PROCESS APPARATUSES [ 00011Thi s 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 | NVENTION Field of the Invention
[ 0002] The present invention relates to process
apparatuses, and nore particularly to duster
processi ng appar atuses for sem conductor wafers.
Description of thepRglgk8dMipARoHEIWth advances in
el ectroni ¢ products, sem coné&uct or technol ogy has
been applied widely in nmanufacturing nenories, .
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wi th techni ques for overcom ng manufacturing
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. requirenents. [0004]FIG 1 is a schematic
70062 OS STIEASbicANRbedioAWETAG:s S19MddE appdrfitashs) d@@bre\tadticalarly to
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clugigriaropessiag EPPRTsISEUr SETHFRROEEPT V& Sayer 120 is for ned
over the copper . 1ayer 110. A copper via 130 is forned

W thaReibiidh Qe Refitd gatric | ayer 120. If the copper
via 130 is exposed to air, the top surface of the

copper vig 130 reacts wWth, oxygen in air, form
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fooo4] FIG. 1 is a schematic cross-sectional drawing showing a traditional via hole
siructure. A copper layer 110 is formed over a substrate 100. A low-k dielectric layer
.12(} is formed over the copper 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 fop surface of the copper
 via 130 reacts with oxyger in air, forming a copper oxide layer 140 due to oxidation.
The copper oxide layer 140 can adversely affect the electrical conniection 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 expo;aure to air during critical process

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



copper chem cal nechanical polish (CW) and formation-
of the ultra lowk dielectric material.
[0005] Traditionally, after a critical process step,

- the substrate 100 is renoved fromthe process chanber
that perforns the critical process step and o
tenporarily stored in a cassette or front opening
uni fied pod (FOUP) until subsequent processing. Wen
t he door of the cassette or FOUP is renoved to all ow
pl acenent of the substrate 100 in the cassette or

‘copg%igw%ﬁrreéé%rﬂﬁ%l&%pﬁé( see RGP A Ok B0

closed, the air is sealed within the cassette or
P with the substrate 100. As descri bed above,

' oxygen tends tg react with the ¢ r.la 110
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devi ces over substrate 100, a seni conduct or process
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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 mjssed, the required

maiu

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

i;on'os; By way of background, 11.S. Patent Publication No. 2002/0074664 to Nogami
et al. provides a description of 2 semiconductor manufacturing method, the entirety of
which is heréby 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




exposed copper |ayer. However, after the formation of
the copper |ayer and before the formation of the CoW,
film the substrate including the copper layer is
noved fromthe process chanber and exposed to the
environment. A copper oxide |ayer forns over the
copper | ayer before the formation of the CoWw) film
The nethod of Nogam et al., therefore, cannot

= conpletely protect the copper |ayer from oxide
foimation.. [0009] From the foregoing, inproved
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[0011]  The above and other features of the present irrvention will be better
understood from the following detailed description of the preferred embodiments of

the invention that is provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

j0012]  Following are brief descriptions of exemplary drawings. They are mere
exemplary embodiments and the scop'e of the present invention should not be imited
thereto.

. {0013]  FIG.1 is a schematic cross-sectional drawing showing a traditional via hole
siructure.

[0024]  FIG. 2 is a schematic cross-sectional view of an exemplary cluster processing
apparatus. '

[0015]  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.




thereto. [O0013]FIG 1 is a schematic cross-sectional
drawi ng showing a traditional via hole structure.
[0014]FIG 2 is a schematic cross-sectional view of
an exenpl ary duster processing apparatus. [0015]FI GS.
3A-3C are schematic cross-sectional views
illustrating a process for renoval of a copper oxide-
| ayer and formation of a cap |ayer over a copper via.

. [0016]FIG 4A is a schematic top view of one -
enbodi ment of an exenpl ary duster processing

_ paratus. FIG 413 is a schenmatig. cr sectl I
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C cross-sectional views | |1 ustﬁr ating a
clusfer prasssifgapparatus of FIG. 4A taken along Im

[0017]  FIGS. 5A-5E are schematic cross-sectional views illustrating a process fora

formation of a dual damascere structure.

DESCRH’TION OF THE PREFERRED EMBODIMENT

[0018]  This description of the exemplary embodiments is intended to be read in
conmection with the accompanying drawings, which are to be considered part of the
entire written description. In the description, relative terms such as "lower," “upper,”
“horizontal ? “vertical,” “above,” “below,” “up,” “down,” “top” and “bottom” as well
as derivatives thereof (e.g,, “horizontally,” “downwardly,” “upwardly,” etc.) should be
constried to refer to the orientation as then described or as shown in the drawing under
discussion. These relative terms are for convenience of description and do not require

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

f0019] FIG. 2 is a schematic cross-sectional view of an exemplary cluster processing
apparatus. The cluster processing apparatus includes an enclosure 200, at least one
(and preferably a plurality of) process chamber 210, at least one robot 220 and one or
more valves, such as valves 230 and 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 gride 225 disposed on the stg.ge 201,

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



formati on of a dual damascene structure. DESCRI PTI ON
OF THE PREFERRED EMBODI MENT j 0018] Thi s descri ption of
the exenplary enbodinments 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

as "lower," "upper," "horizontal," "vertical,
"above," "below, " "up,” "down," "top" and "botton as
mell as derivatives thereof (e.g., "horizontally,"
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enbodi nents, the cluster processing apparatus

i ncludes a valve 230 and a rel ease val ve 240 for

provi di ng and exhausting the gas, respectively, to

and fromthe enclosure 200. A pressure gauge 250 nay

be coupled to the valves 230 and 240 for use in

control of the valves 230 and 240. In sone

enbodlnents the val ves 230 and/or 240 are coupled to
-l east one-mass flow controllers (MC) to contro

the renmoval rate, flowrate and/or the injection rate

of the inert gas or the m xture ga |

| .
2, bngmbodn iRiGs ) 4RSS HVEATHERS CERBETT FYCET: L CONRrER O

r 2 as b0 B2 ehbean
°r°&mﬁi¥#§? %%§8 I'S, fg%ggggﬁg%géﬁggﬁafefSEubstrat
com@iisgpdreivers gisstrmashaliuoh(EE, neon ()i Et}gfefr Y FTRIPR @y@n

{Xe)etragD %@Bloﬂ e%%%ﬁ%’g%(ﬁ?éﬁb‘gﬁgt Sp ay, s%s? i %f?éactmth

the S#flabdsi of heGluBiifitdsI270 E[I):rmuhs:tcrdatoeot(henhﬂ@enr@@ta}cﬂon In

referred to_as, substrate. 270)
somp GuPefineiscHE BB E00R FHEFRIE N L 6L R i s from o

abodtri“‘y' é’éi'vBﬂm?e%o'o?Q&Jutm efvcamh@ductl on gas and a

A active gas with respect to the substrate 270. A
touzéai.d(“j%ﬁ% SRR B g B aER S bR S Blign o
oty RORER O 8- pubs A f%ﬂ%’%%%ﬁﬂétf“&f .
redotiobetenieh within tbﬁ sr@:érsasnr@; nithe PEODHPL AR Wth%rrgr ebrge
shouig gg%%dgg%sg 5as ﬁ@ﬂtésf Jr%lu%cbéb%%ﬁ-&e&Z@aﬁt@W df36%

ayer ot s
betvtﬁﬁg Whotit N0 bin& pei: IniBiod (pﬂitﬁ) toeﬂbucﬂ?’op&l‘gfﬁblmﬁ)mthﬁh@@mamv
yarogen anmoni a or . ot her
PﬁC@’i"ﬁﬁ? f)'@’tﬂtﬁoéeql & ket On’?l"?@n% |_lf?:i%"%ecal fEt }nvsé)mgeaeg{bcoorrpone’q"ﬁt Rgis
agstﬁﬂ@éﬁtﬁﬁ wathih FRIdn@8Sre 20 fheasndiek bﬂlﬁ%‘ml&}un heon
argon (Ar), laypton xenon ( Xe),

el 0 S G S i b5 b 5 T ERES PR Bt
of NEH BN BblsY 16 836, sl hiflidi Gl Ed BR8E1EA% b olme with the

rermnAigRgpefantaacosgreedolzt tarpmesionttretivgasconpri ses a
' m xture of N2 and H2 in mhich Hz is fromof about 4%

ol iR Gained
ﬁmﬁﬁ #t %EE?%e Fegs %#kn gas gﬁ?d beu%%%?%ﬁﬁﬁgd to
highF £MR e Iﬁ:zésshms:f ﬁie emmromlmemt suutoatltillng tly: eptlopire 28@inewdergo

reduction atile. For exa
IﬂEW¥§HEW@%ﬁg PR PEGRS TRE osure EH%E@m%&mhﬂ%O

&fgﬁgtltg ifGhe éﬂv&omtﬂ&mwpﬁm@ﬁ ab@RUem 206 pﬂmme aivithdn the
equ

or less than, about 4% per yol u

encltpﬂue# iR ger ] o] SO gﬁ%a#%ﬂﬁ&#hm
 the enc osm% &(} &B'Q%lél &tﬂ%@nvﬁ&uﬂ@ﬁﬂ;ﬁ‘l&é&% W bdiné B@bodiments, the
. r érmal Ni Ng percent age conposed of at |east_one
presos withirchie encigrase 200rs SomebenbddireRB8outi4d 4PBi s t he

reduction chentcal within the encl osure 200, the _
| u el}tﬁg c SREHOSH R0 305 @ iak ok Bowkito
' Im}mﬁessﬂ‘t‘c’ﬁan out 15 5(%% er volunme. One preferred

the @nﬁmmeaﬂfsumuﬂcﬂﬂgﬂb@ﬂﬂe@tﬁ 20 Jf the gagia hezargeys Riymagsy
b 15, 5% . t [@jcé}équ '
S“&tfgﬁ\?é%h% & oiitis rrpose ?ﬁ%i@gﬁtﬁ%&ﬁo@rﬂéﬁct I Ve ggtée gas

[0025] I n one enbodi ment, the pressure within the
encl osure 200 is naintatned hi gher than the pressure
of the environnent surrounding the enclosure 200 in
“order to prevent or reduce gas flow fromthe
surroundi ng environnment into the encl osure 200. For
exanple, if the environnmental pressure is about 1
atm-the pressure within the encl osure 20018
mai-nt ai ned hi gher than about 1 atm Accordingly, the
~pressure within the enclosure 200 can vary with the
environnental pressure. In some enbodi nments, the




[ 0026] Th Some enbodi ment's, the gas within the

encl osure 200 can |eak or blow into the environnent
surroundi ng the enclosure 200. If the gas is
hazardous to humans, such as NH3, the gas within the
encl osure 200 is controlled so that the |eakage of
the gas does not result in harnful levels in the
envi ronnent. For exanple, with NI-Is the |levels
shoul d be naintai ned bel ow 25 ppmin the environnent
The amount of the gas, e.g., N-13, within the
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[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 irigger the valve 230



to inject the gas i Tit o tHe "enclosture 200 and the

val ve 240 to exhaust the gas fromthe encl osure 200.
In ot her enbodi nents, the valve 230 and the val ve 240
are tinme set to inject and exhaust the gas,
respectively, or the valves 230 and 240 are
t hensel ves pressure sensitive or include integra
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10% NHs and 90% He, the nol ecul ar wei ght of the gas

' is about, 3.5 ich is | . , ve
toosi0° Reehwedpedl et 70U Rt i i wrab
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of the enclosure 200. Also, the bottomregion can
mean the bottom portion of the sidewall 205 of the
~.enclosure 200, In sone enb&di nents, the valve 230 is
configured within the stage 201 and the reduction gas
is released into the encl osure 200 through openi ngs
(not shown) within the top surface of the stage 201.




[ 00331The configuration of the valve 230 and the
valve 240 is not limted to the descriptions provided
above and shown in the figures. As long as the gas
can be provided into the encl osure 200 ha manner that:
efficiently prevents oxidation or other chem ca
reactions to the substrate 270, the valve 230 and the
val ve 240 can be di sposed at any desired | ocation_
[0034] I n sonme enbodi nents, the enclosure 200 is in an-
initial condition with a pressure of about 1

coﬁﬁﬂ&?&. RHGHE thethbhtb bad R AMRhS il Burd 200 copHfk @ mitiedof I

itial condition I's undesired and a desired
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predeter pressure, such aim The punping
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deRH PR HroF IR vEYhd aReeuE e & a aAs Bhg aniteancdrte

encl osure 200 can be efficient austed the efron1

provisiegiietodhtenslosura 20 in & mpRgenfaatglic Y.vaﬁarr&é
che%rﬁ%ﬁ' V%aacig%sgggw sﬁﬂ%e 18870l @ walvB D80 SlHEmE Rate SUT @an%%s osed

can configured at the top portion of

' at anlp elegiree] losdios. 200 and t he val ve 240 cart be

configured at the bottonrportion of the enclosure

_goaa%?o’ IR%§ﬁ8§ ghgaasa@zm 1r2an fnftid EGEL S HRR

ecul ar melg out 29) and air can be nore

' preﬁufmeaﬁ dboet Yatenokphest, edd bir mﬂmwemmefozmmplnf &gqhm:@aht

comg S BB RO R e B Br G HER Bt fioone 1 e

—abo‘fggﬂlcﬁﬁ&‘ basichie@hin ol enlilﬁﬂﬁhﬁﬁs hREstahe plAphEsa ard

wei ght about 29) into the enclosure 200, the val ve

. PUID0Z kR ARPIOvIdRr o Pliging desked ERECEEY JoPTESH P Peduces a
redﬁ%folno%g Fa %Qm%r},@% BBV B S AT REBO TN ehpiRg sb

tion O e enclosure 200 to nore
eﬂmmﬁﬂawengﬁynemﬁam&ﬂﬂau:ZW}dnﬁmhea@h@ﬁngmﬁeaE@@Pﬁﬁﬁﬂ?

Periﬂéwe% g%%%#@’ 'ané%l %ﬁ%@’%’ as esgng%lpe'p%@oég%o@ E@’&mt

the Y88 vwidh a!é@néléﬁlre E@U is @ecaﬁéﬂ ®,2 pedaeinihel plesatigwach as

~in paragraph [ 00291, aIve 230 is confi d at

0.7 gire HstmanD R éﬁ&?%%%?fép E%fg" d t&’&

the @al% ﬁd&f&oaﬁk@s H?éd?ﬁﬁén cﬁ@tﬁukﬁ@e M B4 Gndidure 200. Tn
configured at the top portion of the enclosure 200 to
mai ntain a desired condition within the enclosure
200. For renoving the initial condition within the
encl osure 200, the purging step iis perfornmed by the
val ve 240 to introduce H2 Pnto the enclosure 200 and
the punping step is perforned by the val ve .230.
100361The process chanbers 210 include respective
doors 215. In. sone



enbodi nents, the process chanbers 210 i ncl ude
apparatuses for a netal processing and/or cap | ayer
formation. A chanber may be a wet or thy process
chanber. In one enbodi nent, the process chanbers 210

i ncl ude apparatuses for formng the via showm in FIG

1. In sonme enbodi nents, the chanber for netal

processi ng i ncludes at |east one of a wet clean bench
(such as a scrubber), a netal reduction wet bath o
4such. as a copper reduction wet bath), a netal

- reductjon dry chanmber (such as a copper r tion dry
soroe R, e S TG I S e R Ry e s
to dehR6L § hedled BhAiiAGWhAER SkloBweopper el ectrol ess

pl ati ng bath), a dry etch chanber, a netal polish
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apparatus, a spin-on dielectric (SOD) apparatus or_a
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el 0 PBTE HAGRETR e P e B Al o weight
abofPBAhd 84 b Blemotd diRRiveN dxhhisisiEby the valne M40 Rinfigire at the

titantumtitaniumnitride, tantalum_tantal um
. botivint pirden of tha gadlesraill; Hdke wmIveatNeRtroRicet 3 Bt Hf spegs, such

. . —
as FiAAHD R (UL B B oef SRR BHEELR PG ABbul i
the efiddssrs2d] thomalve 30oms bs handigwed #iéha ltovwaporspn af ©6pper

xi d a and mation .of a - Qveal, .
enc i nd e faive P G b Pt 2T oPY R e Senlonure
200 kW @Fe RE ety SExeY 8% Fonsibshdiaue: AP0 In Anwoqmierdimiats, the
275 is formed within the lowk dielectric |ayer 272 he
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vardlh SRPSEIDM 1l Dok NI BLE0A0N kB OBL BbvAA030 i
is then moved from {

he copper elecCtrical plating, )
configiad at the baitein govicad e amcisire 260 foiiBirodurs o maipERR jrckyling

appRcaL oe LT _ il

Ho SEF a2l RRRREH 8 halbh Borloffor e SHAGGHE 200 Bingiptain o

des&l &drﬁiﬁqnaf\rig:?g ﬂ@f etnc]mﬁ 200 yRer r@ﬂdmﬁg)&;l;rsmtwﬂmonﬁhlen Wi’;hin
copper via er rne .Co I | a 1.S.exppse

the ERSETR ALY Hr BT RS B O e By 2403 s e o

the BNVRLREI0N R4 &ﬁfﬁungsmggﬁﬁhrﬁeeﬁhn@@w@@m oB@t ween t he

copper via 275 and a netal |ayer (not-shown) forned

: t hereover. In order_to renove the co xi de | ayer
[003gl7 1, Thagracgss chamberaf Ay ecg‘ﬁ%g?%ﬁ@- oo
 emHoRBRGAL Sk eﬁrecésbamhmeﬁgilaﬁ@ﬂ%&p@ﬁ%ﬁbﬁfoﬁmﬁﬂ@&@e&mg

Is transferred fromthe interface 280 through the
andgouap 203r fasmetien. oh €hasar 12706 2455t ChETTRIBERSS - Inone
: shown . i Zhakhes SHBS Qudes ehine fhe vi
en&F%ﬁﬁ%F@@%gﬁg%% ohe of theaggi Ss chaﬁ%grs 2§of*?ﬁ§%“”n
in FH® 1a it epppesmbeeldiments, dhe diaanbierfor nwital provessing indutessaideest one
200 by the robot 220. .The c I i r
. ofa Ei‘éﬁtflﬁ%/]ﬁ%ﬂ‘&h@%ﬁ%sr& ?‘%‘8{?&5 a.m%%? gedu&?c%%ét ]ﬂ%@i@g%g%?a copper.

ctfon process on t

redi@%iof et BAMRY, a Zblal rafucaetdoudrmbhe(seihbs arecapper2@@iction dry
that the copper-oxide |layer 271 is renoved as shown
in FIG 3B. The substrate 270 is then noved fromthe

. reduction chanber and intdfanot her chanber 210, such

as a cap layer formation chanber, disposed within the
encl osure 200 by the robot: 220. -During the transfer
between-the two process chanbers 210, the substrate
270 is exposed to the gas wthin the enclosure 200 as
set forth above. The exposed copper via 275 is
protected from oxidation during this transfer between.
the process chanbers 210 by the gas in the encl osure



gxposure W thi'n the envi'ronment . 00391 "still other 77
enbodi ments, one of the process chanbers 210 can be,

for 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 l.ayer formati on chanber. Because

the transfer of the substrate 270 is genfoF%Fd Wi thin
chemBerdidpeaiRlatnmprth (Heh RuhpEPel fIo DPEPRENG PYISE  EPPE
elé;c&gﬁksoiﬁhﬂ?é bR, o ERPetBRthaln@%e a et Polisi @aratﬁ@(é,aadas a

ver t'he copper vi‘a 275 as set forth above an

chemiselopecharidl redigieg (WE) sopsratdm leyposiglestricdepprgtion
oRASF LA AP BORE AR L Yion i
(SEDpgsharang &; a hepenctoSYDLLPOVD )z thisel estnapéapparatus
(si5F s £l GPaED BF PLT FYRS BT EE Oy PP SebSEr SrLe e
substite RECANS SakhewlpodtSib @he QfvirdbRiesu b8 bdrad emBodimiest, the cap
performed within the enclosure 200, the material

laylenfpamation ghepthes eanforrder eamile P er drope gfigde dignium
Sﬁ%ﬁ@&?ﬁai dngﬁgév%#%%ﬁk%¥oper?#§% o% materi a 3¥§fs
tirgatenbdichlerdt othee chamriahibat bHe mdoivesumetaRg@ntmintrigdagter the
conger.n fg{ ongg%ion of the material |ayer.
Prcft%%'f] BTG AAE ™ s chenati ¢ top vi ew of anot her
enbodi ment of an exenplary cluster processing
[o03m par BiASs3A-BLGre 4Beinstiacressheriitinaviewpsievgng thegrmbval of a

o e TELELY Ut 1, 106235100, AODRIELLS s 3,

a 16W- 8%l dAri@RGerdB? f@nisRGbONsubetfate 3701 f baigd: PRIZESTodniR]

‘ Witrlﬁonvfhe ?gw}klgelectric layer 273 in a copper elecirical plating apparatus that is not

* disposed within the enclosure 200. The substrate 270 is then moved from the copper
electrical plating apparatus and stored within a carrier (not shown) as described in
conmection with FIG. 1, Because the substrate 270 is not protected by the gas within the

' carrier, a copper oxide layer 271 forms over the copper via 275 after the copper via 275

is eﬁcposed to the environment. The copper oxide layer 271 will adirer'sely,affect an
electrical connection between the copper via 275 and a metal layer (not shown) formed

thereover. In arder to remove the copper oxide layer 271, the carrier carrying the

- substrate 270 is connected to the irtterface 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 it then transferred to one of the process chamberé 219, such as
a c;)pper reduction chamber, within the enclostre 200 by the robot 220. The copper

- réducticm chamber performs a copper reduction process on the copper oxide layer 271

formed over the substrate 270 so that thé copper oxide layer 271 is removed as showriin
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" process cthanbers 210 and~sealed fromTemai ni ng

portions of the enclosure 200 with a shield or cover
~structure 260. The shield structure 260 seals the
regi on 227 in which the robot 220 is noveabl e over
the guide 225. The shape of the guide 225 can be, for
exanple, a line track, parallel-line track, U shape
track, O-shape track, 8-shape track, serpentine track
~or.-other shape defined so that the robot 220 can
properly transfer the substrate 270 between the

process chanbers 210 or between the process chanbers
FIG230) mdu’mdmata 270 Mmmoggbﬁomﬁh%@#éwm, mfoppgother
! can b L oL SXATPLE n@ir&[ﬁht{iﬂ@é cidure 200
dﬁ%ﬁ%%%g ﬁﬁﬁ? e%%nc?osure fg&%ﬁ the shield:
hyéﬁf&%ﬁﬂmeﬁﬁﬁﬁgﬂﬁhﬁuﬁﬁbb@b@&wﬂEWWo@p@m&bﬁ@ﬂ@@ﬁﬁi@ﬁ@fer

subshates 270 anopng tr s ch
b P PRESH) B AR D LR B RS Bl oBlve, he

exp&%ﬁ é@ﬁéza'i‘ Quto78sthracked h@%@»&ﬁ@fmr&mmg thiotrFhefer beayemhhe
release val ve 240 and EE essure

proamectinopn B welAn e CSRFCELy FUGY aFE SR OFFERM o
cha%%?b{ i ne Cl);.%}eﬁ 91( %@gbﬂ&ﬂ%%ﬂe% cgfﬁ‘@ﬂﬁrc@gper via 275 as

and rel ease val ve
show SPEIC, B(SZ efllye captieyep Eﬁépﬂotﬁqb thgtop ysﬂﬁaﬂe@éﬁnetqqu@ﬁwg Ypdrom

gas or_reduycti.on escrib
oo 0h GRS G D3 ISRE 20 B HASE] bRPofthd Buster
chatiB& SAHXEE S00BR2hH tﬁ@ﬁ@fab@ﬂsog% afcanmrt h&er’éﬂeémhon of

val ve 240. |In sonme enbodi t he A1l
the capUipen @77, thegupitaialds %@ﬁ%? %PIF*&E %ﬁﬁ&%ﬂg ﬁ%} %P’& %ham €t by
| £ 118 LS8 tdHhA itBea® PB@ kA stored in the
{heﬂg' i@uiéggggﬁgﬁggjcon3|deratlons for positioning the
carrieB bor@e230 jo theirderéawe #8).ve 240 and pressure gauge 250
~ within the shield structure 260 can be the sane as

' hos W, EinPhrbodments, th
{003%]004% %gf';%llalal ng 3 S tdl@ecﬁﬁﬁ&?&ta&r%r oddments, the

eId structure 260 can reduce
coppabifcadiyer PFigs sentbved by g apparatus that is disposed within the

enclosure 200, After the removal of the copper oxide layer 271, the substrate 270 is
transferred by the robot 220 into a cap layer formation chamber for forming the cap
layer 277 as described above. Because the transfer of the substrate 27 is performed

_ within the enclostre 200, the copper via 275 is protected from oxidation. The cap layer
" 277 is then formed over the copper via 275 and protects the copper via 275 from

- gxposure within the environment.

- [0C39] Tn sl other embodiments, one of the process chambers 210 can be, for
| example, a metal plating chamber such as copper electrical or electroless plating
chamber %hat 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

- i5 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

i2




costs as the space that is maintai ned under the
~desired pressure/gas conditions as set forth above is

reduced. The shield structure 260 is not'limted to

the configuration shown in FIGS. 4A4B. In sone

enbodi nents, the shield structure 260 may cover not

only the region 227 shown in FIGS. 3A-313, but also
. the process chanbers 210. The region 227 is encl osed
"by the shield structure 260 and the top surface of

the 20l1a of the stage 201. For exanple, the space :

nc b .Shiel . ) r
£o S R e Wbt D B Wyt s B o R R 27 from
expirerchesurenr?iify envirenshnielbersterpetdifrom2be emtwese a0ty
cover the region 227 in such a way that the robot 220
- n p I t.ransfer.the bstr _ ng.t.h
rooi0 . S0P Bk dh 8054 Bt APl B G R AR e
metilogdruppbiatud i tedaiare @hp86hl whelkeariss ahipegtidshé ratehslayers
fromthe_ renmai njn ortion of the encl osurge 200.
fouprsq AP TR Bn A Papss R birRie One S TR bR Ao RN
witROMebc18sdr0 DO HiORafialdayf & prdRiRE CRACCEHAIE! therefore, the
-[00461Referring to FIG 5A, a dielectric layer 510 is
formstife of wateriablagep snd meesusgoent & phyriraben slectice] mropssiigs of

By i hip t ol actr f

s} By et Biforkis i O o 80 e B copeerm for

oxida@craofdhanttesiatlayers f orned over the rliPlectric |ayer
510 to partially expose a top surface of the

nd j . : ri 5 0 |
roofif o i 15 B top Sy PLEIRE Hrbod R ot b By
clugéSpmnebsinfeppadanisl @ 48 16k ahedtcapiedctidiml tiew B éhe
conductive |ayer 520 can be, f xanpl e,. a per
exepRlay Sl R TR RER SR TS 44 (e lRne LY Br. of her
" conductive layer that is subjected to
joo4z} Refe;ﬁng to FIGS. 4A and 4E, a region 227 is defined between two rows of the

- process chambers 210 and sealed from remaining portions of the enclosure 200 with a
‘shield or cover structure 260. The shield structure 260 seals the region 227 in which the
robot 220 is moveable over the guide 275, The shape of the guide 225 can be, for .' |
' example( a line frack, para]lel—ﬁne track, U-shape track, O-shape track, 8-shape track,
serpenﬁne track or other shape defined so that the robot 220 can properly transfer the
* subsirate 270 beMeen 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 ﬁ*ne 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 01' conduifs 231
and 241 are connected to the valve 230 and release valve 240, respectively. The pipe line
231 provides the mixture gas of reduction gas described in conmection with FIG 2 to the
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oxi dation if exposed to air. The dielectric |ayer 530
can be, for exanple, an oxide layer, nitride |ayer,
oxynitride layer, lowk dielectric |layer, extrene
| ow-k (ELK) dielectric layer or other dielectric
*layer that can isolate different conductive |ayers.
[0047] A barrier Tayer 550 is then forned
substantially conformal over the dielectric |ayer 530
--and the opening 540 as shown in FIG 5B. The barrier
layer 550 can be, for exanple, a tantalum (Ta) |ayer,

t ant al L T | L1t
e Ul R e SN
alvg")%g/ Bﬁtrsbir@ 'é:m!tb@&ﬂiefﬁcgb fe loR ZtﬁLD fsreedplay fo & presaxanpit]ler
a appar at us or appar.atu
(notabbw) aﬁggrﬁqﬂwmﬁtwweagegw@m %ieggﬁ‘gmteﬁé% 6 med
con.%&&gt:t&gg%%ﬂoﬁnoﬁﬁg v@%e SOV alteGa0 $6d pldagr 88ke 250

&yer forned for a subsequent chénica
withgh ate shiglbsiorbes 26@candreihesametas fhosoAesaribgchgpavaesonnection
%@P as a copper |ayer, there over. The seed | ayer '
witlg - Zan be, for exanple, a thin copper |ayer forned
by a PVD apparatus. [0049] A | ayer of material 570,
J0044}uc hPasuchng)p etndﬁmlﬁomxeﬂummﬁ pndeperafing

h SD. . Th
B R 1 PP A e
forfRPRFe & 8uef. Fhe SticdistratiefP60 i:se:mt linliteg kathergnfiguration

;ﬁoggggéat;§$4 %%501Port|ons of th égrlg gﬁigégﬁggﬁaﬂf
onlty B féaﬂfn 50 LR ﬁm@fs .98 %lut ﬂ%@s SR HGEANE0. The

inc ng the barrier |ayer 550a, seed | ayer 560a and

regiaw?Rfiic ticlsed by the smmn@eaﬁ%@ opeur Rt et the

stagf 9@9#‘" E?X A P ALt Elont e il DS B B3t LeRRE

ﬁnﬁnbaahnph&ﬂahﬂ&ﬁh?%epndmﬂss7@}Taﬁéwtﬁh

process In a tradpt onaI roc af
stz AR Pl G LS BBane o 240 ey o fae bt opd 08
proﬁz’ﬂ?%a&@ﬁaﬁt}é Q&%shﬁ’cetmréﬁfoﬁ% &d’e@d BhafhbetsCh0 appawaénite
a PVD apparatus for t epos|t|on of %F arrler

pKXaném35®@2¥ e frieniace 2805wl grifge erfas
apparatus to the PVD appar at us, the
PGHF%% su g@%”%?&?he conductive |l ayer 520 is exposed to
t he environment and oxide fornms thereon, Thus,

 [O0SEr o- BN BE ssshematia e seclonal VS SHE 5 HERATHYA
duﬂ%%FFggmtggwgggface of the conductive |ayer 520. :

J0046]  Referring to FIG. 54, 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 inctuding 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 iaye: 273 and the substrate 270 as
desmbed abcve 'The conductive Iayer 520 can be, for example, a copper layer,
| aluminum copper layer, Alurinmm Iayer or other conductive Iayer that is subjeci:ed to -
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because the dielectric layer 530, such as |owKk
dielectric layer, is exposed to the environnent, the
di el ectric | ayer 530 absorbs noisture within the
environment Thus, in a traditional process the
structure shown in FIG 5A should be subjected to a
degas process to renove noisture fromthe dielectric
| ayer 530 before the deposition of the barrier |ayer
~ 550. By the usage of the enclosure 200 set forth
above, the processes described in FIGS. 5A and 515

can both be, perf Wt hi I _as-
o PrRoBHREE | B T o e e g et iR Ber
it C B/t i€l e kutids-nte Inpatueticne Igas (BEKadieleciric
nﬂ%@f%ﬁ?g of gvfg%ﬁégion gaﬁ a ﬁﬁitro e ,o%a;nert gas,
layete oesy déqleariglay Frineiten &6 Eﬁfﬂ%ﬁ?@f‘f‘} B8 %nd the

di el ectric layer 530 are not exposed to the

Vi r QBB [AHSL5B0ds il eulpstarialle aonfprmod ese thadiclectric

[0 t he dggas prag_éags;s cg@hg% _s%ve%B E{%O%t]l{ufﬂtﬁhgo inlée];;r
layer38 frcttt éwpemféﬁs O“Qlf; F&By ga RS '5"1“{
amggﬁagn% Eefgggpfﬁe'ngnatigﬁagpugﬁej%gyer ofwﬁgfg??al

titahimnonitddel(TiN) pemor toieer owhatistley sre Tha parries Ageshlgan baformed
FIG 51)). e " I me" I.s fromabout 4 hours
bﬁﬁﬂ”ﬁﬁ@BFQ%Pﬁgﬁﬁgé%%u%%ggﬁﬁ%ﬂ%%ﬁh%uch undesi r ed

oxi dation occurring on the top surface of the seed

[00483y erA S tantolie venfornid ecaddayep H6Q ih thamfotmaes per thedawien 550

ave .t " o me" t.ar and r f

as R - Baare B i LS A L el A5 A RERR S ch s
plafthe bied @5 rRNsmetl-tditaihiap ldyer, shayara @pPer Isgedhiagwer. The
2560 and | ayer. of material 570, . the sub%h%%%_ 500 i
 seeq jayAs TSR B PoRNETRIE 24E ARTRST 1Ay StioPTE FPEEGD

- chanmber to forma dielectric |ayer over the dual
[ODBRTRSL S huGHAMTF0, shih & cbppatiis fopmall opirahessd ldyhe560 as

top surfaces of the conductive |ayer 570a an?' he !

showindn K5t Theyerer obmatirial WX s et ged e @ARP E‘ohﬁﬁ%‘h‘? ectro-

chefiat g@.ﬁhg ﬁﬁéé&_éﬁ% e L Obctdigs SMRSEL 381 B0PparAnat her
pre-tlea ocess and degas proceSs are used to
remove the oxide formng on the top surface of th
(0058l Rortiors of Syechersiegay e, Exsi s 06D 361 8T c=RIsoHl R gre
—die ' 3 ' o $0bkhier Ia
B850 b o B RS Mo i bbby
5508, abediay@dicio ambcbnduttiveriaten 87(an dhe precessZo0reniving the poriions

supstrate th C be.transferre i t hi he
of th R FRET It S RO oD T T i SR 574 g o AP Srampe, 2
cheB#MAl-HRRERGAT pARKICIR) @htesstdl en ptcl-pebees) process and

t he degas process can be saved. [0054]By renoving
L the

_the pre-clean processes, degas .proggsses .an
ooty P eaigalborom e TR PORAR: B SPEuee fi o FiG
54 6SEHiRAE 5608 YRnsfeRed RoRCeSSH dyfariis foQrIVD hpyeratis for the
integrated circuits_can be red%gﬁg and the pr cggs
deppkition bbibe basianiyer FA0shaymsn Fi¢: i PFPB&?‘%&‘&%% tyhen the
[ &, ; HRfivd Bfer 520 is
s A R e g S
expbst tb He: qnvizodmant anddhxitegasnypihersess Ebusa graorean preteay is used

to store substrates.under 'O tie" t Sartl
to TG EH ewaﬁﬁ??rﬁrée%roéi}a%%%sﬁﬁ 8?%cffr%$%oﬁﬁ er é?ﬁgg%(?pnent ;

a space of a factory can be substantially reduced by,

for exanple, one third.

l'

b=t
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[ 005511 n sone enbodi nents, the enclosure 200 can
cooperate with the carrier and the facility interface
described in, for exanple, commonly assigned and
copending U S Provisional Patent Application Serial
No. 60/747,445, filed on May 17, 2006 [Attorney
Docket No. 2006. 0090/ 1085.004141 By the conbi nation
of the carrier, facility interface and encl osure 200,
the desired result as described above and an
apparatus with cluster processing chanbers can be

nmore effectively achieved. thou h.the sent
beciupe dhn didectrialyBedh Web ey Ipwesy &EPS?C%A&‘ éerﬁi;#? Zﬁf‘y
erv SRS @ iec'tt]ic 1y er@g’(j atshiBs h@cﬁs’fﬁﬁ%ﬁhﬁ ﬂlé@{vﬂ@ﬁmeﬁih &hus,

appende alns s oul d be constructed broadly
 in aitrecliticohe] pmmsa: theatinanteshawet e Fio §itvrbarls h?fsu}v}ﬁfé‘ed fo 2 degas

t ‘
et BLF P B g B A 6 gt e
barﬁe\i‘;}dajféggﬁ B?fﬂléﬂsﬂcrv af tha Eﬁclﬁsﬁzré 2 sktrfughtbove, the\iredesdes
Cl al ne | S: r oce ar t us
desgBmath BicsobA st SRt B pRIRREAGHRM, BRRALAINE 000 ac eot

for!:g BabeL b SRasaLsY, LA iAd h e BeRabobbl Bdostiré 200Ghcludes a
I sposed wthin the encl osure; and at | east one

seducion gaEoLREEIE of & FREUEHE] S APE DIRSEE AT fngrt gas, the top suriace
of ﬂ‘?ehc%g'i ChEE IlaZy%dSM the dielectric layer 530 are not exposed to the
environment. Accordingly, the pre-clean process and the degas process can be saved.

joes2]  Further, in a traditional process a “Q-time” target is used afier the formation
of the seed layer 560 (shown in FIG. 5C) and before the formation of the layex of
material (provided to form the conductive layer 570 shown in FIG 5D). The “Q-time”
target is from about 4 hours to about 6 hours to prevent too much undesired oxidation
occurring on the top surface of the seed layer 560. However, the use of the enclosure

© 200 can save the “Q-time” target and relax the process flow shown in FIGS. 5A-5D.

J0053]  Also, after the removal of the portions of the barrier Iayer 550, seed layer 560
and layer of material S?O, the substrate 500 is fransferred from, for example, a CMFP
 chamber to & CVD chamber to form a dielectric layer over the dual damascene siructure.
In a traditional process, the top surfaces of the conductive layer 570a and the dielectric
ayer 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 570z and to remove moisture from the dielectric

 Iayer 530, respectively. As set forth above, the CMP process and the subéequent CvVD
process can be performed within the enclosure 200. The subsirate 500 thus can be
transferred within the enclosure 200 without being exposed fo the environment.

. Accordingly, the pre-clean process and the degas process can be saved..
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the—enchosure conprises a gas therén and al s6
i ncl udes at | east one door configured to cover an

openi ng of the encl osure; the gas conprises_ At
| east one of a reduction gas, a non-reactive gas, and
an inert gas; the valve is positioned proximte

to a top region of the enclosure if a nolecul ar

"weight of a gas injected fromthe valve is nore than

a-nol ecul ar wei ght of the gas within the enclosure, '
~and the val veis positioned proximate to a bottom _

region of the enclosure if the nolecular wejght of .. .
[0058He gBy rémpeog i fre-elern HEOTosPS, €e938 PTeses 411 gf T%E bﬁm&

ol &cul.ar g G AMoL A, Thel 68O Stifcmation of
tm%ﬁg%F%B a‘lf%%%ﬁ?ﬁﬁ%ggato transfefzg Ssubstrate
 inloatweetrctiecatde redirad hhé theroewssflashbesomes more flexible. In

© The c]uster, processing a t Us ' i Neecl-aim.l,,

wagcer st ST R SRR A e

ar@bothBES bpRanRts ¢ chehbe ér thepreridan bnd fogs psooegreamul/ar
cap layer” formation chanber,

Al , 3. hﬁl’rgll tﬁg Ee%ﬁlcﬁon,of
staskere exEPITFUBPREPAIGST (SN’ (B8, An BF SR 2" _
DB R ELABH hDGLpdh 8r £ BREPREa KPR AR alIp FORRSS by dor

conprises~a east” one of a wet clean bench, a netal
- extimpliacdriedhirdet bench, a netal reduction dry chanber, a

netal plating bath, a dry etch chanber, a netal

o8 S, ARRALA B0 e LB LRI pbralap@Sitiicatier and

anb he cluster processing apparatus
thelfasifityi ihedfacadetaba i8, fos oxxivmiacommrionlydesigead aHeopaping U. 5.

.layer formation chanb f I [ .
B
Ddcld i, ghoaxiobs 11985 001 4]aBY ARtcoobiration bf thatarrien fdility interface
- titaniumnitride, tantal um or tggtalu nitlrid%.S +th cluster
ang endprarre POk therdepirestesdf aylesdiar 2P e SOAPBEF o

prgcle?sl\i/ng]g Xabsbef L B LRRE 2801 BRbchieved. the at |east one

va conprises a rirst valve and a second val ve;

. [0056]  Although the present invention has been described in texms of exemplary
emBodimen’cs, it is not limited thereto. Rather, the appended claims should be
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.

17



the first valve operable to inject a gas into the
enclosure if a pressure within the enclosure is |ower
than a first predeterm ned pressure |evel, and

t he second val ve operable to exhaust the gas fromthe
enclosure if the pressure within the enclosure is

hi gher than a second predeterm ned pressure |evel.

6. The cluster processing apparatus described in
claim5 is characterized that the first predeterm ned
RLESSIM e-l-Smkdat g, and t he second predeterm ned
pressure is 2.5 atm 7. The cluster processing
apparatus described in claiml is characterized that

the gas wthin encl asuke ;6P 1SS Rhpkeasigone
of hgdrog%ﬁﬁ' t%? pnd annoﬁlgﬁ% H3). B. The cl uster
processhgg %ﬁp%ratus described inclaim1l is

char acteriz hat the pressure within the enclosure

I's hi thi than the §¥§§%§ e Qtnbbe e&vggo%@aen&mm the

sur r gun |ng t h€ ‘encl osur e . The cluster
Jp0eesseNg apparatus described in claln} I is
characterized that further conprises a shield
st rugt yegotentlsesisag @i fpath theavecsesudys tzmd r obot
bet ween the door and the process chanbers, wherein

at least one valve coupled to the enclosure, which is

characterized that

the enclosure comprises a gas therein and also includes
at least one door configured to cover an opening of the

enclosure;

the gas comprises at least one of a reduction gas, &

non-reaactive gas, and an inert gas;

the walve is positioned proximate to a Top reglion of
the enélosure if a molecular weight of a gas injected from
the valve is more than a molecular weight of the gas within
the enclosure, and the valve is positioned proximate to a
bottom regiorn of the enclosure if the molecular weight of
the gas injected from the valve is less than the molscular

weight of the gas within the enclosure;

the robot is configured to transfer a substrate between

the door and the process chamber.

2. The cluster processing apparatus described in

claim 1 is characterized that the process chamber comprises



the valve i8 disposed on a wall of the shield
structure and the gas is disposed wthin an area

encl osed by the shield structure. 10. A
cluster processing apparatus, conprising: an
encl osur e; at | east one netal reduction chanber

and at |east one cap layer formation chanber disposed
within the encl osure; a robot disposed within the
encl osur e; . a first valve and a second val ve

i spased it Bien ot he, enek-osukemeand procesaing easé eneap
pressure gauge coupled to the first valve and the
isgeondoved Mep whiwbrl-s characterized that t he
encl osure conprises a gas therein and at | east one

door configured to cover an opening into the

encl gsure; ' .
it The caﬁ%%éga a2 LQUPLL SE ﬁyiaEQQStdQ5@%£Hed in
nitrogen, "hel i neon, -argon, “krypton, xenon, radon,
hvdrogen agd @E¥yeBkarized that the chamber for metal
processing comprises at least one of a wet c¢lean bench, &
metal reduction wet bench, a metal reduction dry chamber, a

metal plating bath, a dry etch chamber, & metal polish

apparatus and a low-k dielectric depositicn chamber.

4. The cluster processing apparatus described in
claim 2 is characterized that the cap layer formation
chamber forms a layer of cobalt silicide, tungsten silicide,
+itanium silicide, +itanium nitride, a lamination of

ritanium and titanium nitride, tantalum or tantalum nitride.

5. The cluster processing apparatus described in

claim 1 is characterized that

the zt least one valve comprises a first valve and a

. second wvalve,

the first valve operable to inject a gas 1into the
enclosure if a pressurse within the enclosure is lower than a

first predetermined pressure level, and

the second valve operable to exhaust the gas from the
enclosure if the pressure within the enclosure is higher

" than a second predetermined pressure level.



the valve is positioned proxinmate to a top region of
the enclosure if a nol ecular weight of a gas injected
fromthe valve is nore than a nol-ecul ar wei ght of the
gas within the enclosure, and the valve is positioned
proximte to a bottomregion of the enclosure if the
nol ecul ar wei ght of the gas injected fromthe val ve
is less than the nol ecul ar wei ght of the gas Wthin
t he encl osure; an area of the enclosurgjuf L
at a_hi ghes pressure phamsstihe ppeBTEYESof dpRrtoed 0
envi ronnent surrounding. the enc ure; chib€ermined
ckﬁ%@t5isi%oﬁﬁﬁﬁﬁFéarfﬁg%rgﬁfgerk§QSU§§¥$atgrfééﬁﬁthe.
door _to.th cess ehanbgssnanskdetweshneéhepressure 1S
pﬁﬁﬁgﬁbgré% grQ%§ ??%ngfer a substrate fromthe door to
2 Ihedar.ocess chanbers or between the chanbers;

“the first valve is operable to inject the gas into
the encl osure Wien a pressure within the enclosure is

lower than 1 atm._and__ Lhe seecongkwval Wsicgibed in
opeerIeTPS e%ﬁgﬁ§g'tﬁéga%%§7rbn1f%e_enqlosure when

<1he, pr essuge midihirn zebetenc] dsuread svikingRehEh &R 255"
atm

11. The cluster pracessi paLatgs,) .
cogscrddsedti Aeer i HLL Bl’éﬁ%?%fgt @%Fz%%{]tbﬁﬁa&tg f urli her
conprises a shield structure encl bsing the area of
the encl osure having the gas to cover a path

traversed, ghﬁe{é@%z%%% t heyrehamber sde swhdibeiin in

the a|VgH¥%‘ i'sposed on a_mgﬁ? of the shield ... ..
cShiMCturas dRarsdcweirugedr PradcesSPngPRTarat us) !

eggggéhgéngé %qggggl%%gae%he pressure of the environment

surrounding the enclosure.

9 . The cluster processing apparatus descr;bed in

4 3 2 'l 3

claim 1 is characterized that further comprises a shield
; PR

structure enclosing & path traversed by the robot betweaean

the door and the process chambers, wherelh

the valve is disposed on-a wall of the shield structure
and the gas is disposed within an area enclosed by the

shield structure.

10. A cluster processing apparatus, COMPrising:
an enciosure;

i east one
at least one metal reduction chamber and at 1 L

cap layer formation chamber disposed within the enclosure;

a robot disposed within the enclosure;



at | east one copper processing apparatus and at | east
one cap layer formation apparatus di sposed within the
encl osure; a robot disposed within the encl osure;

a first valve and a second val ve di sposed within-the
enol osure; and a pressure gauge coupled to the
val ve and rel ease valve, which is characterized that

t he encl osure conprises a gas therein and at | east

one door configured to cover an opening into the
enclosune: valve theé gaseconpr veézehydppgesd ofifigppnihe
to 4% per volune or ammonia of | Qopmto 15.5% and an
SRPIFII§AsABE ni trogen; the valve is positioned
proximate to a top region or the cl qsur.e if-.a :
ol @Gull&R ShePRht DTS X T§a g2 PAf ecT ¥ T4 SRS GArss Talve
o than,a;nplegul ah: wei ghterefrachergasdwitdi n the
enclosure, and the valve is positioned proximate to a
bOtt(%Q %%gﬁggufg &JM%f%@%EO§U§§siEhéf&iﬁnﬁdﬂﬂﬂtaﬂeast one
wei gfht of the gas injected fromthe valve is |ess
dbhan-drite gnokécub arovwai ght ORFnine 1§48 Wie P ref

encl osur e; a pressure within the enclosure is.

hi ghete tfan acmreissir eaof Ledhe: eARE r GANBHESGRPoukGRg™
the enclosure; | the _robot i £1,0 A nia;
nepansTECTa SHHRtTHt € P6Mm %%(go‘doohﬁ(d%ggf hegégg#g%ma
processi ng appar at us _and hetween_the Pl AYBr reqion of
f or nity oY\aglé’ﬁpdrSatR%S%r’r&n? e%%ﬁ%"r‘t%rg%egsi%g sgLen ©

tﬂepé{l}é%@zreon_ft Q tiarshesr awsipst rat ea fgam tiedeor from
to the copper processing apparatus or be;:vveen t he C_.a_pl_.

thayeslve is more than a molecular weight of the gas wWithin
the enciosure, and the valve 1is positioned proximate to a
pottom region of the enclosure if the molecular weight of
the gas injected from the valve is less than the molecular

weight of the gas within the enclosure; -

an area of the enclosure is at a higher pressure than

 the pressure of the environment surrounding the enclosure:

the robot is configured to transfer a substrate from
the door to the process chambers and between the chambers,
or to transfer a substrate from the door to the process
chambers or between the chambers;

the first valﬁe is operable to inject the gas into the
énclosure_when sz pressure within the enclosure is lower than

1 atm, and

the second valve 1is operable to exhaust the gas from
the enclosure when the pressure within the enclosure 1is

nigher than 2.5 atm,



formati on apparatus, and the copper processing
appar at us; the first valve is operable to
inject the gas into the enclosure when a pressure
within the enclosure is lower than | atm and
"the second valve is operable -to exhaust hydrogen
fromthe enclosure when the pressure within the
encl osure is higher than 2.5 atm

1. The cluster processing apparatus described in
claim 11 is characterized that further comprises a shield
structure enclosing the area of the énclosure having the gas
to cover a path traversed by the robot between the chambers,
wherein

the valve is disposed on a wall of <the shield

structure.

12. A .cluster processing apparatus, comprising:
an enclosure;

at least one copper processing apparatus and at least
one cap layer formation apparaitus disposed within the

encliosure;

a robot disposed withih'the enclosure;

a first valve and a second valve disposed within the
enclosure; and ‘

a préssarg gauge cQupled to the walve and release

valve, which is characterized that
the enclosurse comprises a gas therein and at lsast one
door configured to cover an opening into the enclosure:

the gas comprises hydrogen of 10ppm to 4% per velume ox

ammonia of 10ppm to 15.5% and an inert gas oOr nitrogen;

the valve is positioned proximate to a top region of
+the enclosure if a molecular weight of a gas injected from
the valve is more than a molecular weight of the gas within

the enclosure, and the valve 1s positioned prozximate to a
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bottom region of the enclosure if the molecular weight of
‘the gas injected from the valve is less than the molecular

weight of the gas within the enclosure;

a pressure within the enclosure 1iIs higher than a

pressure of the envirconment surrounding the enclosure;

the robot is configured to transfer a substrate from
the.dbbr to the copper processing apparatus and between the
cap layer formation apparatus and the copper processing
apparatus, or to transfer a substrate from the door to the
copper processing apparatus oxr between the cap layer

formation apparatus and the copper processing apparatus;

the first valve is operable to inject the gas into the
‘enclosure when a pressure within the enclosure is lower than

1 atm: and

the second valve is operable to exhaust hydrogen from
the enclosure when the pressure within the enclosure 1is

higher than 2.5 atm.
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