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BACKGROUND 1. Field of the Invention [00011 The present invention relates
to sem conductor wafer cleaning and drying and, nore particularly, to
appar at uses vamehot/eghizi ques for nore efficiently remvi ng¢@sihMEG s oM
wafer 10 surfaces after etch or ash operations. 2. Description of the

Rel ated Art [0002] In tlne sem conductod chip fabrication process, it is
wel | known that there is a need to clean and thy a wafer where a

fabrication operagi h en<perforned-f hat | eaves._ upwanted residues on
the surfaces of ﬁﬁf‘&ﬁ(ﬁﬁ\g«?ﬂcﬁh@ HADHNGn Hild§)bper ati ons may
| eave 15 unwanted residues on a surface of a substrate. For exanple, in

post dual damascene cl eaning, both Quganies and inorganic residues remain

present on the surface .of the substrate after these_ operations, The
organi ¢ residues rré(?‘ﬁ%]@nXélﬁn]gmlé/l@foy@n%mﬁ%@@ﬁ@%’ia@ﬂ Joi derdtagia i onal |y

produced by the reactants to protect the sidewalls of the features being

formed, during the etch process, \;@i | e the inorganic remants may be

resi dugs from Sputtering operatio S 83 of the | ower 20 netal

i nterconnect layer. |If not renoved, the unwanted residual material and
particles may cause, anong other things, defects on the wafer surface and

i nappr opr1-aFieldi ofttes lnoeintdors bet ween netal lization features. In sone cases,

such defe ] e the subsequent metal interconnect |ayer to devel op
voi ds in lt%?ug” @éﬁgﬁgﬁtﬁé@e@ﬁ] “H?lafﬁs %é?liélf%i}@%‘f” B"Ia%eé\? nYgiaRd RS pil MEBNt act
i nt er f acepangtivelgntocppnentesand phaluels: MREabiibrRYLY famAnd REBGE tdhewdryi ces
on thﬁ) waf e%\%?ZS ,t_o_%\ﬂgc_o i noperable. In order to avoid the undue costs of
di scardi ny" oef 8 e A9 HTEP_Sabl e  devices, it is therefore necessary to

cl ean theﬁ‘\é@f er, _adeci_ugt gl Y after fabrication operations that |eave
unwant ed GSeiuRlon idhpBeltedaite 1. s a sinplified schematic di agram of a

si ngl e waheoz) ¢l ﬁ%@eﬁhﬂ;eﬁ&’lﬁ&rﬂhg)t Eab#ihing ?oce%?ftquéﬂsfc#qg\% &181'% ﬂg%é{srai Ryking a
cl eaning agent. Cleaning fluid is di spgr sed onto warer hr ough
noz Z! el .4;_leaunabql €51 4 yolgafdere 1:3()fab1§,ca¢igm gpc?ratgnw&is !beelt efofthed Qai k:a\b:eiungazﬁp:ayed.
-urggvlem ;IIS%I(ESLE[%IQ IEug Erf} esgf_ffacfeggg %lc]ﬁ%?sin :)ﬁnegtl{gtleﬁagcglgiggeo%%ﬁhglgsea%d %Xhilrlg gf:e?eﬂio%g inay Teave
15 unwanted residues on a surface of a substrate, For example, in post dual damascene cleaning,
both organic and inorganic residues remain present on the surface of the substrate afier these
operations, The organic residues may be remnanis of the photoresist or tatentionally produced
by the reactants to protect the sidewalls of the features being formed during the etch process,
while the inorganic remnants may be residues from sputtering operations or oxides of the lower
20 metal interconnect layer. If not removed, the unsvanted residual material and particles may
cause, among other things, defects on the wafer surface and inappropriate interactions between
metallization features. In some cases, such defects may cause the subsequent metal
interconnect layer to develop voids in the metal lines or high resistance, or even voids, at the
contact interface between current and previous metal layers, and hence the devices on the wafer
23 to become inoperable. In order to avoid the undue costs of discarding wafers having moperable
devices, it is therefore necessary to clean the wafer adeciuately after fabrication operations that
leave unwanted residues.
[0003] Igure 1 is a simplified schematic diagram of a single wafer cleaning system utilizing a
spray system for distributing a cleaning agent. Cleaning fluid is dispersed onto wafer 10
30 through nozzle 14. Typically waler 10 is rotating while the fluid is being spayed. The initial

spread of the cleaning fluid, depicted by region 12, is unevenly distributed. In addition, because



WD 2006/ 053713 PCT/t 182006/ 004504 2 of the centrifugal force fromthe
rotation of wafer 10, the center region of the wafer is associated with a
| ow mass transport of the fluid at the substrate/fluid interface due to the
| ower velocity of the fluid at the center of the wafer. However, the

peri pheral megiwpogtizwafer 1.0 is associated with a hi gh-msschd@nsport,
due to the higher velocity of the fluid, Further 5 exacerbating the

cl eaning consistency is that the residefice tine for the cleaning fluid with
the surface of wafer 10 is not uniformacross the wafer during initial

di spense uftliel cdnbefufdi Ubflei Som URd k@RI ot 11U R 032 €.
That is, the cecgter region (;f waf er fO? mgre itlge G ?%a%‘i’lﬁﬁ% 1%3&%1 12

initial l y*Spgeeys ﬂé@” AL msnosistdemed g ﬁiesummib/éutdheteﬁmﬂ@h&rtab lavegi on

has a | owis8s AMChkI. S : he trate is sensitive
to activity %[?, the f mgllgﬁlgé%-ﬂ& (?Lfothg“ﬁfe g[ow th& %léri i&%‘% WaleHL 1R gher

resi dencedssedged @gfihohéng?awb‘e tipnspns, time dnamﬁagmgﬁéz trdsl&mtyl aiyﬁ{e H@EBOVVFﬁxﬂ%I
ic materi

resi dues, connect
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Ther ef or %Ulﬁﬁtfeviéwafel ao msem:t indiorna ﬁmtgshﬂng vaTel aﬁlﬁagﬂﬁg;a&g&ngeha{hﬁ ahd Ql\(yg 1% or
consi st ent cl ost et residues w t hout damagi ng the underlying
| ayer . %%wﬁé&“n‘ﬁt&%f{)%%%ﬁ%% CLV“étﬁeé‘Ib"‘n’@ the wentpr egiontofiwaient(l whereithe s

t hese neecd@nimg i@ idlitADy 8p)Ho8 Ak '1911%{%31&91%&4'{{]1% ARRE LR WS {}%tie{m&% Hah abl e

r emovi n‘g S(l)(xl\?/anted residues fromthe surface of a su
adver sel YORFEepPhigme- hEhysaipeeses whats thhsublisate esicaiiies tataetndt@pmcﬁﬂietih(ﬂd bditig
shouli@d beypp@e ;@Cfe%gggg tey iAvention can mented in
NUIEr OUS \ngsp i ncl ud |r?g giﬁ{éehg%}%%?%gfe%é%o g h RISPRPAY (8 131%{1835&18%005%w ce
or a net HBE! bEevdhalesidneenti te 1euwtmdmaafemb&cmf: rhidngial, R @B kel PRIBAeAMAT ©

descri bed, hgl.ow 110990;9%%015/ Eeél%cﬁﬁ?% ur(r)ent a method for removing post

processing residues in cl eaning systemis provided. The

met hod i r{li)&%hﬂh&“cfmd, hihepe v b diced @ £ detlodfanbi A 4BadnR R Mok¥ roN SR IS% ,Sposed
over a supstrat £ @Uﬁ ? meni scus of the first fluid is generate et ween
a |15 surfaddief ROISI%Gi g ‘rlcét“éﬂ}éﬁfdidaﬁo’@ﬁrﬂt?sllllﬁ@l}éw}ﬂ%e of the proxinity
head, The first fluid is heated and the substrate is linearly noved under
the proxinity head. [0007] In anotfﬁﬁ_’\_flﬁl_ﬁ_l ment, a nethod for renoving

oW T R S e R A
a substr é}t}’BW a'ﬁbﬁmus dharBniapals o Dtmbige ubhided Ssiggharat afd Hetuesn ansulf ace
of the without adversely affecting the layer on which fhe residues are deposited, It should be
appreciated that the present invention can be implemented in numerous ways, imcluding as a
20 process, an apparatus, 2 sysien, a device or a method. Several inventive embodiments of the
present invention are described below.
[0006] In one embodiment, a method for removing post processing residues in a single wafer
cleaning system is provided. The method initiates with providing a first fluid to a proximity
head disposed over a substrate. Then, a meniscus of the first fluid is generated beiween a
25 surface of the substrate and an opposing surface of the proximity head. The first fluid is heated
and the substrate is linearly moved under the proximity head,
[6007] In another embodiment, a method for removing post etch residues in a single wafer
cleaning system is provided. The method initiates with providing a fluid (o a proximity head
disposed over a substrate. Then, a meniscus of the fluid is generated between a surface of the
30 subsfrate and an opposing surface of the proximity head. The flnid is heated and a substantiaily
constant residence time of Jess than 30 seconds is maintained for the fluid over the surface of

the substrate.



W subshst e and an opposing surface of the proximty head. The fluid is

heat ed and a substantially constant residence tinme of |ess than 30 seconds

is maintained for the fluid over the surface of the substrate. WO

2006/ 088713 PCT/ 1152006/ 004504 3 [0008] hi yet another enbodi nent, a

si ngl e waf envab@amisng systemis provided. The cl eaning m@yatem.insiudes a

fluid source and a proximty head operably connected to the fluid source.

The system further includes a substrate3support configured to support a

substrate di sposed thereon. The substrate support is capabl e of aning t he

subst rat e[ fchenq@Xiribliicheadist® baftOHBMIBULECH B hady! Wil sk

opposi ng surfaces of the proximty head and the substr contro Fer IS

i ncl uded. SYPHE! E’Gﬁ‘fi?ﬁoii & joyre g Srvparirdatticah opdratiy pheicstnclbm ﬁatm@ s@par t .

The contTmd k {mg i f.l uid. over
@ %ﬁlllﬁ?%(ﬁld‘é?% Qfa?c %dp v ni;ri_éll? %u Jpgr% lﬁ‘s?‘ﬁb%{ gﬁgbs&j 0

the surface of the substrate rou
[0009] O Heicoms pbe subsizgiel smvam agelge of mmao fireasibntatd imdentht roxihity hdaeene

appar ent FEATAIRa IO 0k LV, dekal Led, desaription, . Laken o gonlungtion

th the acconpanyi ng dr aw nga
pr| nci pl esutbllarhie np:;ﬂteiséntl“lnemoﬁﬂimie@m uBRinﬁﬁmﬁlideH?RhﬂTth@Mx@ﬁafgl éuﬁad?RAWlé\'GS
[00101 Th npoﬁﬁ é i nvention MA|% be re adl%y under st ood %O||Owﬁng
det ai | ed ¢ escrl SETER SiTRepehiith et themanisew ke %léééﬁiéélﬁﬁlﬁuhé“d@fahﬁ sipstiatao
faci it atiroubh modessr bht Abstrdik kpbef erence 15 nuneral s designate like
structural elengnts EOOll] Flgure 1 illustrates novenent of cleaning
fluids on® RfCISrRgd ddr yttagey of ﬁierplefiell’frmeemlamd\nﬁlrbyco(rISth)p)uenﬂ #anithg and
dryi ng prig o ] h . f a wafer. ani.ng and
drying sys?ﬁﬁ?mn%%gﬁapggkgﬁgﬁ %ﬁ%ﬁ gm%oﬁu&%gPlg%wlgf %5WPP8§F&t|BW” i ch
ext ends ddysggsnsbivandtcennpf tHelpeinvigfee pf th Brebant inROtRHCOr dance with one
enbodi nent of the present invention. [0013] Figure 2B shows a side view of
a wafer cleaning and dr yBrReesPsseriMiion oRenp/ oA Wikys heads in a
horizontié)conflguratlon whi ch extends acrosSs a di aneter of the wafer in
accor dan %nP%P%ﬁﬁl@Wﬁé@pﬁﬁﬁﬁebfﬂﬂhQMFHQQQMWtMﬂhém&mgnmaﬂ@D&Aﬂ¢EDQUfe 2C
shows a tepu: d dr I stemw th proximty
| 5 heads 9? gﬁﬁgﬁﬁgbﬁ?gﬁiﬁﬁﬁﬁ'%%pg 111%pwhlc uﬂgl ﬁW?gaﬁP@ﬂ”¥g£Eﬂ ¥9%hd/ or
dry the %ﬂm@wbwhﬁWE@U@W@&nGequ%Mmﬁme embodi ment of the present invention.

{0011} Figure 1 illustrates movement of cleaning fluids on a wafer during a rotary spin, rinse

and dry (SRD) cleaning and drying process.
[0012] Figure 2A shows a top view of a wafer cleaning and drying system with a proximity
head in a horizontal configuration which extends across a diameter of the wafer 108 in
20 accordance with one embodiment of the present invention,
[0013] Figure 2B shows a side view of a wafer cleaning and drying system with the proximity
heads in a horizontal configuration which extends across a diameter of the wafer in accordance
with one embodiment of the present mvention.
[0014] Figure 2C shows a top view of & wafer cleaning and drying system with the proximity
25 heads in a horizontal configuration which is configured to clean and/or dry the wafer in
accordance with one embodiment of the present invention.
[0015] Tigore 2D shows a side view of a wafer cleaning and drying system with the proximity
heads in a horizontal configuration which is configured to clean and/or dry the wafer in
accordance with one embodiment of the present invention.
30 [0016] Figure 3 illustrates a wafer cleaning/drying process that may be conducted by a

proximity head in accordance with one embodiment of the present invention.



[ 0015] Figure 2D shows a side view of a wafer cleaning and drying system
wth the proximty heads in a horizontal configuration which is configured
to clean and/or dry the wafer in accordance with one enbodi nent of the
present invention. SO [00161 Figure 3 illustrates a wafer cleaning/drying
process thawmmysizgriconducted by a proximty head in accondancessit h one
enbodi nent of the present invention. WD 2006/ 088713 PCT/ US2006/ 00-150-1 4
[0017] Figure 4A shows a top view of a 6ortion of a proximty head in
accordance with one enbodinent of the present invention, [0018] Figure 4B
i1l ustrat B91Y fipoxidm &ywbeadp Widioan ghdn SOH He&ihi 8t 1991@&5@0@9/1@ o‘ﬁﬁy' ng
operatlon in accor @ﬁée wi th one enbodi nent of the present invention.
[0019] Fi§ gulrogdmast g reseVeRigr ocess wi ndow proximity head in accordance
wi th one [oerd)qdiFBAE BhisiNE Qﬁl%%ﬁma/ hcﬂ}{%ﬂh{hggicd[ 89)912()9]11116 v%n% di%umnfg 2 cg"ymg

mul ti-process w ndow proximty
accor danc@ it iTgiseordpise ahitirent uaiboctlmentmfﬁwm:semtmnnmmn [0021] Figure 6 is

a high-l 4 i C ic diagr n waf er cleanjng system
o0 Lol SR s SR et B R ebo Ry s 2SI Bk &9 i s a
Cross- secﬂm@dmhcnsoﬁtbd;plfescmdnwahmﬁat| c diagramof the cleaning of it single

waf er sur in a rdance wi th one enbodi nent of the invention. [0023]
Fi gure 8 P%i ﬁs%“h%ﬁ?%i’oé‘(’f OPHEPIAEst VHHAY PrAsEw toheagd wptdkicpprogeshsdaiopian  may

be used twcorperé aftiobhdHantd@ani: 3R} )1@6&'1&911@01"\6]: er surface in accordance
w th one S(Fbgdl ment  of the 15 |nvent|on [0024] Figure 9 is a flow chart
di agr am ilPYd& Fears hi & Heh-traelduplbfnsr sshenomtis dagrant efosinglg wpéStoleaping Sssi ng

resi dyes i Recd cﬁh&g,l,g Naf min accordance with one
enbodi ITEI’II'[ 51 t he 1| hveﬁt{bggllﬁm%_@é%gml PTION 20 [0025] An invention

for net hd@x@%htﬁumba& atusesecfiaral efifiddici seleyhagt G&@iaﬂﬂoﬂﬂﬁ%@ﬁm”g&ﬁ |acglh@é§e from
a wafer | i n the description, nunerous specific
details gz?aéeqss@ﬂc??n %ﬁmdﬁnccgf’@e?wteﬁwfﬂ g’\?f"o%ﬁbf THBHBUgh under st andi ng of the

present {[#028htigor. 8 Ista WkplifiBe creRAQL85RPdicw FYOWBN @fimity PN Mt O b Bl
skill in the art, .that the present invention nay be practice out sone

or all of %Bkgles%%’@infgl o ‘"dé"tné}el weley gugcpén apepsdaape sdth sl ¢mbmi0mt f diees s
oper ati oRfeR@ne not

[0024] Figure 9 is a flow chart diagram illustrating the method operations for removing post-

processing residues in a single wafer cleaning system in accordance with one embodiment of

the mvention.

DETAILED DESCRIPTION

20 [0025] An invention for methods and apparatuses for effectively cleaning process residues from
a wafer is disclosed. In the following description, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. It will be understood,
however, by one of ordinary skill 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

25 been described in detail in order not to unnecessarily obscure the present invention.

[0026] While this invention has been described in terms of several preferred embodiments, it
will be appreciated that those skilled in the art that various alterations, additions, permuiations
and equivalents thereof may be realized. 1t is therefore intended that the present invention
includes all such alterations, additions, permutations, and equivalents as fall within the true

30 spiril and scope of the invention,

[0026A] Various systems and methods of processing a surface of semiconductor wafers or

other substrates, using a proximity head to manipulate one or more dynamic liquid



25 been described in detail in order not to unnecessarily obscure the
present invention. [0026] Wiile this invention has been described in terns
of several preferred enbodinents, it wll be appreciated that those
skilled in the art that various alterations, additions, pernutations and
equi val ents t hereof nay be realized It4As therefore intended that t he
present inventi i,ncl des uch.alterations, additi tatlons
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Wit h%(p aSV\%I:r%g for 1%%essssing a Beve]p}%ge of a Substrate Using a Dynamic Liquid Meniscus,”
U.S. patent application Ser. No. 10/606,022, filed on Jun. 24, 2003, and entitled "System
and Method for Integrating In-Situ Metrology within a Wafer Process," U.S. patent
application Ser. No. 10/607,611 filed on Jun. 27, 2003 entitled "Apparatus and Method for
Depositing and Planarizing Thin Films of Semiconductor Wafers," U.S. patent application
25  Ser. No. 10/611,140 filed on Jun. 30, 2003 entitled "Method and Apparatus for Cleaning a
Substrate Using Megasonic Power," U.S. patent application Ser. No. 10/817,398 filed on
Apr. 1, 2004 entitled "Controls of Ambient Environment During Wafer Drying Using
Proximity Head," U.S. patent application Ser. No. 10/817,355 filed on Apr. 1, 2004 entitled
"Substrate Proximity Processing Structures and Methods for Using and Making the Same,"
30  U.S. patent application Ser. No. 10/817,620 filed on Apr. 1, 2004 entitled "Substrate
Meniscus Interface and Methods for Operation,” U.S. patent application Ser. No.
10/817,133 filed on Apr. 1, 2004 entitled "Proximity Meniscus Manifold," U.S. Pat. No.

0,488,040, issued on Dec. 3, 2002, entitled "Capillary Proximity Heads For Single Wafer



application Ser. No. 10/607,611 filed on Jun. 27, 2003 entitled "Apparatus
and Method for Depositing and Pl anarizing Thin Filnms of Sem conduct or
Wafers,"” U S. patent application 25 Ser. No. 10/611, 140 filed on Jun. 30,
2003 entitled "Method and Apparatus for Cleaning a Substrate Using
Nbgasoni c Power," U.S. patent applicatiéf Ser. No 10/817 398 filed on

OO o prERRR LB SRTLOohs, Bh, ATBLFA Ened Sl YR g OLEL Do 1

on Apr. 1Fo2@04feentrbiib@e) Ciouhsd ral® eyl hy B ShNGppplch G WeS nNand
Met hods fo(r)1 Usi r(;g altﬂnd1 |\/§ka ng t?\ge Sane, ,y9§ y atgﬁt ta|1g)l|?)pl.¢?|kcat| on ngr%ﬂ No.

10/ 817, 6200/713.8eP entithgst "Proximpio0 Brasit Unllte.dpp@alﬂuétamdtiéetmm schofl whighface

and Met ho er ak |on tent a i cation Ser 0/,817, 133
f11ed on AgeOhBET AR AgiosBl oo ks, A8 IS8 aE e Phrimiy St
6, 488,504 0furthss destrdad DacuSB paZ@QZapp@emdd ser.’ ﬁapubﬂsawoPr@%ﬂﬂeatwdﬂe@fdﬁc For
Single Wafer 4B C eanin And " US Pat. No. 6,616,772, issued on
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and U. S. r ush
ni t Appar et 2R8AWERkL or 2R %CS“?% R e i VLR KB
Addi t i onalayenbedicieant de@by uus)qsmafccd bheciprenxé M thyirkeadtare 5 further
describe i.n. U S ent applic Ser. No. 10/883,301 entitle
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i ncor poradtted by reference in their entirety. [0027] It should be

appreci ated that the system descri bed herein is exenplary, and that any 10
ot her suitable types of configurations that woul d enabl e novenent of the
proximty head(s) into WO 2006/088713 PCT/ 1152006/ 004504 5 C ose
proximty to the wafer may be utilized. In the enbodi nrents shown, the
proximty head(s) may nove in a linear fashion froma center portion of
the wafer to the edge of the wafer. It should be appreciated that other
enbodi nents may be utilized where the proximty head(s) nove in a linear
fashion from one edge of the wafer to another dianmetrically opposite edge
of 5 the wafer, or other non-linear novenments may be utilized such as, for
exanple, in a radial notion, in a circular notion, in a spiral notion, in
a zib zag notion, etc. The notion nmay al so



be any suitable specified notion profile as desired by a user. In addition,
in one enbodinent, the wafer may be rotated and the proximty head noved
in a linear fashion so the proximty head may process all portions of the
wafer. It should al so be understood that other 10 enbodi nents may be
utilized wheve:ztohessnafer is not rotated but the proxim tyciheashsissos
configured to nove over the wafer in a fashion that enabl es processing of
all portions of the wafer. Alternativefy, the wafer may nove under a
stationary proxinmty head. In addition, the proxinmty head and the wafer
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are

waf er 1. | tate ximty heads W 106a-3
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106b- 3 ex%end across wafer 108, Fy hal'f o ion may be nheeded
to cleanf P%}nw&@é}lyiilééw\W@?@W@gwﬂgﬁ LB ETNSROOBHR0A50H. 6 [0030] Fi gure
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20 106a-3 is held by an upper arm 104a-3 that extends across a dizmeter of the wafer 108,
Proximity head 106a-3 may be moved into a cleaning/drying position by vertical movement of
the upper arm 104a-3 so the proximity head can be in a position that is in close proximity to
wafer 108. Once proximity head 106a-3 is in close proximity to a top surface of wafer 108, the
wafer processing operation of a top surface of the wafer can take place.

25 [0029] Figure 2B shows a side view of a wafer cleaning and drying system 100-2 with
proximity heads 106a-3 and 106b-3 in a horizontal configuration, which extends across a
diameter of wafer 108 in accordance with one embodiment of the present invention, In this
embodiment, proximity head 106a-3 and proximity head 106b-3 both are elongated to be able to
span the diameter of wafer 108. Here, while the wafer 108 is being rotated, proximity heads

30 106a-3 and 106b-3 are brought to close proximity of wafer surfaces 108a and 108b by top arm
1042 and bottom arm 106b-3 respectively. Because proximity heads 106a-3 and 106b-3 extend

across wafer 108, only half of a full rotation may be needed to clean/dry wafer 108,



waf er 108 may be held stationary by any suitable type of wafer holding

devi ce such as, for 5 exanple, an edge grip, fingers with edge attachnents,
etc. Proximty head carrier assenbly 101 is configured to be novable from
one edge of wafer 108 across the dianeter of the wafer to an edge on the
ot her side ofothevsafser after crossing the entire wafer @dhaneiRlwishyn this
fashion, proximty head 106a-3 and/or proximty head 106b-3 (as shown bel ow
inreference to Figure 2D) nay nove acfoss the wafer followi ng a path
along a dianeter of wafer 108 fromone 10 edge to an opposite edge. It
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vaf er mayrbénty demethcaridhay ndii/b el dirbctidne 1 PR &Sy, P MO ol RH%bM h %o g@ds
106a-3 a 106 @( m 83/fdl rec ion 121 as di scussed in reference to Figure 2C.
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illustrat e? a wafer cleaning/drying process e comnt
proxi mi t VA H&at howsh ione aesorgativeveit, Wl@w@)embddp mm bcﬁuouzheulwcesmm
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shoul d be appreciate at the Wafer ryrn
PCT/ US2008re0n 150direction of arrows 121. Here, a subsirate suppott, e.g., an ed ge grip, fingers with

edge attachments, etc., is commected to a drive system that moves the substrate under the
20 proximity head.
[0031] Figure 2D shows a side view of a wafer cleaming and drying system 100-3 with
proxintity heads 106a-3 and 106b-3 in a horizontal configuration, which is configured to clean
and/or dry wafer 108 in accordance with one embodinient of the present invention. In this
embodiment, proximity head 106a-3 is in a horizontal posifion with wafer 108 also in a
25 horizontal position. By use of proximity head 106a-3 and proximily head 106b-3 that spans at
least the diameter of wafer 108, the wafer may be cleaned and/or dried in one pass by moving
proximity heads 106a-3 and 106b-3 in direction 121 as discussed in reference to Figure 2C. OFf
cowrse, proximity heads 106a-3 and 106b-3 may remain stationary and wafer 108 may move
under/between the proximity head(s).
30 {0032] Figure 3 illustrates a wafer cleaning/drying process that may be conducted by proximity
head 106a in accordance with one embodiment of the present invention. AMhough Figure 3

shows top surface 108a being cleaned, it should be appreciated that the wafer drying process



may be acconplished in substantially the same way for bottom surface 108b
of wafer 108. In one enbodi nent, source inlet 302 may be utilized to apply
i sopropyl al cohol (I1PA) vapor toward top surface 108a of wafer 108, and
source inlet 306 may be utilized to apply a cleaning chemstry or

dei oni zed waverogisys toward top surface |.08a of wafer AO8.s2bdoadei tion,
source 5 outlet 304 may be utilized to apply vacuumto a region in close
proximty to the wafer surface to remove fluid or vapor that may | ocated
on or near top surface 108a. It should be appreciated that any suitable
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118. Thegu?ifa&r Qny il Q}ICSEHK} ]{Pc Iwg,fe? SL% clr(!,g Es%ﬂ‘}emfnlxgcﬂvgh the DIW mﬂeol\a???lci At thS
time, inflow 314 that is applied toward the wafer surface encounters inflow 310. The IPA
forms an interface 118 (also known as an IPA/DIW interface 118) with inflow 314 and along
with vacuum 312 assists in the removal of the 314 along with any other fluid/residue from the

25 surface of wafer 108, In one embodiment, the JPA/DIW inferface 118 reduces the surface of
tension of the chemistry/DIW. In operation, the chemistry/DIW is applicd toward the wafer
surface and almost immediately removed along with fluid on the wafer surface by the vacuum
applied by the source outlet 304, The chemistry/DIW that is applied toward the wafer surface
and for a moment resides in the region between a proximity head and the wafer surface along

30 with any fluid on the wafer surface forms meniscus 116 where the borders of the meniscus are
the IPA/DIW interfaces 118. Therefore, meniscus 116 is a constant flow of fluid being applied

toward the surface and being removed at substantially the same time with any fluid on the wafer



toward the surface and being renoved at substantially the sanme tine with
any fluid on the wafer WOO 2006/ 088713 PCT/ US2006/ 004504 8 surface. The
pressure (which is caused by the flow rate of the |IPA) of the downward
injection of |IPA also helps contain neniscus 116. [00341 The flow rate of
the N2 carriveoxgassscontai ning the | PA may assist in caus;i(nglgau@hj,j\m or a
push of water flow out of the region between the proximty head and the
waf er surface and into 5 the source oufl ets 304 (suction outlets) t hrough
whi ch the fluids/residues nay be output fromthe proximty head. It |s
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the flow rate ry/ Dl Wthrougﬂﬁ@a setﬁof It yl;hsource aiq%Fets 306

of S
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set of the_source inlets 306 is about m  per
under st 0d89¢Hatd hehBerangwuitale ngnbd| ofj Sdlslcmyets’éﬂg/ s@ep:e il etg 3om ahcﬁlem&teze of
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are such that the total liquid flow into the vacuum outlet is continuous, so no gas flows into the
20 vacuum outlet,
[0035] It should be appreciated any suitable flow rate may be ulilized for the No/IPA, DIW, and
vacuum as long as the meniscus 116 can be maintained. T one embodiment, the flow rate of
the chemistry/DIW through a set of the source inlets 306 is belween about 25 mi per minute to
about 3,000 m! per minute. In a preferable embodiment, the flow rate of the chemistry/DIW
25 through the sef of the source inlets 306 is about 40 ml per minute. It should be understood that
the flow rate of fluids may vary depending on the size of the proximity head. In one
embodiment a larger head may have a greater rate of fluid flow than smaller proximity heads.
This may occur because larger proximity heads, in one embodiment, have more soutce inlets
302 and 306 and source outlets 304,
30 {0036] In one embodiment, the flow rate of the Ny/IPA vapor through a set of the source inlets
302 is between about I standard cubic feet per hour (SCFH) to about 100 SCFH. Tn a

preferable embodiment, the TPA flow rate is between about 5 and 50 SCFHL In another



302 and 306 and source outlets 304. 30 [0036] In one enbodinent, the flow
rate of the N2/IPA vapor through a set of the source inlets 302 is between
about 1 standard cubic feet per hour (SCFH) to about 1.00 SCFEL In a

pref erabl e enbodi nent, the IPA flowrate is between about 5 and 50 SCFH. In
anot her WO 2006408&71:3 PCTNS2006/ 004500 9 enbodi ment, tHerdd:owonate for
the vacuum through a set of the source outlets 304 is between about 10
standard cubic feet per hour (SCFH) to &bout 1250 SCFH. Ili a pref erabl e
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It shoul dobsdapPEiRedal abs 5hat,while. v umis nmentioned in the above
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[0038] Figure 4B illustrates a proximity head 106 with angled source inlets 302' performing a
drying operation in accordance with one embodiment of the present invention. It should be
20 appreciated that the source inlets 302' and 306 and the source outlet(s) 304 described herein
may be angled in any suitable way to optimize the wafer cleaning and/or drying process. In one
embodiment, the angled source inlets 302 that input TPA vapor onto the wafer 108 is angled
toward the source inlets 306 such that the IPA vapor flow is directed to contain the meniscus
116. It should be appreciated that while vacuum is mentioned in the above embodiments, the

25 use of vacuum is optional.
[0039] Figure SA shows a multi-process window proximity head 106-6 in accordance with one
embodiment of the present invention, The proximity head 106-6 includes {wo process windows
538-1 and 538-2. In onc embodiment, the process window 538-2 may use cleaning fluids
suitable for a single wafer cleaning operation, instead of DIW to clean wafers, The process
30 window 538-2 may use any suitable configuration of source inlets and outlets that may apply
any suitable type of cleaning fluid to the wafer. In one embodiment, the process window 538-2

may include only source inlets that may apply the cleaning fluid. In another embodiment, the



100391 Figure 5A shows a nulti-process w ndow proximty head 106-6 in
accordance with one enbodi nent of the present invention. The proximty
head 106-6 includes two process wi ndows 538-1 and 538-2. In one

enbodi ment, the process w ndow 538-2 may use cleaning fluids suitable for
a singl e wafweo 2ekemnisng operation, instead of DIWto cl ganywah@ns:seiThe
process Ww ndow 538-2 may use any suitable configuration of source inlets
and outlets that may apply any sui tabl’eotype of cleaning fluid to the
wafer. In one enbodi nent, the process wi ndow 538-2 may include onIy source
inlets t hatocemywxa@qn\b )538426111@)} aahide @tlfe WbskigukMioAN N @l fHROSH é’é&%m %\0
2006/ 088713t PC g}zggm 004504 10 process w ndow 538-2 may i ncl d1

confi gur at g)rﬁssméﬂ HEt ons of source inlets and outlets descri bed
herein. [ THNRoREOK e he. The rocess
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acconpl i siPie@PSleehefs npdmpde mnt;yomesadl ad cneaylﬁig Ak f18s nﬁy’ﬁ@g&daﬁﬁ}hsheli rb?toﬁ@d of
mul tiple on gne proximty head
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herei n. [‘GOFFPE: GUF BOSBIENAE ey plfen itheprdforss anphdomopndyieid papéadhd 06- 7

with mhraeqf&&@@&&ﬁ: 1NLB AB1kBs ARGRY: e..§ybodi ment of the
present invention. gIt sg]%u dleSe apprg@g?eye&pﬁ&{he% fe proximty head 106-7

may i ncl JA&HAMieusu S Batipws mumbliprotespnondess pmgnwmdmmmp@mdﬂmg @Bcdshie

mb b | th t
15 head 10 T A ora g ERR A ISRER ol B PR B SRebann dooul A Fopgdas |

process \Alimdbw ®8H1ﬂ1y hebB808-7 a:mt,?l 15&8d€3&n}hlsui@mﬁa amhogH B PloceskE PHAGESS
wi ndow 538-1 are cleaning chemstry 1, cleaning

chenistry %endm%c? n t\z%g'frﬁlbﬂf &?@ PRE Yrisecssungastiedis heeﬁﬁeﬁﬂisbfé’l gy, the proxomigy
enmbodb mehitgd 10366’7 PIOGRSEHMIAERAY tR3F o LinlTBYnh@h % a éﬂ@ﬁﬂ& G gEocg&qgmﬂtpw ?ES DIwto

rinse a \é\g Cfurface The process w ndow 5 ate a cléani ng
fluid menfséudd >tPeald %zlezenbelﬂleemsﬂmae@ss w:edcpsr é&%isﬁiw Adows 5 B3B-ate and

gﬁrsf gclen@ilc,ﬁﬂ%n gﬁ%x'#%g}s? négﬂﬁu@odﬁ'&lﬁ?stgc@égéd \?\AQS} g\gm@égoc%sf | gldgﬁé{tg (ﬁ:ppc%ﬁ%f
opt i onal Lyoqcre@ﬂ:@d@w@bdpe@goqesﬂ \etnd@@Z?’&mmcsfcfohm€€1mmts¢1$tmaﬂgﬂp boDOENEeriats a
stabl e apdp, surface. The process window 538-2 may generate a cleaning fluid meniscus to clean a
20 water surface. The process windows 538-1 and 538-2 include at least one source inlet 306 to
apply fluid to the wafer surface. In one embodiment, the process windows 538-1 and 538-2
may optionally include source inlet 302 and source outlet 304 to generate a stable and
controllable fluid meniscus. The process window 538-3 may generate the fluid meniscus 116 to
dry the wafer. It should be appreciated that the process window 538-3 both rinses and dries the
15 wafer surface because the fluid meniscus is made up of DIW. Therefore, different types of
process windows may be included in the proximity head 106-7. As discussed in reference to
Figure SA above, instead of having multiple process windows in one proximity head, multiple
proximity heads may be used where one or more of the proximity heads may be used for
different purposes such as cleaning, rinsing, drying, etc.
30 [0042] Figure 6 is a high-level simplified schematic diagram of a single wafer cleaning system
in accordance with one embodiment of the invention. Within chamber 600, wafer 108, which is

supported by substrate support 608, and proximity head 106 is included. Substrate support 608



controllable fluid neniscus. The process w ndow 538-3 nay generate the
fluid meniscus 116 to dry the wafer. It should be appreciated that the
process w ndow 538-3 both rinses and dries the ?5 wafer surface because the
fluid neniscus is made up of DIW Therefore, different types of process

wi ndows nay vbe 2ionotsuded in the proxinmty head 106-7. As \@i3@deas06shn
reference to Figure 5A above, instead of having nultiple process w ndows
in one proxinity head, nultiple proximty heads may be used where one or
nore of the proximty heads may be used for different purposes such as
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the resi g&ﬂ%ﬂmtﬂ'tﬂgz aEe a‘?whmh the wafer moves on the proximity head 106, the residence time that
20 the wafer is exposed to the cleaning chemistry can be controlled. 1t should be appreciated that
the residue from the post-etch operations on surface of wafer 108 may be sensilive to
temperature of the chemistry and less sensitive to the residence time of contact with the
chemistry, however, the layer, e.g., dielectric film, over which the residue is disposed may be
more sensitive to residence time of contact with the chemistry. Thus, by the system described
25 above, both the residence time and the temperature of the cleaning chemistry may be controlled
and optimized to ensure the residue is removed without damaging the dicleciric layer. One
skilled in the art will appreciate that multiple fluid sources may be used for the multiple
windows illustrated with reference to Figures 5A and 5B.
[0044] Figure 7 is a cross-sectional simplified schematic diagram of the cleaning of a single
30 wafer surface in accordance with one embodiment of the invention. Proximity head 106 is
disposed over wafer 108, The layers of wafer 108 include substrate layer 618, low-K dielectric

layer 616, copper layer 620 and low-K dielectric layer 610. Layer 614 is the post-eich or post-



20 the wafer is exposed to the cleaning chem stry can be controlled. It
shoul d be appreciated that the residue fromthe post-etch operations on
surface of wafer 108 nay be sensitive to tenperature of the chem stry and
| ess sensitive to the residence tinme of contact with the chem stry,
however, thavdayenss’s. g., dielectric film over which themesiduesis

di sposed may be nore sensitive to residence tine of contact with the

chem stry. Thus, by the systen1describé§ 25 above, both the residence tine
and the tenperature of the cleaning chem stry may be controlled and
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20 processing residues in a single wafer cleaning system in accordance with one embodiment of
the invention. The method initiates with operation 640 where a fluid is provided to a proximity
head disposed over a substrate. It should be appreciated that more than one fluid may be
applied to the proximity head where the proximity head has a cleaning portion and a rinse/dry
portion as illustrated with reference to Figures SA and 5B, The structure of the proximity head
25 may be as discussed above. Furthermore, fluid may be pumped to the proximity head. n onc
embodiment, the flow rate of the fluid is about 40 milliliters per minute. The method then
procecds to operation 642 where the fluid is heated. The fluid may be heated through a heating
clement disposed within the proximity head in one embodiment. Alternatively, the reservoir
containing the fluid may provide for heating the fluid, That is, the fluid may be heated by the
30 proximity head or before the fluid is delivered to the proximity head. In one embodiment, the
fluid is heated to temperatures between about 20°C and 80°C, The method then advances to

operation 644 where a meniscus of the fluid is gencrated between a surface of the substrate and



experienced by the wafer surface being cleaned. Thus, the residence tine
may be controlled by the linear velocity at which the wafer is noving and
by the dinension of gap 628. 100461 Figure 9 is a flow chart di agram
illustrating the nmethod operations for renoving post- 20 processing
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enbodi nent of the invention. The nethod initiates wth operation 640 where
a fluid is provided to a proximty heatf di sposed over a substrate. It
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20 head. The flow 1ate of the cleaning chemistry to the pr oximity head controls mass tr ansport. In

one embodiment, the residence time is less than 30 seconds and a flow rate delivered to the
proximity head is less than 40 milliliters per minute. It should be appreciated that any suitable
pump, e.g., a syringe pump, may be used to deliver such a flow rate to the proximity head,
Furthermore, the residence time may be adjusted based on the activity of the cleaning
*5  chemistry. For example, the embodiments described herein enable the achicvement of a
residence time that is a fraction of a second. These embodiments also can operate at fow flow
rates of the expensive cleaning chemistries, thereby reducing costs and possibly eliminating the
need for recyching.
[0049] While this invention has been described in terms of several preferred embodiments, it
0 will be appreciated that those skilled in the arl upen. reading the preceding specifications and

studying the drawings will realize various alterations, additions, permutations and equivalents



[ 00481 Through the enbodi nents descri bed above, the cleaning chem stry is
optim zed for 15 selectivity between the residue and the | ayer on which
the residue is disposed, by optimzing the residence tine with chem cal
activity. The residence tinme maxi m zes the residue renoval rate and

m nimzes damageskhgs’the | ater on which the residue is di gposetueossgs, a

| ow-dielectric film Thus, as nentioned above, the residence tinme my be
controlled by how fast or slowthe wafef4 is novi ng under the proximty
head or how wi de of a neniscus is being used by the proximty ?0 head. The

flow rat eﬂ@ﬁeqfheﬁals aamafmge Qherdb@ttﬁz){ the PrdbentPrOXitH,t ﬁﬁah@&daﬁ?%{?&a %&at%gs
transport the residence tine is less seconds

and a f|ox?vd‘r g?”é %FélF’P’\?E?@de’cFCIPWélmﬂﬁ%ﬁailrﬁﬂthyl the fde $rdrif Emésc(lphaﬁthéﬁhvcnuon
milliliterSupRcigisuke. 1t should be appreciated that any suitable punp,
e.g., a syringe punp, may be used to deliver such a flowrate to the
proximty head. Furthernore, the residence tine nmay be adjusted based on
the activity of the cleaning !5 chem stry. For exanple, the enbodinents
descri bed herein enable the achievenent of a residence tinme that is a
fraction of a second. These enbodi nents al so can operate at low flow rates
of the expensive cleaning chem stries, thereby reducing costs and possibly
elimnating the need for recycling. [0049] Wiile this invention has been
described in terns of several preferred enbodinents, it O wll be

appreci ated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations,
addi tions, pernutations and equival ents WD 2006/ 088713 PC9' / US2006/ 004504
14 thereof. It is therefore intended that the present invention includes
all such alterations, additions, permutations, and equivalents as fal
within the true spirit and scope of the invention. Wat is clainmed is: 15
CLAIMS 1. A nethod for renoving post processing residues in a single
substrate cleaning system conprising: providing a first fluid to an inlet
of a proximty head di sposed over a substrate; heating the first fluid in
the proximty head; generating a neniscus of the first fluid between a
surface of the substrate and an opposing surface of the proximty head,



i nearly noving the substrate under the proximty head and the neniscus to
renove residues on the surface of the substrate, and controlling the

novi ng of the substrate so that the nmeniscus of the first fluid contacts
the surface of the substrate for |ess than 30 seconds. 2. The nmet hod of
claim1l1, further conprising: control ing the novi ng of the substrate so
that the neniscus of the first fluid contacts the surface of the substrate
for less than 2 seconds. 3. The net hglAgMslaim1l, wherein the first fluid
is heated to fetmeen about 20C. . and about 80C. 4. The nethod of claim1,
further conpri-si ng® MRA 19 QYRR BoT @9qessines residupreingy i@ et iptREAicanttge
second fdykheh Q&hﬁﬁsiﬁ?pl ied to a region of the substrate |ocated behind an
application area of The first fluid. 5. The method of claim1, further
conpri si ng: nmebvitaign gt Buidub st anet eflal proxianstiaat dispsicdeneea subsaaef t he
first fluid veé tﬁefsu%{a e ,of the. substrate as the substrate is noving.
6. The et hod'Br & it VIGHEEPHOYREYIGHSt rat e noves at a |inear velocity

bet ween aboutgefefatiig b hicdBLed S RO First ICANTctdReh 2004 ce P g §u:b£tpﬁé GhPaPer

second. 7. The nmethod of claim4 wherein a gap between a | eadi ng edge of
the appiPPesing snfaeod tlemioxiniieddiadg edge of the second fluid region inpacts
a residence tj the . finst flui,d with the surface. of the substrate. 16
8. A mernod 1S ng blbtralef bl alhubmit S e mebBEr IR e e o ng
syst em resddges iogithgsuigichodttepabatdrn®f: providing a fluid to an inlet of a
proximty head di sposed over a substrate; heating the fluid in the

proxi mty he&8ntreJHAs figmaying oftisisybuimteso thakthe manpcpeeiibediry fhud candectsf t he
substrat 20r ARRASI fe. proxi mty head; maintaining a
substant}lfea% ycconstaﬁ[t%tlrr&%sfloggrslgcgﬁ izs(rénssc{\')(?1 “ess than 30 seconds for the
fluid over the surface of the substrate while renoving the post etch

resi dues. 9. .The thod, o l.ai m 8, wherein the nethod operation of heating

the fluid ifcludddemethodofclam 1, further comprising:
controlling the moving of the substrate so that the meniscus of the first fluid contacts

the surface of the substrate for less than 2 seconds.

3. The method of claim 1, wherein the first fluid is heated to between about 20°C.
and about 80°C.
4. The method of claim 1, further comprising:

providing a second fluid to the proximity head, the second fluid being applied to a

region of the substrate located behind an application area of the first fluid.

5. The method of claim 1, further comprising:
maintaining a substantially constant residence time of the first fluid over the surface

of the substrate as the substrate is moving.

6. The method of claim 1, wherein the substrate moves at a linear velocity

between about 0.5 millimeters per second and about 10 millimeters per second.

7. The method of claim 4 wherein a gap between a leading edge of the
application area and a leading edge of the second fluid region impacts a residence time of the

first fluid with the surface of the substrate.



el evating a tenperature of the fluid to greater than 35C. 10. The nethod of
claim8, wherein the nethod operation of maintaining a substantially
constant residence time of |ess than 30 seconds for the fluid over the
surface of the substrate includes, adjusting a width of the nmeniscus to
adj ust the residence tine. 11. The met H8d of claim 8, wherein the nethod
operation of providing a fluid to a proximty head di sposed over a
substrate includes, flowwing the fluid to the proximty head at a flow rate
of less than about 40 mlliliters per mnute. 12. The method of claim 8§,
further conprd-si ng® fOREEROERS Ped elflnPEdunidn esiugh wibsteaie gigaringr om t he

¢
ol ai m 6, S PP e on o e substrate whiie radiall'y moving
t he proxim t yprbedohgactilodso bintmlawthacexinfity Hehé dzpbstioatea substrate;
heating the fluid in the proximity head;
generating a meniscus of the fluid between a surface of the substrate and an opposing
surface of the proximity head;
maintaining a substantially constant residence time of less than 30 seconds for the

fluid over the surface of the substrate while removing the post etch residues,

9. The method of claim §, wherein the method operation of heating the fluid
includes,

clevating a temperature of the fluid to greater than 35°C.

10.  The method of claim 8, wherein the method operation of maintaining a
substantially constant residence time of less than 30 seconds for the fluid over the surface of
the substrate includes,

adjusting a width of the meniscus to adjust the residence time.

11.  The method of claim 8, wherein the method operation of providing a fluid to a
proximity head disposed over a substrate includes,
flowing the fluid to the proximity head at a flow rate of less than about 40 milliliters

per minute.

12. The method of claim 8, further comprising;
removing both inorganic and organic residues from the surface of the substrate during

ihe residence time.

13. The method of claim 8, further comprising;
rotating the substrate while radially moving the proximity head across the surface of

the substrate.



