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FLU D By Inventors: Katrina M khaylichenko, Denis Syom n, Mark W/ coxson
BACKGROUNRO 20{120722The present invention rel ates general | pCrasseéieanions),
rinsing and drying sem conductor wafers, and nore particularly, to nethods
and systens for drying the sem conductor wafer after a wet rinse or clean
process. [2] Critical dinensions of sem conductor devices are shrinking to
2X (i.e., about 20-30 nm and 1X nm (i.e. less than about 20 nn) in both

et processi oot AN JAELBRIDIDH, IRFAENTING ?@i@ﬁl?ﬁ‘aﬁ S0 1
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Structures becone so i cate that wet processing of these structures
required to prepare the state of the surface and/or to renove unwanted

resi dues often causes damage. The danage can be nechanical due to forces
fromthe flow field required for clBah§gtoa%id rinsi ng, megasonics, jets and
ot her particle renmoval techniques. Such damage often occurs on sparse
patterns with smal | Katrima Mé&bagidhegs, dedisi Syoevini MatkeWilasksbn oken |i nes and
portions of mssing lines. [3] Fig. 1 illustrates one exanple of damage on

a relatively separated |line structgA§E%ﬁ§2U§Be line structure 106 rises
er

above the surface 105 of the sem 101. Portions 102, 104 of

the line structure 106 are broken away fromthe |line structure. As a
resul t, thbl |iddedrssgetinyatiopeciptss gﬁ@&wteﬂea&lﬁa %ngam@é}sy@m Porti ons

102, 104 ﬁam@&%&gw Jl&%’gﬂa}tﬂ:%la'r & ﬁ% FIH&;SI y;tQ[? s By Jéﬁl?ow vel y m nor

forces Ilke a spray Jet spraying a ring ng across
t he surfa@emﬁ:bnddrwoﬂwéfexrafmrammwbmlm&mg@esappl i ed to the liquid or the
sem conductor wafer 101 by a transducer or other source. WO

2011/ 07221@? CTIYRRAMAAEAORB0fZemiconductor devices are shrinking to 2X (i.e., about
20-30 nm) and 1X nm (i.e. less than about 20 nm) in both device width and/or device
spacing. As the critical dimension gets smaller wet processing of high aspect ratio
structures (e.g., greater than 5 to 1 aspect ratio of depth to width) becomes increasingly
challenging. Structures become so delicate that wet processing of these structures
required to prepare the state of the surface and/or to remove unwanted residues often
causes damage. The damage can be mechanical due to forces from the flow field
required for cleaning and rinsing, megasonics, jets and other particle removal
techniques. Such damage often occurs on sparse patterns with small line geometries

and is exhibited as broken lines and portions of missing lines.

[3] Fig. 1 illustrates one example of damage on a relatively separated line structure
106. The line structure 106 rises above the surface 105 of the semiconductor wafer
101. Portions 102, 104 of the line structure 106 are broken away from the line
structure. As a result, the line structure 106 is incomplete and has a gap 107. Portions
102, 104 may be broken away from the line structure 106 by relatively minor forces
like a spray jet spraying a rinsing fluid or a liquid flowing across the surface of the
wafer or megasonic energy applied to the liquid or the semiconductor wafer 101 by a

transducer or other source.



[4] Fig. 2Aillustrates a sectional view of an exanple of ideal cluster 200
of closely spaced line structures 202-212, affected by damage due to
surface twozoam7edtel e drying. Fig. 2B illustrates a topPe¢rasab/oem2exanpl e
of ideal cluster 200 of closely spaced line structures 202-212, affected by
damage due to surface tension while drying. The line structures 202-212 are
al so damaged while drying due to the surface tension of the drying |iquid.
As a result the lines structures 202-212 are touching together, on the top,

in pairs apPFD? . il1ddR@tek hREctRhAlAGEW I8 §n 804npld 31 RIc8l MG BBRECloséigti o |ine
structures as they have a height H greater than about 5 tinmes the width W

The |ine spaagdiine esu@@2s 2022 hawaéfected pgduinege dustte svdaderignsspaehide 214- 222
between the .ling s tures. The interveni C 14- 22 | so have a
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Fig. 2B 'kb&%&m%é§§m§&f§é@ﬁﬁh£z@&c@@%%gﬁmhga&Rﬁokgﬁﬁkt&kﬁﬁiﬁﬁﬂgoo of
closely spaced line structures 202-212. As shown, the line structure pairs

202, 204 andn@06he ROSstanathre12y)2-2I2rh alse dhmegediwhitetiyingglet hetheandadeher ef or e
t he respective intervening. spaces 214, 218 and 22 been squeezed down
o hav hg RTINS REAERIdh§oS &t e 1565 s Weache L Le SJGHIY Space moans
the line siddieh Uiffie 852 ifPRRERHGChiL NTRe HANSRAUTE SR OUste hlAgpapd errors

i n subsequent operations and structures formed thereon. | Furt her,

i nt er veni ngicip@cesic@iiG anbky220e hdemhbHemeas@rtbadatepad tineu chie widdt W.hey have a
wi dt h appr.oaching tw c esired wdth. As a excess wi.dth intervening
space nea_rﬁwﬁlﬁs S?f\lﬁgﬂ*fé??%%?%gw TPRECU D RIAY FH g %)&Cﬁfsg?rl“a?\g&?qﬂt‘&??& %hi s can
cause seri : - s r.at: .St ures
Formed T o o R e e S ARLah YLt o 250

of cl osel yo sqdth &4 of thrdinststructites €62-232- 264. Damage can al so be caused by
surface tension related forces and can occur during drying. Liquid

accunmul at gg bet Weanshh@h aRsReele bRHARadel tBeneSiiEAl Clidtee 208 92c13&dy kdeces
| ateral forces FI, F2 that pull the line structures towards each other.

[8] When aingntretyien2ig2spade shavmskmlinapsrustine paiess2(3f 20hpissi(og 20§ ard

structure es criti | val ue, .the suyyfaces.can adhere to each ot her
Gue o miheAR1ERe Brfliotde e R M R R RS S PN st e it

dense hi gh1aSPBUndaD ihayEbieHGhEEO8] 0Wh thav iR 2Rkl BFR3TARGT/HS2R19/ 060023
3 exhibited by top portion of structure elenents sticking to each other as

shown in Rew. W@ intgregning gpac@@esitsahs line styattwphitk icongteflaltie camchuse concave
surface of the Ji uig in the jinterveni ng space 74-%84 g tween |ine
st ruct ur oS85 M and cPEJE PR et BPeURRY S 2RH SERCHE T T i er f ace i s
given by the followi ng LaPl ace equation: R

[6] Further, intervening spaces 216 and 220 have been spread apart such that they have

a width approaching twice the desired width. As a excess width intervening space

means the line structures are separated too far apart and this can cause serious flaws

and errors in subsequent operations and structures formed thereon.

[7] Fig. 2C is a perspective view of an ideal cluster 250 of closely spaced line
structures 252-264. Damage can also be caused by surface tension related forces and
can occur during drying. Liquid accumulated between high aspect ratio line structures

252-264 induces lateral forces F1, F2 that pull the line structures towards each other.

[8] When a intervening space between two surfaces of opposing line structures reaches
a critical value, the surfaces can adhere to each other due to a number of interfacial

forces. Such damage typically occurs with dense high aspect ratio structures and is



7 - surface tension; R - Radius of curvature of the surface of the liquid
[10] R- radius of curvature of the surface of the liquid is given by: R= d
2cosCC 0 wotzhe/oomawact angle [11] Forces acting on thePpatusernn/ 06§23
structure el enents include: FI - dde to variations in evaporation rate
causing variation in neniscus height F2 - due to variations in |line
structure spacing causing variation in radius of curvature. [12] The force
FI can pull the respective line structures 256, 258 together. Simlarly,
force F2 camibRes$By tdpeoslisriiétt stieQirad8merd Oti fo-eadin6thbPECHSWhlin FIZ can
cause the damage shown in figures 1, 2A and above. [13] In view of the
foregoing2Ghere is a need for a systemand a nethod for reducing the
surface tension of the liquid that contacts the |line structures. SUMVARY

[ 14] Br oad9yFigp2@khags a hytropiibs enfack anéntomavé swfge bhdrdigaekashdy provi di ng
a systemand a nethod for processing a wafer with a | ow surface tension

li quid. | tneHsHIng 8%658%4-8§4 Betavgen Hag sttuceupy 2¥ertd | MPEsItYe Aiffesencee

i mpl ement %groispth@lé{lw& Yte PR s given by the following LaPlace equation:

¥ - surface tension; R - Radius of curvature of the surface of the liquid

[10] R-radius of curvature of the surface of the liquid is given by:

_d
2c0s@®’
© - the contact angle

[11] Forces acting on the pattern of structure elements include:
F1 — due to variations in evaporation rate causing variation in meniscus height

F2 — due to variations in line structure spacing causing variation in radius of

curvature.

[12] The force F1 can pull the respective line structures 256, 258 together.
Similarly, force F2 can push lie structures 258, 260 apart. The forces F1, F2 can cause

the damage shown in figures 1, 2A and 2B above.

[13] In view of the foregoing, there is a need for a system and a method for reducing

the surface tension of the liquid that contacts the line structures.

SUMMARY
[14] Broadly speaking, the present invention fills these needs by providing a system
and a method for processing a wafer with a low surface tension liquid. It should be

appreciated that the present invention can be implemented in numerous ways,



WO 2011/ 072279PCT/ US2010/ 060023 4 including as a process, an apparatus, a
system conputer readable nedia, or a device. Several inventive enbodi nents
of the prweenti/i7earenti on are descri bed bel ow. [15] OnePremusdiromnio2zpr ovi des
a systemfor processing and drying a wafer with a | ow surface tension
liquid includes a | ow surface tension liquid source including a first heat
source capable of heating the |low surface tension liquid to not nore than
25 degrees C less than boiling point of the |ow surface tension liquid, a
delivery nRghans sm ?&Ees@,eziﬂ Apatang, b BRde abathul® e RubIE deid 8RgUeNcd.i quid to
an air/liquid interface region and a second heat source directed toward the
ai r/ i qui devernkeinfediercatpodmenthe theprenent ivantisourc clesabpdbtlewof heating t he
air/liquid interface region to at |east 2 degrees C greater than the

boi I'i ng p¢i3it @Inectdacbodomers prdvaded atsgRnsindor progessihg anfl #6ing i evasdar withi qui d
interface region can_be on_a surface of a wafer. The system can al so

i ncl ude anoWéviiRaedensin liggdinchenn ko pyiace §nstoalaides quisi iBHudBE 3dE5Y he
surface of fer T - ' at | east
one of a fr %)t%t% u%rc ? a(%e %ﬁlﬁﬁgggg@g&&ggélf%ggé%ﬁ%@ﬁﬂn&\zg)f%}Fﬂ%%gggtezgond heat
source camlepieed Qd&s ainlbodlifar gt dieiad losodiface @hsiogligaid! puavdra front surface
of the wafer and a back side heat source directed toward the back surface
of the waf@gchanismfpr dehigeideg tho beateddavh sinlaseiamsiondigrid terap iy liddd heat ed | ow
surface t gslan Lighi.gfi 4 80 ALIAbLAYLALA! BILALALEAAR fafllnc! ude a
reservoir containfrng a quantity St the Reat ed T ow SUrface tensi on l'i quid
and wher eirggibe@h@idcohd it Sourtd &iphisle ®f hegin@nhd Sr/pueiineifecctogibheo sur f ace of
the quantity of the heated | ow surface tension liquid. [18] The delivery
mechani smi¢ast 2 dedrecsdy Rregter Han flecabaiing poinsefrthetoav sushise smsiondigotl- t o an
air/liquid interface region can include a nozzle directed toward the

ai r/liqui d16Int diht aodiquebincmtaceregspr @yibegntarmriaeatcfadwhiew Sy fyatcer ¢agnsi on
liquid on the surface of the wafer. _[19] The del.ver chani sm_f or

del'i veri n@i%)wﬁﬁ%%%fﬂr%% B Pale %%H&‘i“éhmlﬂiq TBIpB aghes G P gt e

i nterface yegi opphLaBoddlaibfiyd RIhDEidHct%d REATe £RPADYE: BndsQFiHdd meni scus
between a proximty head surface and a surface of the wafer wherein the

ai r/ i qui dackhiefadaottheegifan Ths secdndicht sogree dge inefude hethnefrostdieat souk®

2011/ 072279P 201 2
01170 d?reggcli H)Swa?*d g/frooersltosourgace of the wafer and a back side heat source directed toward

the back surface of the wafer.

[17]  The delivery mechanism for delivering the heated low surface tension liquid to
an air/liquid interface region can include a reservoir containing a quantity of the heated
low surface tension liquid and wherein the air/liquid interface region is proximate to

the surface of the quantity of the heated low surface tension liquid.

[18] The delivery mechanism for delivering the heated low surface tension liquid to
an air/liquid interface region can include a nozzle directed toward the air/liquid
interface region for spraying the heated low surface tension liquid on the surface of the

wafer.

[19] The delivery mechanism for delivering the heated low surface tension liquid to
the air/liquid interface region can include a proximity head capable of forming a
meniscus between a proximity head surface and a surface of the wafer wherein the

air/liquid interface region is a trailing edge of the meniscus.



5 [20] Another enbodi nent provides a nethod of rinsing a surface wth a
| ow surface tension liquid including heating the |ow surface tension liquid
to a tenpeoabuwre2219t nore than 25 degrees C | ess than beciriusgoposeees of t he
| ow surface tension liquid; delivering the heated | ow surface tension
liquid to an air/liquid interface region; and heating the air/liquid
interface region to at |east 2 degrees C greater than the boiling point of
the low surface tension liquid. [21] The air/liquid interface region can
be on t h?éﬁ(}]r f 2GR 1Rk cAbY@hRNt prifRIcIB ML LANRIS JufGtUFR ROV RErthde
air/liquid interface region across the surface of the wafer. Heating the
ai r/ i qui densmndrduatimchudgigdreating dit 1w astfa? tesgmdagidCiay watperaturhant t he
boi I'i ng point .of the |low surface tensian |igujd cap include heating at
Peast one i S Eeigy g ipailmSeei el SFenEnER deieat i ng ¢ he
ai r/1iqui dieliMdrBloHtRC Redi Db RutBe@lentifRfluid SI80L 8RR U ilcfatEfolRahd he
boi I i ng poi nt 01‘g the I ow surface tension liquid can include heating a front
surf ace amdatmgyhe kirdigpiddoeriofe tehmnwahielcast 2[d@2ijeceDE| greateri than thhdolimgt ed | ow
surface tensi OP | i qthJ,i dto an.air/liquid interface region can include
subrrer gi ng Al thsrey sprace Rt iBHY containing a quantity of the heated | ow
surface tension liquid and wherein the air/liquid interface region is
proxi mat e [RH t Hdegirfljanibingtace eegipiaganibeyndghe suytacp ehe agiarowhs mef t ensi on
! L qui d . %gf?’lﬂtsg)?l e hd\dn Hl% atfr tu?cg'nltg}lglcg%ler fi Cecr(gsg.r%ﬁé sorr]falcla thv& PerdN
air/liquidiinterrace region can nelUde“a " mozz1 e diTect éd° toward t he
ai r/1i qui ¢ldanheieatdiuegintefdoteSe @yt st Necdieategrehoimha tfcasslitgensi on
liquid on the surface of the wafer. [24] Delivering the heated | ow surface
t ensi on | ipguit @f the leweudage/tPrsar i ear meglude heajingrat teast angof adient or mi ng a
meni scus Het AR5 LR CE%F fead Ufﬁ%%ﬁgﬁl%d i 1i<§q‘{éﬁr%8£%c%fre%$§ﬁqa’%f er

ge

. surface . cksu ¢ wafer .
wherein the air IC]UId I nctert ace I’egl on 1 a a Ing e e Nnenlt scus.

[25] Yet aagtheéeremodicaRNthaRRVhERSe foiflSitBENJwOurRce &Rsdh Mguandndr yi ng a
wafer with a | ow surface tension liquid including a | ow surface tension

| i quid sodnddedd heatinglh Aignbsutface andhebacksoifaeeeofdhpablice of heating the | ow
surface tension liquid to not nore than 25 degrees C | ess than boiling

poi nt of {22 | dwlisuriighe heaodlonsdriaguitchsioa ld@ld toenyintegidinitafact argion
delivering the heated | ow surface tension liquid to an air/liquid interface
regi on whérRingudssubineneimedhs afchinp FEEROH EENEHINS?2 GPRIANERfr tha Bertet IO waf er |

a W0 201 %GQZ%%Z%E’&T@@@%@@Q@@%% Qirﬁl‘éﬁﬁﬂﬂte%éé reBRATIC ro‘il‘u{lﬁ‘é?@ gtoward the

air/liquidinterface gl on, the secon eat source capable o eating the
ai r/ i qui dutfadearfiti@cquandgi «@nhd beagdd Ibeastfa Wedoebqui€ greater than the
boiling point of the |ow surface tension |liquid, wherein the second heat

source i s [gi)r e¢i@leclifh @b hbfBS oW ARRE (GhsfohMidSahaaRiAndinterRRs kegdd f ace of
the wafer, an actuator capable of noving the air/liquid interface region

acr oss t heasunctuwlee nozle ldaegted grward the air/liquid interface region for spraying the

heated low surface tension liquid on the surface of the wafer.

[24] Delivering the heated low surface tension liquid to the air/liquid interface
region can include forming a meniscus between a proximity head surface and a surface

of the wafer wherein the air/liquid interface region is a trailing edge of the meniscus.

[25]  Yet another embodiment provides a system for processing and drying a wafer
with a low surface tension liquid including a low surface tension liquid source
including a first heat source capable of heating the low surface tension liquid to not
more than 25 degrees C less than boiling point of the low surface tension liquid, a
delivery mechanism for delivering the heated low surface tension liquid to an air/liquid

interface region wherein the air/liquid interface region is on a surface of a wafer, a



[26] Ot her aspects and advantages of the invention will becone apparent
fromthe follow ng detail ed description, taken in conjunction with the
acconpanywogodrEged7ags, illustrating by way of exanpl e tireTprszonoiopioes of the
i nvention. BRI EF DESCRI PTION OF THE DRAW NGS [27] The present invention
will be readily understood by the follow ng detailed description in
conjunction with the acconpanying drawings. [28] Fig. 1 illustrates one
exanpl e of damage on a relatively separated line structure. [29] Fig. 2A

i 11 ustrat gscond HR&tsoaRldir¢t BV S ar@ he@XANRIi@ irférficd @aiofk liSc@bnPheat! Osel y
spaced line structures, affected by danage due to surface tension while
dryi ng. [$8@Fe Fapgble2® hiehtingsthe air@isual ingplagd wgicnfto ahleastardseeeenfC grelser ¢l ust er

of closely spaced.line structures, affected b amage due tag surface
Censt on wiiranapgiiag poiny ah e poty SRl SORFOE e o bh S L BES,
cluster ofis ghQagl ¥ a6 RAGRMe ok BErodt Stk hRBa badk3lald & thSwhldrUstdcalgs |1 ne
structures bent by the forces FI, F2, in accordance with an enbodi nent of

t he presertpiblwvenmoang the[Bdliqudl geerfabA regioh 4Bosrthe surfaswos thefvader. t ensi on
liquid cleaning system in accordance with an enbodi ment of the present

i nvent i on.[26][ 34}thér @pechs drdl a@lvhhtoms e idvagioamwillbatorhd ppatenatem thbe nmet hod
operations perforned in withdrawing a wafer froma | ow surface tension
liquid cl éalwige detailer desaripiéain tkah Hecomislion &1 BriBoaicREPANYINS deiptesent

I nvention 1llustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[27] The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings.
[28] Fig. 1 illustrates one example of damage on a relatively separated line structure.

[29] Fig. 2A illustrates a sectional view of an example of ideal cluster of closely

spaced line structures, affected by damage due to surface tension while drying.

[30] Fig. 2B illustrates a top view of an example of ideal cluster of closely spaced

line structures, affected by damage due to surface tension while drying.

[31] Fig. 2C is a perspective view of an ideal cluster of closely spaced line

structures.

[32] Fig. 3 illustrates line structures bent by the forces F1, I2, in accordance with an

embodiment of the present invention.

[33] Figs. 4A and 4B are a low surface tension liquid cleaning system, in accordance

with an embodiment of the present invention.

[34] Fig. 5 is a flowchart diagram that illustrates the method operations performed
in withdrawing a wafer from a low surface tension liquid cleaning fluid, in accordance

with one embodiment of the present invention.



WO 2011/ 072279PCT/ US2010/ 060023 7 [35] Fig. 6Ais a |low surface tension
drying/cleaning fluid nozzle system in accordance wth an enbodi nent of

t he presew0O20nweet7von. [36] Fig. 6B is a flowhart di agcamseéiainsoo23
illustrates the nethod operations perforned in drying/cleaning a wafer with
a nozzle, in accordance wth one enbodi nent of the present invention. [37]
Fig. 7Ais a low surface tension drying/cleaning fluid proximty head
system in accordance with an enbodi nent of the present invention. [38]
Fig. 7B ig$33y f lronehaita 1%@@1&@&@&&% ddyl sl EALRSGAfoBE BRENORET ati ons
performed in drying/cleaning a wafer with a proximty head, in accordance
with one endwdingemtithgh entwdpnesehthei mesent inwentionf 39] Fig. 8 is a bl ock

di agram of an integrated systemincluding one or nore of the | ow surface
tensi on dify6]ng/ked. ednis aglowlching digsine iyt iliudtraecoe danieel sfethioan pefidatidnent  of
the present invention. DETAI LED DESCRI PTI ON [40] Several exenplar

enbodi nent® deyde/¢leaning 3 vates Widrisiogales inacgordpres iy iHyorermbqdiygeH L élgﬁ‘st ens,

met hods a%QS%HH' %ﬁﬁﬁ will now be described. It will be apparent to t hose
skilled i A the ar at the present invention may be practiced wthout sone

or all of fic details set forth herein illustrates
T e st P udbls RS s S48V B R O i huig prcnimizy Bipdiabien 3 £ b o
enbodi ment,.Qfrd4e vRheSEMbJdIMER L B2 r&ﬁﬁthb&ﬁu%irUCtures 208, 210 act as a
cantil ever with one side 208A, 210A flxed to the substrate 101 and the

opposi ng i l'i ne
structur eT%S ?{‘Og J%fe lfg egﬁ |Cr1%\%\rgr8{ %?V\glra?ﬂ%ﬁgﬂe{ Gﬁlll(;r?e(jpse {ar%ll?% EI%OI’%‘%
shown in phanimrRiea8ng a ¥4 with a proximity head, in accordance with one embodiment

of the present invention.

[39] Fig. 8 is a block diagram of an integrated system including one or more of the
low surface tension drying/cleaning fluid systems, in accordance with an embodiment

of the present invention.

DETAILED DESCRIPTION

[40] Several exemplary embodiments for low surface tension fluid cleaning and
rinsing systems, methods and apparatus will now be described. It will be apparent to
those skilled in the art that the present invention may be practiced without some or all

of the specific details set forth herein.

[41] Fig. 3 illustrates line structures 208, 210 bent by the forces F1, F2, in
accordance with an embodiment of the present invention. The line structures 208, 210
act as a cantilever with one side 208A, 210A fixed to the substrate 101 and the
opposing end in free space. Surface tension forces F1, 2 cause the line structure 208

to deflect inward toward the other line structure 210 as shown in phantom 208°, 210°.

[42] Pattern collapse occurs when the respective lateral deflection or sway value 81,
02, of the line structures 208, 210 is larger than half of the distance D between the

structure elements.



[42] Pattern coll apse occurs when the respective lateral deflection or sway
val ue 61, 62, of the line structures 208, 210 is larger than half of the

di st ance WoketvigeaT9t he structure el enents. WO 2011/ 0722CIRSTI082D2H/ 060023
8 [43] The forces acting on the stru8Bture elenents can be a uniform
pressure | oading and/or a single pulling force at the free end. Lateral
deflection 61, 62, of the line structures 208, 210 for uniform pressure

| oadi ng can be determ ned as: 2E E - Young's nodule A - aspect ratio, HW
[44] The W&guei%éﬁ&%éiﬁﬁm,%ﬁhhﬁﬂﬁﬂuﬁ@eﬂﬁ%hﬂgaﬁﬁgﬁ%Eﬁb@nﬁkﬁﬁhékﬁ&@% obst acl e
for the 2X devi ce node ané smaller (e.g., 1X) generations of devices. The
di nensi onsindfeda mnglemllﬂlwgl%rqehetltd:émemé. @etegal defl¢ation X1y d€t off hs Jincoupl ed with

i ch t ne P PR Akcl PapSirilin Miteuisdoilts B U4 dB I Ore | net ances such

as post STI etch and post STl hard nmask open clean, the pattern collapse in
drying is o ténP ssevere that the pattern collapse precludes the use of
nost conve Awet cl eani ng techni ques for residue and contam nation
removal . Fdexu the bsence of wet clean leads to significant yield | oss.
As a resul %ﬂ% ﬁB %onplex expensi ve approaches such as supercritical
C2 are use¥d:asBeghmatappk®aches are nmuch nore expensive and nore difficult to
perform Low Surface Tension Liquid [46] One method of m nimzing and even

subst anti gh4)y @thicmisn@bf ﬁélteﬂﬁ&dlfabgb ﬁcdriflﬁg%@cdnﬁbsqrsfigﬂ"‘ﬁcd% BBstat1d RNRUr f ace
tension liquid. Heating the liquid can further aid in the elimnating

pattern c@X dgyse mpde andysaliarfige., HEagemvptman obdevags ofpt dghadidny anthe or nore
infra-red (glﬂ Iaﬁg)g . . : :
rigidity of the deévices (e.g., line structures) coupled with the physical properties of
drying liquids reach fundamental limit after which the pattern collapse can not be

avoided.

[45] In some instances such as post STI etch and post STI hard mask open clean, the
pattern collapse in drying is often so severe that the pattern collapse precludes the use
of most conventional wet cleaning techniques for residue and contamination removal.
However, the absence of wet clean leads to significant yield loss. As a result, much
more complex, expensive approaches such as supercritical CO2 are used. Such

approaches are much more expensive and more difficult to perform.

Low Surface Tension Liquid

[46] One method of minimizing and even substantially eliminating pattern collapse
in drying uses a low surface tension liquid. Heating the liquid can further aid in the
eliminating pattern collapse during drying. Heating can be accomplished by one or

more infra-red (IR) lamps.

[47] One method of depositing of low surface tension fluid onto a wafer such as
dipping the wafer in the low surface tension fluid such as a vertical reservoir. One
alternative the wafer can be substantially horizontal and a thin fluid film deposited
from nozzle, air brush or by running low surface tension fluid through proximity head
with a meniscus. Another alternative has a substantially vertical wafer orientation and

a thin film of fluid deposited from nozzle, air brush etc.



[47] One nethod of depositing of |ow surface tension fluid onto a wafer
such as dipping the wafer in the |low surface tension fluid such as a
verti cal wezerwopz79 One alternative the wafer can be sulpstarstéialobop23
horizontal and a thin fluid fil mdepo8ited fromnozzle, air brush or by
running |l ow surface tension fluid through proximty head with a nmeni scus.
Anot her alternative has a substantially vertical wafer orientation and a
thin filmof fluid deposited fromnozzle, air brush etc. WD

2011/ 0722 98ICTHUSION QLRRASR S 11did Bl 1iding chRBe §hicki§IRate8 NS ieRipefditttd Or

liquid can be quickly heated to tenperatures closé to boiling point of the
| i qui d andlashéo beifieg poiot olethp breitliand sheabaletot timperaivrésredpopoihetbobdafeor e t he
liquid is evaporated from between the . line siructures. i.ant heating such
ns by an’ PR B (B 1R nam Ry h8eces for
reservoir guM 4y &Wnﬁh'ﬁeﬁ%ﬁ? 58PS AABrrfaliti1g addltfbRhl RATR. SotRERIES of | ow
surface tension’liquids and fluids include but are not Iimted to isopropyl
al cohol ( r@a¥voinpavith laiv spribtarensimatled. et hers (e.g. HFE7100, HFE7200 from 3M
Corporation), or fully fluorinated ethers (e.g., FC-84; FC-72 from 3M

Cor porati ¢49]. Rehatdxuphy bl asesdirers kdRHnafquilrmad utdiitSuddbiYrd ge- i oni zed
water)7 = 72 dynes/cm at 25C | PA7 =22 dynes/cm at 25C HFE7100y= 14 dynes/cm
at 25C [ Soyitedr isopepy] fgolal () haariidly fAuasinated egherelss SATIA00.ess t han about

=22d 2 | d..al . ' di
vave TR 0 St GO RgBR 8 i iApped Sl P LERRLTRI Bl o L

out put 1208M\ oMRiatibAPORBIIE€NGde (chsivat bf e liddi@ght density at sanple
surface - 14 Wcn2. Maxi mum output at 2.5 um wavel ength. O her suitable

heat sour gggy GRUbLHiZBY 3PP USEL: 72 dynes/cm at 25C
IPA Y =22 dynes/cm at 25C
HFE7100 Y = 14 dynes/cm at 25C

[50] Any cleaning fluid having a surface tension of less than about Y= 22 dynes/cm
at 25C could also be used.

[51] A carbon emitter (medium wave IR) lamp from Heraeus is an example of a
suitable heating source. Lamp output 1200W over 1700 mm length (7 watt/mm).
Light density at sample surface ~ 14 W/cm2. Maximum output at 2.5 um wavelength.

Other suitable heat sources could also be used.

[52] Figs. 4A and 4B are a low surface tension liquid cleaning system 400, in
accordance with an embodiment of the present invention. Fig. 5 is a flowchart diagram
that illustrates the method operations 500 performed in withdrawing a wafer 101 from
a low surface tension liquid cleaning fluid, in accordance with one embodiment of the
present invention. The operations illustrated herein are by way of example, as it
should be understood that some operations may have sub-operations and in other
instances, certain operations described herein may not be included in the illustrated

operations. With this in mind, the method and operations 480 will now be described.

[53] 'The low surface tension liquid cleaning system 400 includes a reservoir 412

with low surface tension fluid 414, a wafer 101 positioned substantially vertically



[52] Figs. 4A and 4B are a |l ow surface tension liquid cleaning system 400,
i n accordance with an enbodi nent of the present invention. Fig. 5is a

f | owchar twoiagreEam7vhat il |l ustrates the met hod operati on®CHAB2@enb@RIred in

wi thdrawing a wafer 101 froma | ow suvface tension |liquid cleaning fluid,

in accordance with one enbodi nent of the present invention. The operations
illustrated herein are by way of exanple, as it should be understood that

some operations may have sub-operations and in other instances, certain

oper at i ONgeld@RCHItREAsNRHR iINaTBYern L. IThelviidlad 01 eah ﬂ%v&'sﬁl%ﬁzlrftﬁﬂ?d
operations. Wth this in nind, the method and operations 480 w |l now be

descri bed.vertjcBRy irfHeectiony K4, 4048 tlenegiome liqogiadr inlestane AL siythe surfad©0

i ncl udes erv0| 412 Wi surface nS| on fluid 4, a wafer 101
Dot 11 on e A UTDER AR oL bt S oS0 hSPEy Soismiist 3 Gin rsdiRess 1o
relative tv@aférhl@1rtﬁx%ﬁgh(ﬂierhqu[ﬂ/ﬁf‘n@é}@ic@wl@ D QBe rebig/RS Wherd ht a8 nove
substantially vertically in directions 404A, 404B through the |iquid/air

i nt er f ace edte® @tleaviee thedhfidice dofctidng 40di, 404H.ace tension fluid 414 as
descri bed bel ow. An actuator 402 can nove the wafer 101 through the

l'i qui d/ ai [54]nt @i heoperdiddn $04, ehe lowvharfe@oemidn flind 4kes Redidierowddsetto gt ers or
| eaves the fluid) in directions 404A, 404B. [54] In an operation 504, the

| ow sur f adeilingmoingan theypservpin By wheat ednnde. dholow wusfare enpon fiuskt drnt i n

the reser \flgilt{a%l n%ﬁ[ﬁ‘@ 0? es? HBL@ tSt I[F%flgg% Ef%r ft}%%%oﬁl?ngsﬂo(?ﬂ Jll eg (e s

heated to W ess an a rees i'ng point

in at | easép pdi€ioh oOpthpalulid ﬁlrth@fesbﬁelrfmlm Wsing HerOQSaew@ximﬂl&ﬂHFMIomg
HFE7100 as an exanpl e, HFE7100 has a boiling point of 61C and the top
portion 4hanabeilingeofl af GG and the torpetipn it P thedlud in theireseniogiiftld is or m and

is at abou an ti on 506, one or npbre heat sources
410, 410' Ell%} isgﬁ%rnigﬂﬁ&p%bou{gggéﬁrface 101A, 101B of t he substrate and

top surfa 4lBof the fluid substantially 1nt regi on 416.
The heat i i§5so P8R ePgr3En Ay ong aimgie heay Wew% 4#9%&% eéﬁ%‘é@%é‘ﬁcy and

vavel engt it Hatach 301! 101 BRIMLEDsieMe L1l sUiEcetldn of{tﬁ@hu drkuﬁﬁarﬁﬁ‘ﬁ ation
508, the surface 414B of the fluid 414 can be heated to or near ofling

poi nt of tahthefihtaiface rogigoridas Thohtating soanesb@()oﬁl(kwaﬁaeelamp,Bmﬂnfradlhteorf | ui d.
[57] In an operation 510, he wafer 101 i rted into the fluid 414 as
shown in EeYUeHEE andyanclepg M&Wfﬁﬂb&b%@e@i’é{ﬁ%ﬁf Yidd4i nto the reservoir 412
the wafer may be wet froma previous cleaning /rinsi n% step and any liquid
remai ni ng [N t heanapantidn Y, tveuppend diisofghe dnidny 4/aeh s heged toep el | be

i sci bl h th ; fluid 414, ion 512,
the et or Pigieirbgefis o oSG Fha O%éfig %#%Pe Oﬁtsaﬁﬁcae[‘@% ladlyes o "

direction 404A at a speed_of about 0. sec._|n operation 512 the

waf er 101 [FE wilk A PRSIALST HYP: theev el #%é 1%‘@491 oo thedluid 41 4as hAPBARN t he
wet-dry i Iﬁlf 20Fh8 1 fre wafer 101 is transferred into the reservoir 412 the wafer may be

wet from a previous cleaning /rinsing step and any liquid remaining on the wafer from
the previous cleaning /rinsing step will be miscible with the low surface tension fluid

414.

[58] Inan operation 512, the wafer 101 is drawn through the wet-dry interface
region 416 in direction 404A at a speed of about 0.5 — 10 mm/sec. In operation 512
the wafer 101 is withdrawn from the surface 414B of the fluid, through the wet-dry
interface 416.

[59] As afirst portion of the wafer 101 passes through the wet-dry interface 416, the
first portion of the wafer surface 101A, 101B is heated to a temperature significantly

above the boiling point of the fluid (e.g., at least 2 degrees higher than the boiling point



[59] As a first portion of the wafer 101 passes through the wet-dry
interface 416, the first portion of the wafer surface 101A, 101B is heated
to a tenpeoavuwre2zpgni ficantly above the boiling point eCTtuseolosiods (e. g.,
at | east 2 degrees higher than the boilling point WO

2011/ 072279PCT/ US2010/ 060023 11 e.g., greater than 51C for HFE7100) in an
operation 514. In an operation 516, the fluid 414 achieves a boiling point
tenperature within about 0 to about 3 seconds fromthe first portion of the
waf er 101 cheidiehtdd thiids BWb fHI@M DD eIl dpeftiof 548 8 arf SiRr&loaanNbnge filuid d 414
and the nethod and operations can end. [60] It should be understood that
the heat dddrcsves rdoilapointdamperadic wohiwdibatt @fotdbent Hiccandsfoom thd de 101A

i.e., the. side.wt t .el enent d i f th back
e 101p T rartion ¢dng S ot B ST yiine U6 wEite AU CRRERE) The ™
yvaf er 101-ﬂuTJ‘@léhzﬁﬁth@ﬁié’flﬁﬁsan&%@eraﬂéﬂ’s'caﬁ%ﬂd.be directed directly at the
interface 416 of the fluid and the surface of the wafer 101 and on a

ti PP o Li Ui - "
ot er face Gla TisHidbelideiRoBinh At shlites B4 G BRI BRRAR NG o

a portion oph fiodaesival @rA Lkl wxtidadithgtabaweelanedto andédvisws thenddnhaedyce 416.
[61]] Fig. 6Ais a |ow surface tension drying/cleaning fluid nozzle system

600, in adEbidkanidel Wit Geatheevdoennasin thefronhedprader sidenad g wier Bl " 6B i s
afl Omr]arfhe%'e@t%oﬁr@e# {gf’f}, 43&1" AR el Hﬁ ARELOLL RREGEAL L ANS, tﬁgﬂgir%%{nhor med in

. [%
dryi ng/ cl eani ng a waf er W a nozzle, ”in accordance w

enbodi mentthofurtabeoPthe seidr 10magdbh @portidheofapen@lid ans sé hd wichethedqtiar ei n are
by way of exanple, as it shoul d be understood that sone og,erati ons may have
sub- oper athronagrie theinriges 41G sPemerdwth ekthe s sopeeatibisO'dasdei bed herein

may not be.jncluded i.n t il r.at operations. Wth.this dn mnd, the
e hod andiE HIF GorkiBp b et B RREH Bl o i e th@b & A0S,

t ensi on dryjng/cleaning fluid nozzl e system 600 includes a n l.Le 602. The
wafer 101 8Hn Bée By 3¢ AV SHIAgURNS AP dpietalsapinedbid hords wskar 00617 can be a

hor i zont alycQfaMReE WifhSln MhciRiEn &P I ﬂ};@stehpi%_vél{do%mfé‘é.il@“is a flofhalkn an

operation 652, the water is spun in‘direction 604.” I n an operation 654 the
| i quid is diveadrechat dlweates beirhéthgl pmrationa$50d pedonnizddn dbdvgclemioper at i on 504.
The liquid is heated before being spread or sprayed on the wafer. The

liquid car®d tydavidha porze. dpifcerlagecowith eneenBAUmER| of Bf PISEH_INCPER-d suppl y

source.  [1Gd] hﬁt' ARGFAL Q7 %%@e bfwﬂ b8xaRRid LON sBEfd BE uhiGsWBd Bfar SUT T ace
i s heated by “The lﬁlggalt source 410 t0 a #enﬁigﬁﬁt Uire above the Doili nga poi nt
of the |i guind.optmtiopanat hom,sub-operations and in other instances, certain operations

described herein may not be included in the illustrated operations. With this in mind,

the method and operations 650 will now be described.

[62] The low surface tension drying/cleaning fluid nozzle system 600 includes a
nozzle 602. The wafer 101 can be rotated or spun in direction 604. The wafer 101 can

be a horizontal or vertical or some combination orientation.

[63] In an operation 652, the wafer is spun in direction 604. In an operation 654 the
liquid is heated to near boiling point as described above in operation 504. The liquid is
heated before being spread or sprayed on the wafer. The liquid can be heated in a

source such as a reservoir or other liquid supply source.

[64] In an operation 656, a first portion 620 of the wafer surface is heated by the

heat source 410 to a temperature above the boiling point of the liquid. In operation,



WO 2011/ 072279PCT/ US2010/ 060023 12 658, the heated liquid 414 is spread or
sprayed on a second portion surface 616 of the wafer 101 near the heated
porti on 6R20.2016G31791 n an operati on 660, the second port PON/USa00ACE®2516 i S
rotated into the first portion 620 and the liquid 414 is boiled away from
the surface of the wafer 101. The method operations continue until the
entire surface of the wafer has been rinsed/cl eaned and t he net hod
operations can end. It should be understood that the | ocations of the first
portion 6288anehthed ﬁ%ﬁ@ﬂm ROptda@dr 8@y &S orf N&cOM p€iBn GRMade® 1BRY &k OF
selected as desired. The |ow surface tension fluid is used and a heat

sour ce canvdbe 1dilmeat the heasedpestion 6Bdt h si des of the wafer 101 at or just
after the location the |ow surface tension fluid is deposited on the
surface off65]he Inai eperati¢rb®]0, Hegrecohll postian Suotcs At d aaetatedrisioahe first
drying/cleaning fluid proximty head system 700, in accordance with an

enbodi mentPoBont 8 an daclituid Al thodad awmgfromsh? SUTRACE [0h fieHuaer Hlaggm t hat
L1 ustrat eg.4 he, Ji %d&ﬁg &ﬁﬁﬁl%hmezg@reaﬁfé&f wfeﬁ%ﬁdﬁ%c' eaning a waf er

101 with a proxi'm I'n accordance vvlt one e nment of the present

i nventi on rmmﬁclezneﬂahd giesméthbdispdratiad cheesd. it sicildye waderabokekanpte, as it
shoul d be understood that sone operations may have sub- oPeratl ons and in

ot her i nsteggdiess ofdBe fit podion O3 b thegeednd iosidrhelteriheriilage cablee | ncl uded in
he ill
the i UStn]i(%fteg%r d%ggt&} %chgfrec%/v '}}l{L]EP ' age t@hﬂ il fl{lﬁels rrEed a%g r Vs é)%?ﬁr at ' ons

750 wi | I now SCrl oW Sufface tension eani ng

fluid proxfbé irfearitosynstoe BbhQds BE tHedegeOIH Dior fRT gdniaxiovation thersgs 702
that can formone or nore |liquid neniscus 706 between the proximty head
surface 702Aacsrensiniellad ipdinesisadr graibesurfae Rl theordenbf the wafer 101. The

waf er 101 can be in any orientation (e.g., vertical, horizontal or

conbi nat i ¢66] t g &cf s ala'Wsutfecaitemrah@rinﬁgzlcmeainmwiluié@rcecdrnttphmdesysuerrbot h sides
101A, 101 f. the wafer 101 at or very near a trailing edge 726 of the

meni scus %@ mwﬂﬁ@f@%ﬁ%@ﬂé&@@%@% fhepretent Wée%)@e%&d’?ﬂé neni scus 706
the surf ageutfddRbrdha B bl SnPWdi RN faMbaRrhRg ypr oxi m ty_head

702 is noved I1n direction 704 relative t ce 101A of the wafer
101. The pirynrg/oiehningeacfcf0D 1 odth 4 pokindiey keademtaecorgandeivath GiR2 for heat i ng
the | ow surface tension drying/cleaning fluid. Alternatively

2011/ 0722 FoDeFingsso @‘F@’G@G@s‘n‘i@upﬂeTP%&P%W%&%“%‘%thFFF”éIF‘S‘FﬂWgWW dani ng
fluid can Qﬁng@aﬁsqgs}%kﬁg%de% dddqgatts%ﬁlerzf[pg%it H*qst eﬁagﬁé&é szlg?opéfﬁﬁgg%d n a

source or reservoir as descri ove oper ation
waf er 101 in sthopinednéast @rposopferaions escapat Bdreiamafbabt bt velyatedyn thet y head 702
is noved into POSItIOI’l relative to surface 101A of the wafer 101

illustrated operations. With this in mind, the method and operations 750 will now be

described.

[67] 'The low surface tension drying/cleaning fluid proximity head system 700
includes one or more proximity heads 702 that can form one or more liquid meniscus
706 between the proximity head surface 702A and one or both surfaces 101A, 101B of
the wafer 101. The wafer 101 can be in any orientation (e.g., vertical, horizontal or
combinations thereof). The heat source 410 is directed to one or both sides 101A,
101B of the wafer 101 at or very near a trailing edge 726 of the meniscus 706. The
trailing edge 726 being on the edge of the meniscus 706 the surface 101A of the wafer
is pulling away from as the proximity head 702 is moved in direction 704 relative to
the surface 101A of the wafer 101. The proximity head 702 can include a heater

portion 722 for heating the low surface tension drying/cleaning fluid. Alternatively,



[69] In an operation 756, the |low surface tension drying/cleaning fluid is
heated to near boiling point. The | ow surface tension drying/cleaning fluid
can be hexsDedi/aigizde or external fromthe proximty hea®CTAB2010[06@R3 | n an
operation 758, the heated | ow surfaceldtension drying/cleaning fluid is
injected into the space between the proximty head surface 702A and the

waf er surface 101A to forma neniscus 706. In an operation 760, vacuum
draws fluid fromtrailing edge 726 of the nmeniscus 706. In an operation
762, heat Hl4 JusfadPihiied dhﬁ’nzgﬁcl&rﬁ§§ flRRIcah OB hefteyeft@magyfrbAache 101A
proximate to trailing edge 726 of neniscus 706 to tenperature above boiling
poi nt of Iprepiimdty hByd Wed/sugh aexamgsivece dirgsecanr dsadchadteddboe. gr eat er t han about
70 degrees C and less than boiling (e.g. 100 degrees C). In one enbodi nent,
the DI VWV i[68]hedh ed operaddioli2, &2 whefgr HHSis GovEdénts pofiace heopeiadibn de¢r ease with
renperature is relatively small (e.g., fromabout 72 dynes/cm at 25 degrees
Cto aboutth%ﬁoﬂw%he@ﬁﬁﬁt){ lweourégmg&oseomdrlaerw HHECT Hohm abBatval2 dynes/ cm
to about 14,dynes/cmfor |PA). Wile the decrease in surface tension is not
great, the relatively faster evaporation rate of the heated (e.g., greater

t han abo 0 rees C bst t aII ed s t he ttern damage.
172 1 afDperin St AndnbRiudae South S B HetdiPr ace. 101
of the wafgs tiind Qifd &R 10%IshFSve t@ﬁdoﬂchl?m%yﬁiéaﬁ mﬁdwﬁbé/r@éaeerd indifle waf er

101 can nove relative to the proximty heé 702 either laterally or

r ot at i onalok yxtarmal fromtbe priimity Beadf742e 101A of the wafer has been processed
and the nethod operations can end. [72] Fig. 8 is a block diagramof an

i nt egr at eq7@ly stie ah 8p@aticicT IgditRcheara 16w siifice @isidih@yin@Wl@uinbdliad tsensi on

dryi ng/ cl eani fluid systenms 400, 600, 700, in accordance with an

enbodi rrentmrérteg o Bree%‘mber\ﬁveﬁbr BipxinTinehgadsag e EB Asynsk bermalbin siiedcudes t he

000, 700, 10495 b FSH T L BB SR AR Bl S LG o

control | erd@dREeount ﬁréniseustm l1@Wh 5pérﬁﬁ@re7629meatqnoﬁrlya;rrg{ealteammg fl UI d
systens. The integrated systemcontroller 810 includes or is coupled to
(e.qg., vi@odiofidfesfersugfipece] Hdspiatnge ko gaibkne edagsiap of meatscuac @®P4. The user
i nterface 814 rovi.des d t put s .and_i.n tio

Fecel ve.udaPre RS ERS P BELPRul “HkBA D 2R phE DR P B o8 & e,
control | ergr&iQ than[a%aht im@egr&tsegzr@tre@ tBMSbAMTHhE K. 1100 ldesre&lO). camnkncl ude a
speci al purpose conputer or a general purpose conputer. The integrated
system corrmb@drneqnt,s ODEWN's dgateditoeabopnPldaeareas (o gFenssiriapaiicosion dedreasg 16 t o

t d d st dat . f hi story,
mralyel s oRs i i kbR 3t & foptidul Tyt R Bmp PR LTSS ") °t or”
the syst emBodt@d dyA8em 4095 ey fRTDIOX AHfEm abbet 104y80¢/ahad aByEtigm

controller 810 can adjust the operations of the systenms 400, 600, 700
and/ or t hayoswgrofedPs).t Waileithe @@rfglse int fyefacegpepmisurat greaf, swetagively,

pressures,. | ocati ons 2 drn unl oa fer 101
ooy 1 e o PR s e T B R eBisa AR her cof
[74] In a@g@ﬁﬁﬁmﬁghggbaﬁﬁ& mﬁxma&ﬁgfpan be first exposed to a substantlally
wet cl eani ng cheni cal F he purpose of residue and contamnination renova

The waf er {,‘(]1;1 xR 6 erLt‘?(gq S Eﬂe%éﬁ%culs HB iR %%mcﬁ %§ ﬂ’f“ef f.e6Ld VLA §Shdue
renoval . r ési du contam nation renova enlca S can i nc ude but
are not | iwdféreld1tto clm, rH6d,, driplie, sulSR: sfahy eafer. Thewagsilduearamdveont am nati on

removal chem cals are rinsed awnay fromthe wafer with dei oni zed wat er
(DI'W) . A“Fléwf‘st@rth%@xt%h@ﬁ R @rtherdrt@ﬁﬂla@égot@wabr Vtikhel eatiy spidagedue of

the chem Ggh . of wllf‘f}}"hafs%re@l?ﬁ%c%s%@éhl? b ln‘[ﬁtlﬁocfj(gﬂe %oh@‘éa éde ace of the

waf er. | n one odi ne an‘interne enitcat he fequired to
achi eve ef ctrve di s enent a Iom1sur ace t iquid and DLWV are
ot al vayd /5 s (lies SRS Thdmrl s Rekihe FEn) E@m&% UFEF O 5 dri od
as deSCf'@%@ohﬂmﬁ9&§wﬁ§5§6hn 8¥£nn fidmls M&h@4@9%0@bﬂXﬁuﬁﬂ98HhH&ﬁt5 in
mnd, it should be understood that he |nvent|on may enpl oy various
conput er - iwigl anenbelimeperf did pasni mvehtidnnglhdab@gstedrsgstemr800ongudesrthsy st ens.
These operations are those requirin cal nj pul at i f si cal
quant i ti eSn¢ OETHRFY §f Rﬂﬁﬂﬁhﬁﬁﬁﬂﬁﬁﬁgggﬁéﬁkﬁyngﬁggggﬁﬁgﬁﬁﬁﬁi@gh?Q e the form
of electrical or nagnetlc signal s capabl e of being stored, transferred,
conbi ned,



WO 2011/ 072279PCT/ US2010/ 060023 15 conpared, and ot herw se mani pul at ed.
Further, the manipul ations perforned are often referred to in terns, such
as producwogott/deari fyi ng, determ ning, or conparing. [PZ®JUSTNIE/06082ENL I ON
can al so be enbodi ed as conputer readdabl e code on a conputer readable
medi um and/or logic circuits. The conputer readable nmediumis any data
storage device that can store data, which can thereafter be read by a
conput er system Exanples of the conputer readable nediuminclude hard

drives, nehieh kitédrh@ghedes tosadRr § N\ uplddeddhORkysuiRB®ictsioh andom access
menory, CD-ROMs, CD-Rs, CDRWs, DVDs, Flash, nagnetic tapes, and other

optical anldyingnleapng €lald Yatersstlbe agegraied isgean ciirfeollvo fiplitnstudesadiabl e medi um
can al so be distributed over a network cqu d co ter tens so that the
conput or FOHIADIoHedodas # YD oF eletaney e E L o h bl Gt SYE B ilhi on.

[77] Any oficfthe NRgraill@NgetRaEHIPSHpNE LRI hdidaabnd MdBaR3Edivefusthe I nvention
are useful nmachine operations. The invention also relates to a device or an

appar at us ififots pekfrovidingset aese topley mtdgoned syFleen appatlat 1$). nay be special ly
constructed for the required purposes, or it nay be a general - purpose

conput er $edlectliheehtyeractlisyat@dontiolta 80 gan Bdiudy adpadapul@ise psragitanast or ed
in the conmputer. In particular, various general -purpose machi nes may be

used wi t h aSRYaE BFDRsCsgmpreTwlhe tndserated st semedlens Hheantaeewachi ngs
horei n ; . nem noe
erein, of hb5§f¥%> %ﬁ%ﬁ{o@%@%ﬁ?@hé[&m&%t&oé‘o%%i‘%@8%11{5?tra\;?ﬁdlsspo@rgg§tfaE;ﬁ

apparatusC?o red operati ons. her
appr eci at gélgt patrorhhi@cd Ristoiy ahaloss of pRTemanécad defectshepaper Righamd i n the
above figures are not required to be perforned in the order illustrated,
and that a&lstoryhec pfadeessistegsrddfr @Qﬂsﬁ@&dBWamé cxpeplatthe Hycsralpd Artche
necessar actice the i.nvention, r.t her S escribed in
any of t%ggg @%%%ﬁ?gﬂ}%gu%gﬁg%F%%K%%Ofﬁ%Fﬁﬁgﬁ%ggfpﬁéggﬁfﬁgﬁgggiored in any
one of or ce@Fbhdd there @fg. the Wiffrattilos RWMatd! plebRirdtaiodatinskmbvdnvén, [ 79]

Al t hough the foregoing invention has been described in sonme detail for
pur poses dfadgngaandruplesingrféhes waksd il il etd. x if ditacobectedpalates an pfigstmeat toai n
changes a qznndifi ﬁ%jo s may be practiced within the scope of the appended
clains. A dﬂﬁ?%ﬁwﬁ, the present embodiments are to be considered as
illustratiye and not restrjctive, Fnd the, WO 2011/ 072279PCT/ US2010/ 060023
16 7 In another embodiment, a wafer can be first exposed to a substantially wet

cleaning chemical for the purpose of residue and contamination removal. The wafer is

exposed for sufficient time to achieve effective residue removal. The residue and

contamination removal chemicals can include but are not limited to HF, SC1, SC2,

DSP solvent. The residue and contamination removal chemicals are rinsed away from

the wafer with deionized water (DIW). A low surface tension fluid displaces the DIW

and any residue of the chemicals. The low surface tension fluid dries the surface of the

wafer. In one embodiment, an intermediate chemical may be required to achieve

effective displacement as low surface tension liquid and DIW are not always miscible.

Once the displacement is achieved, the wafer is dried as described in more detail

above.

[75] With the above embodiments in mind, it should be understood that the
invention may employ various computer-implemented operations involving data stored
in computer systems. These operations are those requiring physical manipulation of
physical quantities. Usually, though not necessarily, these quantities take the form of

electrical or magnetic signals capable of being stored, transferred, combined,



invention is not to be limted to the details given herein, but may be

nodi fied wthin the scope and equi val ents of the appended clains. Wat is
claimed iwo201ai7259 1. A system for processing and dryi RGTAISAMEDAG0028t h a

| ow surface tension |iquid conprom si¥g: a low surface tension liquid
source including a first heat source capable of heating the | ow surface
tension liquid to not nore than 25 degrees C |l ess than boiling point of the
| ow surface tension |iquid, a delivery mechanismfor delivering the

heat ed | oWomphledCdt RRGWAR rhdriiplilsled OF@MeR thé hafiputhtion$ ?érf(ﬁrﬁ@dﬁ%fféﬁ; and
a second heat source directed toward the air/liquid interface region, the
second heatfegoditecio toapakich aspraseamgnigentipingi doteinguing, érrroekese regi on to at
| east 2 degrees C greater than the boiling point of the | ow surface tension
l'iquid. 276]Thdhsystearvotarcdlsd be dmbodiet & conipuecracddable@udelon atempaee regi on
is on a surface of a wafer. 3. The systemof claim 2, further conprising

an act uat é¢adablerprddurp gad/gy fogiq disls-i hecesaruderregslabls medivads thedadyr f ace of
th fer., 4 im 2 : .
€ varl er g rive quﬁe%Ha%fcﬁmthea&#a?yrﬁ& LSl et g@geagig%%ga{bggegeﬁsgéf-%ce I's

directed to east one o surface an t he

waf er.  5.Exihglesys tirnoafputd atdiaile nfdeunreintlddechasediond, eabrksaucieel | ncl udes a
front heat source directed toward a front surface of the wafer and a back
si de heat skoaed® ANy sad-ealyBUELY: FREOIBREKeSs Mefee (JP-ROMs\falpdks, CD-

RWs, DVDs, Flash, magnetic tapes, and other optical and non-optical data storage
devices. The computer readable medium can also be distributed over a network
coupled computer systems so that the computer readable code is stored and executed in

a distributed fashion.

[77]  Any of the operations described herein that form part of the invention are useful
machine operations. The invention also relates to a device or an apparatus for
performing these operations. The apparatus may be specially constructed for the
required purposes, or it may be a general-purpose computer selectively activated or
configured by a computer program stored in the computer. In particular, various
general-purpose machines may be used with computer programs written in accordance
with the teachings herein, or it may be more convenient to construct a more specialized

apparatus to perform the required operations.

[78] It will be further appreciated that the instructions represented by the operations
in the above figures are not required to be performed in the order illustrated, and that
all the processing represented by the operations may not be necessary to practice the
invention. Further, the processes described in any of the above figures can also be
implemented in software stored in any one of or combinations of the RAM, the ROM,

or the hard disk drive.

[79] Although the foregoing invention has been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. Accordingly,

the present embodiments are to be considered as illustrative and not restrictive, and the



WO 2011/ 072279PCT/ US2010/ 060023 17 6. The system of claim 2, wherein the
delivery nmechanismfor delivering the heated | ow surface tension liquid to
an air/ | iwoidivarezmef ace regi on i ncludes a reservoir conParnisagoas@annt ity
of the heated | ow surface tension |iqgéid and wherein the air/liquid
interface region is proximte to the surface of the quantity of the heated
| ow surface tension liquid. 7. The systemof claim2, wherein the delivery
mechani sm for delivering the heated | ow surface tension liquid to an

ai r/1iqui gnyetien fsafef 1o BOli@Red Rethb desil@eiNes BéBindbhariesk hov@ed wifhger
air/liquid interface region for spraying the heated |l ow surface tension

| i qui d on thhwoparfdapivienihe thafpprendedclaifise syst em of claim 2, wherein the
delivery hanilsm far delivering the heated | ow surface tension liquid to
the air/li'fifi'& {"4¢'%f % %ce region includes a proximty head capabl e of

form ng a neniscus between a proximtyfjgad surface and a surface of the
waf er wherein the air/liquid interfaceregion is a trailing edge of the
meni scus. 9. A nethod of rinsing a surface with a | ow surface tension
l'iquid conprising: heating the |ow surface tension liquid to a tenperature
not nore tlhan 2esydtegt e praCebseagsandripingeiwitegwitoh w efrfachdersow lswid ace
tension |i 8Ui dd' delivering the heated | ow surface tension liquid to an

ai r/1iqui FUPRtEPPREe region; and heating the air/liquid interface
region to at | @asy srfl@ALRESH fiHd 6are¢ inkhAht NErsbRiak kiBcdQipablc@f the | ow
surface tension liquid. 10. The nethod of claim9, wherein the air/liquid
i nt er f ace heagigaohe v anfage sansfoadwjuof toanoweioes than 25 degrees C less than boiling

point of the low surface tension liquid;

a delivery mechanism for delivering the heated low surface tension liquid to an
air/liquid interface region; and

a second heat source directed toward the air/liquid interface region, the second
heat source capable of heating the air/liquid interface region to at least 2 degrees C

greater than the boiling point of the low surface tension liquid.

2. The system of claim 1, wherein the air/liquid interface region is on a surface of
a wafer.
3. The system of claim 2, further comprising an actuator to move the air/liquid

interface region across the surface of the wafer.

4. The system of claim 2, wherein the second heat source is directed to at least

one of a front surface and a back surface of the wafer.

5. The system of claim 2, wherein the second heat source includes a front heat
source directed toward a front surface of the wafer and a back side heat source directed

toward the back surface of the wafer.



11. The method of claim 10, further conprising noving the air/liquid
interface region across the surface of the wafer. WO

2011/ 0722¥0RaTi/0382010/ 060023 18 12The mnet hod of cl ai m 1@CTRiseo8iosodEat i ng
the air/liquid interface region to atl7l east 2 degrees C greater than the
boiling point of the Iow surface tension liquid includes heating at |east
one of a front surface and a back surface of the wafer. 13. The nethod of
claim 10, wherein heating the air/liquid interface region to at |east 2

degrees Cegr eat@k s{idf of BRiM L Whagin@k BéliEy hdenhdntiv fHdbREinkeRsi on i quid
i ncludes heating a front surface and a back surface of the wafer. 14. The

met hod of heatad vl Qurfagh éaneion lgeid tpemiangiqundintetice dediownslwdéaz eeserenigi on
liquid to an ai.r/liqui.d interface region jncludes su rgi.ng the wafer in a
Feqer vol 1 BORTIRH SRS P eh HeaR kD aaY PSP PR ki on T qui ¢
and wher eiall/[ifagd Ritdrfaeb BBich is Pr&ihae o HRAuPMCcd SF (RE Q4R 6f thO htdi&d rM f ace of
the quantity of the heated | ow surface tension |iquid.” 15. The nethod

cl ai m 10, swHagegemsiaeliqueéri ng the heated | ow surface tension liquid to an
air/liquid interface region includes a nozzle directed toward the
air/liquid interface region for spraying the heated | ow surface tension

liquid on+the Sﬂ%fs?sct@m%? clalif 2WRh&kin thd BelivEREmdBR AAQeh R delifiriRodRe WwWherein
delivering the heated | ow surface tension l1quid to the ai I‘/|gl qui d

i nt er f ace heagd brw surfdcadasiohdiguidig aa amdnjusd ugertret weeon acludeoxa nodzfe head
surface and a surface of the wafer wherein the aiy/]Jiquid interface region
isatrail -rﬁgei&@@r@ﬁlwéh%m@eﬁ%c? regign tog ngmrﬂgﬁ* f_aqag%lrl&éfe%gfﬁﬁg and drying
a wafer Wt fi@ 1ti1‘1¥1 SV A6 R adETThORatel qui d conprom si ng:

8. The system of claim 2, wherein the delivery mechanism for delivering the
heated low surface tension liquid to the air/liquid interface region includes a proximity
head capable of forming a meniscus between a proximity head surface and a surface of

the wafer wherein the air/liquid interface region is a trailing edge of the meniscus.

9. A method of rinsing a surface with a low surface tension liquid comprising:

heating the low surface tension liquid to a temperature not more than 25
degrees C less than boiling point of the low surface tension liquid;

delivering the heated low surface tension liquid to an air/liquid interface region;
and

heating the air/liquid interface region to at least 2 degrees C greater than the

boiling point of the low surface tension liquid.

10. The method of claim 9, wherein the air/liquid interface region is on a surface of
a wafer.
11. The method of claim 10, further comprising moving the air/liquid interface

region across the surface of the wafer.



a low surface tension liquid source including a first heat source capable
of heating the low surface tension liquid to not nore than 25 degrees C
| ess t harwbapitatge7poi nt of the | ow surface tension |iquiPdT/US€0/060023

2011/ 072279PCT/ US2010/ 060023 19 18a delivery mechanismfor delivering
the heated | ow surface tension liquid to an air/liquid interface region
wherein the air/liquid interface region is on a surface of a wafer; a

second heat source directed toward the air/liquid interface region, the

second hegb soumeen@rRRP& @il 10)eAkiciOhdtiag Md it/liQul thibMRnta6ftd £9i on to at
| east 2 degrees C greater than the boiling point of the |ow surface tension

liquid, whease?degrigs (Seratedthadhc Bolingpoinsofdhe kot suface taasiondigwid one of a
front surface and a back surface of the wafer; ~and an_.act uat or
capabl o of MU RGBT e B AR R GUTOTHEF B0 TS oLy f ace of the
waf er .

13. The method of claim 10, wherein heating the air/liquid interface region to at

least 2 degrees C greater than the boiling point of the low surface tension liquid

includes heating a front surface and a back surface of the wafer.

14. The method of claim 10, wherein delivering the heated low surface tension
liquid to an air/liquid interface region includes submerging the wafer in a reservoir
containing a quantity of the heated low surface tension liquid and wherein the
air/liquid interface region is proximate to the surface of the quantity of the heated low

surface tension liquid.

15. The method claim 10, wherein delivering the heated low surface tension liquid
to an air/liquid interface region includes a nozzle directed toward the air/liquid
interface region for spraying the heated low surface tension liquid on the surface of the

wafer.

16. The method of claim 10, wherein delivering the heated low surface tension
liquid to the air/liquid interface region includes forming a meniscus between a
proximity head surface and a surface of the wafer wherein the air/liquid interface

region is a trailing edge of the meniscus.

17. A system for processing and drying a wafer with a low surface tension liquid
compromising:

a low surface tension liquid source including a first heat source capable of
heating the low surface tension liquid to not more than 25 degrees C less than boiling

point of the low surface tension liquid;
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a delivery mechanism for delivering the heated low surface tension liquid to an
air/liquid interface region wherein the air/liquid interface region is on a surface of a
wafer;

a second heat source directed toward the air/liquid interface region, the second
heat source capable of heating the air/liquid interface region to at least 2 degrees C
greater than the boiling point of the low surface tension liquid, wherein the second heat
source is directed to at least one of a front surface and a back surface of the wafer; and

an actuator capable of moving the air/liquid interface region across the surface

of the wafer.



