1111111111111111111 *159 59* DELAM NATI ON DRYI NG APPARATUS-AND VETHOD
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention r \“\m\w\“mmw
formati on of sem conduct or devices. Mre 5specifically, tﬁ

relates to an apparatus or nethod for renoving |iquids froma .substrate
during the formation of sem conductor devices. [0002] Duri ng-seni-eonductor

waf er processing, t | | tlﬂgr %@g val of liquid
from sem conduct olr) éﬁ%@%ﬁ?%&ﬂg@séﬁ%on ug'?’or eliglﬁgrgﬁggnti nue to
scale down to smaller sizes, higher 1l0aspect ratio structures are required
to achieve the desired device performance. The |.cation of

m croel ectronic/sem condMGK‘-ﬁ@W&nBFg[ﬁiﬁ N‘éE&q&é etitive flow of

mul ti pl MU S LRARVAHEN rlites TP T M at dRRESLhicBMucARBHbL AR,
feature patterning, tTeature etching, an eature cleaning. The drive

t owargds $pegifienllpsiveimventatn relagdsito et apmsatus eamethop fagemeiimg lighidsifeemyes f or
many of these tradié}ignal fabrication steps. Wet processes such 15as etch
edarn3

and cl eafhbsiie GHrIRg 100 SCFOBAERHVISiSin - 25% of the process flow,

are part jpghpr | Yourha! deRiina8ctowhed ProdeR et “feﬁﬁﬂo@esfsﬂﬁ%trbﬁtﬁ&s@%e to the
capillary forces that are generated during drying. The strength of these

Cﬂ.pi | | ar subsequsatremoralgdpmdkbiiem samideadugier ¢ryéces.ensi on and contact angl e of
t he etch an,, or rinse fluids that are bei ' wel | t he
feature L%@é ng ‘Aésrﬁ'mé%_ BEtof g?‘fl%qs PRIFYLC SE3E gwgéénglg?al%egglzgﬁrh!l%%?dr ying are
t oo PPhi ghpecttlGd sthltfurbl 8 ragprRalto helibwd the dtdifed Hevick beinlaapseTnt o each .
ot her and stiction may occur., Feature collapse and stiction wll severely
degr ade fabacatinn afanigrasiegtronighomjaonduien davises reayEes dFPREIGHIOY of Blidnle or s

L R,
W t h t heetehihpoa® fedtutehseqnins €lte drive towards higher aspect ratio structures creates
processing challenges for many of these traditional fabrication steps. Wet processes such
15  as etch and clean, which typically make up greater than ~25% of the process flow, are
particularly challenging on high aspect ratio features due to the capillary forces that are
generated during drying. The strength of these capillary forces are dependent on the
surface tension and contact angle of the etch, clean, or rinse fluids that are'being dried, as
well as the feature spacing and aspect ratio. If the forces generated during drying are too
20  high, then the high aspect ratio features will collapse onto each other and stiction may
occur. Feature collapse and stiction will severely degrade the device yield.
[0004] In addition, the formation of capacitors may also provide structures that are
subject to collapse during drying.
SUMMARY OF THE INVENTION _
25 (0005} To achieve the foregoing and in accordance with the purpose of the present
invention, an apparatus for delamination drying a substrate is provided. A chamber for
receiving a substrate is provided. A chuck supports and clamps the substrate within the
chamber. A temperature controller controls the temperature of the substrate and is able to
cool the substrate. A vacuum pump is in fluid connection with the chamber. A tilting
30  mechanism is able to tilt the chuck at least 90 degrees.
[0006] In another manifestation of the invention, a method is provided. A substrate,
which is wet with a drying chemisfry, is placed on a chuck in a drying chamber. The
drying chemistry is frozen to a solid drying chemistry on the substrate. The solid drying
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I nvention, an apparatus for delam nation drying a substrate is provided. A
chanber for receiving a substrate is provided. A chuck supports and cl anps
the substrate within the chanber. A tenperature controller controls the
tenperature of the substrate and is able to cool the substrate. A vacuum
punmp is in fluid connection with the chanber. A:tilting 30nmechanismis able

to tilt ghe .chuck at .|ea 90, degr ees. 400 l.n_.anot.h nmank f est at.i on of
the. | nvertiruey & SeRiminde ropr né SREaR, bRt i e Rt tin

dryi ng chexsvet fiom the spbsk@es] on a chuck in a drying chanber. The drying _
chem stri/ is frozen to a solid drying chemstry on_the substrate. The solid
dryi ng 110097k 11 1Hhese and etharifearynes o1 thepraseat inyention willdej degeripeddn gwrani nat ed
fromthe; s .. The .dal am na | 1.0G: | SELY i noved from
the subst ot BRG G BRake SRR br b o B8 o RET RO it OV TS LT
be descr fdiehingfigmes detail below in the detail ed description of the

I nvention and in conjunction with the 5foll ow nﬁq[ﬁfi ures. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0008] TARIES BESRRIF RGN QFoHHE DRAW ted by way of

exanpl e, [o‘mﬂ] nOtTI‘@brt‘ﬁ@){t_ Aledtomit Alus@ited Rg Wta?%ffe;(zlgﬂélg n(afnott B? ;fa‘flcb‘?”panyi ng

S

drawi ngs and in which I'it ke reference nunerals refe ’t% sim el enents and
i n whi chlimitafie)@®itel fgures dfshaadebgipan e rafsingy andan whadh lée refebade nent of t he
i nventi on. 1%?10t1FI GS. .2A-IC are sgher’rﬁl jc illustrations of a delam nation
drying sYYPEMSTRCHIP SRiaus!FoARts ard {h&hichyent i on. [0011]FIG 3 illustrates a

conpiy er [gp¥9f eMFIaNi ¢ha high 36Vl ABWERER LS bBMh8sBR-hNSS Be GRRAAG.| €r used in
enbodi nents of the present invention. 15DETAILED DESCRI PTI ON OF THE

PREFERREMOEBODIVERTZAT© are2ritmatiridygrationnobmdélaminatipn drang systetrencan bed i n
detail w th .ef er ence. f Q @ Jew preferred enbodi ments thereof as illustrated
in the a&l ?T‘%glﬁ?l Mg drSWinygs. In the fol | owi ng description, nunerous

speci fi cjodaipi | Fiar 8 ilh@trafed alcbmiplted 6 ¢hdm tvohiBk @Vugtbla for implementing a

controller used in embodiments of the present invention. '

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0012] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one

20  skilled in the art, that the present invention may be practiced without some or all of these
specific details. In other instances, well known process steps and/or structures have not
been described in detail in order to not unnecessarily obscure the present invention.
[0013] In the current and prior art, alternative rinsing liquids with lower surface
tension than deionized water have been implemented to prevent feature collapse. While

25  this method has been successful for lower aspect ratio structures, it suffers the same
collapse and stiction issues as deionized water at higher aspect ratios and smaller feature
spacing. This failing is due to the fact that these lower surface tension fluids still possess a
finite surface tension that generates forces during drying that are too strong for the fragile
features. An alternative method to dry high aspect ratio structures is to dissolve and flush

30 the rinsing fluid with a supercritical fluid. Supercritical fluids should generally be free of
surface tension and thus eliminate the capillary forces that result in feature collapse.
Despite the advantages of supercritical fluids, there are several technical and
manufacturing challenges in implementing these fluids. These challenges include high
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t hor ough under standi ng of the present invention. It will be apparent,
however, to one 20skilled in the art, that the present invention may be
practiced without some or all of these specific details. In other

i nstances, well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present

invention. .[]0013]1,n the current and prior art, alternative rinsing |iquids
Wt | onBUiRTPRDY SeeRCr B IR R aedE e OB B A BRESR o
prevent Eaadnl Sroeés lsamdityWhielt§ tlifthse dRtthebIdAfuRTISHGaesRl Whfef OF | ower
aspect ratio structures, it suffers the sane collapse and stiction issues
as dei onfefeetivikycontamingtiqphissues epsing fronx the $ntenadki the flufdewitluthe chpambemg.

This fail] is.due to the fact .that. thesg |power surface tension fluids

St 11 poltB AfobeHih el N mrBinyibh Budens REbref derCiabio 3B Hibag o yi ng
t hat fr emleolansdal BR@ingGtrutiee thab@iphertd Batfeit@ss. Therabiceahl ¥Rlc0BE hagh to dry
hi gh aspect ratio structures is to dissolve and flush 30the rinsing fluid
with a stipeamrpreachdrgludinghigheseqstard proresaicomplexity thatpegativgerimmasti y be free
of surfa i i_m . i .forces, that. result in
feature g-g?l}gz] E{emtgggl ?gﬂﬁﬁrgloéén\?gﬁ%%gl %E)??(goﬁl BJeS?)?:‘%/t}Otni S(I:%ﬁ% T tﬂllmdtse,dei?her e are
several tetimiypas ofsichcrmesu fBuak alicntivh aldilexdg asd systémpioe dembgafet hese

fluids. These chal |l enges include high 2_ equipnment and safety costs, |ong
process FmRy&lo qlfg%fg%m§6mwmiuﬁerémcmﬁlwwgiquf@s pieskesisable.ext r ene process

sensid ! Vidoigplue e § e Bish1URP 1BALHEHRRA ErBBA{cR: BF b R chlith. A 10 war er
defectivity/contam nation issues arising fromthe interaction of the fluid
wi t h t heembedityent, featirss ardrfotnalronsa sulbseay ($tep 1 @) e Thntfeatgres olay dpfernodd hi gh
aspect rati otsté_uc% [ es ii %ﬁ) add. a 5nechani cal br ar\(l:d nﬁ .Strycture fhat
suppor t s°Y HE' Pledy GHLe thf dsaurgs &1 Y PRSI mLRasess LOngPRsIRg L2l o

i ncl udi ngeatiréky B! sud e hBhOGEeS rARMhXdubYedubAt dr)Rgrb 68 WollR@Gde

t hroughput and yield. Furthernobre, bracing is not .a robust solution since
it is |i faatuselcelinpeer Aaydl progsessis gpedsar the subvstrate (Fiepd 08kl Therwettproe@ssmmafiods and

syst r -free remval of liquids.from .

s Eonane b TRAR e B ERPE R B 2 sty ol uch as g dppmingafier o < o

hi gh | evédaturésoate €hraied. 0fiquad frofrbme iwee ptoceds it BRplaBdEWith @@ryihf chéthiStry

enbodi ment, features are fornmed on a substrate (step 104). The features may

be for netftepyl iet Inoyomsy gmbadiments, the Hawid derthe avet procpsp inthgspmsias thafrpingcess

for depogid.i:ng..f r t.ur y ( .hj spect ratio
that a sgli)selq éﬁ?gﬁryﬁeﬁaaegﬂr}%%%ggs I&%ﬁ?ﬁa&@% teg#%{r}%t%égklgg%@ga A wet
process ddamgmtondrtifecianiist (sadpel (81 The ABB)sphrbef vretdeprntiastish dngl5 be used

to formthe features _or na e subsequent _process, such_as-a_cleanin
&30 { hbet thSTaNEl CEBRL. (Lo GHTERG et RGBIdT B, BB fitacos
wWith a dgytRded Qﬁx’i@sﬁﬁér}é v&((}ﬂcpﬁe ﬂné%}ure e SP AR SRR Wi Tonfelf T AW for the

wet process is the sane as the drying chemstry; in such a case this step
i s not néwmtrerkcheisiryefrogethéstapat?d).i Thpfrazacsolid dayidg Chenistry isodelaniphted chanber

(step 11p). .The .at nmosphe of..t he..del am nati.on dryin 0 chanmber is
control | gém(tg? %%bs%ﬁﬁigeW ﬁg@hg h&ﬁ?l‘&é%‘ﬁ’eﬁ%%‘ﬁj-‘/ 1S§¥T‘8€?¢%‘Bﬁ‘é OPUOEFER) . t hen
t he cont (sedpl 182) aTHOSIHRILELE iR el Bofthe CHABLS(Q8p P86)nave reduced water
content. The liquid drying chemstry is frozen (step 124). The frozen solid

dryi#y chenmistry is delam nated fromthe substrate (step 128). The solid
drying c?%q#ﬂry is renoved fromthe substrate (step 132). The substrate is
renmoved he chanber (step 136). 25 Exanple

[0015] In a specific example of an embodiment of an invention, a patterned substrate is

provided with an etch layer. The etch layer is etched forming memory lines with a CD of

less than 40 nm and a pitch of less than 80 nm and a height to width aspect ratio of greater
30  than 10:1 (step 104). The substrate is subjected to a wet prbcess, such as the etching or a

cleaning process (step 108). In this example, the substrate is cleaned with dilute

hydrofluoric acid. The substrate is then rinsed with deionized water. The deionized water

is then displaced with a liquid drying chemistry (step 112), which in this example is pure
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[0015] I n a specific exanple of an enbodi nent of an invention, a patterned
substrate is provided with an etch layer. The etch layer is etched formng
nmenory lines with a CD of |ess than 40 nmand a pitch of |ess than 80 nm

and a height to width aspect ratio of greater 30than 10:1 (step 104). The
Substrate is subjected to a wet process, such as the etching or a cleaning

process (st 1 Ln_this exanple, the substrate.is cleaned with dilute
hydr of | ugﬁ’ f-g‘ﬁaﬁﬁghﬁe@w& §1§15‘ggtp§s Plaes ip i@“lﬂiﬁﬂ‘}? quingthamherisicrr . The
dei oni zegigyater is then displaced with a liquid drying chemstry (step

112), which in this exanple is pure tert-butanol (TBA). The wet substrate
i s placetf01f] a ddGadirianischemitigivigy ohamtrampls bEpdddBjnatipO OfyeddsyGtenPA is a

hemati g vi f | e of .a del api natian dryi t em 200, t hat
be used PRV R wa kB dudiaths smbpdinany otk ityention AP #HEpwAFE CBIPF S 1504 |6 S
in fl3i diconaeshhefomiith 22dcl@hiallidPdlyiil daMbe 2N HREemeGherelbpitdl SR Pher e

control 204 controls the pressure and type of gas in the del am nation
dryi ng chentisds the@pessyxg aad smerod gasini the delaminatipsdyyirgehdnsbepR82edni n t he
chanber r t4 Rt . a.wafer . The del am nation
dryi ng s%@ftz&n%?"ggtocth%l g? er %@&%Pﬁgegdsmgﬂﬁé AOL e FRPOL A ?%ﬁr??ezg@’ SHik £h

provi desaavafiet Mhe detlamitiatasi@ng sgerh 260 fErthes Wbmpriedsa Wl GranbiePsthiiéh 232,
del am nation 10 dryi ng chanber 202 and provi des a vacuum seal through which
the at mo¥BHEMECHLs Hwebed fordransterangthe et sehsirate206iinle the gelpginstior ess

presgyr e JsTour:Todal _ ] I i t onpri ses
a va%umdlgﬁ‘%p_ 216?9%%17 qr?];bltﬁﬁ?gb%gﬁéﬁgﬁﬁ{&{gﬁéﬂg&@@gﬂ%{?ﬁ%&?&g‘éa cont act
| ayer 212¢ntelledynd thefdeldnenaom drgingiprodeypressir@dad, beaaetliered0Tlye 220. A

t hernoel ectric power supply.284 is 15electrically connected to the |ayer of
t her noel g%f‘?‘fr@“g’égﬁ%‘é%sg%%@fﬁ@r ?%PW@F‘&WW’&%‘BR@IMSUWI y 284 provides a
vol tage gpivhe tiheniFeRbe&ilchfthdPYCE cohlpristh's cOMEETRR: 083 T 1GyhQper supply
284 uses the magnitude and direction of t'he voltage to detern?]ne whet her

t he t her thsehedeqtiic deldedsdd, @iz prdynd2@e Antheenoel ditfié powet suablyd¥84dsol i ng
differenti al. and the nitude of . such.a differential. between the ESC body
220 gérr]d ?lﬁgmﬁgpyc%oﬁpgcégg ﬁ’a Srayfi%. thigrmoel g o dgpdees QEZp:T © B&B‘f}fl&es a

cl anpi ngpywérisagelyt284 pk@addsastatabe & thy ticdrmoBletiie devibsd 71t err06 onto the ESC
208. A backside cooling and heating system 230 is connect to the ESC 208

and pr ovihgeBogieqtrigpeversiupply 284 sty themaghitedepmdidiiscigotbe voltagetie backsi de

of the s . i ncr . 1 fer bet t he [ESC 208 and t he
substr at g&g%ﬂé %11%& g%{(}:lgé}lk eog%gﬁc%?’ﬁgsg fl’iﬁn%ro‘s/{gg taglr?]\é%geriegﬁzéllosr Soﬁlén%onnect ed
to the vaifferemtipland tBd faghitede cflshes differenitiabbawbst hatBSA Bodye220asd v cl anped

to the ESC 208. An. ex | e of a backside cooling systemis described in US
Pat SCEHACt yaT EH-i’gEEWﬁ( POV SUPRE 21 grovidssgeiamRing velageot or Hi gh

mCor pr S o e PO e S R b it SEbg@imeant " 124 to
t he del ahdatiagispvierd 290 ngconhective theZEBT 208 amd/mevid2sa Aluid, such as helium,
through the ESC 208 to the backside of the substrate 206 to increase heat transfer between
the ESC 208 and the substrate 206. The backside cooling/heating system 230 is also
25  connected to the vacuum pump 216 which allows for the substrate to be vacuum clamped
to the ESC 208. An example of a backside cooling system is described in US Patent
5,835,334 entitled, “Variable High Temperature Chuck for High Density Plasma Chemical
Vapor Deposition,” by McMillin et al., which is incorporated by reference for all purposes.
A manometer 219 is connected to the delamination drying chamber 202. Grooves 224 are
30  placed on a surface of the ESC 208, between the ESC 208 and the substrate 206. An axel
228 is connected between the ESC 208 and a motor 218.
[0018] A controller 270 is controllably connected to the thermoelectric power supply
284, the chuck power supply 257, the atmosphere control 204, the backside cooling and

4



30 placed on a surface of the ESC 208, between the ESC 208 and the
substrate 206. An axel 228 is connected between the ESC 208 and a notor
218. [0018]A controller 270 is controllably connected to the thernoelectric
power supply 284, the chuck power supply 257, the atnosphere control 204,

t he backside cooling and heating system 230, the vacuum punp 216, the

not or 218, .and the nometer 219. oJid dryipg chem stry remmval system
244 is pheating Sbsé‘?rﬁﬁﬁ © gEEuSHRImp &éﬁw@@&an@t ‘?fﬁlﬁn(l’%?/tgﬁ f& k di agram
showi ng %lﬁl H%%heﬁ%%?%ggg1sy%@h@h4'l§ Jatidizide tHedr S . ement i ng a
controller used i n"enbodi nents of t%e present invention. 5 The conputer

system nﬂlﬁlﬂhve Rlgny iphlyigh desel bloplﬁdlagmgshﬂgvmg @ﬁpmnuﬁensségqnaﬁ@b wdilelegi t, a

t ed b d a dhel d
Donput er Sulefl et aen i dniSe 7R RE R S RE R P et 85T, ang
further Tﬂ@cdlﬂﬁltglgsg/sﬁﬂl BheBAVeaRAy ﬂiy@i&hlaﬁbnﬂ@/dn‘gﬁx&s @h Mtegtatellca¥hing -

graphics, text ot her data), mai n menory 3 (e.g., random access
nenor y (mm:q cirgitichongd ane pisewlldpadiied devica st 0 afiuge supaTEU@Rter Bitov abl e

storage 9 hipdiér Gszf;t% (S@nctuB drzdr n&’drég riice és\é?shoz“&l?cf {u}'qtﬂkﬁéaﬁaa}ﬁ@u&'eeéﬂ ces 312

(e.qg., Fouch Screens, mce or poi nting devices,
etc. ) aéidctﬁnﬂ@m@pllay datitep04 (Tbedlfsplayang Jg#aphﬁ:sgtext whd ethessdata)ed wairk
interface). The conmuni catl on interface 314 all ows software ﬁ%fgéi? ta to be

t r ansf er PEEMOBL$Yeiere R %ﬁfﬁ?ﬁ%mewgt A M0b stompederise 1P (Gev ia a
l'i nkyg Th&%ﬁﬁwﬁ.X sﬁ)'régg defck ude (@ @mnugﬁhhoasuéémé{f@c%tdewe&yﬁﬁz 316

(e.qg., co ni cati ons Cross- or nétwork) to which the
af or emen(d oneybdads, delxﬂummeheskegpaelsmrmmbﬁﬁtr p@lﬁﬁﬁ@]id:\né&sr etediand at r ansferred

via comruni cations i nt 314 be in. the Si nals.such as

el ot r ontGHTBHISTIFCHAGHEE P4 (e VRGeS T B TBriePndie GREABIGUE bel ng
recei vediiy 0 BN RIGRS sdthdark aﬁ@aitaaebe’ﬂ%sféﬂe@ RCENTHOLSIR m@frkykseﬁksadﬁat
carries signals 20and may be inplenmented using wire or ca fi ber optics,

a phone #idwexteraaloksivices s aiidneltei SwmemanaﬁdS@lml@qmcynunlwwnand/ or ot her

i cat.d on Wth such. .a ormunl cations interf
cont b BeedRyR MR gnd chPrisian S R eRs €Ok 305 ok R Slod P lion oS, vt on
from a ngloyémdationEd davakes/ niadupdstard edmpes@d.i on to the netvvork in the course of
perform ng the above-descri bed nethod steps. Furthernore, nethod 25
g0

embodi neHl30bt tln@r@%@émn#wémla mmmaplcést@tsutl@rf%ﬂ %anbbwrtth@ f@rocessor s
or may eéfeﬁgﬁa?s ﬂl\éﬁ él réfec%ﬁﬁ CRig hggﬁ;éa to? 'ﬂ?eg's algg a'ﬁ[leo%fg)% Wit h

rem)te processors h ares a roc ssin e term
"non-t r arestiead byo@fpuiuarcaﬁermiatdrﬁcmm wid'a cmmseﬂmgﬁmmlaﬂhhycamesrsegrmrs to

T s 23 R eSS R ERLY b CTNED £ 2L G e Lo e
Eransi o od i o Ba o e R Rl e of
conput er canuenicatdnsdeterfacthitrie coocdeplagddhatdse pneosiucerd ppycessocoFP hght and
files Copetcgilvg |1nr}grmat%hei{onll %\ﬁ%{worlc()dc?r r;[uhg odtput it o?glla{ttigndto e Aetwork in the
course of performing the above-described method steps. Furthermore, method
25  embodiments of the present invention may execute solely upon the processors or may
execute over a network such as the Internet in conjunction with remote processors that
shares a portion of the processing.
[0021] The term “non-transient computer readable medium” is used generally to refer
to media such as main memory, secondary memory, removable storage, and storage
30  devices, such as hard disks, flash memory, disk drive memory, CD-ROM and other forms
of persistent memory and shall not be construed to cover transitory subject matter, such as
carrier waves or signals. Examples of computer code include machine code, such as

produced by a compiler, and files containing higher level code that are executed by a
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5 conputer using an interpreter. Conputer readable nedia may al so be

conputer code transmtted by a conputer data signal enbodied in a carrier
wave and representing a sequence of instructions that are executable by a
processor. [0022] The at nosphere is controlled (step 120). In this exanple,
since the drying 5chem stry is TBA, the controlled atnosphere is noisture

that i o nederiariEpn foelsplits Tl pReRRAAME, MRt NP ATobE CONC, 979

i Mpr ovesrdnkmiteel BNd eahpuer ditysipaal esibodied ih sitieewadsardyrepesentinglad depr ess
the freezing point of the drying solution, and evaporating unfrozen |iquid
woul d pr§avrense ehpsirpetians that assexeqiabls b dnrecsssfise damage. Such a noi sture

free at g[gﬁﬂ]er e.}[ﬁ%&n{%h&%ﬁ#&ﬂ&ﬁ@ﬁ?stiﬂ 1202.e I ROFIB SR Mdrlmgnot as

hygr oscopi C as he wet substrate 6 1s transferred through the
wet t5r anchemistgtiaTBANth2 323ntraited atnimespliket smeisttiedreed iy thisgexemplehidiis @ beat

at nospheri c_pressur 760 Ton) and,room t ratur . t to the
chuck. 208 TRERaEy [p KRERap oS BoEH Befel ko Sd R Al ® oy

pr ocessi fag &inadipher imptbvedhe delamiriation dingdsiytagoistumrddesrp@@Pwodddedrbssmay have
a robotic nmechanismifor transferring,a substrate from.t he wet ocessi ng
station @B?F%nwl’grﬂfﬁﬁt‘ifrﬁﬂg a?lyﬁ%_agfhsvr?B%rPt%‘f!fmﬂ?’% ﬁ?u“aﬁvﬁ}d\rqe ,ro‘{‘) e robotic
mechani sgipiifary RfcedBihith #08iHhuss dahh@) SWBY a hRisuFe tret BnicepRRYEMENAoIbSL I at e
fromthe del am nati on drying chanber 202 to anot her chanber. The wet

t r ank¥ ernesded if e dngng ehasaistabis@ot 35 gigrpiamst T Bbst rates by providing a
cont 1ol | g MOSHRGHE ShRBIHBIL ndhsfl Al Bauef th SYARIsRE Mo beTrial 20

changes e wet substrate. Sone o irquid drying chemstry may drip
f r om t heths dbkiniadt®nkiefiap ehanbaf202at pirasplngictpresssrel{360 dow) and tohm chuck.

G ooves 224 in the surface of the ch | | ow t he.wet .dryi chem stry to
flow amﬂ?“WF@HirE(?ﬁ‘@éE?u‘g‘iff‘Prﬁeg? ‘ﬁ‘é‘%\g@i fh%wﬁmfeéﬁt&tlf%éé 28’8&@&6& e and
prevent Biiaegul BetRied o Wi phiestirlihldoitinl B dlarh UG HIAHARLPIER SR 5.
25[ 0024] The drying chem sFry is frozen (step 124). In'this exanple, this is

acconpl | mhptateya cbotic mgchdngsne flergtansioringt: sibstage forhthe et prasessig seftan ¢

devi ces 21 d the backsi de cool,jhg,.and,heat in stem,230Q. . ressure
is maint® tﬁ%aaﬁ?l“é@8ﬂt%r3ﬂn%gmctffﬁépg‘, Agtﬁf Fﬁylr{%’lfghe P?/‘i%hcgm%%héuﬁgg’t%gﬁ? {s’?/e rozen
to form gas@lristhtidh YhdYbClvedtsteinbve Hb subbtritd i®metha dplamindtiog dryieg ehangberas
found to take place i'n 10 seconds. In this exanple, the frozen dryin

cheni st r 903 o amather ghameher 3The wehtsansfer sotion cvwdisbe gl tohamdicay etisHBsteep; gg
hem st is fr t i i i i i : th
cubst r at B PRVIISESRonikqlfoa find bpekh PR B o P BRThEIGel 071 1

t he 3ubstkaakes 3Qhe goesubbtrare) Pemeof hbtiyedidhgngthenist30Rayt dripbfedrohet he chuck
208, as shown in FIG

2B. In this exanple, this_.is a ml i shed n the
cont r ol | 8fbsiyate befprsgralsr Iéa%??gﬁliélsut@trat?ggflﬁephﬁ&' oqr"?‘f’é%?g r‘?@? é’t‘rg"c?\t%gt xel
228, whi ghy kali& B8R &a%rﬁﬁ%'&{érrg% to TIB dWaQFoM ntaet §RMABGEtwden thetihsclexanpl e,

a fast pu down is used to punp down the chanber 202 to _a pressure between
3 Ton anehdthg subshatiandhprieverss prrssishbrild upHpon sehlieratign af redysed shambsr and t he
ot her faﬁltegsru?escause the solid drying chemstry 210 to del am nate and fall
of f of tne '

25  [0024] The drying chemistry is frozen (step 124). In this example, this is accomplished by

cooling the chuck to 0° C using both the thermoelectric devices 217 and the backside cooling
and heating system 230. The pressure is maintained at about 1 atmosphere, until the drying
chemistry is frozen to form a solid drying chemistry 210. In this example, the freezing was
found to take place in 10 seconds. In this example; the frozen drying chemistry is maintained
30 for about 10 seconds.
[0025] After the drying chemistry is frozen, the solid drying chemistry is delaminated
from the substrate (step 128). In this example, the chuck is rotated 180°, so that the
substrate 206 goes from being above the chuck 208 to below the chuck 208, as shown in

FIG. 2B. In this example, this is accomplished when the controller 270 provides a signal
6



5substrate 206, as shown in FIG 2C. The solid drying chem stry 210 falls
iznto -the solid drying chem stry renoval system 244, so that the solid
drying chemstry 210 may be renpved fromthe del am nati on dryi ng chamber
202. [0026]In this exanple, the chuck 208 is rotated back to the original
position, as shown in FIG 2A, to place the substrate 206 on top. The
pressure, i S incr d back to spheri.c pressure w-th a noisture-free
gas, suclf tgg “H’?‘gfeﬂ?t%? 5YalK l%her?‘fée} 22% E:%@H%%Fsa&‘ﬁ ¢ gucilf(sﬁ)g [ élf}tgtpé%fsgrg ¥ oom

t enper at pdgeedl N8 tigk €£4rh 9IS ! AfabiCpunfly @G & UsedBV/sifing A6Wh tHeechammbet 70216 a206 by
removi ng the chucki ng voltage. The substrate 206 is renoved fromthe

del am napiesturelbstivaen & amaad (2bBorr s¢itvn 23s9conds T redwriion e PRSHBE prbihes

[ 0027] Var j qu | ternative.. odi nent.s_o e, NV i rovided. In
ot her en%%ﬁfﬁ%ﬁ?%c%ﬁeﬁﬁ5°?%§5W¥§%ﬁm3 ﬁ%é“%@??#@“gﬂéﬁﬁgﬁﬂﬁﬁﬁQﬁ%@ be used.
Sore »f Lilktrale206 N@tshyen GNBIG. .1 Eife s6iy ddginp dherisey D00 filisihoahe §adidDi met hyl

sul f oxi de, .cycl ohexane, acetic acid, carbon_tetrachloride, isopropanol,
di met hy| dESHAeERETY sREoNal syslgm s 5 Bat tg sphé Aadng chemistry Afmay kent usi ng

cycl ohex -\l i S not conprise water, the
y ove %ﬁthtera%laq{l}{:ﬁ% cﬁgﬁg"&%& %er. 9 mp

control |l ed atnosphere nmay have mdity. Such drying chem stries my
be a pur P0R6hui dnohis axamplethe clnfckt208 inrotared badki tquhaerigihal peasidivhess shown

enbodi nent wet. processin i qui d be used .as the, drying chem stry,
co that  PHEICSR HrBeBLBE Sib ety taute bk Pirssis Botge Lrised by the
drying C%ms?ﬁéﬁedprzéh&%@ﬂhﬂlmtﬁe ghodh iedty nitrbgendiThelaganent of the

liquid with the drying chemi stry may be perforned in the del am nation
dryi ng cleanseatureSsiclevpedassmdenmgratpe.nTloy elpetyostatic ferse is temovedibomrthe e

during th i spl.acenent .of the ljiquid wth.the dryi chem stry. [,0029]1n

anot her é‘ﬁ’&ga '-e%gﬁfb YFHBOYBA fqeocﬁ\uﬁf&'gﬁtv Hia8sh S Sﬁgﬁr%eeﬂ%nl;sl remayed %Oég hfeh at !

30cont ai agaﬁiﬂag%ggﬁﬁga{mrgoz '(sﬁeﬂrﬁs?_ of noisture. Certain inert gases,
ele

such as Ar, nmay have advantages for ctrostatically chucki ng/ dechucki ng
the wafers fromthe ESC. [0030]1n another enbodi nent, the chuck is

precpgl e bef or S rate is placed on the chuck. In another
enbogfne%gfer%at{/vﬁ%%ﬁqgglﬁeﬁ%hani cal chuck is used instead of an

el ectros{o27f chgdous Thesetiendinthdimeiits ofit ihvantioA nslydbsgroddeal. | Ingthérne and
therefore increase processing tine, but may provide other adyantages. In
anot her embedimepistof the igyeniion;athes deyving chepstics aydetssd: cpmaet thene substrat e

to provi gﬁerhgiﬁ/ecc%gﬁis(?rqggqnay be but are not limited to Dimethyl sulfoxide, cyclohexane,

acetic acid, carbon tetrachloride, isopropanol, dimethyl carbonate, water and mixtures

20  thereof. In an embodiment using cyclohexane, where the drying chemistry does not
comprise water, the controlled atmosphere may have a low humidity. Such drying
chemistries may be a pure liquid or a mixture of two or more liquids. In another
embodiment, the wet processing liquid may be used as the drying chemistry, so that the
wet processing liquid does not need to be displaced by the drying chemistry.

25  10028] In another embodiment, the displacement of the liquid with the drying
chemistry may be performed in the delamination drying chamber. Such processes may
spin or may not spin the substrate during the displacement of the liquid with the drying
chemistry.

[0029] In another embodiment the controlled atmosphere may be any inert gas that

30 contains a low percentage or is free of moisture. Certain inert gases, such as Ar, may have
advantages for electrostatically chucking/dechucking the wafers from the ESC.

[0030] In another embodiment, the chuck is precooled, before the substrate is placed
on the chuck. In another embodiment, a vacuum or mechanical chuck is used instead of an

7



[ 0031] Various different devices may be used to achi eve chanber vacuum such
as, a5 nechanical punp, a cryogenic punp, and/or a turbo nol ecul ar punp.
An inert gas, such as Ar, He, or N2, may be supplied to the chanber at a
controlled flowrate to maintain the desired chanber pressure. In an
alternative enbodi ment, no gas is supplied to nmaintain desired chanber
pressure., Preferabl he ch er pressure is maintained at,< 5 _mlorr. For
backsi deelgfi%?ﬁt%bc C%X%efﬁef%wgﬁnﬁeﬂéma@?g? a§f5’(‘,“f?r§8°151¥tmﬂ8?n4 eTf¥8 to He or
Ar, is 1éhcseiR@bioReksir i€ thafls ipeRidd othBead@h@aEds03h ahdtha dnbsaiteded waf er
at a pressure preferably in the range of 1 Torr - 40 Torr in order to

provi de lAnHaitEegeR®r soldi gepesrmaheqntact thersybstrate to nraeidadifecgool lO@B2] | n

al ternat i nmbod] t e, .coal i nd/ or heat i f the substrate may be
“acconpl i M@éfbyogé@:gl féerr%g:,}ydsf’t9 g:% %’3 r]?gélﬁee(ﬂ(?rac V%Q%quelrg?%uu&’ sch as, 4

t her nbel artchinical puing, a tiybgdm@pihp] dhd/orayuide nisieshlirgund. S&n tfee uhwtr ate of f
of the chuck. [0033]1n one enbodi nent after the delamnation of the solid -
dryi ng cREAH-HSPT N Bavhe siwlied frthgghapbagea gagtralledlost eate tognaintagmiber at ur e
near or ' t 1 3 ryi . I for .
secondar 3&3‘%’9 ichgﬁbﬁ&%ﬁgh h\?glr? ?%%{sly%‘ﬁebégﬁcﬁ otr?enﬁ%rg’ %dg% 1?\ g %& ?%%glé?lg
subst r at desitel ehahberipeess@@p Pecfsrably, tte: dhamberwresbuteis Afintdimed aby StoiBorr.
introduc%i on gf. an ilnert as, such as but noé Iirrht ed to N2, Ar, or He. The
waf er is! 8 SREAGELPmEsPHEEEaEeHBas Y chAT Byt nehlirdied & Haor ol i s shut

of f . 10’ hesyplied td thebaBRIdITAINEH ctF RNy SGRRREEWatet QP§EJeL§ﬁr@%%¥é?§le in

enbodi nent of the invention, a plurality of ESCs with each ESC

hol di ng thesames afdt Fors o 40T ia qudertalpravwdedniubsind afecentheptr temetss euthat  t he
same time_in a single 25 drying chanber. The ESCs may be in a single plane
or may bgag?acked. [0036] It was unexpectedly found that del am nation may be
used to [eo3eye dhwitBGa6hesmbIdidentditht CodlaEUGING hefthd BdrIRe Qfbs&iRIntayiedh
aspect ratio structures. Enbodi nents using del am nation allow for ‘solid
dryi ng cReemplishedby pehilerfysiem wiihprton morephiltars enthernaehdcinigunitsn Lofting

evapps at | I i ying chem stry fromthe 30
charrg%r F@gﬁ%@ﬁ%ﬁ@%&eéy gét?%géﬁoﬁn%%’ﬁg%'nd vapor renoval. [0037] O her

enbodi mefitd3hay Iusaec embedinteat hfvdshodelappartiat ubes sbld dryaipstieRdstaelsani nat ed
solid dryi ng]f)ch mstry. A nmechanical armor a shutter or a vacuum system
may be uSEBPIEL MSCTA{FTESY mayhsdistied i tamneasieeatiosaoy e thermpeling chemi st ry.

I'n vari oygnBrar€tREH %,Chﬁggﬁ%m%gﬁagggmes solid drying chemstry

to be ejected off of the substrate a dist i nches even when the
subst r at H034] abdueatibes enhealiments, dulnieg slod dechostalyafithe sibatratef thy chanissr t op of

t he substrate..[.0038]ln he nmbodi nent of. the i nventjon, high aspect
rati %djvi ?S%lrrfé‘s1[15?rﬁ%s]§d it%?ﬁﬁ%o%%ét?%%lnFa Ygtionof an inert g%cﬁ“ﬁbé‘% b‘étrlé’gﬂlﬁ}l din

the Vi asgo My, W8t oENThEwHFee & diSchafi¥R\font %E%@iﬂ}&vﬁ%ﬁ&&ﬁﬁﬁgas f1&aVvi ng
the netal structures, which may be used as capacitors. Enbodi nents of the

i nvent i ofs shalyofbeThe wafer & they rentyeddiont thetchamberr es to prevent the structures
from col l(ﬁ)ggi N9:1n another embodiment of the invention, a plurality of ESCs with each ESC

of the

holding a substrate so that a plurality of substrates is processed at the same time in a single
25  drying chamber. The ESCs may be in a single plane or may be stacked.
[0036] It was unexpectedly found that delamination may be used to remove drying
chemistry, while reducing collapse of small high aspect ratio structures. Embodiments
using delamination allow for solid drying chemistry to be removed, which is faster than
sublimation or evaporation. Embodiments that remove solid drying chemistry from the
30 chamber require less energy for sublimation and vapor removal.
[0037] Other embodiments may use other methods or apparatuses for removing
delaminated solid drying chemistry. A mechanical arm or a shutter or a vacuum system
may be used to mechanically remove the delaminated solid drying chemistry. In various

8



[0039] O her enbodi nents of the invention may be used to prevent photoresist
20 coll apse. Ot her enbodinents of the invention would provide a cleaning
jprocess on a wafer that does not have high aspect ratio features.

[ 0040] Vari ous experinents have found enbodi nents using delam nation with

l ess than 1% col | apse danmge. Various experinments have found that

enbodi nent s _usi ng m'.natti on have

d A i d t.h t hat u:
evapor at F’(‘)%eng}enéuf)}}e? TGR1IOn (AUPE ngggfﬁgégiéqlﬁgftqﬁeg?gggﬁzit Sr e ?eml;\slgd

in the selbsta@raydifignetTmhdhes ¥ven\dhénOHs sEbshatei iFBENVS thOMRK hhdtheaohadi ment's
elimnated collapse for structures |ocated at the edge of large feature

arrays, &nproeheanstohiaontion obbesubsitste ved for sublimation drying. Various
cxper ey s iRkl SUGEE, BRI A 0 (g sl e, caue

del am natli on” doeS not | hcrease or

punp SlowatcR specliktd etrigtonés ae hatédEin thOvasgARMt.ctcHak LSS0 9%RA6Vd BNt s al so
found that the freeze hold tine of the solid drying chem stry does not

i nf | uencERfEMARCHALPYSH loaing e ngtrlofuagrasovhichanay hrorsed es papacigerd fast er
LD 0UGND ol A ArASY (B BRIy BE edd B drt 8Un LAYRBRIAG, llLiGpehem stry
vol umes require decreasing pressures to Ow delam nati of. ese

exper i nestrectyres Gomperollepsiegl when the solid drying chemistry was on top of

t he subs ) herefore, |ower volunmes of drying chem stries allow for
faster dL‘foghF natZ(?%ﬁr, ‘?mm??fé o5 BISiIRVAIgn Py DEHFFS 1 B eyt BhOtPE?ﬁlsbf t he
subsig at golldpke.| GtheelhBYEhhR@)F tﬁﬁﬁygﬁtﬁﬂ%ou\f@h%gﬁl Q‘lfcléa‘?lliﬂggﬁ)’rgé%ég B gChem stry

creates nore weight which nay require more p own to e a greater
force towgedr gt dagsenca hed ligh dspectigtic fieatirss.ry of greater weight. If this is

correct, n.the substrate is inpverted, so that the dryi.ng chemstry
is bel Omp{ﬂﬁ@f‘?)‘(’)"‘\g%&s FAREI N Vleéé‘é“d;ﬂﬁ%o_dg‘%ﬂs Hépe _aslaWéféaa‘é?a "‘flg‘glﬁ?sovi de
del am natha@n 99éolipgh@mace! WiRiods ¥t pginfeRBMa%t found VR4t cRibD dRRE! hggnt s found
that too | ow of a volunme of the drying chem stry may increase coll apse.

Ther ef or gclamiigion hivsdiesrarrsiduesdhandprosessenrthatpise ey anetation] anseblihatibmy i Ihiy

chemstri.: Er r.io xper i t it has.heen,found that for sone
dr yinln% c %hnglvé(?gjﬁélsh,e r?ﬁ%ﬁ/es rakeee}zéﬁjr?ge?énrr%gg (r)z;lf(ﬁglgm&c Smil%ydery RIS SFPBIYI d be
si gni fi cfuinl yhayembbeimenbadiniihged EQRPsO BriseuRaralclatdus & ddge bf ﬁggee drying.

For exanple, for del am nation drying using tert-butanal as the drying
cheni st ??F,aﬁ%err@fsy? REpLisHe Hiak hasybeer ogw of gublimaiongirang.wieriesss 5 f or

e S S ey e O S g T 20 C
change, d&lhoinatign floes mt msdase opdecass danaper dthicaltbvayfor £ peapdseAENt S.
ggggﬁ V?éolteg@ssto%rrrg\%gé Pzgtnetr %hrglllglhrgug a{fgﬂéug%xggr%ger]:tg glsg (gau(illdahllattt)lrléle Eré:enz% hg];d high
time of the solid drying chemistry does not influence delamination damage, allowing for
short hold times and faster throughput. Various experiments did find that increasing
drying chemistry volumes require decreasing pressures to allow delamination. These
experiments were performed when the solid drying chemistry was on top of the substrate.
25  Therefore, lower volumes of drying chemistries allow for faster delamination, when the
' solid drying chemistry is on top of the substrate. It is believed that the higher volume of
solid drying chemistry creates more weight which may require more pump down to
provide a greater force to delaminate a solid drying chemistry of greater weight. If this is
correct, then when the substrate is inverted, so that the drying chemistry is below the
30  substrate, then less pﬁmp down may be needed to provide delamination of higher volume
drying chemistry. Various experiments found that too low of a volume of the drying

chemistry may increase collapse. Therefore, some embodiments would use an optimized

volume of drying chemistry.



features, which reduces overall process conplexities and costs. These
enbodi-nents can 10be applied to all types of mcroel ectronic topography,
whereas bracing is limted to very specific applications. [0043]It is

bel i eved that enbodi ments of the invention provide a thin |ayer of

subl i mati on between the solid drying chem stry and the substrate. |If such

subl i mat I S t uni.form then th el arg nat.i on. ma rk wi.th.features
with ret ﬂﬂﬁg}fade%gwfvaeggs CXPEFIHGALS; \%ﬁi‘ﬁ cep (P heldRE ToUme e eRISiEE, | ed
i Nt er mstheffretAn e kthpdRitBicalse® th EIRARAAB WO Ul ghiBE@t1q otk ithANthe

pernut ati ons, and various substitute equivalents, which fall wthin the

scope of fredzing temperatire psed in feckardrying Jior ssampleclar delamination drangusingy

alternatjve wa of, ipl enenti he_net hods .and a ratuseso pf resent
ovent s ot ot af fhe Pt E SR sHS bl S ORFReRDF BRRRISLURE R € whiall €O
i nt erpr efoeredse dritilglithedgyink chetbistte bvoald oy @lollns lep elidiuat CoMberefstd, vari ous

substitute equivalents as fall within the true spirit and scope of the
present f9laminationdrying dqavmotgeguire as mueh phajtemperafurgshangsapllawiag fosra

del am nat,i r.yYi i.sing: a chanmber for receiving a
subst ra?%ea;sgggggﬁgﬁ%gd %@‘dgﬁg Sge&ffeﬁgggﬁgﬁtg'l anping the substrate within the
chanber ; [0042] &/ droapemdbdirentsahiriodtt dre feed faopeceial bracigg biikegh esgret mtior e of

t he subsfrate, ich,is able to cool the.substrate; vacuu u in fluid
conneot  BALE NI HECLFER BLrell BRGes cOMTH G ABLIRaT ShheH SOPOTRNEeo ¢ |
the ghucke 8lpil@ 8541 8PedESRESeleHIRic BB ARRR/, Fhdfbas Biacin@Gs lifkell o 64l M 1,

further conmprising g% at nosphere control ‘system
specific applications.

[0043] It is believed that embodiments of the invention provide a thin layer of
sublimation between the solid drying chemistry and the substrate. If such sublimation is
not uniform, then the delamination may work with features with retrograde surfaces.

15 [0044] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents, which
fall within the scope of this invention. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present invention. It
is therefore intended that the following appended claims be interpreted as including all

20  such alterations, permutations, and various substitute equivalents as fall within the true

spirit and scope of the present invention.
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in fluid connection with the chanber for flowing a controlled at nosphere
i-nto the chanber. 3. The apparatus, as recited in claim?2, wherein the

at nosphere control conprises a gas source for providing a dry gas into the
chanber. 4. The apparatus, as recited in any of clainms 1-3, wherein the
chuck is an electrostatic 15chuck. 5. The apparatus, as recited in any of
clainms 1-4, further conprising a veﬁ} source for providing a voltage for
cl anping the substrate to the electr5§@§§ic chuck. 6. The apparatus, as
recit ewhanissodimefi i¢l ainms 1-5, further conprising a wet transfer station for
transferring a substrate with a wet drying chemstry into the chanber and

Sﬁa| i ng- 20 PRappiatsder dolgrination dpyme i HEF e OB PESHE ol ler is able to cool
t he substra I/ r . freezes the drying chem stry. 7. The
appar at us, é?héﬁ%?féﬁgpﬁ % %ig?&gﬁéins 1-6, wherein the chuck conprises
gropves. 8a cHink fappaipaiting, andslangiing te substeateywahindhachentfer;7, wherein the

tenperature controller conprjses t erature control elenents .enbedded
within the 8fRReratytseonifa 1%{6’&&?%&9@5;%& e Feé‘bl?efaéarei%%&ﬂ %‘ilbﬁ’i”é?’ ‘?Aﬂg‘il 5 ‘"‘?E’?‘E he
t enper af Wof 1eQibitke;el ements are able to cool the substrate down to a

tenperature of at least 0 C and heat the substrate up to a tenperature of
at | east 20a@aculén fiivep apfeidaoossctias withche elerniberaand of clains 1-9, wherein

the tenperature control el nt. i t | ectric heati d
e LoD o Ry SR TR S SRR | Conoct g o
pl ¢i ng. a syhshppiraus, Wksditell $n ¥8im W fuRthér @mprizthgtdneitinséptitre @ntrdl olwak in a

drying chanber; freezing the drying chem stry to a solid drying chem stry
on’ t heisfiidiconnastion withdhe ghranher fordlawiag 8 spngoltpdyatmgsphsesint thg chambsr he

substr gt e; d_renoving_t he. del.am SQhd g %r | SHE r,om.t he
substrate. ??%%aq%%%’ﬁoa‘?&&%g‘% Celgﬁ g’g\t\’ﬁ%m@ﬁg‘% m f?ﬁé&ggr el nC?‘ﬁEMSdéeslaa nati ng
the solid depirB@fozipestiiding ¥ diry gas intoeths chahbeat e, conpri ses reducing the

pressure in_the chanber. . : : . .
4. The apparatus, as recited in any of claims 1-3, wherein the chuck is an electrostatic

15  chuck.
5. The apparatus, as recited in any of claims 1-4, further comprising a voltage source for
providing a voltage for clamping the substrate to the electrostatic chuck.
6. The apparatus, as recited in any of claims 1-5, further comprising a wet transfer

' station for transferring a substrate with a wet drying chemistry into the chamber and sealing

20  the chalﬁber, wherein the temperature controller is able to cool the substrate to a temperature
that freezes the drying chemistry. _

7. The apparatus, as recited in any of claims 1-6, wherein the chuck comprises grooves.
8. The apparatus, as recited in any of claims 1-7, wherein the temperature controller
comprises temperature control elements embedded within the chuck.

25 9. The apparatus, as recited in claim 8, wherein the temperature control elements are
able to cool the substrate down to a temperature of at least 0° C and heat the substrate up to a
temperature of at least 20° C.

10. The apparatus, as recited in any of claims 1-9, wherein the temperature control
~elements comprise thermoelectric heating and cooling elements embedded within the chuck.

30 11. A method, comprising:

placing a substrate, which is wet with a drying chemistry, on a chuck in a drying
chamber;
freezing the drying chemistry to a solid drying chemistry on the substrate;
11



513. The nethod, as recited in any of clains 11-12, wherein the freezing the
drying chem stry, conprises: chucking the substrate to the chuck; and
rusing the chuck to back side cool the substrate below the freezing point of
the drying chem stry to freeze the drying chem stry. 1014. The net hod, as
recited in any of clains 11-13, wherein the renoving the solid drying

chem stry framthe substrate,. copprises tilti t he substrate at | east 900

. 15.The negglw}naigghecﬁoilgdlqﬂﬂgﬁ 15%"%'105] S?‘%t‘f > %Urt her conpri si ng:

form ng featdni®sn@theldeRinfidisd sciidedryiigEheistty fdth ttgsubkigaté.eat ures on the

substrate. 1516. The nethod, as recited in a%y of clainms 11-15, wherein the
(&

dryi ng12hemlse methadnps iesied inelaimpl Jt, aherein thedelaminatingrthe soliddryingci t ed in any
of claijyms .11-16 urther. conpri.si r i i st an atnosphere in
he chanpurty Hom BT CoTBH: 2 e BIRKE B TRL Bl o Sudb B 20, % TP Rt Per
conpri $3.ng Maakietdgd herecitetdin ad@ of olaiing €hqiey wheteid thbreerididtheldidegi ng poi nt

of the drying chenistry before placing the substrate on the chuck. 19. The
net hod Che@RISTBCOMPEISES: any of clains 11-18, further conprising catching

LI: (rqglcfll gr yi Eguﬁ%}%ﬁég@ym&g% ﬂ{]el &ng;fd’ngm the substrate on the chuck and
g the lirquid drying chemstry from points of contact between the
substrat e amsing the dinok ko b2k side cool the substrate below the freezing point of the drying
chemistry to freeze the drying chemistry.
10 14 The method, as recited in any of claims 11-13, wherein the removing the solid drying
chemistry from the substrate, comprises tilting the substrate at least 90°.
15. The method, as recited in any of claims 11-14, further cofnprising:
forming features on the substrate; and
wet treating the features on the substrate.
15 16.  The method, as recited in any of claims 11-15, wherein the drying chemistry
comprises fert-butanol.
17. The method, as recited in any of claims 11-16, further comprising removing moisture
from an atmosphere in the chamber.
18.  The method, as recited in any of claims 11-17, lfurther comprising heating the chuck
20  to a temperature above the freezing point of the drying chemistry before placing the substrate
on the chuck.
19.  The method, as recited in any of claims 11-18, further comprising catching liquid
drying chemistry that flows from the substrate on the chuck and directing the liquid drying
chemistry from points of contact between the substrate and the chuck.

25
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