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present invention relates generally to sem conductor substrate processing,
and nore partic |y, to an inproved technique for preventin mat ur e
dryi ng of ﬁﬁ’ezo‘sszlf’r?’%nduct or substrate between wet chemﬁégpggtﬁp %?It%gnts
during fabrication operations. 10DESCRI PTI ON OF THE RELATED ART 100021
Produci ng a substanti ally defect-free sem conductor substrate is an ongoing
chal | enge du a fabricatjon ocess. Various operations in th

fabrication FBSHODEOF %fl ENTINGPREMA PRI JQ&YIBK& ppi ng,

net al depositing, use chemcal treatnent to define features and structures
on the substrate, resulting in operBplkevenniregrated circuits and ot her

m croel ectroni c 15devices. After. eftch Jt gq}v treatment, it is required to
performone or nore cleani n? \’“ YHRY ?{c? n%coé‘s?'he cont am nants and
treatnent chemcals fromthe surface of the substrate. Various cleaning
oper agi ons, including wet clearfiagy Qarimsingehyionel | - known and comonly used
in the sem conductor chip manufacturing. Some of the wet cleaning processes

that are or clean th urfa t he strate, incl rsin
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cl eani ng peHigtlailto a6 ﬂﬁmvmemtqtﬁlfaememnﬁ@ﬁmajrs dying dfehfsmmanﬂumér t he
substrate or a pI yi ng ca%r%%ﬂi S tot e_su%gace of a S i nni ng substrate.

100031 U§EF§FTPS? elVeeh RSt UgGRls QUG FPBHE RPN ng process needs
to be perfornmed for an effective clean of the surface of the substrate in

preparation for subsequent fabrication
10 DESCRIPTION OF THE RELATED ART

[0002] Producing a substantially defect-free semiconductor substrate is an ongoing challenge
during a fabrication process. Various operations in the fabrication process, such as polysilicon
etching, photoresist stripping, metal depositing, use chemical treatment to define features and
structures on the substrate, resulting in operable integrated circuits and other microelectronic

15  devices. After each chemical treatment, it is required to perform one or more cleaning
operations to remove the contaminants and treatment chemicals from the surface of the
substrate. Various cleaning operations, including wet cleaning, are widely well-known and
commonly used in the semiconductor chip manufacturing. Some of the wet cleaning processes
that are used for cleaning the surface of the substrate include immersing the substrate in a

20 chemical container or tank containing a wet cleaning chemical, spraying wet cleaning chemicals

on the surface of the substrate or applying chemicals to the surface of a spinning substrate.

{6003] Usually, a combination of more than one wet cleaning process needs to be performed for
an effective clean of the surface of the substrate in preparation for subsequent fabrication

25 operations. During the wet cleaning process, the substrate may be moved from one chemical
soak to another chemical soak. In order to perform effective cleaning and to maximize
recollection of chemicals, it is desirable to keep these chemical soaks isolated from one another.
As a result, when the substrate is moved from one chemical soak to another, premature drying
of the substrate may occur. It is essential to prevent premature drying as the premature drying

30 may cause spotting. Spotting is undesirable in the fabrication process as it may attract dirt,
interfere with subsequent fabrication processing and/or produce undesirable effects on the

underlying features of the substrate.



250perations. During the wet cleaning process, the substrate nmay be noved
fromone chem cal soak to another chem cal soak. In order to perform
effective cleaning and to maxi m ze recoll ection of chemcals, it is

desirabl e § kagaRshpese chem cal soaks isolated from ope.angther,. As a
result, when tﬁ%l substrate is nmoved fromone chem cal soa g@og)!a‘ngg?her,

premature drying of the substrate may ogcur. It is essential to prevent
premature drying as the premature drying 30 may cause spotting. Spotting
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on the uREREMiNGMEETIAAEWEsg &f thatiinglignality af the reswding IC chips may be preserved
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need for effective ne and par at us preventing premature drying
so that functionality of the resulting IC chips may be preserved and to
ensure subsequent fabrication operat} n be performed on the substrate.
5SUMVARY 100051 The present inventi SOUsARE t he need by providing an
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substrate. I|t.should be appreciated that, t resent. i pvention can be
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10 100061 I n one enbodi t, an apparatus for preventing premature drying
of a surf’b‘(&’é“"ﬁfmg’oggﬁ%‘fsrr%&ée BEt e e’T“é?Brafec‘%F?rﬁ’i’?dgﬁ@f"’ati ons during a

fabrijgati on process is disclosed. The apparatus includes a substrate
supporti B&' device to receive and support the substrate and a gas chem stry
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substantially contained in a transition region .wherein the surface of the
subst r at aPHagatesipudas atsybyra wRPoTHPg devigrdo agngivie@nd penpodfthy fubstsie andat 84% gas
chem str QM i i OS LT f ] r sty in
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is disclgsed. The systemincl.udes.a substrate orting device to receive
ind " suppBi e iondogen ¥ PErbe PR S Bl el PO stk ta iy

maintains the moisture on the surface of the substrate preventing the surface of the substrate

20 from premature drying.

{6007} In another embodiment of the invention, a system for preventing premature drying of a
surface of a substrate between fabrication operations is disclosed. The system includes a
substrate supporting device to receive and support the substrate in an ambient controlled

25  chamber and a proximity head system disposed within the ambient controlled chamber. The
substrate supporting device is configured to receive and move the substrate along a plane and to
rotate the substrate along an axis of rotation within the ambient controlled chamber. The
proximity head system includes a plurality of proximity heads. Each of the plurality of
proximity heads is used to apply one or more liquid cleaning chemistry menisci between the

30 surface of the substrate and an opposing surface of the proximity head. The liquid cleaning
chemistry menisci substantially remove residues and chemicals left behind from other
fabrication operations. The ambient controlled chamber further includes one or more nozzles to

Introduce a saturated gas chenusiry to a transition region i the chamber. The surface of the



25chanber and a proximty head system di sposed within the ambient
control |l ed chanber. The substrate supporting device is configured to
recei ve and nove the substrate along a plane and to rotate the substrate
al ong an f ation within the anbient controlle he
proximty ﬁJ &%?g?én1lncludes a plurality of prOX|n1thﬁg§§RﬁhE$gh of the
plurality of proximty heads is used tosapply one or nore |liquid cleaning
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thereby preventing the surface of the substrate from premature drying. The saturated gas

chemistry 1s applied between two subsequent wet-cleaning operations.
20 - [0009] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25
[0011] The invention may best be understood by reference to the following description taken in
conjunction with the accompanying drawings. These drawings should not be taken to limit the

invention to the preferred embodiments, but are for explanation and understanding only.

30 {0012} Figure | A is a simplified schematic diagram of an ambient controlled chamber in which

a substrate 1s received and cleaned.



t hereby preventing the surface of the substrate frompremature drying. The
saturated gas chem stry is applied between two subsequent wet-cl eani ng
operations. 20[ 0009] O her aspects and advantages of the invention wll
become nor&qap ﬁﬁﬁé fromthe follow ng detail ed descrk@ﬁg&ﬂmmhﬁﬁ nin
conjunction wth the acconpanying drawi ngs, illustrating by way of exanple
the present invention. BRI EF DESCRI PTI QN OF THE DRAW NGS 25 [0011] The

i nvention may best be understood by reference to the follow ng description
taken i nemn) epetd 0NiMkEded DRirRECOMNPABYEADWIRL I IS ond IRSRIIAERWE NGS shoul d
not be taken to limt the invention to the preferred enbodi nents, but are
for expl dHAMY¥h and understanding only. WO 2008/ 143798PCT/ US2008/ 05950 4
[0013] Figure 1B illustrates a surface of a substrate with spots, in one
enbodi ment of the invention. ~ [0014] Figure 2 is a cross-section view of
an appar &U4] Gigureg I5aEXIsHisEHOR iy eipnapprptug asinSproeinisy kspdithapegas ansi ti on
regi on, i J : i i : Lgure 3 is a schematic
diagrgn1Sgﬂgﬁﬁéﬁggﬁgggﬁgégﬁ%%$2§Phg%ggﬁh@ﬂgﬁﬁg%%ﬁﬁggb%o apply saturated gas
chem stry to the substrate, in one enbodi nent of the invention. 10[0016]

Fi gure 444 | .fernate odi nent illustrated i Lgu th I s _used
Lo tr et TISLFR A §ad R SRR Pl g BieBhomich Gelih bl W3 8 ooty
enbodi merdtuiated igas ciathedry to thd gbstese, 3n amderdtAdiment of the invention.

10 [0016] Figure 4A is an alternate embodiment iHustrated in Figure 3 that is used to treat

saturated gas chemistry.
{0017] Figure 4B is an alternate embodiment illustrated in Figures 3 and 4A.

15  [0018] Figure 5 illustrates a flow chart of operations involved in treating the substrate to

saturated gas chemistry, in one embodiment of the invention,

DETAILED DESCRIFTION

20 (0019} Several embodiments for effectively preventing premature drying of the surface of the
substrate between two wet cleaning operations will now be described. It will be obvious,
however, to one skilled in the art, that the present invention may be practiced without some or
all of these specific details. In other instances, well known process operations have not been
described in detail in order not to unnecessarily obscure the present invention.

25
10020} With the current trend of packing more and more features and structures on to the
substrate, it 1s crucial to keep the surface of the substrate as clean and error-free as possible.
This includes avoiding premature dryfng by keeping the surface of the substrate moist between
wet cleaning operations. Premature drying may cause spots to form on the surface of the

30 substrate. These spots may aftract impurities, interfere with subsequent fabrication processing
and cause undesirable effects on the underlying features. The moistness on the surface of the

substrate may be maintained by treating the exposed surface of the substrate with saturated gas



15[ 0018] Figure 5 illustrates a flow chart of operations involved in
treating the substrate to saturated gas chem stry, in one enbodi nent of the
i nvention. DETAILED DESCRI PTI ON 20100191 Several enbodi nents for

effectivel ting premature drying of the surface_0 Ipstrate
bet ween t\/\%o\%g(t%ylg?é%ni ng operations will now be descri B‘ghpgﬁmﬁsl‘%‘% be

obvi ous, however, to one skilled in thesart, that the present invention my
be practiced without some or all of these specific details. In other
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in order not t'o unnecessarily obsture the present 1 nvention. 25 100201 Wth

t he cur r &fistratecthercoy pisuerking gratonsdueie Pravrasue datiig es and structures on to
the substrate, it is crucial to keep the surface of the substrate as clean
and error-free as possible. This includes avoiding premature drying by
keepi ng t#HB15Th¢ saterawf gehehesudigtis apmiedtd B shdtoneEn swstratliranbmeplisger at i ons.
Pr emat ur I may,. caus: oL o _f.orm on rf f t Osubstrate.
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pr ocessi ngthasduresdges cirdesnriablherekiioo ragianiskbie toren kthel mgstheatoankes. The
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exposed. ot ey 3G BepmineSliRe i Eafy FRY srg il OV iRoc S e
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in retaining the noisture on the surface of the substrate, thereby

prevent i Ag™ Mf‘?ﬁ@roaﬁ"és’tetﬁ"ﬁ?‘é‘f?ﬁ?‘ﬁf"e drying. [0021] The saturated gas
chemigtry is applied to the surface of a substrate in a controlled 5Smanner
in atransition region exposed to anbient air so that the surface of the
subst r at #RB2bbeEE Hoistriempliftadraessdeg s eerert SHIEM Witk Arambigakionirelied egi on
is able LOntRE 800) shdhSis AR b @ MESEMEhahiRS c?ééﬁ%kﬁrﬁi)}f‘ch%%ér?ﬁlewhigﬁé Sltdlrak €L Ment

of the saturated gas chemstry to the surface of the substrate enables
preservi rvgewﬁbamfug@ain@@ 1p png drebofdaragny oé hefipventen. obhe dnebignigentralied chardberhe

resul ti NGocs &ith EQTEG‘%{%O%E:}EE%E% a Ehdhber SRk Qipﬂxst‘ality of fabrication operations
15 s performed on a substrate in a controiled ambient atmosphere. For more information on the
AMC chamber and how the AMC chamber is used in the fabrication process, reference may be
made to U.S. Patent Application No. 10/608,871 and U.S. Patent Publication No.
2006/0128600.

20 [0023} The housing chamber 100 employs a plurality of proximity heads, 130-Al, {30-A2,
130-B1, and 130-B2, to apply one or more liguid cleaning chemistry as liquid meniscus to a
surface of a substrate 150. The proximity heads shown in this embodiment are dual proximity
heads positioned on either side of a treatment region through which a substrate 150 moves in
the housing chamber 100. Variations on the number of proximity heads and their position with

25 respect to the treatment region may be employed. The substrate 150 is introduced into the
housing chamber 100 at one end of the treatment region through an entry port 100-A, moved
through the treatment region and removed from the housing chamber 100 at the other end of the

treatment region through an exit port 100-B.

30 [0024] The term, “meniscus”, as used herein with reference to wet (liquid) cleaning chemistry,
refers to a volume of liquid chemistry bounded and contammed in part by surface tension of the
liguid chemistry between the opposing surface of a proximity head 130 and a surface of the

substrate 150. The meniscus thus formed, 1s also controllable and can be moved over a surface



10 100221 Figure Ais a sinplified cross-section view of a systemw th an
anbi ent controll ed chanber 100, such as an advanced nechani cal clean (AM)
chanber, in which a substrate is received and cl eaned, in one enbodi nent of

the i nvent nbi ent control |l ed chanber 100, al's | ousi ng
chanber, |4§8%08ZQ gr in which a plurality of fabricat ?%ﬁa%ﬂ“?“aeg)lq ons 15i s

perforrred on a substrate in a controlleg anbient atnosphere. For nore
information on the AMC chanber and how the AMC chanber is used in the
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in this eystﬁmdl ment are dual proximty heads positi oned on either side of a
treatge regi on through which a substrate 150 noves in the housi ng chanber
100. Variations on the nunber of proximty heads and their position with
25r especioizsi Fhlanbrreeﬂbﬁﬁmtonroagh@fmnﬁwonbﬁ* aanghyeshd (hbepgichsd fattee skbfcd S
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t hrough an emtttlgort 100-B. 30100241 The term scus” used herein
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(compiut | egitsy SCeM.LARY PROXIMITY HEADS FOR SINGLE WATER CLEANING AND DRYING," each is

assigned to Lam Research Corporation, the assignee of the subject application. For additional
information about top and bottom menisci, reference can be made to the exemplary meniscus,
as disclosed in U.S. Patent Application No. 10/330,843, filed on December 24, 2002 and
entitled "MENISCUS, VACUUM, IPA VAPOR, DRYING MaNIFOLD." This U.S. Patent Application,

20 which is assigned to Lam Research Corporation, the assignee of the subject application.

[0026] As described herein, a proximity head 130 is a substrate treatment apparatus that can
deliver precise volume of a chemistry to a surface of a substrate 150 to be treated, and remove
the chemistry from the surface, when the proximity head 130 is placed in close relation to the
25  surface of the substrate 150. In one example, the proximity head 130 has an opposing head
surface (opposing surface) and the opposing surface 1s placed substantially parallel to the
surface of the substrate 150. A meniscus is formed between the opposing surface and the
surface of the substrate 150. The proximity head 130 may also be configured to deliver a
plurality of chemistry, and are configured with vacuum ports for removing the plurality of

30 chemistry that were delivered.

j0027] By confrolling the delivery and removal of the chemistry to the meniscus, the meniscus

can be controtled and moved over the surface of the subsirate 150, In some embodiments, the
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100251 For nore information on the formation of a meniscus and the
application to the surface of a substrate 150, reference may be nade to:

(1) US Patent No. 6,616,772, issued on Septenber 9, 2003 and entitled

" METHCDS OB ROXI M TY CLEANI NG AND DRYI NG "; (2 t
Applicati on %g?gSO, 843, filed on Decenber 24, ZOOZ}CH ézoaz{?%a%‘

" MENI SCUS, 10 VACUUM | PA VAPOR, DRYI NG; MANI FO_D " (3) U S Patent No.

6, 988, 327, issued on January 24, 2005 and entitled "METHODS AND SYSTEMS FOR
PROCESS! N RUBBTENIE LI BN Sk BoVEM S o tent
No. 6, 988, 32% i ssued on Janular 1% ent!tledmo I-fﬁﬁmg @mﬁgﬁ
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exenp aryerrtrllcan gStra e'sgrs(lj’m39 DL renﬁenﬂja% ﬁ5§{eint Application No. 10/330, 843,
filed on Decerrber 24 2002 and entitled "MEN SCUS, VACUUM | PA VAPOR,
DRYI NG D." U.S. Pat t| on, 20whi.ch_is assigned to Lam
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substrate 150. In one exanple, the proxi mty head 130 has an opposing head

surface (I’Gﬁﬁbﬁfr@gﬂﬁﬁlfﬂace) and the opposing surface is placed substantially
parallel to the surface of the substrate 150. A neniscus is fornmed between
t he opposing surface and the surface of the substrate 150. The proximty
head 130 [09&81 bpmasldyenelonforguitanciboet the piowerityavapoueladn ang dof steemirsferepce and

f i : | i t h t
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th d th bst
the pr ochiePREET ThR TR P S BiipRer BBt CRatRu bt nabed o
t hat t heofprhosdgsi agplicaioroccur in any orientation, and as such, the neniscus

can be applied to surfaces that are not hori zont aI (e.g., bvertical
substrates or substrates that are held at an angle). 100281 For additi onal

i nf or mat [meoméﬁarrr@specgurd mtd'tﬁlbﬂl’*zﬁé(tﬂ('jﬂpbzylngﬂadce efREienar s@@ﬂxa&eiﬂﬂ)&ﬁﬁ)et 0 an
proximty head, as describ in the U S Patent No. 616, 772,
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CLEANI NGeAMIBrDRLINGS ProlRiEhl $hikiBstrRtab@iportNRRlel Rakia9me 2bh D 16 61A%8 gned to

Lam Research Corporation, the assignee of the subjeéect application.
inset to receive and hold the substrate 150. The carrier 101 is positioned in the treatment region

and includes pins/rollers (not shown) to receive and hold the substrate 100 along a plane and

motors to move the substrate along the plane. The carrier 101 may also be configured to rotate
25  the substrate 150 along an axis of rotation while being transported through the housing chamber

100 so that the surface of the substrate 150 is substantially exposed to the various chemistries

applied.

[0031] The treatment region includes a plurality of treatment sub-regions 132, 136 where one
30 or more liquid cleaning chemistry are applied as liquid meniscus/menisci to the surface of the

substrate using a plurality of proximity heads 130-Al, 130-A2, 130-B1, 130-B2, and a

transition region 134 where the substrate is exposed to ambient air while being transported from

treatment sub-regron 132 to treatment sub-region 136



10029] For additional information about the proximty vapor clean and dry
system reference can be nade to an exenplary systemdescribed in the U S
Patent No. 6,488,040, issued on 15 Decenber 3, 2002 and entitled "CAPI LLARY

PROXIM TY WA 898 SI NGLE WAFER CLEANI NG AND DRYI NG. " PIWU§2{)\T%A§W fat ent,
which is assigned to Lam Research Corporation, the assignee o he subject

application. 100301 Referring to FigureglA, a substrate supporting device,
to receive the substrate 150 at the 20entry port and to transport the

substr at e[ottfﬁ(? r»agum gBallptrare tRRdrii@ dehd M8&rddS0SHRSth&tS, ;Je'é%natmt hg i t
port 100- rovi ded, . The substrate supporting device nay be a carrier
101 havi iy Sérﬁte ggétsp%edr fEEiohe emaeHonBTesien daBkiotha rext 636) Fitbinghe ri er 101

is posit |aﬁfb€iﬁ‘at bdhtioN€d EHaBReP B0, HeeaHOR Fkk éuﬂﬁta’t@%%&b@ th@ lmlngfeﬁt PRl hovvn)

to receive and hold the substrate 100 along a pl'ane and notors to nove
subst r at draaSiBenyregioa 13 aprecricnges Rrempiues drypg. Fhypramebird éryingTkiuie ieshot ol Smot at e

25t he 5Suls tdrtrendbafly 8 %Quﬁﬂceac??'tl% thiaf_ltFa% akd Bgntyg?teéi garﬁ?t' pﬁsésr AsRart ed

t hr ough the housi ng” chanber so that the surface o fae 150 is
subst ant ihayq spndsases wapurities #ﬁeliqu ¢operatthend stusisemdegiableadsulth ﬁﬁ)xSﬂg The

ions 132, 136
where ond"SEBKATEbAG AR, A1 W uRer b HRIUITES afbRTsBRS T qui o
meni scus/ neni sci to the surface of the substBate using a p{urallty of o
im 130- 130- A2, 130-81, 13 ransition regi
58 wher AR Rarfe? plistaresd BRISBLBS1E § RGO yon: ks TTHE % PR t ed
fromior egnmmimbs magithered 132 trtamsntcrreagm N84 sUbrERBERNgiSO. In B

2008/ 14379 / US2008/ Q0595 .f 0032 gure 1B illustrates the surface of
t he subsF‘F‘t’ M§aaY the F&‘ﬁgﬁgi‘sotf’?“ﬁ L8r’|“ g freatiaent ypglon, the surface of the

substrate 150 exposed to the ambient air in the transition region 134 is treated with the saturated
gas chemistry. The system includes an ambient controlled chamber 100 with a proximity head
130 to provide one or more liquid cleaning chemistry menisci to the surface of the substrate

5 150. The proximity head 130 includes a distinct portion to apply cleaning chemistry 1 and a
distinet portion to apply cleaning chemistry 2. The cleaning chemistries 1 and 2 are liquid
cleaning chemistries that are received into a reservoir and supplied to the substrate as liquid
menisci. The cleaning chemistry 1 is applied to a portion of the surface of the substrate,
identified as treatment sub-region 132, as a liquid meniscus through a first inlet 133 and

20 cleaning chemistry 2 is applied to another distinct portion of the surface of the substrate,
identified as treatment sub-region 136, as a liquid meniscus through a second inlet 137. In an
alternate embodiment, instead of a single proximity head a plurality of proximity heads 130-A,
130-B may be used to apply the cleaning chemistries 1 and 2 as the substrate is moved through
the treatment region. An inlet-control at each of the first and second inlets (133, 137) controls

25 the application of the Jiquid menisci of the cleaning chemistries 1 and 2. A gas chemistry
applicator infroduces a saturated gas chemistry into the housing chamber 100 through at least
one nozzle 135 such that the saturated gas chemistry is substantially contained within a
transition region 134 of the treatment region. The application of the saturated gas chemistry in
the wansition region 134 is controlled so that the surface of the substrate 100 is isotropically

30 (i.c., uniformly in direction) exposed to the saturated gas chemustry in the transition region 134,
The nozzle 135 includes a nozzle-control to control the flow of the saturated gas chemistry inlo

the housing chamber 100,



Substrate is transported fromone treatnent sub-region (132) to the next
(136) within the anmbient controlled chanber 100, the surface of the
substrate, exposed to the anbient air in the transition region 134,
experience e drying. The premature drying res s 152 5to
form rando%f)%a{%m%?% surface of the substrate. As nen tyé}@%f{)@g%?gér t hese
spots 152 can have condensed inpuritiesgas |iquid evaporates and causes
undesirabl e results during subsequent fabrication operations and to the
under | yi ngh3l@at b i Qe 20 RIHASIEES 93%;%hgyaenasth£4 Mt RS ghsSysStemin
one enbo |rreﬁt %ﬁ?ehe&?lnverrlr#)?o% V\j}l%p})gl n a saturated Ogas ch emgﬂtry i's

i nt r oduc ebenipiratotthasdistrate h5¢. elgi avp enBadigieni thersgaferranay hee:gr»tbw apply # lfued

enbodi e ] ' real,pEeL region,
the surt aeanily ofefs BHESH AR hbuarit AAPARAGRoL DnirlSr) AR |6

transiti embodigicontht3dstérs ntawebatuedi tniapplytatfestd apid deaihegdsmetian saturgted Zhe

o pr ovi BTG B Era R gt R A sr el RS PREC o7
t he Subshrsﬁhﬁte]i%]@@hexﬂ'hey mmemmuwomdatio&&hemcsthes a distinct portion to
apply cleaning chemstry 1 and a distinct portion to apply cleaning

chem stry 2. The cleaning chemstries 1 and 2 are liquid cleaning

chem str ii@ss} hat a@]@aﬂs@p@mem di@intheahERBRT ikinlscbdnd sstuppdd g chemistig to the
substrate as lIiquid nenisci, The cleanin

chem stry 1.is li.ed to a
portion & atcﬁéfg‘ﬁls\“basé‘étedfsot“ﬁ’é( @&B%??*Eﬁe’aqud’é‘r‘?ﬁaf’iﬂéés gthfrf%’g{éﬁté%‘t sub-regi on
132, 189S @ndnhiSthikdudiBNeSEUS 14MbQNE b Pordel drSitoré BbBtatb3dpandoR) teearhner
chenmstry 2 is applied to another distinct portion of the surface of the

subst r at eleanigg el Peedstods perfearefeard thuyps e@lmﬁs fogeged ga the sprfeqs of e erals
through ‘?S(ﬁ l%rﬁ:he‘( Qerﬁxtoiél-?llzcxt cén@ro@ﬂleefloh%frlﬁ‘é ﬁqﬁ@@@%lﬁﬂ{emlétﬂtﬁ @ﬁtﬂth@fnof’zl&' ngl e

proximty a pluralrty of proximty heads 130-A be used to
apply t heorﬁtOé,ahntwgntuﬂeﬁIEﬂOM @fghqsaan@geg g&scmﬂ@*@ubf@tth%feblp@ Cﬁﬁv@&dt hr ough

t he trea %}Q}te&- ég%tt%p [ dt@égé V%W(gon ol ﬁgchﬁﬁﬁﬁ qfhe td@ll efr§f E re@‘ﬂ\gcl‘?‘ﬁfsﬂpd

inlets ( CORt he app Pcation of the I quid nmeniscit of the
cl eanbng nraheblmcsmmuesathve&nd)nacctﬁl @aascoch)etw Stomputipphystat)onmiing 2 oefbeass that

sat ur at ed as chem i nt usi.ng c [ one
nozzl e 1@@ E;E:hﬁ Cf)ﬁté %t]ew 1nle ucpg& la ancg1 !éhec 022”9”:%1 rol %(2 Qagu{g\gt%gé%ﬂfgtcﬁlén%gtg}ﬁ% ai ned
W t hi n aatid ;Basithiaasd gae@nannstﬂysﬁaapﬁe hmaexeﬁ tedt mli‘i%tccméglecmbstr'ﬁk‘fel ﬁpplthccat i on of

the satuyated t the t t trol| ed
Lnat e Pt TSRO LRG & LtTst e’ ReicRBE B oR (ot FRBIER3e’f 20,

in directdngn} itexXpasachitiveeosadowidab et c@aa?e@hemmchhmsm Rdtht:r tha abdsign
region 134. The nozzle 135 includes a nozzle: Cﬁ’ﬁﬁr‘ﬁ oio Con%n t hedf | ow of
the &t uFhanher §O% TeiMmprIey PIOYIdSS £ RantFR) GeSiRRfoE BHne Gggnistry an
2008/ 1433&9@@@5@@&%&%9@& 18 cleaning chemistries and saturated gas chemistry are applied
appropriately to surface of the substrate to obtain optimal cleaning result. The control recipe
includes various parameters associated with the liquid cleaning chemistry and the saturated gas
chemistry. Some of the parameters that may be considered in providing the control recipe
25 include type of liquid cleaning chemistry or saturated gas chemistry to be used, flow rate,

concentration of the chemistry, temperature of the chemistry and time of exposure.

[0036] Figure 3 iflustrates a variation of the system illustrated in Figure 2. The system in
Figure 3 employs a plurality of dual proximity heads. The dual proximity heads are positioned
30 on either side of the treatment region within the housing chamber 100 and are configured to
apply a plurality of cleaning chemistries to the top and bottom surfaces of the substrate 150
when the substrate is in the appropriate treatment sub-regions (132, 136). A plurality of inlets

135 in the housing chamber 100 allow the saturated gas chemistry to be applied and



100341 The system can be enpl oyed to apply a variation of chem stries and
saturated gas chem stry to the substrate 150. In one enbodi nent, the system
may be used to apply a liquid cleaning chem stry, a saturated gas chem stry
and a fabrjcation chemstry. In another enbodinment, th t N be used
to apply aVPiP®t'*¥?ui d cl eaning chenistry, a saturategcgéiwé%%gﬁgstry and
a second liquid cleaning chem stry. Thgasystem can al so be engaged in
applying a saturated gas chem stry in between two fabrication chem stries.
100351 Th l.icatjon . of .liquj. | [ C ] .S G ted
gas chenf@?%@gw $wk“%ﬂ99gfégg?g?ﬁgﬁgﬁg§?T5?%“%§8ﬁﬁg§FE§§§%ﬁ??§P?§§ Sgsed
on an analoyighplant with thabsusogtdhembdrQOhgmtis sidesas tusedistrate $5Waresxpaséd tobehi nd
by one or, nore fabrication. operations, .th ent of cleaning that .needs to
be per f oFIfeAMEAIE §35 éﬁ‘fr’i}‘ﬁtéy B‘ftgF g@’égt“éo“frsgl%Eyg)rﬁ“’?chsémﬁf?(?%%SeChS?j%t“Hea“%’d%st rate
150. The rdtith@p 10Rbik@kSon thbalrfae bf the kulishetefpkonniig thbeurficy fiioth plemaniag
chem stries, and the nozzle-control, that controls the fl ow of the
saturat e chenistry into the anbient controlled chanber, together
constitute a delivery control mechanism The delivery control nechani sm
15may be conmunicatively connected to a _conputer (conputing syst.e runni ng
a sof t val®@37hit ansljerrascripdiragi of Brednisptiohiluptrted Idomirs 4fs? Bivah face
nozzl e- copdils 384 mbi@ld $MEpr6LigAD! HagH GRRM t]c%ta?hl‘?ﬂiq@mjciéalﬁﬂlg&ﬁtaﬁ[%@@t?ﬁas

y p

chem stry may be applied to the'surface o é substrate 150 in the housing
chamber $@ick nf the subptal ISBd Imisrrarboditrat, dehpiliseate prppoBaesisyice L dhdsposed wher e
so | opg A . : . \ | uery )
voon s abbih RIS AR Bhtnsctnst o el et sarkpleue
control s@sirpe if the tichienchi giod vihaatie hgusigeehagbey | (rrddsoteigriag adsigs along

chem stry so that .the ¢l i n henl st e i stry are
ool ed I prspl i So fafBRA SNEMSICTpaM, FEHAREER dasnaiian Bt rY

cl eani ngapgidldiring the clzamihg procesc iThe biwsk Hedessys@ni iocisdgsar tangt thatss associ at ed
with the liqguid cleaning,chemstry and, the saturate as. chenkstry. me of
the par sretEef x o % SPRDRa iR Cieb i SR RES BuBe Rl B B il

25i ngk udesd.yReirafiglidaadinglcBanisttg, GBRmuSIA,Ys @entiRidundtachbdgasi iofoaht Stusly t o
be used, flow rate, concentration of tp% chem t_rﬁ?/, ter_TB{arat uredé)f t he
cheni st r {ranah anjiplst-eamtral frs e inlebepse! F giaPEOR hy Jrpf B GemBty 4 1989 on of
the syst gipphikd ksthé 848K ARedeh@ A 520n TR SXSE&Md dhdRlgHY ehehnietphay thea

plurality of dual proximty heads. The dual proximty heads, are positioned
300n ei t%é’ﬁb 85 sl Wienrpquited dg prAvidedr d§F BHAREIEH %SQCF?éeqyl%ﬁ}éfhl’?aquﬁ!é}W@P’gloo and

are conf iguried 1.0 . aRREY @bl 4Ppddpriale Aouhl SARERGHSIERiSkEdu8sd bahd hasH @p and
bott om sur algtgys o] éjt he gutbst%t éJnlSO V\%jen the su stréte ius in tlhe

appr 8fr i affective clermene! Gaburfasgiobs spasyate 1596 The hrysh devirs Bpteatandiiet s 135 in
the housing, 6hamRekitoRy Ak kA hAguRAIHHIRLEH: §aR0eRETHRVE YeldtR e ReRMBRAIhed and

so that the different portions of the surface of the substrate are substantially exposed to the

liquid cleaning chemistry during a cleaning operation.

25  [0038] The brush in the brush device system is also configured to introduce a second liquid
cleaning chemistry, chemistry B, to further clean the surface of the substrate 150. The second
liquid cleaning chemistry, chemistry B, is identified and introduced into the brush using an
intet-control 425. A second reservoir 420 is configured to receive and supply chemistry B to
the brush as and when required. The inlet-control 425 is configured to control the amount of

30 liquid ¢leaning chemistry, chemistry A or chemistry B, introduced into the brush and to switch
from one liquid cleaning chemistry to another as and when required. For example, chemustry A
is supplied to the brush for a set period of time. After the set period of time expires, the iniet-

control 423 switches off the supply of chemistry A to the brush and switches on the supply of



WO 2008/ 143798PCT/ US2008/ 005950 10 substantially contained in the
transition region 134. As the surface of the substrate 150 noves along a
pl ane within the housing chanber 100, both sides of the substrate 150 are

exposed t owhhgospal-vg ated gas chem stry in the transitiggﬂbgﬂhggﬁ% 4. The
saturated gas chem stry aids in retaining the noisture on the surface of

the substrate preventing the surface frgm premature 5drying. 00371 In an
al ternate enbodi nent of the invention illustrated in Figure 4A, a brush

devi ce SYBRIRIRLY B, 4588 dhBSLsEIB RintAREQXHE hybl&RICENYSLENBLOmaRRpMickisgui d
cl eaning chemstry to the surface of the substrate 150.” In thi s ‘enbodi nent,

t he subsfrethe seinspof of Wgedevi ce 101 di sposed 10in a treatnment region within
t he housi ng chanber 100 is configured to receive and support the substrate
in the treatnent region wthin the housing chanber 100 and rotate the
subst r at ¢0039b Myriag thexvdtcbing fignaeicahemstty asnaother fibe arbstrgo ekpwnd togfmtiiére

subst kat ¢; ]St i.e A ] t he. cl eanj,ng process.
The b?us “?ﬁ@??égﬁﬁigghﬁfigﬁUﬁgggﬁéléﬁgﬁgﬁﬁgfgﬁg%kaﬂﬁfg%?g%a?% ?%ceive and
appl y onercoraturofeying, desurigeeaiieln sibstrags 1 300s trhged tordf aoeated gishehesidnsgt r at e
15150. A.first . l.iqu d cleanjng c 1,Str chem.stry A is.identifjed and
intr oducén&[lofilﬁ(ieg “’Etﬁgh eghroﬁjglﬁg t h?'g?féﬁsgﬂurf’}ﬁy%f %gcg‘]fr}go(faéﬂ‘@?' %’Pe apilfals g-h(‘f ont r ol
425 cont idodudtive ofifeuaturaadd ghehisistry, the haushg chupidriled iddudehendbsusbe A

chem stry A to the brush as

reservoir 415 nfiqured to receiyve and suppl :

nd whennplii F St Hogde Pkl Conaiin P ARURG e IGSET ot BRSNS qui ¢
cl eamd ngclednesthsibtoythahusa dbainer 90 sLfidthaARPENRblealols amiinty Qhughamsi ry A
is introduced to the brush for 20effective cleaning of the surface of the

subst r at 8°M8ed irRdransifjem reging 198 of Jheiterimantiragre-. s seiiaee ! SippbITA Y devi ce
are conf kguiafchityQexpbdeah ihe@a@m%a@%ﬁerﬁiamgrswiﬁﬁing%n&eo 1h RRe bhESHime@ t hat

the different portions of the surtface of the substrafe are substantially
exposed PoOhE HYCRiup asctheBFTGUuehesHiSeEop. e, RO 8 Wgeaspsd antb en.

25100381, :TheobhatbRirch wifiGicBhHSEy d5i ﬁ)%ziab!ﬁrse?tma%:c?‘l egr%hh §196n9i9t§; ngghggma

i ntroduce a second liquid cleaning chémstry, stry urther clean

t he $rf agedered ite theUivgsipgachant®o 1 00rheougb@gwdzle 135 using a nozzle-control. In

another embodiment, the saturated gas chemistry is received into the reservoir and introduced
into the housing chamber 100. The nozzle-contro! and inlet-control 425 together constitute a
control delivery mechanism. The control delivery mechanism is communicatively connected to
a cornputing system (computer) that provides a control recipe for the application of the liquid
20 cleaming chemistry and saturated gas chemistry. The control recipe includes a plurality of
parameters associated with the liquid cleaning chemistry and saturated gas chemistry that are
used when applying the liquid cleaning chemistry and saturated gas chemistry to the surface of

the substrate 150,

25 6040} The gas or gases defining a gas portion of the saturated gas chemistry can be either
inert, e.g., nitrogen (N3), argon (Ar), neon (Ne), etc., or reactive, e.g., oxygen (Q3), etc. In one
embodiment, the gas portion includes only a single type of gas, for example, nitrogen (N3). In
another embodiment, the gas portion is a gas mixture that includes mixtures of various types of
gases, such as: nitrogen (N2}, and argon (Ar); argon (Ar), oxygen {O;) and nitrogen (N3);

30 oxygen (O3z) and argon (Ar). It should be appreciated that the gas portion can include
essentially any combination of gas types as long as the resulting gas mixture can be combined
with a liquid portion and applied to the surface of the substrate to prevent premature drying.

The liquid component of the saturated gas chemistry, being a continuous medium, is one of de-



l'iquid cleaning chem stry, chemstry B, is identified and introduced into
the brush using an inlet-control 425. A second reservoir 420 is configured
to receive and supply chem stry B to the brush as and when required. The

i nl et-cont {@ka3:74s configured to control the amount g ke, cl eani ng
chem stry, chemstry A or chem stry 13, introduced int o&{fﬁ%oh%sﬁoand to

switch fromone |Iiquid cleaning chem stiny to another as and when required.
For exanple, chemstry Ais supplied to the brush for a set period of tine.

After thepssed (DAL 9baseitRi, 8X R8s of DEwh} Sid GORIdaR! The araMiddclaes of ]
the supply of chemstry Ato the brush and switches on the supply of WD

2008/ 143 PoBpsirTand dernisy/ DTS aFeitiostn spcipthas e siuatedpapranistingisi s

|t 1 0duoGeballi! BntiElh eI ALHerlstRe o appl i ed for another set

period of tine. During the swtching fromone chem stry to anot her,

the substrate exposed to anbient 5air in the housing chanber 100 may

experken 100 - : i e I ryi t he
curtate o4t SR Mt dhighm bl ST o WO IR S s
i nt r oduc &kt bnsb ta meothmashengsth Arodn st ddurshng inttedusvdheoistm . opehiat i on. To

facilita e introduction of .the saturated s, chem st he housi ng
chanber - 1000 et OB BPeRre eI Pots 5 S ERGHTRL B0 e R o
confi gur éth toghe Hirst bakh artes dendrdoidlectorarol a8 5-Brengalk theal @do e mldg e fostd vy
into the_housing ch er. 100 such that t sat ur at ed chem stry i

subst ant F&PYT reé%ﬁ?‘é?g@@ thﬁseﬁo?$gﬁ§h'?ﬂﬁﬁuhfg§q %tﬁhel%“ St&tgﬁ%‘sg’l’gé’feﬁ@at‘” 1‘i’egi on.
The sorf aeeniaty Alier Sprostimrtied osusebFhafipbBl dheniRes adis khuiiareatisad-ed gas
chem stry during switching tine. In one enbodi nent of the invention, a gas
chemi str §<=%q§éﬁ tige %ﬁﬁ?@ﬁ%g{ chepisiy B Rdbimed po Seypgehicy mesgduriodal iRto a

reser voi puahghditbeWden sdfchiRRBRCHARISY A © dHeRlithyd IR WrALesk Has
chem stry which is then 15introduced intdo the housing chanber 100 through a

nozzl e 13Hsidlf figreatedovith selweypd gasi chemisty so thé thesntiendi subgtrpge saCUr at ed gas

chemi st ryydoSed B GRIbIRHait %thgh&%é&f;}f&h{im%%gﬁ roduced into the housing
chanber 100. The nozzle-control and i nlet-control 425 together constitute a

cont H)! delivery mechanism The control delivery mechanismis .
control - OAYE R aRNeE bade e B BRI, Y P R SRTBULEC Lo Ml B “and”
sat ur at edesgalsdohéatied Wi refehacecritigwt S5t ehieprethatbagilesvith pheivia iatsybsodate
Chem ot 1y Repear g Salt e b ot TR b T, MaP RS ana™™
sat ur at egtcgasi @hienisbing chonlidne 08 bif Aeedoindelpns uldsist ahefabbéktion operation
20 and the surface of the substrate 150 may have residues (including polymer residues and

fabrication chemical residues) left behind by the fabrication operation. A first liquid cleaning

chemistry is identified and applied to the surface of the substrate 150 when the substrate is in a

first treatment sub-region 132 so as to substantially clean the surface of the substrate, as shown

in operation 510. The liquid cleaning chemistry may be applied to the surface of the substrate

25 150 using one of a proximity head system or a brush device system that was described earlier.

{0043] In operation 515, a saturated gas chemistry to be applied in a transition region of the
housing chamber 100, is identified. The saturated gas chemistry may be an inert gas, such as
nitrogen, argon, ncon, or a reactive gas, such as oxygen, saturated with de-ionized water. The
30 identified saturated gas chemistry is applied in the transition region 134 of the housing chamber
100 where the substrate may be exposed to the ambient air within the housing chamber 100, as

shown in operation 520. The treatment of saturated gas chemistry in the transition region



25100401 The gas or gases defining a gas portion of the saturated gas
chenistry can be either inert, e.g., nitrogen (N2), argon (Ar), neon (Ne),
etc. reactive, e.g., oxygen (02), etc. In one enbodiment, the gas

port| on '2@'03@&%?1497@&3/ a single type of gas, for exanpl ECP@E}GB@Q}S%(NZ) In
a

anot her e ment, the gas portion is a gas mxture t i'nc €S m xtures
of various types of gases, such as: nitprogen (N2), and argon (Ar); argon
(Ar), oxygen (02) and nitrogen (N2); 30oxygen (02) and argon (Ar). It

shoul d beRpRL BLisaimd 6ffft%tsubétﬁm9?® @&ﬁgétﬂﬂg E%séd%%'th@%nﬁ%ﬁt%”ﬁthéjew any

conbi nation of gas types as long as the resulting gas m xture can

conbi ned PifiveHing dr¢raaibig downgi on and applied to the surface of the substrate
to prevent premature drying. The liquid conponent of the saturated gas
chem stry, being a continuous nmedium is one of de- WD

2008/ 143 19BPCTheBS2008N0056Gteiras odnzietdy (sDbljoweaittera seaoxbiewa cldaning opamtion

m xt Ug €S W?l rel%l Vé@énd’hcgn cle%m%&%lmslst -I;?ﬁp 169% %t ed 23%¢ %E:ahéllﬁ »{/ en

cl eani ng c ems ries he 'sa urate as
subst ant tl&lshiystiatenk scthbk&ohd trediment mam:gtgp J::}ﬁe a3 gfomwinds op&b@@ﬂﬂqs IThe amathod

Iternate enbo trate F the brush d t
et udes T8 PR IR S45 Rer e ERETET e R HOCRCBRHNGE TeR, 1o

i nt r oducedditieni st:xmngeopem.ohtu s ;ﬁrﬂwmemmm afer tdchSleahite@be@0H, 18l sudBbe oF
controls the flow of che Afroma first reservoir 415 to the first

brush anflesURWREHHrEPHFLIE éfr‘ft“ia&ﬂd 249 ENBIHBHIN T 19 P01 PHRSYE CE REfrdRseyrfB

froma seeauskuhRISIeOInbidddirl A1hbe:tS BReRboRMUSR. of TREInSeHtfoA @8scPlbe t e
substrate 150 is first treated with 10chem stry A for a pre-set period of

tinme. TharRigppnelspuepicsdgas chgmigry %etgfﬁmt“@rctedaﬁtg@mtaﬁenﬁ@ﬂé teaspinge pf B8 of
time and;RuRRnmAf bCkemusd foYaph 'samta%dtgﬂ AnisQy tBNMREcrRE& SGLanptr | 0d Of

time. During the'tine betvveen SV\AtChI ng fromchemstry Ato chemstry B,
the surf apssaton anfen sutvsterfabrécatign ppesaticacsueh adetdhang chervigalgag-hamiestipstislyngs o

that the sugf tﬁ&egqa&' b %SiiigllﬁséEcr ate is not exposed to anbient air which m ght

cause prgmatur 0042) A method for preventing premature drying
of al%surface of substrate 150 will now be described in detail with

ref erenceygy) ThoWiGard g e FRLN A REIIAS nHrbRisTHBG B HPpRv SRS Ll fure

drying include inert gas such as argon, neon, nitrogen or reactive gas such as oxygen saturated
with de-ionized water. The flow-rate of the saturated gas chemistry that has shown promising
results is between about 30 standard liters per minute (slm) to about 200 sim. Other parameters
20 of the saturated gas chemistry may include temperature, concentration, exposure time, etc. The
temperature of the saturated gas chemistry ranges between about 10°C to about 80°C.
Concentration of saturated gas chemistry that has shown promising results in preventing
premature drying 1s between about 50% to about 100% of saturated gas chemistry vs. DIW,
with a mid range between about 70% to about 100% parts of saturated gas chemistry vs. DIW,
25 Exposure time that has shown promising results in preventing premature drying is between

about 0.5 second to about 10 seconds with a mid-range of about 1 second to about 5 seconds.

{0046} The method continues with operation 530, wherein additional layers and features may

be formed on the surface of the substrate to define an integrated circutt chip (1C chip). Some of
30 the additional layers that may be formed include barrier layer, copper film deposit layer to

define the metallization interconnects and low-k dielectric film layer, etc. The process may

repeat tili FC chips are formed on the substrate or some level ot fabrication is reached.



150 for cleaning, in a housing chanber 100, as shown in operation 505. The
substrate 150 received at the housing chanber 100 has al ready undergone at

| east one fabrication operation 20and the surface of the substrate 150 may
have resi di ng pol ymer residues and fabricat

resi dues) e??&%qﬁ%%d by the fabrication operation. k?ﬂg%ﬂ d&%g cl eani ng
chem stry is identified and applied to jghe surface of the substrate 150
when the substrate is in a first treatnment sub-region 132 so as to

subst ant ijgd47y Aqgh@ﬁ‘éh thBemBsifRES o@fhetuli\%nﬁé’rpﬁve @E@'ﬂ de@@ib%ﬂ%‘@ﬂg'ar&alq{éﬂ@t Ion
510. The liquid cleaning chem stry lied to the surface of the

subst r at &cpFes0d hli Hep PGFféC%fff the wb@txatﬁi Qq/uwmn%y% %mﬁéw tapasrof sebstialgi ce
system t RgldingaR vAE SRy eafl Jer, Q2 d gas
chenistry t6 bevapgﬁpbpggﬁ anfkgﬁgP%&oﬁﬁggé 8%8@%%&#%9%253?ﬁgmgﬁ&#gﬂﬁfloo

i s i dent itlfei sabistra®h el hs apwreapedttigas mohwed withy thaoubimegahamberl00gake smuch as

ni trogen uch S turated with
e- i oni 7R saEls AfRErely Byl CRGh B ss 1 o BB OR IR ShNE ", |
t he transi theomstniegipphedlB4ingfthd dleanhaysoeegs. charrber 100 where t he subst rate
may be exposed to the anbient air wthin the housing chanber 100, as shown
in operation 520. The treatnent of saturated gas chem stry in the

transiti ¢e048kQiltbpughp: ROER/FIB 7OBIPCTAUBZ0d8YcOdEDBEG 1B dpméfermtspasheofsur face

of the s ron1 ttin ed . to the a I thereb
or cvent  HgBr EnEPOR AT e S S elalfe R Sl oRbat A€
chemi@tr prak:ﬁceﬂ@him\&ﬂ sbgpe&afﬂ%pp&dﬁéb!aﬁhsﬁ%cﬁgiu@ﬁﬁﬁé presenbemBsdiingnta agecond

l'iquid clean i Str lied.to t urface of the s bst ate 150
when 1 hotCOROPRAFET P Thinrid o8 BosutrseBn e BtiPag vt 4 5 gt Bifin i n
operatio aet&ﬂsﬁglvmrmtmmwy nfodiTted el giniht Redpdans eg@Rde e bl @k eFtn &
treatnent, or the process may be repeated with additional cleaning
operatloﬁ@"“ﬁt is noted here that after each cl eaning operation, the
surface of the substrate is treated with saturated gas chem stry in order
to avoi d exposure of the surface of 10the substrate to the anbient air.
Al t hough, the enbodi nents of the invention describe application of

sat utat ed gas chem stry between two cl eani ng operations, the teachings of
t he



invention may be extended to apply saturated gas chem stry treatnent

bet ween a cl eani ng operation and an ensui ng fabrication operation such as
etching, chenical nechanical polishing, photolithography, deposition, etc.
15 [0045] The saturated gas chemi stry tlfat has shown prom sing results in
preventing premature drying include inert gas such as argon, neon, nitrogen
or reactive gas such as oxygen saturaCikdmsi t h de-ionized water. The
flowrate of the saturated gas chem stry that has shown prom sing results
is between about 30 standard liters per minute (slrn) to about 200 sl m

Ot her paraneters R0efpirhies satpreanedg gasnahebrgingbf ARrhAChIa B MR LAt LE,
concent ation, xlposure t%ge etc. The tenperature of the saturated gas
cheni st'f# }ifur“éiﬂﬁé?ge BEOEEH tRtONREOGESS, d%%ﬂpfl%@ @Bﬁ@@ﬁ!ﬂg ation of saturated

gas chemstry thaﬂt&@@éa@@gﬁﬁﬁf‘gﬁggé‘ﬁw%dg%wfﬁ P{eﬂ} é{} pre ture

drying is between about 5 try vs.
DW with a m d raag@ecm:mapxamun cﬂgﬂdsecbmb)loutnblﬁﬁ%oﬁaﬁﬁé‘d SIﬁalﬁlﬁirUﬂﬁt@@
gas ch sure time that has shown prom sing results in
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i nter cgme@hg aﬁnﬂ)tio@w,- &k @leas thid Gardsitidn le@d@rto 1B %rf&@%f@ﬁ@%ﬁﬁ&a@%cﬁ abgat
till 1C chips are forned on the substrate or sone | evel bricatron 1s

r eacheéte Slm@czoﬁsvhfmwmw/ tho5e80ated gaeoamnmt hodigh trthsition region

enmbodi f scrib sin rrier to receive
and hoﬁﬁ%]ﬁé&sﬁ? ggég}éﬁ H‘% h%ﬁggg’\sf?trleg E% PLETR n%h?s?“&%’icf’ g?ghe Pibgate fiome s
of subptenaitere hioyid bgtveemitsefabbiyaths dlﬁ:%iionl;.n one enbodi nent, a spin

applicator is used to receive and hold the substrate. The spi n applicator
is nmounted within the housi ng chanber 100. The spin 5applicator is

configured 50 r otk gAY fAhrB%rting PrdiathR EIREST ALILEL SFL s R LoNS of

t he substrate
between fabrication operations in a fabrication process as recited in claim 1, wherein the

substrate supporting device is a carrier device that moves the substrate along a plane.

3. The apparatus for preventing premature drying of a surface of a substrate
between fabrication operations in a fabrication process as recited in claim 1, wherein the
substrate supporting device includes motors to rotate the substrate along an axis of rotation
relative to the gas chemistry applicator such that the surface of the substrate is substantially

exposed to the saturated gas chemistry contained within the transition region.

4, The apparatus for preventing premature drying of a surface of a substrate
between fabrication operations in a fabrication process as recited in claim 1, wherein the gas
chemistry applicator includes a nozzle to introduce the gas chemistry to the surface of the
substrate, the nozzle having a nozzle-control to control the flow of the saturated gas chemistry

into the ambient controlled chamber.

5. The apparatus for preventing premature drying of a surface of a substrate

between fabrication operations in a fabrication process as recited in claim 4, further including a



to chem stries applied during the cleaning process. [0048] Although the
foregoing i nvention has been described in sone detail for purposes of
clarity of understanding, it will be apparent that certain changes and
modi fi cati ons can be 10practiced withid6the scope of the appended cl ai ns.
Accordingly, the present enbodinents are to be considered as illustrative
and notpimrehtyrdqurd)x,ieﬂ,itya‘rwda thieposed enthiothei asnbriatt cootrbied ¢hmintted t¢ appiha details

iven h nodified within the scope. and, equi val ents of the
gppendé)g“rél ity Qfg%fic@t%&ﬁﬁ%&% frifis duning fh#ﬂ%ﬂﬂ%ﬁﬁ%@%@gsxﬁm PHPEREMN A
prenat weinddydiRgt &nt@diSterdoans! Ak rRwssiat b%ﬂ%%‘f‘@@&waﬁ@ﬁ bﬁéﬁfsﬁ“fbsq'pﬁ{eat I ons

in a fabrication process, the apparatus conprising: a substrate supporting
devi ce stdageeufdhs subshrdtes (th;s@wtratcd] gastisstistot pplizd detween two subsequantgabrication
chem strg i | i cat or di sposed in an anbient controlled chanber, the gas
chenmi st gﬁ i cator confi gured to receive and apply a saturat ed gas

chem stry to the surface of the substrate, the applied saturated gas

chem stry substantially contained in a transition region wherein the
surface of thhe substapaptysfoBRisyEEnE PeBabrediving of 4 surfage ofaishbsirate

cont t kbR ARG on bBSARR GALAALR) Fheseal LaLeR GRS, NEMSL PN RGPS

t he fabrlc |on operati ons provi i SOt roprc exposu

transi Tpr(!)dilmlit@gnewldisposteﬁewﬂﬁﬁ ﬂaacaenménttdwtrsuézsstﬂamt&r%e prd:iitytheed Bavihgce of
t he substrate exposed to the saturated gas chem stry in the transition
r egi on disEngl REstesdo AP aplaraity phiab §G%ff°é’6éleﬁﬁ5ff1ﬁ%dl§m%&hffé@‘ﬁicﬁﬂéwmrﬁﬁgn% he

surface,0 %astcﬂgm?sﬂgsa%)f)ﬁ%;ﬁoi ﬁ%]rﬁé@% (rgi?stl%tgé/ Pﬁ“@@ O’E’Pﬁ?’e ?'&ﬁéﬁ% t'hg he

operation ratus P ng
surfac eatm‘atcal sasiohemety ibeppleerbebatm teat subsaqupﬂrfabncmmnl dpeeatioabthe ptdxemity

proces recited in claiml, wherejin t substr porting device Is a
carrief ot ‘5‘ %?C‘HB%@SE%O@{%&%%%O rF@“ﬁ%S&ﬁ%Chem*Sth to ghe sypface of

appar agﬁéssugggatgr eventing premature drying of a surface of a substrate

7. The apparatus for preventing premature drying of a surface of a substrate
between fabrication operations in a fabrication process as recited in claim 1, wherein the
fabrication operation is a wet cleaning operation and the fabrication chemistry is a liquid

cleaning chemistry.

8. An apparatus for preventing premature drying of a surface of a substrate between
fabrication operations in a fabrication process as recited in claim 7, wherein the fabrication
operations include any one of an etching operation, a repair operation or an additional wet
cleaning operation using any one of a fabrication chemistry or another liquid cleaning

chemistry.

9. An apparatus for preventing premature drying of a surface of a substrate between
fabrication operations in a fabrication process as recited in claim 6, wherein the saturated gas
chemistry 1s chosen such that the saturated gas chemistry is substantially immiscible with other

fabrication chemistries used,

10. A system for preventing premature drying of a surface of a substrate between

fabrication operations in a fabrication process, comprising:



bet ween fabrication operations in a fabrication process as recited in claim
1, wherein the substrate supporting device includes notors to rotate the
substrate along an axis of rotation relative to the gas chem stry
applicator such that the surface of thel’substrate is substantially exposed
to the saturated gas chem stry contained within the transition region.

4. The appar at us § subsprteweppartigg deenaturcecide wid gupgforiahs wnbsaime: imfanambient

substrat e bet wee bri.cation operations.in a fabrjcation process as

oot ted i n clograad S e NGk eRaRr el caap e b0 e NG dag s abe ! o
to introducebheatdafngRYRARIdNM th PothlRans Wilsae R Mbnd ALaSNBEItaidh with® pezzl e
havi ng a nozzl e-control to control the flow of the saturated gas chem stry
into the antArerientcontrolded endisanber . 5. The apparatus for preventing
premature drying of a surface of a substrate between fabrication operations
in a fabrication ppacessy head gsictredisposed vathin the dmbieteonirndédichangbea, thd 6

plurality of proximity heads disposed within the anbjent control]ed chanber
Do appl v a G a0 b beaev am e ey o tin Ceprisa b Bdiciie RETR o aser By
operati ons, HAgs Ne@tbabhly A8 IENLRA Madld g\ HenfQR} MhBcil GO hekuiie
flow of the plurality of "fabrication chenmi stries to the surface of the
substrate, tdféhsatharateeddgasppoding surface o phe praxiveityeend, suob thadtbe digeiat
fabrication er at i,ons. . .6, The aratus.for preventi emat ur e
drying of a S BRoy wpisei i bl RRgRoPs KFiafs Bl SRR bR RS o
fabrication fiRGaRS faFichesh bestatichs¢had m 1, further including a proximty
head di sposed within the anbient controlled chanber, the proximty head

havi ng di stinct poreasbase nerzmip the ampiont evntrajlcdchamber todnirednceesniussied es
during the fabrjcati L ops, i e i nt ted
FE L e L R e

chem stry i segipphiieeée Detswedee e suldsagleskpdsab té sabicanaiopRcRthao s, surface
proxi mty head having distinct controls to control the flow of the

saturated g thhibeatiepxpesedie thaseiueed grs elranistm it thatignsition regionretaifgthe
appar at us f%0@&1@’8}?%6@9&%@%9'ét?os‘iir]%gébé}igv tin %ﬁ%ﬁrf’a%@ oPbhPsuBURAE FRNE

,
bet ween fabrication operations In a cati Focess as reci teg In claim
1, wherein themitabe diyatg, on operation is a wet cleaning operation and the

fabrication chem stry is a liquid cleanin hem.stry. 8. :
apparat us f ofe pPEde iR BRERErFe AP ARtton (ae aweldee siurated fgs Chepistry

bet ween, f,apL %&g&hﬁ&&g@@g%gﬂgeri n a fabrication process as recited in claim
7, wherein the fabrication operations include any one of an etching

operation, a repair operation or an additional wet cleaning operation using
any one of fabrjcation chem stry ,or .another,liquid cl.eani.n hem stry.

o an appar e 1B WEETLTRSTG: b SHErSiR Goc 51 G PRFA A S AT RBTS AT ubst ; at o
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6, wherein the saturated gas chem stry is chosen such that the saturated

gas chélmi sbsiyateso gebssubstantially maimidis @ilisjued oleating chemisfraprdndgus ower the

chem stri.es d. 10. A systemfor preventing premature drying of a
surfacéug?ceaoﬁﬁ%@fbrsgfﬁg' bet ween fabrication operations in a fabrication
process, conpri sing:

12. The system of claim 11, wherein the inlet-control and nozzle-control are
communicatively connected to a computing system, the computing system providing the control
recipe that controls the flow of the liquid cleaning chemistries and the saturated gas chemistry

into the ambient controlled chamber.

13. A system for preventing premature drying of a surface of a substrate between
fabrication operations in a fabrication process, comprising;
a substrate supporting device to receive and support the substrate in an ambient

controlled chamber, the substrate supporting device configured to receive and move the



17 a substrate supporting device to receive and support the substrate
in an anbient controlled chanber, the substrate supporting device
configured to receive and nove the substrate along a plane and to rotate
the substrate along an axis of rotation®ithin the anbient controlled
chanber; a proximty head system di sposed within the anbient

control | ed cluastirde alonge Paodnd to yotaeate sylstramm dlang mgaxas pl unaldant yitloih the

proxi mty heads, the urality of proximty heads used to apply one or nore
liquid clearf™ é‘&tﬁé’mrgb?‘;w&ci bet ween the surface of the substrate and

an opposi ng surf aceugh deVige Bfs@th Aish¥sda8thin SMCAMbRAL cdh@ 11kl M Eh&G! SRS
chem stry nenisci substantially renmove residues and chem cals | eft behi nd
from ot her fdguiiccusteorinelyemnagta ngh cepdigured to reegive aakapphine linoidaieaning t he

anbi ent contrql | L0t a saturat.ed.gas _chemstr t he
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wher e the sunbaseialy ehevsiiesidued shd chetXQOSRE BebirR b @YthaifibriGtieh that the
surface of the substrate exposed to the saturated gas chemistry in the
transiti on raP§THR"H:Ei ns the noisture on the surface of the substrate
preventing the surface of the substrate from premature drying, t he
nozzl e i ncl udi ng @ leveoneanazaletin dhe grvbienheangtioliet ehdmbsw tofntrdikics asatneatatl gas

claim 10, wiheh sholREpHE R AR IS, F AT copaibite PR i

i nl et - cont r @kgibR i Metanilierthonirbied efanitRe whiftlthe sEifeRNiMEe ahRFhE!S bgfost® the
surface of the substrate so as to substantially maintain a |iquid cleaning

cheni stry méppEeiat aifeiich pat dhg fuatise of thersubsfiaie exnpsed to the saturated gabhe syst em
of claim 11, i i.ak et - t - I,
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provi di ng t peeveanhg die suefacpef thbatbaend frompremetutd dwigf, the |iquid cl eani ng
chem stries and the saturated gas chemistry into the anbient controlled

chanber . IherénSYSHGAS BEIUBESY ABEANBoMF@ 1B ESEo1dhy FIBE Afihdsattthieace
of a substrate between fabrication operations in a fabrication process,

conpri si ng: gas chemigtry ifde thegrabienipiesirol lpd chpavhes and the wibstrste saprpriupgorice t he
substrate i i -CO [, .t u rate ort.i ng .devi ce
cont i gur ed £adeREREONIS e oAHBNER o plolF SRR AL SpT URARL AR

rotate the sabshraha sablofgt die suxfase of the @hlsdtiabdis Whibdtintiallyexpodidasihe
control |l ed chanber; a_brush device system di sposed wthin the anbi ent

control | ed EHHFAR gasiohempiiiysHich dhat aroisiye ainthp surfess tighasuhsirats is sulrstagtinBy t o
receive a”dréﬁ’iﬂwﬁaﬂﬁéﬂwﬁ%ﬁk 'e{g&ioq]gem stry to the surface of the
t hat e

substrate, suc I quidcleaning chem stry substantially renoves
resi dues and chemcals left behind fromother fabrication operations; and

at | east one . nozzle in th nbi ent controlledq ch er tQo introduce_a

Saturated gi& chdeSYEM QIRENELA eERD aﬂgsbfeﬁwp@g%a%uﬁ%ﬁﬁamqeg«%ﬁmt

cont ai i L0t : it 4 r-@eH j Nt i : : anber
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controlled by an inlet-control.

15. The system of claim 14, wherein the inlet-control and nozzle-control are
communicatively connected to a computing system, the computing system providing the control
recipe that controls the flow of the liquid cleaning chemistries and the saturated gas chemistry

into the ambient controlled chamber.

16. The system of claim 14, wherein the inlet of the brush is further configured to

receive and apply a second liquid cleaning chemistry to the surface of the substrate and wherein



to anbient air, such that the surface of the substrate exposed to the
saturated gas chemistry in the transition region retains the noisture on
the surface of the substrate preventing the surface of the substrate from
premat ure dryi ng, wherein the noz?l e includes a nozzle-control to
control the flow of the saturated gas chem stry into the anbient controlled
chanberthamdettdvstroliissonfigercd tppanttdl e Gew iof éreasedonidhibquiid ubdantewihemigysireimar e

configured,t ve.t substrate, and the brush | at,ive to each other such
Chat | CHeTEhPorl B R BBt PhEoBRny  siiaErnd Fydbieloln FERHE Cat ur at ed
gas chem stry such that noisture on the surface of the substrate is

subst anti al Il)a/YL retai ned during the cleani ng operations. 14. The
system of cllai m 18be systerepiclaine lbrihgicinled brysls deivice syséam figrtires coinpeisimgfa r st

U7 i d . . Y | et Liaui d cl . herd st
el EL G, ERETLSL Y et R KRB it LA SRR D TR
cl ai m b4 therdubsteata tirbegh akaiond auity ldvirangserord rdecanitiod| th@ k& oae MiRéatol vel y

connected_to a conputing. system the conputing system providing the control
reci pe CPREEUES MR sYIE! thellaw ghthsrseeend Hawdclsaring shemistah siphdhat tgg sepgadt he
sat ur atgd; ] i . ' : 16. The
systemlﬁglc a%a%%vﬁétrl%l%&t e F%ﬁg mf[f' e 1?%1§E9|1 g%ﬂ?%@ro%grnfi gured to
recei vdatanmtiapppgragosecond |iquid cl eaning chemistry to the surface of the
substrate and wherein 19 the inlet-control is configured to control the
flow of the second liquid cleaning chem stry and to switch fromthe first

l'i quid cl eanigng cheqd:; rbRy [STe[ET! | ]

17. The system of gﬁ?ﬁ%ﬁ&mﬁlﬁgﬁe@ﬁ&?ﬁgﬂ%Pﬁ}sﬂﬁggfe:%/?%?dg%g% gﬁ?%tﬁ;rt% %cetyeen
conpr i $intgation eperadorsrinsiabuetionprewss, sompoieinge and apply a second |iquid
cl eani ng chem str% ta the Ssgrftafe Pf t he substrate through a second inl et
havi ng a second TR PR 8t PBI2C tNEQBYSNd i nl et-control confi gured to
control the flowmffolhmgsaaantin babdcalaendiord BlhS biluraBHCS hbddatie
second liquid chem stry substantially renoves residuées and chem cals left
behi nd f r omcbemistrigsdp thecnriagn obpersubstents 18. A nethod for
preventing prenat . i unface of a substrate between.fabricafion
operations in a flg‘%}r}ifg‘ggiaggtuggrt%(g%%s{he%]ég r'ios%pﬁf grtégéﬁ"\%?cﬁgo f\gﬁ%ﬂ%%tﬁt %“‘# or
cl eani ng; peplydignthe ddentifled sathidtod ©fs cfhaabﬂisjtl?a\'hia(lt’ar@ﬁﬁfn%jgi@ﬂ,sth@Si ng a
plurality of fabrication chemstries to the surface of the substrate;

i denti fyi ng"ansHeR FeiQHdgsdEnaresior yhees hpshsfagepiithe sehsirbiede exposeh o

substrate; 4ffient air, the application of the identified saturated gas chemistry such that the

surface of the substrate when exposed to the saturated gas chemistry in the transition
region retains the moisture on the surface of the substrate preventing the surface of the
substrate from premature drying, the saturated gas chemistry applied between two

subsequent fabrication operations.

19, The method for preventing premature drying of a surface of a substrate between
fabrication operations in a fabrication process of claim 18, wherein the saturated gas chemistry

is a tri-state compound,

20. The method for preventing premature drying of a surface of a substrate between
fabrication operations in a fabrication process of claim 18, wherein the fabrication operations
include a wet-cleaning operation using a liquid cleaning chemistry such that the liquid cleaning
chemistry substantially removes residues and chemicals left behind from other fabrication

operations.



applying the identified saturated gas chem stry in a transition region, the
transition region defined as a region where the surface of the substrate is
exposed to anbient air, the application of the identified saturated gas
chem stry such that the surface of the substrate when exposed to the
saturated gas chenmistry in the transitjon region retains the noisture on
the surface of the substrate preventing the surface of the substrate from
premature drying, the saturated gas chem stry applied between two
subsequent fabrication operations. 19. The method for preventing
premature dpyi ngTet @chbd fREGr&fending YRshEate deghiean,f abrieald ongnefat i ons
in a fabrication process of claim 18, wherein thé saturated gas chemstry

i s a t PRvwgeatfercehppgperations in a fabpgationheropess ed dtldior 2(hrelvaeini thy fgrantonr e

dryi ng Qi U . bstrate between fabrication operations in
b cabraloB aRiGaly B RbER Rl B bl AP REh BhagossBefler ude
a wet - tiheidnileginperaiisey) adiing operhiiciudnglagadniingy ehemsal rot rBph op&ation he
liquid cleaning chem stry substantially renoves residues and chem cals |eft
behi ndU§E8 AT SRHSICRMEHM: cat i on operations. 20 21. The nethod for
preventing premature drying of a surface of a substrate between fabrication
operations in a fabrication process of claim 20, wherein the fabrication
operati ons a#dit Tbaahtthod rfot ydeveatiypnecrnatunodeyiof « weturfabeafi ngubpekat i on

usi ng second |iquid cleaning ghem.stry, etching operation using an
etchin et&“ﬁ‘é‘hfsg’fwg%‘r OHBEBE%“F “bgé‘“ﬁ)é'tc%‘ﬁl Uy of Ci"é‘ﬁa]i whE diersplurated gas 2.
The metiodsd-ols M OHE M idBGomL &IREMF Sufih- YU 0H i@dé‘i’({nfi?éaevvﬁ%r, & &#%%t'@%?

bet ween fabrication operations in a fabrication process o clai 1

wher ei ntded veddrur ate dorghisagdreticspfy i s any one of de-ionized water vapor,

Nitrogen in de-ionized water, inert gas in de-ionized water or any
conbi nati on t hereof



