬁed Bya sﬁ%eqﬁémleﬁucal

a PVD apparatus or D apparatu
platinglpsoceas toaform maﬂabcmhmsgddydraa}ah a56@opperﬂdn;en thereoeet. The

ver rrier 55 own .in FI seed
seed{ 4% bl e P ?ﬁ?&qefFJEﬁ?é&PP?frlaﬁe@BHg%‘i@éﬁ}

pl ati ng process to forma netal -contai ning |ayer, such

[0049S aACepRet ﬁa&&&@ﬂ 570, Rebe YV @pped REormQEsvdr BYLieed 8o 84D as
be, for exanp a_thicopper |ayer fornmed by a PVD
shoveip sl G5 TP oo of mat gﬂgWOdﬁnﬂmtf@m%L fe7oaingise hy as electro-

e 560 as shomn in

Che‘%?%%?{%{ﬁlgs alépe ag 81%1%% e elgsr% Ca? c ang pRPFEMPed, for

exanpl e, by an electro- chem cal plating apparatus or
[0050in ePations bt bahden laydr 550), aéedﬂgyarﬂmraaﬂll@er bPotEtial 570 are

e (A Ao it PG
ssoaogeea 1R b6 SRR AR R T usm I LR £ HEmBRHE L portions

a er
of the barrler layer 550, seed layer 560 and layer of material 570 can be, for example, a

chemical-mechanical polish (CMP) process or an etch process.

[0051]  In a traditional process, after the formation of the opening 540 shown in FIG.
5A, the substrate 500 is transferred from an etch apparatus to a PVD apparatus for the
deposition of the barrier layer 550 (shown in FIG. 5B). During the transfer between the
etch apparatus to the PVD apparatus, the top surface of the conductive layer 520 is
exposed to the environment and oxide forms thereon. Thus, a pre-clean process is used

to remove the oxide formed on the top surface of the conductive layer 520. Further,
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550a, seed | ayer 560a and conductive |layer 570a. The
process for renoving the portions of the barrier
| ayer 550, seed |ayer 560 and | ayer of material 570
can be, for exanple, a chem cal-nechanical polish
(CN4P) process or an etch process. [0051] In a
traditional process, after the formation of the
..openi ng 540 shown in FIG 5A, the substrate 500 is
transferred froman etch apparatus to a PVD apparatus
for the deposition of the barrier |ayer 550 (shown in
becaggeche é@ecmﬁyﬁgv?ﬂh@dn palesf-kdigleqiviplayer freexpesesdhto the
envard%?n ! ?ttHec' die ecmelage\zl 36‘%9 AL ﬁ%iegﬁ? %il?’ﬁlg ﬂ?e%r&%%%n%k% t"ﬁ%ls,

udtlve envi r onnen

ina t@d{tﬁn@psal@eod‘e@erﬂie strhemhou?ﬂmﬂcasm eRoll®arupiecied &sa Hegas
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wth FIGS. Z 4A and 4B. Because the encl osure 200
[0052] NCIM4EeSy,an a AU IADProf@Ss ad0-Aml ¥irbbis AbecPaft dheidr@ation
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of theesnd IRser 560 (sBgwr TEHE Aand aelaredhe éuPREr s respe ot ¢

mateng[ e(Pr c?esdet% fsﬁntﬂ]?eeco gﬂ#f&gﬁ%%% SM Erldi: 'htl]e ”% éjme

ean process an as process can e 'sav

| ’carcref 13652 alfoitt iedirs tombaut 6 Rstirt it prdvel 106 eﬁ&hamc@sﬁ:dzmﬁmdaﬁon
target is used after the formation of the seed IaY

occurging onshe P SHiart of ths eseddaverpef o Flovwene: syl dhe @rclas
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fron1about 4 hours to about 6 hours to prevent t oo
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after the renoval of the portlons of the barrier |ayer
In a tHEIforebprpcesayidwe toypourfaces of the conductive layer 570a and the dielectric

layer 530 are exposed to the environment during the transfer of the substrate 500.

Another pre-clean process and degas process are used to remove the oxide forming on
the top surface of the conductive layer 570a and o remove moisture from the dielectric
~layer 530, respectively. As set forth above, the CMP process and the subsequent CVD
process can be performed within the enclosure 200. The substrate 500 thus can be
transferred within the enclosure 200 without being exposed to the environment,

| Accordingly, the pre-clean process and the degas process can be saved..
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and | ayer of material 570, the substrate 500 is
transferred from for exanple, a CNP chanber to a CVD
chanber to forma dielectric |ayer over the dual
damascene structure. In a traditional process, the
top surfaces of the conductive |ayer 570a and the
dielectric Ilayer 530 are exposed to the environnment
during the transfer of the substrate 500.- Another
pre-cl ean process and degas process are used to renpve
the oxide formng on the top surface of the

[0054bnd Byt tesoving /e Poerolaam REPCRCS, SRERFLTRERSEESANE/ PT Bin) thidme”
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Pat ent Application Seri al . 60/ 747,445, filed on

May 17, 2006 [Attorney . Docket No , )
[0056i0,06 AtoEER BESPTSRRRt BT eB{ior figs Basmlencbegin syt exemplary
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ef fectively achjeved, [.0056], Al though the present
may HaERe D e LG dbe PR AL Gl SEDRR BRI fhe scope
j bt rhS, 4 i ted thereto. Rather, the
R tre.
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constructed broadly to include other variants and
enbodi nents of the invention which may be nade by
those skilled in the field of this art w thout
departing fromthe scope and range of equival ents of
the invention. 17 What is clainmed is: 1. A cluster
processi ng apparatus, conprising: an enclosure
conprising a gas therein and at |east one door
configured to cover an opening into the encl osure,
thﬁggﬁﬁ fong%ising at | east one reduction gas; at

| ea Sﬁguﬁ ess chanber di sposed within the

encl osure; a robot disposed within the encl osure and

c dnfAi dustedbrocestingappamatg, eo:bﬁﬁsﬁ%:e bet ween t he door
and the process chanber; and at |east one val ve

coupl to the enclosurge. 2. The.apparatus of_claim1,
TR SO R £ el b PRR o SIS BHbE Siver
an oferBRARRehelcAFl oSl Ahe RROSRSSINEr A 16asR cRERd@NEN gas;
ormati on chanber. 3. The ‘apparatus of claim 2]
wherei n the chanber for netal processing conprises at
| dhlepstome Popcess charmher é&ﬁow@fw,ﬁnéhw@céwuwm uction wet
bench, a netal reduction dry chanber, a netal plating
bat . S . 0Ql i ..and
g B R 'R S
betwegiptie dioosarst thelpapees2chaniter;eind t he cap | ayer formation
chanber forns a |ayer of cobalt silicide, tungsten
YN E N ' ' i Licl itaniumnitride,
tftfg%lt(ég Flgltk’g%lgﬁl,#%% ?# Fi%ég,gm%rg'nt al um or tantal um
nitride. 5. The apparatus of claim 1, wherein the at
| 8&Bite apperarad ofeladop wisesn thef prosdss dadniber cantprzesfdedstione
alve, the first valve operable to |nject the
of 2 F R PO GLE TR & H STl B o mbeBLr ¢ wi ¢ hi n
the enclosure is lower than a first predeterm ned

PB EBHhOatBVEMf L, wihbeis SRoREmYal A8 nwﬁr;ﬁséeﬂssihg comprises
exhaust the reduction gas fromthe enclosure if the

at leaghome o) @vehFlepn hendhea Byl sediction wehbgimby 2 nivdal redwtioonidy
chamBér?g Gleh IE'IER‘EL% RS %Scﬂ'gf %tclh%glnber, dhetal polish apparatus and a low-

K dielectric deposition chamber,

4. The apparatus of claim 2, wherein the cap layer formation chamber forms a
layer of cobalt silicide, tungsten silicide, titanium silicide, titanium nitride,

titandum/ titanium nitride, tantalum or tantalum nitride,

5. The apparatus of claim 1, wherein the at least one valve comprises a first valve
and a second valve, the first valve operable to inject the reduction gas into the enclosure
if a pressure within the enclosure is lower than a first predetermined pressure level, and
the second valve operable to exhaust the reduction gas from the enclosure if the

pressure within the enclosure is higher than a second predetermined pressure level.
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6. The apparatus of claim5, wherein the first
predeterm ned pressure is about I atmand the second
predeterm ned pressure is about 2.5 atm 7. The
apparatus of claimb5, wherein the valve is positioned
proximate to a bottomregion of the enclosure if a
nmol ecul ar wei ght of the reduction gas is less than a
mol ecul ar wei ght of the gas within the enclosure, and
the valve is positioned proximate to a top region of
the enclosure if the nolecul ar weight of the reduction
gaé. The appetatuhahclairh? Whﬂr@é@%fw%re@ﬁtermnwew is about 1
n_the,enc of claim 1,
ammglrj&é FFEoPRe Prg %g:%ﬁ i regsﬂ}&saa?ll?@{'egﬁ gfml east one of
hydr ogen (112) and ammoni a (NI-L) 0 9. The apparatus
of 7 CIta appdratubef @iim Fyeheogarthe galegisglositioned ptedmatelian

borB e P DE e M BB e Py e p F3F ren
mol@étﬂéﬂ%& hﬁ"@ﬁi’l@ Bs Wﬁ:ﬁnﬂﬁﬁ eﬁ‘@:ﬂ)ﬁh@ dniehe etk 0 B Bitfonkd besximate

conpris S at ast one of an |nert gas and nltrogen
to a kip repien afjtha emlqs;::reif thoe miotactlar weight phthelredwrtivngas & more than

hin the en |.osure he t han the pressure of
fhe?ﬁ%*@ﬁ% #“§5?r Bﬁﬁpﬁ% k’ughclosure 12. The
apparatus of claim 11 further conprising means coupl ed

t 08I ppatBedIbRclaifrOl, Whtkdih dhdtietdgcetidiegasiconpuises atilddst One of
the enclosure within a sel ected pressure range. 13.

hydmigen dfpanstammeniadNafin 12, wherein the sel ected
pressure range is fromabout 1.0 atmto about 2.5

t : o
2 @ﬁgbpgﬁaguémﬂy%@eﬁh GhS nﬁ qTﬁlapfo &Qéﬂ@,rtha&i Mbudas

cture enélosin aversed by t

per vaihote doetanmenniztisegiodto taridsstthm pbtmt 88.8 %cprarviobrrse
wherein the valve is disposed on a wall of the shield

ure and t di.s osed hij
o S B RS i i R RS T AR Surther
comPHOG&aE MaBforgTanahus a§ﬁmﬁlt1@gétg 19 an encl osure
conprising a gas thereln and at | east one door
fi dt
¢ 0{11. Ing ;Spara?usco%\éﬁ&m 1, wherein the pressure within the enclosure is higher

than the pressure of the environment surrounding the enclosure.

12. The apparatus of claim 11 further éomprising means coupled to the enclosure

for maintaining the pressure within the enclosure within a selected pressure range.

13. The apparatus of claim 12, wherein the selected pressure range is from about

1.0 atm to about 2.5 atm.

14. The apparatus of claim 1 further comprising a shield structure enclésing a
path traversed by the robot between the door and the process chambers, wherein the
valve is disposed on a wall of the shield structure and the gas is disposed within an area
enclosed by the shield structure.

15. A cluster processing apparatus, comprising;
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an opening into the enclosure, the gas conprising at

| east one of hydrogen and C, O i amonia, an area of

t he encl osure having the gas being at a higher

pressure than the pressure oil the environnent

surroundi ng the encl osure; at |east one netal

reducti on chanber and at | east one cap |ayer fornmation

. chanber di sposed within the enclosure; a robot

di sposed within the enclosure and configured to

transfer a substrate from the door to the process

c harebelosu@rdirgrishgtagee itherhis aoldatirassoneaddor cenfigrapd éo cover

and a _second val ve.di sposed.withi,n the epcl osure
an ORI LRETFOPEE, thG Py T GNe T dB1E O Of Py doees
ammibBRUEH b8 of Bt dridlofurleNRvRIGhe S1Y KeiNh 8k RigREESSENRe than the

within the enclosure is |ower than about I atm and
presguteoitbe eRviroRIned spyoapdingtiheendpsasgiaust the reduction:

gas fromthe enclosure when the pressure within the

e ] ' t ; st

et I T
chambet éapesedabivien thdencldsereappar at us of claim 15, wherein

the netal reduction chanber conprises a copper

reduct.ion wet bench or .a co r reduction dry chanber,

L F ot wIBRC e ShoiBeRRAT hor el L Bariinr AP BERE from
the db&¥ 1 ROPAIcbssThhinbb@@ndy biTetE 8% SlelcheinBess; titani um -

silicide, titamumnitride, titaniunftitamumnitri de,

tantalumor tantalummnitride. 17. The apparatus of

ch éiwﬁhvlélace %%F?Pd? ‘f?éwl/éiﬁfwﬁ YiggR e %Hgg‘l‘ﬁ?r &%GFP&EL ghe figst
valve\elivsé ?g LR, LeQk Al b e o%@%tB?l&{{ Enddsufe WRLLE #%erfééure within

t of the reduction @as Is less than a ecul ar
the envbbsghd isdbwehidag abomtiltdtinnatdée saaindswales is aparableao eahatast the

i S positioned proximate . to a top .region of the ..
reduction|ggs fom §he epHasyp rdeniths PW%%“@”?]?‘“%‘FI% Hrencloguieds Bighgathan

aboud B5 gBE.enlhan  the ol ecul ar wei ght of the gas within
t he enclosure. 20 18. The apparatus of claim 15,
wherein hydrogen is equal to or |ess than about 0 4%
peirleast Poerpresarrmgaige josiptagutalthe velve and g relsase wbout
15. 5% per volune and the gas

16. The apparatus of claim 15, wherein the metal reduction chamber comprises a
copper reduction wet bench or a copper reduction dry chamber, and the cap layer

formation chamber is adapted to form cobalt silicide, tungsten silicide, itanium silicide,

titanium nitride, titanium/titanium nitride, tantalum or tantalum nitride.

17. The apparatus of claim 15, wherein the valve is positioned proximate to a
bottom region of the enclosure if a molecular weight of the reduction gas is less than a
molecular weight of the gas within the enclosure, and the valve is positioned proximate
to a top region of the enclosure if the molecular weight of the reduction gas is more than

the molecular weight of the gas within the enclosure.
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wi thin the encl osure conprises at | east one of an
inert gas and nitrogen. 19. The apparatus of claim 15
further conprising a shield structure enclosing the 0
area of the enclosure having the gas to cover a path
traversed by the robot between the chanbers, wherein
the valve is disposed on a wall of the shield
structure. 20. A cluster processing-apparatus,
conprising: an enclosure conprising a gas therein and
at | east one door configured to cover an opening into

t héS éﬂi@la@paraéus ofivéaindd, W@ﬁ-’fm by dupgab isequdloe pe tesy Blagrmbout

49 ss en_an itro
% e B el BBy B Yol B the s
Wlﬂﬁﬁ%ﬁ@éﬂcﬁasﬁfe &diﬁp@s@g laf RAFRAE of ki irRuiEhis Agd hiveog@Ac| osur e;
at | east one copper chen1ca| reducti on apparatus and

o 1 B Gl o4 GO b e e e grclosing fhe
meaeﬁ%h@a&masﬁaﬂaaﬁg b ;¢4 c&%r'a H‘?E%er?e b 588 HeAE the

e door to the r ch en1c reducti on apparatus or
charhbérapwherehethe aplvedy disposedmta wall obiheahistdsrimndret he
- copper chemical reduction apparatus a first valve and
a %fc d_%g.v%edls gsed mnco nréﬂ? encl osure, wherein
t he™ 3? DRevet Pgﬁ“ﬁ%%lémPo |§|ect the gas into
the encl osure when a pressure within the enclosure is
| oaveendldeaime edmaptisihg alghtheasid ahbi et ketond dval aomfigared to cover

oper abl e éo exhaust_ hydrogen, fr§f1th§ enclosure when
anopﬁ@ngﬁ%f@s? ¢ ENGNPIES Ahe B ORI EE PoEL |P§h‘é‘? uplefy less

hyd?c%gﬂve 4 r?g i asgae}df& ngsa%;éls@uawanwya{cﬁéu}&angmgha

than a pressure of the environment surrounding the enclosure;

at least one copper chemical reduction apparatus and at least one cap layer

formation apparatus disposed within the enclosure;

a robot disposed within the enclosure and configured to transfer a substrate from
the door to the copper chemical reduction apparatus or between the cap layer formation

| apparatus and the copper chemical reduction apparatus;

a first valve and a second valve disposed within the enclosure, wherein the first
valve is operable to inject the gas into the enclosure when a pressure within the
enclosure is lower than about 1 atm, and the second valve is operabile to exhaust
hydrogen from the enclosure when the pressure within the enclosure is higher than

about 2.5 atm, and

a pressure gauge coupled to the valve and release valve.
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