AN APPARATUS, A SYSTEM AND A METHOD OF PREVENTI NG PREMATURE DRYI NG By

I nventors Seokm n Yun and Mark W1 coxson FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates generally to sem conductor substrate processing,
and nmore particularly, to an inproved technique for preventing prenature
drying of the sem conductor substrate between wet chemical treatnments '
during fabrication operations. 10DESCRI PTI ON OF THE RELATED ART [0002] -
Produci ng a substantially defect-free sem conduct or substrate is an ongoing
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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 cleéming
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.

[0003] 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 spbtting.- 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.



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. WD 2008/ 143798PCT/ US2008/ 005950 2 [ 00041 In view of the
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apparatus includes a substrate supporting device to receive and support the substrate and a gas

chemistry applicator configured to receive and apply a saturated gas chemistry to the surface of
15  the substrate. The applied saturated gas chemistry is substantially contained in a transition

region wherein the surface of the substrate is exposed to ambient air. The application of the

saturated gas chemistry provides an isotropic exposure of the saturated gas chemistry in the

transition region so that the surface of the substrate exposed to the saturated gas chemistry

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

20  from premature drying.

[0007] 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 chemistry to a transition region in the chamber. The surface of the



surface of a substrate between fabrication operations is disclosed. The
systemincludes a substrate supporting device to receive and support the
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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 1A is a simplified schematic diagram of an ambient controlled chamber in which

a substrate is received and cleaned.



20 [0009] O her aspects and advantages of the invention will becone nore
apparent fromthe followi ng detail ed description, taken in conjunction with
t he acconpanying draw ngs, illustrating by way of exanple the present
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saturated gas chemistry to the substrate, in one embodiment of the invention.

10  [0016] Figure 4A is an alternate embodiment iltustrated 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 DESCRIPTION

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 detai! in order not to unnecessarily obscure the present invention.

25
[0020] With the current trend of packing more and more features 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 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 attract 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



saturated gas chem stry, in one enbodi nent of the invention. DETAILED
DESCRI PTI ON 20[ 0019] Several enbodinents for effectively preventing
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substrate in a _controlled
semiconductor products, €.g., microchips.

10
[0022] Figure 1A is a simplified cross-section view of a system with an ambient controlled
chamber 100, such as an advanced mechanical clean (AMC) chamber, in which a substrate is
received and cleaned, in one embodiment of the invention. The ambient controlied chamber
100, also called a housing chamber, is a chamber in which a plurality of fabrication operations

15 is performed on a substrate in a controlled 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-A1, 130-A2,
130-B1, and 130-B2, to apply one or more liquid 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 contained in part by surface tension of the
liquid chemistry between the opposing surface of a proximity head 130 and a surface of the

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



5 manner in a transition region exposed to anbient air so that the surface
of the substrate exposed to the saturated gas chem stry in the transition
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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 is 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.

[0027] By controlling the delivery and removal of the chemistry to the meniscus, the meniscus

can be controlled and moved over the surface of the substrate 150. In some embodiments, the



5 [00251 For nore information on the formation of a neniscus and the
application to the surface of a substrate 150, reference may be nade to:
(1) U S Patent No. 6,616,772, issued on Septenber 9, 2003 and entitled
"METHODS FOR WAFER PROXI M TY CLEANI NG AND DRYI NG, "; (2) U.S. Patent
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" MENI SCUS | PA VAPCR, DRYI NG MANI FOLD, (3) ent No.
6, 988, 327, issued on January 24, 2005 and entitled "METHODS AND SYSTEMS FOR
PROCESSI NG A SUBSTRATE USI NG A DYNAM C LI QUID MENI SCUS, " (4) U.S. Patent
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can be apftleadbject applidatiors that are not horizontal (e.g.,

[0030] Referring to Figure 1A, a substrate supporting device, to receive the substrate 150 at the
20  entry port and to transport the substrate 150 along a plane and to deliver the substrate 150 at the
exit port 100-B, is provided. The substrate supporting device may be a carrier 101 having an
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 chemuistries

applied.

[6031] 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-region 132 to treatment sub-region 136.



Svertical substrates or substrates that are held at an angle). [0028] For
additional information with respect to the proximty head, reference can be
made to an exenplary proximty head, as described in the U S. Patent No.
6,616, 772, issued on Septenber 9, 2003 and entitled "METHODS FOR WAFER

PROKI M TY GlEAMNGAND DRYI NG * 10 This U.S. Patent Ap%ﬁ%%,%wggw chis
0O Lam e

assigned t search Corporation, the assignee of the su
application. [0029] For additional inforgration about the proximty vapor
cl ean and dry system reference can be made to an exenpl ary systen1

descri bed Bﬁ]tl?:g\uxjej 18 il FRE8R thd\Rirfabe §58e mnatb §§G‘ﬁ1da ®dhsitdn 02
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substrat e suppor ev ce, to recelve the substrate 1 entry
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subst rat 50 at .t rt 0- i ro porting
dovi ¢ g T Bhad o thé Rk of B sl B gl M BT A Top b
subst r at ehal®BondEhed ddpuriitss ad Oduid evipmeates a}ﬂeﬂuswuﬁduexribiewsmmrmggl on and

I ncl udes ns/rollers.(not shown). to receive t he substrate 100
al ong a pﬁe‘h??éu%mgabﬁ‘ﬁ? oﬂef?nﬁﬂﬁ'/%‘zdttﬂéhes%’flylﬁg ea@ﬂr %tsﬂ'éc “ne. The carrier

101 may al so be configured to rotate 25 the substrate 150 along an axis of

rotation while being transported through the h?u5|n chanmber 100 so that
t he surf 83YsFigyre 2dlindmaicsraysen i eneupiqdiment of { Bendvherrin peatygtedoys

chem gf r i &3 cRIRbiPR inkQR3dd mmntsm%ﬁtrégw wﬁma%atn%lt%e&l gnpiyral ity of

treat ment” sub-regions 132, 136 where one_30 or nore |jiquid cleaning

cheni st r yerzhodingnb|as gy sbstrate) LIS HEnsPeEed Iibe reatmerigegine Beartce obthet he
subst r at &,WsHaR01 5 &FH«.{e@lté e a?rfb:é?ﬁ fo' Eﬁaﬂﬁﬂ&?reé@s 18k is dededeith ﬁégatﬁgated

130-B2, and a transition region ere t trate I's expose
ambi ent  agag chemibtey. bdhe gystmn@btdps eldamblgm copiseitadwhamberd 0 ayjihanpregmitydiead

treatment 13%'{9 p{o%gfe%ﬂe J);‘tere Mf&&g%{,&g‘l %%ﬁf@&%@& Pc?'{hg Q224 of the substrate

15 150. The proximity head 130 includes a distinct portion o apply cleaning chemistry 1 and a
distinct 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 liquid menisci of the cleahing chemistries 1 and 2. A gas chemistry
applicator introduces 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 transition region 134 is controlied so that the surface of the substrate 100 is isotropically

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

the housing chamber 100.



8 [0032] Figure 1B illustrates the surface of the substrate 150 in a
transition region 134. As the substrate is transported from one treat nent
sub-region (132) to the next (136) within the anbient controll ed chanber
100, the surface of the substrate, exposed to the anbient air in the

transition_reaqi 4, experiences premature drying. T drying
wgﬁgészﬂa_[ég Béyﬁéﬁ)ﬂﬂoﬁs‘sﬁ

results in 5to formrandomy on the surface of the substrate. As
mentioned earlier, these spots 152 can bave condensed inpurities as |iquid
evapor at es and causes undesirable results during subsequent fabrication

oper ati Oggosﬁg%h% 83(5&&? cmeén'lﬁﬂr%rhg (}I’ spsly 'égfﬁriﬁﬂﬂ oFchéthibtéleBnd $20R@3) ofs gure 2
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anbi ent  @inbodiment) el systamirhdydre used)tooapplyBxifiistliquid aleeningwhemistie a sanmiedieas gas
chem stry, The system.ipcl udes an anbi. | ed i

ot oxi 31 ¢ Phereitay 5458 fesond e Rafite BIEERL TiRbhameptaky BELRegckR BhbINE, |
to the syrh@eRedfasicheniSup i bedkeenlthbIabrichtien gemistrie y head 130 i ncl udes a

distinct portion to apply cleaning chem stry 1 and a distinct portion to
apply cleaning chem stry 2. The cleaning chemstries 1 and 2 are |liquid

cl eani ng (HETI R apfifcatiBRbf I{ufd El8ARAY Giknisthomeniset aad sabirated gab chemitiyed theo ¢ he
substrate as |41 quid nmenisci. The cl eaning (ghem’ stai)y. 1.5 ég{i)l l.ed to a
portion shriatreofshe Jubsteaten}Shmey WPH?‘E‘?"SF. i Fabgisaf e ?ﬁgﬂ?. sub-r egi on
132, 135 kiRt uE%ﬁf‘i‘eEﬁlU& 1R HEMAA b ohé bStholeThifticafigBopiations) thd easritog
chem’stry I's appli h

ed to another distinct portion of fhe urf@tﬁg q% t he
subst r at ejeanthgrihat hpesd taibe perframed and tgiynecfilaygrsigpned.an the F‘f%ﬁ? gt RE AL
t hr ough egond,i.nl P HeGiqB iR themishids £ad tBf nexzRi ngl e
proxi mt Sﬁ‘eggeaml%{lﬂggg?llggﬁgatgb%?g&%fﬁheal S, 13(_)-2,% 1?8-_38 may be [lljsgd to
appl y t heontrelathatgpnobisictiow efthe samentel gas cherpisty inie theambient fIioded hr ough
the treatpgent region. An.inlef;. 00 b ShtraNdechesiond
inl et (fgg?’{’i"s‘?‘ge@?)rn‘i"ﬁ'%ft‘étgﬁ‘éfe{lﬁ‘ge}p%%%i‘?lgﬁaetcﬁ%ﬁﬁgf ¢ did b d meni sci of the
cl eanisng Hdlewe cimrinescativeindomhecd gas compuesicomputing systamd Funniier o fivar that
saturated gas chem siry. .into the housi 1 ; gRgtieONe
nozzl e 13@?“53’ °f%’é‘f’{st(ﬁéhes‘ @tt}?%'ﬁré’ %ngstﬂgﬁ‘g%%r E/r o?%%%&é{’glﬁﬁug% (I;Hﬁ cont ai ned
within a gndamsdahirged peghemisk3mafbetdpplitd wahammface effhesubstrhle 1aPp theat i on of

the saturated gas chem str int(J;etran' Lon | itofef Y Whelelsgd so
that 't he Kunrecerger THb i spebPletRants®] Ini A hepilone B8 WREEST TP
in di rectpRg)s ©16ROEMENIALITEIS coictled tethe gakvery emtsd mechanisphwithindhshausiog
region 134. The nozzle 135 incluydes a nozzle-contr.ol. .t . | ow of
e o urabealog. dhe RpBRYE: MRVHES RESIBNGFIG ot fpave phafRe sty tnd
2008/ 14375%&%& g&%ﬂ&%@? 29 &t the 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 illustrates 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



[ 0034] The system can be enployed 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 fabrication chem stry. In another enbodi nent, the system nmay be used
to apply a first |liquid cleaning chem stry, a saturate istry and
a second IWW"&B’EV’é’gni ng chenistry. The system can al S%ngﬁze(ﬁgaggﬂg‘ in
applying a saturated gas chemstry in bgfween two fabrication chem stries.

[ 00351 The application of liquid cleaning chem stry nmenisci and saturated
gas chemstry to the surface of.t [ a QriIBYortee SBEO4EHoRased
on an anaﬂ"gt’/sé'? la&’c‘f'ﬁ%n‘fdgﬁﬁ%a |s'(§lr?nﬁ%§%+ﬁ§n4f s%&glﬂ%gg USed, residues left behind
by one oralggraepliriwitiimthie ougipgcieben 00, bt siles efithe sibstrrisdidl Aty expetedieeds to

be perforped and,the type of |ayers forne N~ h f : : strate
150" The taiastaice g r Lty Ra e Ton MaE Fronns robledlas ot it e
cheni st r i;gginif e hdBnRO 87 liR-sufide ofithe substtate praventing thichmrfatoftoro fprantature
saturated gas chemistry into the anbient controlled chanber, together
const i%t utdEYiB&del i very control nechanism The delivery control mechanism 15
may be conmmuni catively connected to a conputer (conmputing system running a
software that adjusts the controls of the inl et-con%rols a%{l&f.
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pl ural it Yo ehldita!hdB:0. M txe6RA$S cifiputidab raeiveiamt syppheddmisineA pogit i oned
30 on either side of the treatnment region within the housin c.Iaathg.r 100
and are cunsh z5ane avhep regyiseds inpTgridpd, %gg,pa('jﬁlm%tﬁégﬁﬁ(’ﬁﬁ e@h‘%‘ﬁ* %‘F%lq'é‘s 96" Re top

and bot t Ol A6 51jNted RanSUBSlopAAtE akbOntWTRRerhisty i Sitfaalueed 18 therbroshefor
appropriate tréatnent sub-regions

. : (132, 136) A\; lural.ity of inlets 135 in
the h¥usieffectiveetprningefohesurtsge ohibe sustintglal Jhe @ﬁ%ﬁ?‘gﬁ e %‘B Bl i ed and
VO 2008/ 14349RE QBPH%%QQ%QQaﬁ%QQnﬁ@m to allow the substrate to move relative to the brush

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 cleaning 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, chemistry A
is supplied to the brush for a set period of time. After the set period of time expires, the inlet-

control 425 switches off the supply of chemistry A to the brush and switches on the supply of



substantially contained in the transition region 134. As the surface of the
substrate 150 noves along a plane within the housing chanber 100, both
sides of the substrate 150 are exposed to the saturated gas chem stry in
the transition region 134. The saturated gas chem stry aids in retaining

t he noi stu surface of the substrate preventin e from
pr emat ur e g‘g’r@%ﬁg%ioosn In an alternate enbodi nent O%ctrﬁ%z@ﬁ@isﬁﬁ on
illustrated in Figure 4A, a brush deviceg systemis used instead of a
proximty head systemto apply liquid cleaning chem stry to the surface of
t he subst | hiFsdlc r t e 101
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wi thin the housing chanber 100 and rotate the substrate along an axis of
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suppl v crrenfies Sop P, e 6l Tl Al e ST oif GbGRES,
i s confi dutoehk hausimgrhirobertife. ThenedzlestonB0l dndgoletcalted AL hipgethendombtityte a
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one |+ quicameRasFrseg i Th% SR Stk te oMt S B A BB e 8T
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set period of tinme expires, the inlet-control 425 switches off the supply
of ol Sleaping chibisi ind ireislges BrerirBe i ceRET IRy (rogpes plurdiof

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  [0040] 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 {O;), etc. In one
embodiment, the gas portion includes only a single type of gas, for example, nitrogen (Ny). 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 (O2) and nitrogen (N2);

30  oxygen (O2) 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-



WO 2008/ 143798PCT/ US2008/ 005950 11 chem stry B, so that chemstry Bis

I ntroduced into the brush. Chem stry Bis then applied for another set
period of time. 10039] During the switching fromone chem stry to another,
the substrate exposed to anbient 5 air in the housing chanber 100 rmay
experi encewry RiBiefs drying. In order to avoid the premgihissosooshdd. the
surface of the substrate 150 is treated to a saturated gas chem stry

i ntroduced into the housing chanber 1001zluri ng the sw tching operation. To
facilitate the introduction of the saturated gas chem stry, the housing

chanber %084 ®1aasr, aBeseqluidr tnikR7S 0 DI Waker Whd Ehemifide ZTiRr ARIRtEDas
configured to control the introduction of the saturated gas 10 chem stry

i nt o t he chemisitygnd plasrieg chepustaercare chogen such thal thesahugaied gas CREBIBITEIT y | s

subst ant isﬁbééﬁtﬁgﬂiﬂhﬁeﬂléiﬂt&élé&ﬁ%béhkﬂiktﬁé%gi on 134 of the treatnent region.
0

The surface e substrate 1s substantially exposed tO the saturated gas
chem stry during switching tine. In one enbodi nent of the invention, a gas

chem gt ry[o@ﬁg*in%ﬁ agéélgtgg&godiﬂ{egﬂﬂus i In ¥ X85 brush & 'evsggtamaau@es a
reservol r- an m xe W e-10nl ze wat er oyled a Ssaturate gas
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constitute a _contro eliver chanism e ntrol delive nmechanismi s
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cont 1@l  reBemiRy f0for b Pre-Ppiricucdtitanie. Ofhelshiply bfittiethisty & liLant 6fF afibiahs prersgt and
saturated gas chem siry. The contraol recipe includes a plurality of

par anet erP§iadaliime erdsuRply ot Chemisiy B i rueraskan Rpanotha Pt peifd of 4 at ed gas
cheni st ryhdigihefiBe HSfde\NERhiHYHoth CRerhibRy Wi tdehémBire 8NN GuERRBr g Y and

saturated gas chem stry to the surface of the substrate 150. 25[0040] The

gas or gdaulstrattes fregtewish gaiurasgienp sheraistry srethatdheisuitace obds seltedt iSt can be
ei ther inghlsed Q’nbierﬂ'aﬁrrv%g?pmg%}%ka%sgb%ﬁnﬁéﬁ}ﬁnﬁeon (Ne), etc., or

reactive, e.g., oxygen ( one enbodinent, the gas portion
includes only a single type of gas, for exanple, nitrogen (N2). In another

‘enbodi ne ] ] ' e of
vari ous It'ly?)%zi r]%fngg%g g('sslfptrésﬁg ﬁhégl%n%?“tﬁ? g%é-f#ﬂ (1%23 ;ln%ae ndgg gﬂr)gﬁgﬁsl g‘r ?1 lﬁggajg n (Ar),
oxygen ( G2jcrided imdetailogignrefed@ce to Figure 5. The method begins with receiving a substrate

150 for cleaning, in a housing chamber 100, as shown in operation 505. The substrate 150
received at the housing chamber 100 has already undergone at least one fabrication 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, neon, 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



30 oxygen (02) and argon (Ar). It should be appreciated that the gas
portion can include essentially any conbi nation of gas types as |long as the
resulting gas m xture can be conbined with a liquid portion and applied to
the surface of the substrate to prevent premature drying. The liquid

conponent @fq Joia3AkUr at ed gas chemistry, being a contippyRidSeoiBeibi¢m s one
of de- WD 2008/ 143798PCT/ US2008/ 005950 12 ionized (D) water, a base

fluid, or mxtures of DI water and chenjxals. The saturated gas chem stry
and cl eaning chem stries are chosen such that the saturated gas chem stry

| S subst gﬁweﬁ!s'tye duPRIESEH the Gubsttart 150 £bRAGRIAY e&HRBA & the @mbicht APthbleblyn an
alternate enbodinent illustrated in Figure 4B, the brush device system

i ncl udes paeventing prematre dryingnt r oduce chemistry A and a second brush to

i ntroduce chemstry B. In this enbodinent, a first inlet-control 425-A
controls the flow of chem stry Afroma first reservoir 415 to the first
brush and0044] thenctaimentof ssbmatedgasshsmitry dhiotlowved bha s¢copdywgt cledndtg epcrajion

froma second reseryoir. . . .
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ti me. Thahssubptrate Bfin dieesat@idntyeattndns subluepionflB6,a6 skown incoperatios 625.p€hd method
time and suppl f chemstry B.is turned on for another pre-set .period of
i o, - Dur TRtk B Thsseand e iRt RSP R A e ger ey BF SRR RER ) g
the surf a@gitiehalich@nmpbpéraidm. ISis hotedhed thit khersathicledring gasatinnetie strface 96
that the surface of the substrate is_not eﬁ)o?ed to ﬁtnbi ent gﬁ{é V\/n'éch I ght
cause pr dhasubsigatgjsyreatsd with 525'9"’42‘![3% chEmISTY 1 Brderf o AYRIGSFROUET ¥R SHFECUPYi ng
of a jgur iRCQILAkatS AL hdbRntd) A¥idughane babstmerts bEfe invefiRéhddsciibd h
reference to Figure 5. The nethod begins with receivin substrate 150 for

cl eani ng,apphication afsstusated BegRbemistyPetvieen S Gis2niRe BRRERLL Gﬁe Esgshingypf the
substr at qnﬁgoﬁ RE b¥ Eftefied 10 Eppty bthnafbd A ist%ﬂ@eaﬂﬁ&lt%l:ﬁ%%ﬂ)ﬁ cleagiag gone at

| east one rication operation 20 and the surface of the substrate 150 may
have resiaparation amtdn eiisving frbripation aperatign suchAs gtchingy shemicab meehanigat pplishing,

resi d”esiphlo{%f'iihggﬁ‘?ilf,fbgg%itw(}?e&-abri cation operation. Afirst liquid cleaning

chem stry Ts 1 and applied to the surface of the substrate 150
when She substrate is in a first treatnent sub-region 132 so as to

substanti WhpEdndkiRe rA81S RPNV ehfin@PRABIION
510. The @%%l’@eg ea%t\%lﬁ%gg?\%@nﬁ?%t%}?hﬁe gppl ile r,tott hcemesburfggc)gﬁof t he

subst r at elrgi6g BEludsinggt gaasudfasarganoReam RYroEeEY rededive BRsoTCh ahPXMERD salRied
systemt hgﬁh H@‘i%nﬂgé %flepeflheeﬁ‘ﬁ\l/-irﬁé 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 is 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 circuit chip (IC chip). Some of
30  the additional Iayers 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 till [C chips are formed on the substrate or some level of fabrication is reached.



[0043] In operation 515, a saturated gas chem stry to be applied in a
transition region of the housing chanber 100, is identified. The saturated
gas chem stry nay be an inert gas, such as nitrogen, argon, neon, or a
reactive gas, such as oxygen, saturated with de-ionized water. The 30

i denti fi edygpobds gas chem stry is applied in the tp gion 134
of the housing c éﬁg 100 where the substrate nay be g?ggggggpg&%h
anbient air within the housi ng chanber 1490, as shown in operation 520. The
treatnment of saturated gas chemistry in the transition region WO

2008/ 14319655 A IHR40R Bl @RpI8heh dTMHRYiaWntioh ReveBeeh a6Rrindd g Sebaémat e 150

fron1gett|ng exposed to the anbient air thereby preventing prenature

dryi ng. [rwwlanqnheldtth%atrﬁﬁ%?f B subntrated08 ysipa ping/rliers ofgr Hoes of BHRAF by a
second Weojdth NRtd. Oy Jdfinéht; it if usdaaa Rt GRERbIAL I Y
IS appquﬁ t&ft e su face of e su strate ggqﬁﬁen ﬁhg substrafe Is in the
second t rtemsubstrate.sTihe apggapphcmﬁts mounted ovithin the bpesing ¢hambsp 0. Tihe spdt hod may
concl yde

¢ epoated PIArASFRERAM o ol WEALAT B (R AR LLiril BUARESOr R YRy
each cl eamnhngmstpesqiphechdumdghsuleﬁmugpmbesshe substrate is treated with
saturated gas chemstry in order to avoid exposure of the surface of 10 the
substrate to the ambient air. Although, the enbodi nments of the invention
descri be [6§48]i Altitouginthefforsgaing atveutiqnms bh@ndmribpdliuesqmdﬁtaimr olmastsiog

t.th
<t ur at ed Wi OERRERBREY Bl b fproRiF il Ahalabadis T80 ERAMAIG AT |

ensuilng fpaduoticehiitoin tepeopd ofithe sppehdeasclﬁmsh Amgqrdmgb'm@lresaﬂcﬂnmldmdnts are

pol i shi ng, ., phot 0] i thogr aphy, positi.on 00451 T{g) ted gas

Phen ot 10 bRATHsEaan ShRTHs AnS bl 60 fhe JaD B R ag! s ifdd i, Png

i ncl ude ideeilt gies hérdahb@d s gahedi laDwithinithd Rgpdard equBakhis\e tigadpseiiied as

oxygen saturated with de-ionized water. The flowrate of the saturated gas
i

chem stry¥'&a%&t has shown promising results is between about 30 standard
liters per mnute (slm to about 200 sIm O her paraneters

15



20 of the saturated gas chem stry may include tenperature, concentration,
exposure tine, etc. The tenperature of the saturated gas chem stry ranges
bet ween about 10C to about 80C. Concentration of saturated gas chem stry
that has shown promi sing results in preventing premature drying i s between
about 50%to about 100% of saturated gabk’ chem stry vs. DOW with a nid
range between about 70%to about 100% parts of saturated gas chem stry vs.
DIW 25 Exposure tinme that has shown Gaimssi ng results in preventing
premature drying is between about 0.5 second to about 10 seconds with a

m d-range of about 1 second to about 5 seconds. [0046] The nmet hod conti nues
Wi th operatipn 53@a a\p'g@zraaisrfoﬁﬁfébéﬂtmgqireﬂnau@é Sryaipof £airfice 5 FRIbINAL WiHiBch ON
the surface of the substrate to define an integrated cjircuit chip (IC

chi p) . febrieation opgratioas e fabrisalion pregesssthe apparglly coBPFisiNged i ncl ude barri er
| ayer, copper fil - : |.ne: ' | L. rconnects
and | owk di el ect%ﬁct%%gren%uf) (?/l)élr ,éJg?igé?ﬁ.ﬁ%@g&%@%%@@%ﬂhﬁ%ﬂgg{é%i'}f-@ | C chi ps
are forned on thea $ubshémisayappicdtor ispededoh dnadinbient camrolied rohambesd the Y43
2008/ 143798PCT/ US2008/ 005950 14 10047] Al t hough t he enbodi nents of the

i nvent i GETAsPRanlicatos eapligused tq reraiye and apply & safusated gas chemisiy ko the supface of
surfac i | Qi . e
ol g Geupie bR il oBd LBl Bubtiial] ARaihoits PenSHEFHERE |
r ecei vewlerdinh thedsurfcesob gher attstrafthes spposedtpl ambientr airsinnthentmblient tcbntrolldue
‘housi ng chanber 100,. The spin 5 appljcatoy is canfigured rotate al gng an
axi s oGhaTOey s cBlicalian BF i SBRLRE CRemRY JHINF, bl DTG Speragn:
applie [ Bk ; hRuUQh: r | '
hvent (o it GG RpAP S tansifd Hibioft) IR HHEB1 IRISEBAKN uch, that
under stthegiirfgee iof thé isttbdtratea pyrosedito tthesatueatedigas chemigby iantdhe ntwatisitionateigooms
can be 10.practiced wthin the s e of the appended clains.  Accordingly,
Che or GBI Bf it o Mt iage BEORGHB b BrrYBRSRE 16 BreBid B g RibH e Hoh
restri %&mgmr@a@iﬁggemeg@ﬂfeif@mdaﬁoﬁ@ efafiohe limted to the details given
herein,” but may be nodified within the scope and equi val ents of the
appended cl ains. 15 :

2. 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 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



15 d ains 1. An apparatus for preventing premature drying of a
surface of a substrate between fabrication operations in a fabrication
process, the apparatus conprising: a substrate supporting device to receive
and support the substrate; and a gas chem stry applicator

di sposed in an anbient controlled chanmbr, the gas chenistry applicator
configured to receive and apply a saturated gas chem stry to the surface of
t he sulfiufafityeof proginiipphdads dispbsedatiettn ghesambieni amtplisd bbimbdritalapplycont ai ned.
in a transition region wherein {he sgrf ce of the substl{ate is gigoaased to
anbi entpluiatity of hdcaiop cOpMIStEe Fusingdae @on ORHRLSH e dEP Y BHO A e
sat ur ated. q ] i i s adid W' an
a0t ol B B L e e o e et
such t hatfathef thashbatmta) the datursicd gis ehamistrp applied betwhen vea subaegungfabrication
chem stry in the transition region retains the noisture on the surface of

t he subfPEFaloBSHreventing the surface of the substrate from prenature drying
bet ween the fabrication operations. 2. The apparatus- for preventing
premature drying of a surface of a substrate between fabrication operations
in a fabricab.i on Prozmssatasforgeéveating premaginndryingiof asirfacael substratgt e

supporting device is a carrier vi ce that noves.the. t.rat e al .a

pl ane. between agl.'lcaﬂ%‘ Oé’ﬁb@rf’af 2 ?%Pcﬁ?%%ﬁ?ffsr?gas_ ?%{engt}ﬁr%ié? rly@%hfgh% I%g'gdslﬂgf‘ ace
of a Sgﬁéiihﬁbﬁhéﬁtd{‘@éﬁe& RREICHE heBiAP esmEdIRAThimber, Heprosmhitypheddrooigs as
recited in cllaim1, wherein the substrate supporting device includes notors
to rot aligtinchpoions ta 2npdy alpbrglitrefdxbricagpn chemistring dusingthe, fabrigatioqeongsafions,

chem st applicator such t . [

cubst artPt 891 S ApCa R Blral R A6 o Bl OO Ry bénd such that e
transi tdaQate@ ghOehemistry is applied betwapnawasubsefoent Fatiricativh ogermtions ther rogimyityng
of a surface of a substrate between fabrication operations in a fabrication
pr oces shead hpwiapdissinrheantrglsiocontiakibeflow afthg agtugargg:ﬁggst GhemUstEy todhe ghrface of

i ncl ud o l{}ﬁ;%{ele to introduce the gas chem stry to the surface of the
substrate, e nozzle having a nozzle-control to control the flow of the
saturated gas chem stry into the anbient controlled chanber. 5. The

apparatus for preventin remat ure .drying of sur f.ace_of subsirate
between fabr{-cati H’F ﬁr}@? ¥ gﬁé’r‘?vﬁm&% é’iﬁ“?a{ﬁ‘iei‘%wnﬁrogééggg‘é%&rae%%?% ®in claim
4, Tur thedabHeitdA dperatfons 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 is 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:



plurality of proximty heads disposed wthin the anbient controlled chanber
to apply a plurality of fabrication chemstries during the fabrication
operations, the proximty heads having distinct controls to control the
flow of the plurality of fabrication chem stries to the surface of the
substrate, the saturated gas chem stry prl i ed between two subsequent
fabrication operations. 6. The apparatus for preventing premature
drying of a surfacaibsfrate sapfimtingtievibetoweerive ahd sepporiche sphatratd wrag ambient
fabrication process as recited in claiml, further.including. a_ prLoxii
nead di spos b Ie FHAPHIET ol SUI-SEHPPOT e eXifs (BRPEER O [EirR AR SRRl
having di stiNliRObiohg Bl #ARb Yoritethsdsiiale Abnd MK O rOMtiGN@IThialthi CS
during the fabricatio perations, the gas chem stry applicator integrated
into a distiamtbieaontrolled chapiterpr oxi mity head such that the saturated gas

chem stry is applied between two subsequent fabrication operations, the
proximty head haypragirditg heatsyseandispbsed tvithin thermhbichiecontrolied tharhker, the

saturated gas chemstry to the, surface, of .the.sybstrate. . . The

Apparat us. | GROPMEDUNE RSIBTHAIE LR 6T BOKMEY PriRe isplupaliprapany

bet ween fabrlk:%@# LR 18B55R1dr"LE nidte @iﬁﬁ_ﬂmé&ﬁﬁ SHEenHE©F RRRiseEbsReeH B suffagd ai m
e tabrica

1, whereint n operation is a wet cleaning operation and the
fabri cati on afhherbtstrytei mdanlapposidg shfaoei afghe prowisity head, such thagthe Ajquid

apparatus for, preventi.n remat ure, dr.ying of a suyrf f tr '
bet ween fabrqlwl?%?e#‘%%&% Bivst ?W‘?St&nglébf %Eé‘t‘ﬁ‘“*&ﬁs‘ﬁ?%??“@?s‘"*%%‘%‘?%az%gf‘é’&ﬁfnn claim
7, wherein the, a0 isR3idafiBn 9pShAbALARG I NCl ude any one of an etching

operation, a repalr operation or an additional wet cleanjng operation using

any one of a fabr atdasstone obzsie it thy apbieni contaellad chambee fBHPAYCCChEAatedy

9. An apparatus,for preventi [ enat ur I rhaGe.: trate
bet ween fabrgaéépFIBWug'pﬁ’reaﬁ?hﬁ‘l d% s%@epﬁ%% g‘%‘%éli%giafpi& Sggtg@eggﬁglélg?tuggﬁﬁﬁﬁcl ai m
6, wherein tRgicaalkuraiRtugfse 6h@wisabstiatd & exposedrtoaunthiertt hat suchehatzthe safaed

gas chem stry~is substantially imm scible wth, other fabrication

cheni stries afgbesubstrate expoged ta the satarsfedcgas shemishy| IR dhofrasiftan reewpyriaipsdhe o
surface of a substr L I i i I Waly
process, con’BP‘SE']r%8%&1@]%%@%&&585?&%@% g%g'esu g’%tsﬁﬁgddéervt?ggﬁ%gﬂaﬁ%%@ve and
support thed@ﬁbﬁhrratl@ihg; an anbi ent controlled chanber, the substrate

ev

supporting ice configured to receive an ve, the.substrate al gng.

pl ane and t othedtogele I’ME‘?@HW%IPé’OQFBHS Cé’ﬁgﬁﬁ%w P%@gts?%lﬁﬁ%\ﬁ?g?ﬁ eﬁﬂ@y
anbi ent. rakl l};@&fpﬁr' ber. @ Proximty head system di sposed within
t he anﬂpg)ﬁtpggglr?{le&gfﬁed C ac aglr,erthe proximty head system having a
plurality of proximty heads, the plurality of proximty heads used to
apply one or re.|iquid cl.eani chem str I SGI ‘lt%g . face of
the substratt -andTg‘T’l_s gfﬁ@tg[}:ﬁfgggeg*eatcﬁg@go@:ﬁﬁl E’ﬁ@‘ﬁ’%‘&@f}c‘% hat the
l'i quid iﬁhl‘ﬁﬁ@éf NPintOhabI % dHRtobfhe ffow st MBligald dledrtnPuieniietied te theantface of
chem cals left behind fromother fabrication operatiagns; and at | east

one noztht substratew awrthisubtardinblymaintin & Havigeleaning ¢hepysine meniseus veaied gas
chem str t he saturated gas chenistry substantially contained within a
transitg °?8gfh8r§u % the surface of the substrate is exposed to anbi ent
air, such that the surface of the substrate exposed to the saturated gas
chem stry in the transition region retains. the m)i(gture on the surface of

the subst rat 8.pr e¥basyshemof elaim il awaeigin thednlelrsantrol #8d fPgrieSPRERLAIF e

dryi ng, . the.n inel udi : : : i f
the sarsarapupiehReetE REReSienS pidhfife SAah e Eiiplling & FaIqIhR M dditof)
The sy sfe8ipePhat@onirdls ke flaRafehdliqed kleahingvhemistried drtdthe atprated grstoemisinys
includes an inlet-control to control the flow of the liquid cleaning
cheni stintaethetagmbiont conrellgdchgmhehe substrate so as to substantially naintain
a liquid cleaning chem stry meni scus over the surface of the substrate.

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



12. The systemof claim 11, wherein the inlet-control and nozzle-control
are communi catively connected to a conputing system the conputing system
provi ding the control recipe that controls the flow of the liquid cleaning
chem stries and the saturated gas chem stry into the anbient controlled
chanber . 13. A systemfor pr eventd ng premature drying of a surface
of a substrate between fabrication operations in a fabrication process,
conpri-si ng: substratealongsplaeg andtopptate thegublsitate slong an esisiof cotahien withppothe t he
substrate in ap. anbi eni! ontrol l ed chanber, the substrate supporting device
confi gured tYPIEREFREO ﬁ@%})@% he 18 substrate along a plane and to -

rotate the substrapgshldevReaPstaml dispRbed Within B aidbidht BohthslledBhaBEr, the brush
controll ed chanber; a brush devi ce system di sposed within the anbi ent

control | ed cemidsesystenhinchndingha bassh cenfigured i feaeive and gpply iorlisswd elsaingured t o
i d ¥ | i qui d. cl eani heni t.o_t.he. f .
Gubstr ate selemigipa e guads (3R Ao RRP L o e FAGRNA R attnitel?

resi-dues andsybsgftisity fenhdiel réaadiics dnd chsthiohladéf: beiind €@in othepbriadtionns; and

at |east one nozzle in the anbient controlled chanber to introduce a

sat ur at ed gaepesdéanssind,, the saturated gas chemistry substantially
contained wthin a transition region in the anbient controlled chanber
wher e t he surf aceatdfasdt bse sozmle inthe ambient gosizel ladechamberin infioduce saburaiedt t he

surface of the substrat,e exposed tao the sat,urat hen.st.r'v .0 .-t-h
transition r%agﬁ%ﬁmt‘%‘fya%}??ss °ﬁ§ﬁ§?‘b‘i"é‘s‘6¥.3 %&n&ﬁﬂy&?@taﬁqeﬁ%@ngﬁérg{l §1§9 g
preventing thgishnftRESmBient &shtoMed chathBer Wikt Ricsytifaué of the)sub@rate is exposed
wherein the nozzle includes a nozzle-control to control the flow of the

saturat ed gato amemtsan, yushrthat the susfaes efithe sWhtiats) axpasediartbe saturtedigas

substrate sugpor.tin i . . . I e f to
rove t he subBRrire S RBSHP Eed DL bl ettt SY HIEIAEE oF B S
surface of tpeverhgithaberfice dulkssubstratelftom pramased dreinghe saturated gas
chem stry such that noisture on the surface of the substrate is

substantial 'y ret ghaReh gidhoRSleifuddseitzBR-RiioRid @titrol the flow of the sifigated
system of claim 13, wherein the brush includes an inlet to receive a first

liquid cl eangasgrhemésifysintgtheambient santelledrhambes end thgsnbsteate sunpagingdavics: r y
into the brugs Qieﬁ%% %Hisgnlcieﬁ%g?%%tgﬁte{rg }:gﬁﬁ %ﬁ {oolinove the sub?til’a%e aﬂ-&]ﬁle%ﬁgh%glaﬁ

. c
claim 14, whf rola nozzl e-control are comruni catively

connect ed t otpa:a6k Ml kuikth thiisthe Rurfidecofabapulistrag is yuliseamtiallp expsed tdé the cont r ol
reci pe that controls the flow of the l[iquid i ng chem stries %nd ”ny

] . | ea :
sat urat ed gaspt@Riedigss chemisiny St BIOLSHIe OB HHF SRS O K Pibstrate s substantia

retained during the cleaning operations.

14.  The system of claim 13, wherein the brush includes an inlet to receive a first
liquid cleaning chemistry, the flow of the first liquid cleaning chemistry into the brush

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



16. The system of claim 14, wherein the inlet of the brush is further
configured to receive and apply a second liquid cleaning chem stry to the
surface of the substrate and wherein 19 the inlet-control is configured to
control the flow of the second liquid c]eaning chemstry and to switch from
the first liquid cleaning chem stry to the second 1i qui d cl eani ng

chem stry. 17. The system of claim 14, wherein the brush device

syst em theinlkecontmipr ¢osifigyred te contnal the flow afdhe segand iquid despéngchearisirappl tp a
second liguid cleaping chem stry.to.the rface.of 1 subsirat.e t hrough a
second TG o e b B ST A e RU o “RRBe Daptd e RIRE et o
configured to control the flow of the second liquid cleaning chem stry,

such that the second liquid chem stry substantial]ly renoves_ residues and
cheni cal s | ef?. belhesystarnof elairad 45 whereindthp brishgleviseispsiem further compgising a

Far caeron BESE Ao ety FRbHE g o el ERalhe InaliRG (R e

subst r a§fahé QibsehRARIJUGh a second AR having BGecond inlepkbityolpthefsaturidialet-aontrol
operations using a plurality of fabrication chem stries to the surface of

the sulesmfigueed tp genirolithe Agwapfdhe sacand liauidcleaming chemistry, syplythat the seepnd
sur f ace. of. : . VA J {4 at ed gas
chem s.t(:al F‘i/uml1 %Q%nﬁﬁgﬁéﬁﬁngﬁllggg?gﬁsr? ﬂg.&%r%gs% ?’? lltngt% lérigggggh{dﬁ? 'ﬁg’gﬁégs a region
wher e tfaBricatidhasgperaont.he substrate is exposed to ambient air, the
application of the identified saturated gas chem stry such that the surface
of the substrate when exposed to the saturated gas chem stry in the
transition region rrﬁ{etﬁb&'?ortlﬁgvéﬁ’ﬁng?%rﬁatﬁfb AP DTl RFBcObS 3 BibstaRYethided
preventing the surface of the subStrate from premature drying, the

sat ur atfatiriganaipenitons jn afabiricetiotbptosessncamprisugpsequent f abri cati on

oper ati ons. 19, The net hg_d flor .{])r.eventi ng premature drying of a
surface of a substaCEVIERIRSEACASEEIPFMPE N operations in a fabrication

process of clai m A&smhifg §ipRirhi oTFBHAHEH of@aticheusisg & Ylurdlitd of Fibrithaée
conmpound. 0. The method for preventing premature drying of a

surface of achemistrientethbsuxfecerpfithosubstreieon operations in a fabrication

process of claim 18, .wherein the fabri ' r.aty ' )
wet - cl eani ng oper E%PB e Ay tfi%i %fﬁicée@ﬁ%éﬁlg%gg@ﬁgtr%hegé@g/dcgé(%ﬁgﬁ@%uﬁtﬁg nd
l'iquid cleaning ck@r'%ﬁgrme rehsfienidtahied gae oheeisiry és b daesitiandegibgtheal s | ef t

behi nd from ot her fabrication operations. )
transition region defined as a region where the surface of the substrate is exposed to

ambient 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.



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 operations additionally include anyone or nore
of a wet-cl eaning operation using a second |iquid cleaning chem stry,
etching operation using an etching chem stry or repair operation using a
repair chemstry. 22. The net hogqgfor preventing premature drying of a
surface of a substrate between fabrication operations in a fabrication
process of claim 18, wherein the saturated gas chem stry is any one of
de-ioni zed water vapor, Nitrogen in de-ionized water, inert gas in

de-ionized water 19t RAB¥oE P! feld@Rgt femBRke drying of a surface of a substrate
between fabrication operations in a fabrication process of claim 20, wherein the fabrication
operations additionally include anyone or more of a wet-cleaning operation using a second
liquid cleaning chemistry, etching operation using an etching chemistry or repair operation

using a repair chemistry.

22. 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 any one of de-ionized water vapor, Nitrogen in de-ionized water, inert gas in de-

ionized water or any combination thereof.



