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1 Method for Renoving Material from Sem conduct or
Waf er and Apparatus for Performing the Sane by
Inventors 5 M khail Korolik, Mke Ravkin, John
deLarios, Fritz Redeker, John Boyd BACKGROUND [0001]
During sem conductor fabrication, integrated circuits
are created on a seniconductlor wafer ("wafer") defined

fro mat eri such iljcan. create th

1 ORI i ReptoEhe raibrial fim oG AhBetaiouyaer gne
fabricate a | ardppauatisrfogrPerforming tonSanko of

el ectroni c devices such as resistors, diodes,

capacitors, and transistopspRb.Mari ous types.
Fabrication of the electronic devices involves

deposi {418Q; ' [ kNGO ial
preci s@@%&%@%ﬁ%’h@%% e nggir&rﬂ%%f %%tg;ﬁseg‘%:l&aa ,lIglaﬁgoyd
nl

phot ol i t hography is co used to facilitate

deposi tion, renoval, agggéﬁg£5¥¥£ﬂgon of materials at
preci se locations on the wafer. 15 [0002] In the

Aot dPiirirgo gseaptopdpetac efbricatioph dhiogkid s toitowitse rdral ciested on a
first deposited onto the wafer. The photoresi st

septiednidadtol Syafdh & efepp Sefinddofrbrh ghinafelihl @lcBhsbillicddn. To create the
reticle. The reticle is generally a glass plate that

infogRAdd GFRRE oitievwaRsE s REksdaBAlo UEIRIHR A BIE mBmbbA@L,, mill
bl ock light from passing thragﬁ%h the ret ig{cﬂflne. Ali?tgr millions)

MoTs T cl gt G :
e RN 38 S EAnE odeh e B P BRLS o Afions e
- chem It f. 2 sed phot oresi st. ..
FARBRATE Rpo RRARGTL dbef sl oo SRS B BIRL OMEP iiantng

expasure to the light . renders the e e hot or esi st
AR af pieRit Pion Bh e Ve aprony SORORPlIR ek R Shmonty
Conversely, . wWith a negative photaoresist material, .
éség&% dcEitts deppstiopgivmoveln gy ginianistion plysgariyn B mspedssilesptions on
material soluble in the devel oping solution. After the
éepedeire to the light, the soluble

[0002] In the photolithograpby process, a photoresist material is first deposited onto the
wafer. The photoresist material is then exposed to light filtered by a reticle, The reticle is
generally a glass plate that is patterned with exemplary feature geometries that block light
from passing through the reticle. After passing through the reticle, the light contacts the
surface of the photoresist material. The light changes the chemical composition of the
exposed photoresist material. With a positive photoresist material, exposure to the light
renders the exposed photoresist material insoluble in a developing solution. Conversely,
with a negative photoresist material, exposure to the light renders the exposed photoresist
material soluble in the developing solution. After the exposure to the light, the soluble

portions of the photoresist material are removed, leaving a patterned photoresist layer.
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portions of the photoresist material are renoved,

| eaving a patterned photoresist layer. 2 [0003] The
wafer is then processed to renove, deposit, or inplant
materials in the wafer regions not covered by the
patterned photoresist |ayer. Such wafer processing
often nodifies the photoresi%t |ayer in such a way as

.0 Qtaoresi,st nore ifficult. For
8IS ¥ BIP Y he laob A AU LR uBor B T fiul bt n 68t
outer layer of .the 5 photoresjst,ig transforned into, a
REVEF a0l 6pVaril o o pARFS cSiRtorsst Jukh. Bt T prRdEsSReten
under | yin hotoresist. After the wafer processing, the
]ﬁa‘%@% ﬁ’@d%ﬁﬁ’é?%%t & D §ush @way) asdo ke renaovahef the|photgepsist more
ot her types of polyner debris left after plasm

feqiin For eg@apleo ibdhe eespoviedl plasem ¢itte pugebssy thenowter layer of the
process called photoresist stripping, It is inportant

plwtorewisipis crasisfprmedrinte a hard pdradt dhat sis signafiveniby logsreesctive that the
mat eri al during the photoresist stripping 10 process

hecdying shotdresint Afbalis wefsRiprdcaging) tiehpativafear piotidsae gayer, its
may cause defects in the integrated circuits. Al so,

tdteisphoteliesi stheStypePpl PelyREOESSS 15 Ak pRemPRIhRETRE to be
carefully to avoid chem cally nodifying or physically

FRAMRGH Ty NHE bl NG %%&E@E?ﬁﬁ{}ﬁ%ﬁgﬁis@ rl‘.trg@?l& \@fiﬁseﬁnpoﬁant to

need exi sts for inprovenment ot or

L1041 S )t e rempval .of . .
PRl R0 B e 8 po Rl o R G R B0 ipoime
while.nflictin 15 | ess .chem cal di fi cati on and/or,

Bl Pt b el riErEuiie 7 v bt Sirbiod Sponeg dotets in tho
004% I.n one embodinent, a method is disclosed for

FRORP G lEE-e Pt PhofqTEsist SEipPRIB RERTEF SROWA Pe performed carefully to
met hod includes _an operation for maintaining a pressure
PYPia chemigailmedifemion iwsieHy drmagiesmadmaingtiontetipds present on the
resides to be sufficient to maintain a liquid state of
avapr of mesd exiftl dminpoovameninin Mesplomiregist fshipipthg pRoesmeth det more
al so includes an operation for disposing the precursor
febmplateanmbing of ériphotekett ard Mafred: rindérla carF o HcBieRddNghiteelioting

less chemical modification and/or damage to the underlying wafer materials,

SUMMARY
[0004] In one embodiment, a method is disclosed for removing material from a
semiconductor wafer. The method includes an operation for maintaining a pressure in a
volume within which the semiconductor wafer resides to be sufficient to maintain a liquid
state of a precursor fluid to a non-Newtonian ﬂmd The method also includes an operation
for disposing the precursor fluid on the semiconductor wafer while maintaining the
precursor fluid in the liquid state. More specifically, the precursor fluid is disposed

proximate to the material that is to be removed from the semiconductor wafer. The method
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precursor fluid in the liquid state. Mre specifically,
the precursor fluid is disposed proxinmate to the
material that is to be renoved fromthe sem conduct or
waf er. The method 3 further includes an operation for
reduci ng the pressure in the volune within which the
sen1conductor waf er resides. he reductlon in pressure

FRHBCRClIE: B SEUERY o bk e LEARS! R el M Bnd B i tre
ﬁnﬁ'fo%dﬁé‘t“ S5 Eeipl R RO TRAUTe o e Pregugor Bk to

ve the materjial fromthe sem conductor wafer
FEUEER P HdiRale %@@ﬁ%m AT DeRCEEPAEd dughe the
renDV|n phot oresi st and material froma
’3@}1: e ﬂWanC@rNeWth@aw@u uma dharpeslting nepdeatonion fluid to
for di sposing a solution on a sem conductor wafer to
reamye gheemiderfidd fphothe sesicetduntat wafeml . The  sol uti on
penetrates through a photoresist material to renove the

s Pod e ke fﬁﬁh oirhgere rﬁﬁ%q:r%ﬁ% Ayt photoresist and
FERE REUTPLATH 6 i v dprouels. b e ndbirs geyin

wafer while, being maintained in a |iquid state.

fisRosieet sl qn %ﬁ@up@daptgb‘aé%ﬁtq rémewébvlgtpéoﬁomm@h@hwnal The
t he photoresi st crust to vacant regions underlying the
prloter packates theish amhetovesish ovitdrigh tohremove thebubkeshotimesist material
operation for reducing a pressure anbient to the

st denvihgct photombietr crtigt. Falldwian sdnorvel dhihe foulke plitcg@esidt lnutadlial, a
into the non-Newtonian fluid. An expansion of the

Preecisbs faid ] arheh-Newioantihed iy @Rsker fRtieofniitheudiderater while
non- Newt oni an fluid causes the resulting non- Newtoni an

okt G R ath BBVl ult BstRB.
mat EI‘I al . . [ 00 O61CIuI nStang?ﬁ%?j%epz‘%%]gsfoﬁ%d%&in&gé%%%e&ge|th§Ough

g Ay °§%tp{§f“a£?%ﬁs MR Ble g @é’%feﬁisg@]“%ﬁ e
é@@‘%‘fea Eﬁ(‘)lg@Pee%%l%& f:% 5%%101518& gléeaﬁllg% ,am#nrem gmmonductor wafer to

non wt.oni an f1 yi
transtNe the precursor ?hlld into the non-Newtonian fluid. An expansion of the precursor

flnid during the transformation into the non-Newtonian fluid causes the resulting non-

Newtonian fluid to remove the photoresist crust and polymer material.

[0006] In another embodiment, an apparatus is disclosed for removing material from a
semiconductor wafer. The apparatus includes a chamber having a fluid input connected
thereto. The fluid input is configured to dispose a precursor fluid to a non-Newtonian fluid
on the semiconductor wafer to be supported within the chamber. The apparatus also
includes a pressurization device configured to control a pressure within the chamber. The
pressurization device is capable of controlling a pressure within the chamber to maintain

the precursor fluid in a liquid state when being disposed on the semiconductor wafer. The
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on the sem conductor wafer to be supported within the
chanber. The apparatus also includes a pressurization
device configured to control a pressure within the
chanber. The pressurization device is capable of
controlling a pressure within the chanber to maintain
the precursor fluid in a quﬁid state when bei ng

astatR@SREhe Ind e s SRMLRAIbELP 'Elew)l'i@éc (%ﬁﬁé%%rlﬁfgogreleés%pd%r&%ﬁ‘g within

further includes a pressure rel ease confi‘gure

> ‘ .
U REEEHET G o B Rl by, 1008 AR Beatife Syl oo
i3 S AORIP S Pe Ao meSt it Ref e prpgnd HESHOREF wlo b on
bgprmoniﬁn fluid. An eépgnsion of the precursor flujid,
WG THE- (P SRESIOReR S PreRson: firid suviem IhRdrmpsfaiegiion into the

fluid is sufficient to cause the resulting .
DAL RERRE B Lsr suiicdent & qaaphereshiéing ren-Newishian flgid toemove the
sem conductor wafer. [0007] O her aspects and
meiprghfragdbe wmicdndudtonmafed. on wi || become nore appar ent
fromthe follow ng detailed description, taken in

(0] EABE bR R 1 BECOTRANL D UMD o ppery fom e

Pk PeTsh TReGPLCT 198 CeTPEBRATL LR U PeroTRgyYing (vines,

Jpatterned otoresi st |ayer defined thereon; Figure 1B
11?@5‘&%@%3{ \V &ﬁ%ﬂeé@&rWPHBVW@-S eni conduct or waf er

and patterned 15 photoresist |layer of Figure 1A after
havi ng the plasma etching process perforned thereon;
Figure ICis an illustration depicting the
sem conduct or wafer, photoresist crust, and pol yner
materi al of Fi fol 0w he bul k
phot or esi st po&%jﬁgf |9Pﬁw.%ﬁﬂmﬁl-1§%gﬁ%%t strip
chem stry; | )

Figure 1A is an illustration depicting a semiconductor wafer having a patterned

photoresist layer defined thereon;
Figure 1B is an illustration depicting the semiconductor wafer and patierned
photoresist layer of Figure iA after having the plasma etching process performed thereon;
Figore 1C is an illustration depicting the semiconductor wafer, photoresist crust,
and polymer material of Figure 1B following removal of the bulk photoresist portion using
a conventional wet strip chemistry;
Figure 2 is an illustration showing a flowchart of a method for removing material
from a semiconductor wafer, in accordance with one embodiment of the present invention;
Figure 3A is an illustration depicting the configuration of Figure 1C following

performance of operations 201 and 203 of the method of Figure 2, in accordance with one

embodiment of the present invention,



10

15

20

Figure 2 is an illustration showng a flowhart of a

nmet hod for renoving material 20 from a sem conduct or

waf er, in accordance with one enbodi nent of the present
invention; Figure 3Ais an illustration depicting the
configuration of Figure 1C follow ng performance of
operations 201 and 203 of the nethod of Figure 2, in
accordance wi th _one  enbodi nent of the, present .

i nvert§Bh SBgs Wﬂ@ﬁF@@gﬁp?h% the| coplgrationsd g %ifﬂ@wmg the
the configuration of Figure 3A follow ng the operation
woeBtier 20Reointhe aehet ofFigure2.2in fasoulencsr vidh oac winbhdiwet of the
enbodi mrent of the present invention; Figure 3Cis an
predensinvetiioon depi cting the sem conductor wafer

followng arinse and 5 dry process to clean the

r enoVigurp BOtioae Blustration dispictidg the seenivarddetpokyeEtollowing a rinse and
material, and non- Newtonian fluid fromthe

é?'ﬁ*&c@ﬁ(ib' ¢leah thaakBbved phoREERE HaACIRe Wil e@P&ly 8 BRAHENR Rhd non-
(0]

the present invention; Figure 4 is an illustration

KLY fﬁlié ﬁgﬁﬁ@ﬂ@é’e%niwndﬁct%ﬁ&dfﬂ Bor5{¥R \(ajiﬂﬂgme 8 boc}iment of the

phot or esi st polymer nmateri a roma sem conauctor

fer L gecordance with one 10 embodi ment of the
%(f%ese%]t Invéntion; and Figure 5 is an illustration

show a processij.n hamber. wit hin ich the od .
For  BS BURET ST SheY g & et il bl Ao moving
be perforned, in accqrdance with one enbodj nent .of th
ah%gf@ﬁft @ﬁ‘é‘gﬂww@m |13 BY5IPRESERP TR IMRSERFAcR Wit one

the follow ng description, numerous specific details
simbodjmentrad thapresenpippationgndpr ovi de a t hor ough

under standi ng of the present invention. It will be

appar Bigtire hipweniBngtration shendngs k ptocesding ehathlger avithint which theenethod
present invention nay be practiced wthout sone or all

@r removing material from the semiconductor wafer can be performed, in accordance with

one embodiment of the present invention.

DETAILED DESCRIPTION

[0008] 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 skilled in the art that the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not been

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

[0009] Figure 1A is an illustration depicting a semiconductor wafer 101 having a pattemed
photoresist layer 103 defined thereon. It should be appreciated that the semiconductor
wafer 101 can include a buildup of many different materials in various geometric

arrangements, depending on the extent of semiconductor fabrication that has occurred thus
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these specific details. In other instances, well known
process operations have not been 20 described in

detail in order not to unnecessarily obscure the

present invention.. [0009] Figure IAis an illustration
depicting a sem conductor wafer 101 having a patterned
phot oresi st |ayer 103 defined thereon. It should be

a eci ated that the sem conduct,o waf er 101 can

R G PR =52 95 G Pe ok G s Gontor waer 101
various geonetric_ arrangenents, dependi ng, on the

Wit COBTIT BREOHENBIBRY RESFRC 4% Bh RWAR! RiEegenuyieepptioned
thus 6 far. The patterned photoresist |ayer 103 can be
mhetoresist layar 1 0% serees ssonthaght tor protséterovaied poriwinh gf Erecomtivoriuctor
phot ol i t hography process, In the present discussion,

Wwifer dtfien agthsnphatdinespisdmal aghéng 0Res hug shegmitternadgiotoresist
to protect covered portions of the sem conductor wafer
146k 103 gled defilcas atteis €6t will e didhas o feGhhREnducRE @afk:y 101,
Thus, the patterned photoresist 5 layer 103 al so

defines a pattern that will be etched into the

WEHY ComeuBREE RIAfesTing oRcratiqroTush Botie RIBFRY oiHpe daapiigP! the
operations, such as the plasnma etching process of the ,
pregesk disceisHnu set drnstern o thigksesrof a petferasth pheorssistglayer that is
patterned photoresist layer that is exposed to the
pipasadatoi the plaamp hobor giitetsist cust. Figirg UBds 48 illustraiton depicting the
illustration depicting the sem conductor wafer 101 and
patiterined: whiet 00 esidsiattbayepholddSsinfiayet D3 Higuat A efter having the
havi ng the 10 plasna etching process perforned thereon.

FBsE QWRink Brédeiis @fokBed fhoteb@VANEhotvRAEN P RSITER, @n@\hihg ghe plasma
process, the patterned photoresist |ayer 103 is defined

, i i t 1 .
B MUK SRR D A0 g B 0854 orion

SPACE e L 55 B Q8o i o

rtion 10 |s essentially 15 the sane as the
%E@Pﬁ?@gﬁ§$?ﬂg%erial defining the patterned photoresi st

| ayer 103 prior to performng the plasma etching

ROMAPThe phBtORYEL matcfig] TRt 88 sl WhHoltsésist @3Riodi 108 £ isSessentially
the same as the photoresist material defining the patterned photoresist layer 103 prior to
performing the plasma etching process. However, the photoresist crust 103b differs
significantly from the bulk photoresist portion 103a. For example, in contrast to the bulk

photoresist portion 103a, the photoresist crust 103b is a more rigid and porous material that

adheres tenaciously to the semiconductor wafer 101 surface.

[0012] Additionally, the plasma etching process can leave a polymer material 104 on the
semiconductor wafer 101 surface. During the etching process the polymer materiat 104 can

be created by reaction of species within the plasma with by-products of the etching process.
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significantly fromthe bul k photoresi st portion 103a.
For exanple, in contrast to the bul k photoresist
portion 103 a, the photoresist crust 103b is a nore
rigid and porous material that adheres tenaciously to
t he sem conductor wafer 101 surface. 20 [0012]
Additionally, the plasma etcliing process can | eave a

I terial 104 . t h i duct fer .
BE PR B e A e e b ST SOOURE: Bl BBl Bk s
materjal 104 can be created by reaction of species
sppoiqsifrone the spbshigien wi t h by- products of the etching

process. 7 For exanple, the polyner material 104 can

[F?’lgﬂ‘q’ﬁ%ﬂb@fn%%é ?%nﬁaé%%i%?x%%sis 3 i Hatlosd !ougag@éeta §GhAR the

e substrate. | Fol’l 'ow ng the pl et ching

L] Ssar y % ] K
BROFERderigt oo FERT BB ol Pl TR APl A PIRR (RN gt 104
.the poly materjal. 104, =5 Additionall t.h. :
Bffiosnlur 8o rle-BH S Povaptipeepet st S Benfisdot i oneing
w t hout causi chem cal or physical e.to the
e Phaﬁxwf draieop b un et Bhe S oo are oo wefe!0L
met hod for renoving the bul k photoresist portion 103a
PrsvBrothed foe rwvmaqgleab%phot@rﬁm‘ﬂwﬁgl HiFerinyqlvgs, perfaropipg a wet
wet stripping operation, a wet strip chemstry is
shimpios epkbraticsr In theevet sipping dpetebion, e @ rstripodhemigdry is disposed over
photoresi st materials. The wet strip chem stry is

the serginetiubdr tvafgp d 0k budtletdrinisd mgteribhellpora uisipphehibire Hidstigned
crust 103a and renove the bul k photoresist portion

£0saetrate Aghigla @i SEelsUsliotiesi QARS $03 aSRTEreBX AT eEhulle bhotoresist
strip chem stries include AP902 produced by ATM, Inc.

Pﬁgoﬁ@d RoRR3: BkQIUGRbri¥sAISomB RRHETE Sl REH M & Snclude
8

., anong others. Many ofst he conventional wet strip
N e i
T Bl 0P USROG, PR TP RT ris
?e%rrgm%t%gﬂgn%gnrium fy r0}<1]E1(v5=)>:I'('I‘MMTI) based solutions that are designed to provide
rapid removal of the bulk photoresist portion 103a while remaining benign to underlying

featires of the semiconductor wafer 101,

[0014] However, those skilled in the art will appreciate that while conventional wet strip
chemistries are effective at removing the bulk photoresist portion 103a, the conventional
wet strip chemistries ate not capable of effectively removing the photoresist crust 103b
without causing damage to the underlying features of the semiconductor wafer 101. Thus,
conventional wet strip chemistries that are touted as being capable of removing the

photoresist crust 103b are so aggressive that they canse damage to the underlying features

of the semiconductor wafer 101.
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[0014] However, those skilled in the art wll

appreci ate that while conventional wet strip

chem stries are effective at renoving the bul k

photoresi st portion 103 a, the conventional wet strip
chem stries are not capable of effectively renoving the
phot oresi st crust 103b 20 wi tdhhout causi ng damage to the
under|ying features of the sem conductor wafer 101.

PRLY Fizweideit moalusitgiian deidtipg dhe sérsicetidustor hreafer 0@, photoresist
touted as being capable of renoving the photoresist
@ryst03b03hd grodyrew mgigrias 504v of Fiate tiBe folloatige raheovaiger tie bulk
the underlying features of the sem conductor wafer

1 ioredist ppARLIIN3IFughE € cdrivehitonaNwétlstripsdheatshe D AR B4 édAGentional
the sem conductor wafer 101, photoresist crust 103D,

KA RO IRy B dapdbld Oe@bvifik B bElk WRofoRlslsPMiI6h {RYBME: the

of the bulk photoresist portion 103a using a

ﬁﬁﬁ%@ﬁ&!c?ﬁh@lloﬂﬁtthéféﬁét&eﬁﬁ%ﬁtlb% reMfstdtalilif 1o the semiconductor
I wet st P& of

conventi ona rip chemstry belng capab

i .St..portijo 0] but not .th
EERD bR ORI e By B et i o Hor st cue o
enmaj ns . attached t he sem.conductor wafer 101, .
SR ARG RS BE R SRt SFTEE S iodvesibRuSte: SRenigmompes s
be preci ated that due to. the porous nature of the
BB B &k Perere ipgsh, D¢ RhoEIFL HEFB AUyl cxpating iy bulk
process is, capable of penetrating through the
PrrderstiggogionchGia thad walsrlies dhe rhetpvesi ctpiel 0By Ronsequently, following
phot oresi st portion 103a that underlies the photoresist
theponventignal YGaresiprendsk,ya sifelll df pioioesis0 ctnbiel (Sbrvesins airabed to
wet strip process, a shell of photoresist crust 103b
eehaifatrat dfadiee dethivondanh ¥afat Uoe, Gfddithaalsendwondubd Qhemical
waf er 101. Additionally, due to the chem ca

chagcteisied SFi 186 FHotdrhest PHAIHOI®S] St thhdiShs LORP exfBts between the
t enaci ous bond exists between the phot or esi st crust

%Q@t@re@@tdcrﬁs@ @0 RLIIGRO MG QMBS B] 28fhe ﬁtﬁ&f&cgé ?Sftﬁ‘e(fgo%meen.
t hod ed to

05 t her ebet ween. There ore, a ne I'S nee -
SR 0P LSRR 1855 0 O BL B BBl e

%5- ‘%rithg'l% ]damaging the underlying semiconductor wafer 101,

[0016] Figure 2 is an illustration showing a flowchart of a method for removing material
from a semiconductor wafer, in accordance with one embodiment of the present invention.
The method includes an operation 201 for maintaining a pressure within a volume within
which a semiconductor wafer resides fo be sufficient to maintain a precursor fluid to a non-
Newtonian fluid in a liquid state. In one embodiment, the volume is pressurized to greater
than one atmosphere (1 atm) to maintain the precursor fluid in the liquid state. In another
embodiment, the precursor finid is formulated to be maintained in the liquid state at
atmospheric (1 atm) pressure within the volume. In yet another embodiment, the precursor

fluid is formulated to be maintained in the liquid state at a volume internal pressure less
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[0016] Figure 2 is an illustration showing a flowhart

of a nethod for renoving material froma sem conduct or
waf er, in accordance with one enbodi nent of the present

i nvention. The nethod includes an operation 201 for

mai ntaining a pressure within a volunme within which a
sem conduct or wafer resides to be sufficient to

intain a precursor fluid to a non 20 Newtonian fluid

PR gng pteieeRness G ¥bm)y Rhegprecussen dhridis rlescribpd inymiorendstailshelow, The
pressurized to greater than one atnosphere (1 atm to
wethed den piseceds evitly s opébiiim 20T farhdisosiggi tte pratimor fimid on the
anot her enbodi ment, the precursor fluid is fornul ated
tenipadnetonvafenetlilé matnivénihg chsipdecttsat Buidtin thet Hgpikpdhee.ileshodd be
atm pressure within the volunme. In yet another

eniaecodehit, thé BRoMEQCIUIS & thefligHiddktits isf bARIL af Béng @is;lhﬁed within
mai ntained in the liquid state at a volune interna

Phe BRUbEwb@SHljfent AR RS r@ﬁé‘%ﬁ%r&%ﬁgéedt g% fﬂegg %gvndu o wafer,

precursor fluid is described In nore

Hﬁ@lﬁ&gﬂll%',g ﬁ%r%é&‘fs%? FidMnt #l? Eig%ﬁ%ﬁﬁfﬁg&ﬂa’tﬁg %f g%{(’?ggtél}grthrough the

di sposi n precursor A fslem col
VRS ot e B Bl bl e el G ey e bRt e,

ecursor, flyid in the, l.iquig state i s capabl e of being
gﬁ% Sl d Rt menp%CVf%sﬂﬁﬂ Slrls {RAEEN OB die SERicordughor JEpcn the
ratio featyres defined on the sem conductor wafer.
RERHHPORA! 17 PR S IF Ssposed Bieaimie tveaieriglng 16 odtegemored
I s capabl e of penetrating through the porous
fre Beetpiondpgiet wafry Exanpleeobmechy migietnls tohizet rammyed from the
underlie the photoresist crust. Therefore, when the
panzicendgotor fwadirdeansindiudp pbetdresiat, tghotosmist comt) uslyamer wadiatfal, and
in the operation 203, the precursor fluid is disposed
pusentialifagy dihermivanicdesidnal matsridlo be removed 10 fromthe

sem conduct or wafer. Exanples of such materials to be
rﬁﬁ?v§d fromthe sem conductor wafer can include o
S Y b elavans themehian 293, themethod porsedeithenoppation 2}idn which
essential |y any other unwanted residual material.
[fponrpgsureoin] oivalimehwitup evldeh te seOBonduseor meafbrosipesois eelisd to
wi th an operation 205 in which

cause the precursor fluid to transform into the non-Newtonian fluid. A non-Newtonian
fluid is a fluid in which the viscosity changes with the applied shear force. An example of a
non-Newtonian fluid is a soft, condensed matter which occupies a middle ground between
the extremes of a solid and a liquid, wherein the soft condensed matter is easily deformed
by external stresses. Foam is one example of a non-Newtonian fluid, as referenced herein,
wherein gas bubbles are defined within a liquid matrix. It should be appreciated, however,

that the non-Newtonian fluid associated with the present invention is not limited to a

particular type of foam,

{0018] A volume expansion of the precursor fluid during its transformation into the non-

Newtonian fluid causes the resulting non-Newtonian flnid to remove the unwanted
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the pressure in the volunme within which the

sem conductor wafer resides is reduced to 15 cause the
precursor fluid to transforminto the non- Newt oni an

fluid. A non-Newtonian fluid is a fluid in which the
viscosity changes with the applied shear force. An

exanple of a non-Newtonian filtuid is a soft, condensed
nat t.er mhicﬂ occupi es a_m ddl e ground between  the

R E o PRYOSHIF FushnRplymeri sl sihefren by srniegpipctor wafer. It
condensed matter is easily deformed by externa
ghoplslshesapprasinged that asiibe ieatrprdlogd trapsfiems ldavihsmoanewiteniag, fluid,
as referenced herein, 20 wherein gas bubbles are
grevnfiedofhe ipkesurzor flejditel theston Newtditiarsiid lackl the relative motion of the
appreci ated, however, that the non-Newtonian fluid
assNewmhizd il withespresett substet] i.oNsdnsics@ictbt Mateg Galisds the
a particular type of foam [0018] A vol une expansion

0én-NowtoplaBCUi® @ apblykd MechahicNTolch §%£ﬂs@ﬂﬁfpﬁﬁﬂ6%sisp&u§t REPpolymer
t he non- Newtonian fluid causes the resulting

RRRribEWANURD thd BhétoleGist BABY end REVHEMADESE! 3R removed from the
materials, e.g., photoresist crust, polyner naterial,

%ﬁcmndﬁlEBm c}’g"?ﬁ‘émﬁ dﬁ’(‘g{i@ to %Bg\fe'wtl%#l%l ?lﬁf&u %rgns?o“?'matiorll]t %f the

appreci ate t as the ecursor Tl ranstorns i

wt oni.an, fluid, .. expansion of the precursor .
IR AR PR i SHERE B e, Rl € ochantce
not i o the non-Ne nian fluid with respect to the
ST e vt AR Ao PR eIor ot ¢ he 5
non- Newtonian fluid to apply a nechani cal force against

608 9P RERES tHe Srehifdd® HuRINFoRO Y FRY 1mitHi8Y ini% sprd&hebidh geatures

the photoresist crust and polynmer material are renove

fob 3Bt lRGhe SAMGRARAHCHAEr ‘é!?eftﬁaﬁnsfom%n fo¥ F‘% é)lréc%'ofjﬂélg (i)x}to the non-

non-Newtoni an fluid trafsformation o precu

fhukd . hel.ow adj.acepnt to the, unwant \ .

Ny SREL ol R s b o PR G i gt
erials fromthe sem conductor wafer. 10 [0019]

Sucatafe PSSPy QBUTEL i fg‘e T PESeieRp WRisFBicRpdpctor wafer.

i nto spaces between features present on the

SemeEsRdtie on-Nexrteran find wilhpel eerktifforniid fpiges on semiconductor

precursor fluid into the non-

nger features, thus avoiding damage to the features. Additionally, the non-Newtonian

fluid acts to entrain the materials that are removed from the semiconductor wafer.

Therefore, the removed materials such as photoresist crust and polymer material will not

resetile on and re-adhere to the semiconductor wafer.

[0020] As discussed above, the precursor fluid has a liquid state when maintained above a
particular pressure. When exposed to a low enough pressure, the precursor fluid transforms
into the non-Newtonian fluid. For discussion purposes, the particular pressure below which
the precursor fluid transforms mto the non-Newtonian fluid is referred fo as a
transformation pressure of the precursor fluid, In one embodiment the precursor fluid is

defined as a liquid having a propellant included therein by one of a number of methods



10

15

20

Newt oni an fluid with the acconpanyi ng expansion w ||

exert substantially uniform hydrostatic pressure on

each side of the features present on the sem conduct or
wafer. Therefore, the non-Newtonian fluid will not

exert differential forces on sem conductor 15 wafer
features, thus avoi ding danage to the features.
Addltlonally, the non-Newtonian fluid acts to entrain
sefeanaisEiytiing mikag, andsifiestionede.fWben thh @reseurs dolodiast delow the
wafer. Therefore, the renoved materials such as
tpnsfoungingtressnes thegmepefaitymére preduesoi Shidwrilll expartd to transform the
resettle on and re-adhere to the sem conductor wafer.
reR240} Akl idicsheisaeNewtoise fluldie precursor fluid has a
liquid state when nmai ntai ned above a 20 particular

n exposed to a, lo nQugh pressure,
Fﬁﬁiﬁ iﬂ%@%ﬁmﬂ?ﬁ%ﬂ&%ﬁ%@mc{ RelgieRds ﬁﬂ@ﬁlt%whaﬁadéwe above the
fluid. For discussion purposes, the particular pressure
%@FWWRWGSW“E%& plgsrbelomiihe trepsiprampEemeressteoForrpample, in
non-Newtonian fluid is referred to as a transfornation
preeyshndimett, pivpay €obip)sem el uded as e propellant ditivemer ittsheuld be
precursor fluid is defined as a liquid having a
prdeptiodaiitt im ethed edntolimrenisn ihoypropedlanf materislnber befessentially any
met hods 11 such as dissol ution, m xing,

mastisl thiteafisten theghgsical\b@ats rédifre@Eets SaldtRe itSthe Quaifathabel pWsure
the transformation pressure, the propellant in the

BdeE WheRlcafty @btpMld wak RRNFrebi@sdr IFRNS iy mnhékﬁldumlew&s @id the
fluid into the non-Newtonian fluid. [0021]

og&gﬁ]%ae%ar Il e R GEY &0k pfésﬁéi abc%reqﬁé 'ﬂ;&o&%uon pressure the

|nta |qu state above transt or mat
g@g@# g’l tﬁgﬂgﬁg%ﬂ%\?@ 1? ta@&e% tg) %e nacgfI 1 tiﬂ S]:)ger n’a%a)ﬁiogﬁ%lt an amount
bhEPHIEE hediider dg%%r%q?iqﬁ ope%mggtr%ﬁ?ﬁ%g%é%%bm 5% by

ro el lant material can be essentially any material
t toaghout 284 byiveeighh wé thegirecgisay Buidl & Wl@&r@@ﬁﬂsow o]ty propellant

to the transformation pressure and is chemcally

dlsngiadt Thyl targestt matné op peapediand that et Ye dISlSTéVESlelm tbo noetoriuid is
waf er, and the

generally limited by the solubility of the propellant (in the liquid state) in the precursor

fluid.

[0022] In one embodiment of the present invention, the transformation of the precursor
fluid to the non-Newtonian is accomplished through a rapid decompression from a pressure
greater than the transformation pressure to a pressure lower than the transformation
pressure. In one embodiment, the pressure ambient to the precursor fluid is reduced at a
rate such that the precursor fluid in the liquid state is transformed into the non-Newtonian
fluid within a duration extending from about 0.01 second to about 2 seconds, As used
herein, the term "about" refers fo being within plus or minms twenty percent of a given

value, In another embodiment, the pressure ambient to the precursor fluid is reduced at a
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10 processing environnent/structures. At a pressure

above the transformati on pressure the propellant in

the liquid state is added to the precursor fluid. In

one enbodi nent, an anount of propellant added to the
precur sor f|UId is within a range extending from about

5% by weight to about 20% by2 wei ght of the precursor
fluid follow ng addition of the propellant therein,.
rappach.dhas sl pramsenTt i inghe Pevid aﬁfe if framsteraied fao dresiawNeagpnian
in the precursor fluid is 15 generally limted by the

flasl wishini ¢ Wustion retepdivg dhdramboyti 0% breond truiabiowd thd egcondy In yet
the precursor fluid. [0022] In one enbodi nent of the
apstheesntbodinnet the prestune ambianisth annpreéosor diuid Beeducat sirasiaie such
fluid to the non-Newtonian is acconplished through a

e Rhel F&e@@mﬂ@ﬁs:mme fli 0D Aatp AL FEMfR@med igatiRe nbhdBwioARn fluid
transtormati on pressure to a pressure |ower than the
WiftdDs hebhR! bobord.Or fs4dr €. I n one enbodi ment, the
pressure anbient to the precursor fluid is reduced at a
rate such that the precursor fluid in the liquid state
(P23 Fanieoondtevitenion fud thenertaewiiisinhamonnt of fregi anrhaphgtoresist
duration extending fromabout 0.01 second to about 2

et and olvhser usatdrial ior @iise, thehaetnevah fabdhe Yemiedreinstot wrafer, the
being within plus or mnus twenty percent of a given
wolneratib b f @rRoioh v ol molilnig né thetphevuponethdd seould b @ifficidndy large.
the precursor fluid is reduced at a 12 rate such that

Th e R dne@k, the WoRimleroftthe nbh-Sltvebniholi8d ifslidwia SfRfsi®Oof the
into the non- hbmﬁonlan fluid within a duration

ﬁéﬁe@lﬁgﬂ A%nt AR id Qs %hﬁeacﬂﬂge L Qe RBRU o 2B %Ctﬁﬁ‘% to about

n yet ano?her enbodi nent, the pressure anbient to

gio:tgrﬁésztgé V%]]Lfﬁ g)f ltlf‘e;{ ﬁ %Jﬁ%? ﬁ %t i eﬁf&iﬁi s%zld! r ans@or neggd}\m{ent ths
TR R S AT el .

exert a sufficient anDunt of force on.the hotore3|st

Hyidds within HELgFEteRdRG o abey %%ta%gewtaﬁ@mtﬂorf@ﬁ%? velpgppf the
t he sem conductor wafer, the
precursor fluid in the liquid state.

[0024] In one embodiment, the base precursor fluid, i.e., the non-propellant portion of the
precursor fluid, is defined by adding various components to an amount of deionized water.
For example, the base precursor fluid can be formulated to include surfactants for reducing
surface tension and other additives capable of stabilizing bubbles that form during
transformation of the precursor fluid into the non-Newtonian fluid. Examples of such
additives can include faity acids, cellulose, oils, and proteins, among others. The base
precursor fluid can also includs detergents and/or soaps. Additionally, hydrotropes can be
included in the base precursor fluid to bind strongly to the surface of micelles, thus
controlling the size of the micelles. Additives that are capable of reducing the adhesion at

the interface between the photoresist crust and the semiconductor wafer can also be
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volume ratio of the non-Newtonian fluid to the

precursor fluid should be sufficiently large. 1In one

enbodi nent, the volune of the non-Newtonian fluid

foll owi ng expansion of the 10 propellant in the

precursor fluid is within a range extendi ng from about

2 tinmes to about 100 tinesiBhe volune of the precursor
 fluid in the liquid state. I n another enbodi nent, the
inlgflehin. the a7 THETSRE AU%ish  14rPo) UGB Al ARgOwE P4187 &t strip

of the propellant in the precursor fluid is within a
chewisiey ussd Emesniye oyl pbeteresist qapds aéedalibdbr preoprsdr disid so that

the volune of the precursor fluid in the liquid state.
refifudl G0RZRhotaredsiear nixvidirerzrite, rembesdotusiog freeemoed of ik phatpresist

i.e., the non-propellant portion of the precursor
cfobtui d, is defined by addi ng vari ous conponents to an

anount of deionized water. For exanple, the base

recursor fluid can be formul ated o include ,
10035 Wethsteeenes oy o iRatig ofsiiprace (e ePR Firere Five o the
addi tives capable of stabilizing bubbles that form
seqieomsigotor vepfier gt apsritions 2Heanst 203 pgpPe maintengdiugt tpee the
non- Newt oni an fluid. Exanples of such 20 additives can
tramddrgson ptessyra Elosksyerc éuringlopsisfionsi20é andi2@p, thers ie no specific limit
anong ot hers. The base precursor fluid can also
ohnié uddhige tyeegert Soanité gresoap Sluidgdispectingl Agditionally, in some
hydrotropes can be included in the base precursor

ehibbdithehia the BEbpSian® NeddYinties Hrb@ursd i BraPbamihiCelil@sy att fesSures
controlling the size of the mcelles. Additives that

PhBahBRARb %oﬁ;%léﬁ@ﬁwé@ﬁﬂaﬂiohﬁﬁesﬁgg @8 iRprafelladitn B iHBSeednfRBBents,

et ween the photoresist crust and the sem conduct or

t%r?glr&? nrhugtl.}] g&eﬁi%%ﬁed DEERGE L hiokf? %Tf B?cﬁlgll% ?&g {sf‘l?\% than the

ment, an amount o

chenm str ed to.renp t he. bul k_phot oresi st ..can _he ..

oS BoRalR R E BT g grcBtoy mBRRt BER B R odiments
hot or esi st can_continue to be renoved, during the

the Apbisnt BESLFferehiise &p e sspicop %tr,waé%b@%]opawws 201 and 203

feference to the nmethod of Figure 2, the anbient )

qué@smﬁi@tqi@da@q g Presgure Hess than but approaching the complete liquefication

pressure of the propellant.

[0026] As the pressure is decreased below the transformation pressure and the propellant
in the precursor fluid changes from liquid state to gas state, the propellant in the gas stats
will behave as an ideal gas. Thus, according to the ideal gas law (PV=uRT), the volume of
the i:ropellant in the gas state can be influenced by the temperature of the propellant in the
gas state. At a given pressure, a higher gas femperature will reflect a correspondingly
higher gas volume, vice-versa. It should also be appreciated that the pressure inside
bubbles will be affected by the size of the bubbles and the surface tension of the liquid
between the bubbles. At a fixed ambient pressure, smaller sized bubbles will have higher

inside pressures relative to larger size bubbles. With an increased gas volume upon
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sem conduct or wafer during operations 201 and 203 can

be nmai ntai ned just above the transformation pressure,
However, during operations 201 and 203, there is no
specific limt on the anbient pressure fromthe
precursor fluid perspective. Additionally, in sone

enbodi nents the propellant used in the precursor fluid
may partially |iquefy at pressures 10 approaching the
tRafipte e the querclan from the digid alafsrtor the g96 oyinde, | ntresuting non-
t hese enbodi nents, the precursor fluid can be defined
Neoviprian fuisl will ensppshan infrepyed peluien Thush dte meghddesfFiglrad cen also
the anount of propellant expected at ful

ih¢iodeedn gatiton for emsrotlimg afhwperature iblvosieo] dhdrodume visnsion of the
t he anbient pressure relative to the sem conduct or

pheduesor divitl Agrigp eatradftsmAth aod BOJquidaatd entoBhhei-Neftonian
at a pressure | ess than but approaching the conplete

fivi@UeEHoG Rt bl prebud tBR IW BmBératuReshBiARelcb@ftilted MAR26hsi BBtion

the pressure’is decreased bel ow the transformtion

%ﬁgﬁ&%ﬁﬁgﬁﬂﬁmﬁﬁggpg?ggghﬁﬂ%orﬁﬂithe precursor fluid

ges from te to gas state, the propellant

in the gas state wll behave as an ideal gas. Thus,
ROZArRguryg 3o it e ihdeationgdspidtiag the verfipRiErion tdf Fimot U Gefolidwing
the propellant in the gas state can be influenced by
e of aperadoraf201 had phoptht arthod Bf FigareZ) g a@oshadeavith one
At a given pressure, a higher gas tenperature wll

E8%ddaGént DITRY HRERO Relieftghny AsPrOidistydRSciitel Wiecursor fluid 301 in a
vice-versa. It should al so be appreciated that the

tg;&& SHhe id ARboea QHBR! &snivinihebiewakf aet .eghgry%écﬁ&oxs hgﬁ 301 is

the bubbles and the surface tension o 1 qui
n , ] ,

BERVRE Dot BUBREEBes i of 4 KEHC AIILEN o 855 LE reurc i
Ph e e ot s i Bt B o R SR M p S hdertying e

ropellant fromthe liquid state . to the s_ state, the
g’é%tgqeflﬁtr%“%‘i JH3b %W%?pgﬁllquﬁbﬁoacwqfﬁ bydes h\%@ phatoresist kaiad 03a.
vol ume. Thus, the nmethod of Figure 2 can also include
an opp embedioent dhe sapiconduetph gyager tl8kser e prkicsted dpatrmes and dry

t he vol une expansi on of the
procedure prior to performing the method of Figure 2.

[0028} Figure 3B is an illustration depicting the configuration of Figure 3A following the
operation 205 of the mefhod of Figure 2, in accordance with one embodiment of the
present invention, As previously discussed, in the operation 205, the pressure is reduced
below the transformation pressure, thereby transforming the precursor fluid 301 into the
non-Newtonian fluid 303. The fluid expansion and fluid motion associated with the
trangformation of the precursor finid 301 into the non-Newtonian fluid 303 causes the non-
Newtonian fluid to exert mechanical force on the photoresist crust 103b and polymer
material 104, thereby removing the photoresist crust 103b and polymer material 104 from

the semiconductor wafer 101. The removed photoresist crust 103b and polymer material
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precursor fluid during the transformation fromthe
liquid state into the non-Newtonian 5 fluid. It should
be appreciated that the tenperature should be
controlled with consideration for preserving the
chemistry of the precursor fluid. [0027] Figure 3Ais
an illustration depicting theconfiguration of Figure

1C follow ng, performance of operations 201 and 203 of
beprans gRiRpdoin ‘EP@}%&’P@TWWW Heidot Bared. ik ypogied photoresist orust
enbodi ment of the present invention. As previously

1§8%s apd pelymer predeript somot ragettle 30 Bnil me-adheee toj Baisemisprduetor wafer
di sposed on the senm conductor wafer 101. The precursor

1Ol UFigmBGL issan iflbstpptise defietingabn sdneiatndnesr pries &0t followinge rinse
sem conductor wafer 101. The precursor fluid 301 also

e def pratss td deaugdrdiiecpplictnssifthalsoT13%] Bt rafdisl pdiBbr hierial
regions underlying the photoresist crust 103b that

MR ShPERVINOHShin FREURIEHR Yhd LeidMiictanedre! 831 Staccordance with
portion 103 a. In one enbodi nent, the sem conductor

M@%ﬁfb&&%ﬂ?@ﬂh@ﬁf@éﬁ@hﬁ?ﬁtﬁoﬂ,to a rinse and dry 15

procedure prior to performng the nmethod of Figure 2.
[0028] Figure 3B is an illustration depicting the

Do Gher method fof rEhgung pBalofesist omwisinfowhthe peccatiian RS, as
of the nethod of Figure 2, in accordance with one
potioaklyraadcribdd whie respece seRiputerty emt boincorparated ay patisf ymethod for
di scussed, in the operation 205, the pressure is

betaC Q&no@'@?}ﬂdﬁeﬁiﬁ&ﬁ&%@ﬂ NBdrh ON s@hieSEMERr vl Eyirs 4 is an
transform ng the precursor fluid 301 into the 20

5 i | B 3 [ [ fldi
el g0kt o Ao Tiagbboi SAaen oo s

BLSENL 05 Ll iihol 00 PR DAt 305 s
force oprthe hqt oresi st _crust. 10

d..pol .
REaTral M0 A PEB0-S ROUEAEOR HE (oA OPRsiogy » cplipn on e
EREPICLE PTG ooTFBUBE DAY GHELFSHE: I i CRpRF Solution i

p;%zner material 15 beconme entrained in the )
gembieot percanting tireughoa phatpedsist mptoriab A vegotsh Beokdls jphetoresist

crust
material while leaving a photoresist crust.

[0030] Following removal of the bulk photoresist material, the method continues with an
operation 403 for disposing a precursor fluid to a non-Newtonian fluid on the
semiconductor wafer. The precursor fluid of the present method is equivalent to the
precursor fluid previously discussed. Thus, the pfecursor flunid is maintained ir a liquid
state when disposed on the semiconductor wafer. The precursor fluid is disposed to
penetrate through the photoresist crust to vacant regions underlying the photoresist crust.
Then, in an operation 405, a pressure ambient to the semiconductor wafer is reduced to
transform the precursor fluid into the non-Newtonian flnid. A volume expansion of the

precursor fluid during the transformation into the non-Newtonian fluid causes the non-
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103b and pol ynmer material cannot resettle on and
re-adhere to the sem conductor wafer 101. Figure 3Cis
an illustration depicting the sem conductor wafer 101
followng a rinse and dry process to clean the renoved
phot oresi st crust 103b, the renoved polyner material 5
104, and non-Newt oni an flui di1803 fromthe sem conduct or

fer, 1%3" i.n accordance with one_enbodi ment of the
]ﬁ?ﬂ“étg@ﬂ? Wi d 56T, EREDioY torce orbERGdemeye thenphtevesist crust and
photoresi st crust fromthe sem conductor wafer, as
poheRsr sl descri bed with respect to Figure 2, can be
i ncorporated as part of a nmethod for general renoval

1598 S5 TRRAFRLbERP Pod S BRI L0 iy o
' h i I ial
0oL B BT S B0 B WAL oy

$an%iment of the,present _inventjon. The method
Hefote SrPTder SR spbodigentpidpvRicsyt Rverion: Thsrhamber 501
t he em conductor wafer to renove a bul k photoresi st
ﬁﬁ%@bfeaqf.mapﬁéma}gsﬁd‘é@@he@éﬂewl DRsspe restds dlndheogperating pressure at
penetrating through a photoresist material to renove
vhieh Bl ikeqyiret Brislsip sraintaigedrin therliquid staie. Ao whtsawmippgrt 403 is disposed
phot oresi st crust, [0030] Follow ng renoval of the
Wwihinshetivtdee §0 s tThaetadrisapport 708 indeihed tc ol asescondilichor wafer
an operation 403 for disposing a precursor fluid to a
sniuNeptieThaeridlrethevadprobdye.  senmi conduct or wafer. The
precursor fluid of the present nethod is equivalent to
recursor_fluid previously discussed. Thus, the
@Bg%luf@ofﬁ*ﬂ’iﬂﬁ%ﬁ 50T RO RS T 0T pongepted tei aiprperror el sppien509.
di sposed on the sem conductor wafer. The precursor
Prging) opeyatinns g geecewsor Beidels raeddedhfromgthe trheupsho floidesiist 509
crust to vacant regions underlying the photoresist
trangh. the Tihpash 507 rto &n diypesedt drothe 46 icoadyetor seaferesBrhi @ntcated by
to the sem conductor wafer is reduced to transformthe
pir@e Bl $0Thd kbhkintber 00 afdaeinclodesNeWnGR 503 Edrdbdled & ¥ QkdddiBzation
expansion of the precursor fluid during the

E%ﬁhébsf 18T DRih©Bpdriticd, $hB @rddQRzNeM @9ic8B15 lsUisth GAVERS thdGessure
within the chamber 501 through addition or removal of a process atmosphers gas, as
indicated by arrow 517. The chamber 501 further includes an input 531 connected to a
temperature control 533. During operation the temperature control 533 is capable of
conditioning the process atmosphere gas via the imput 531 to maintain a desired
temperature within the chamber 501. Also, in one embodiment, the temperature control

533 can be used to control a temperature of the wafer support 503 to in turn control a

temperature of the semiconductor wafer 505.

[0033] A pressure release device 521 is connected to the chamber 501 through a

commection 519. During operation, the pressure release device 521 is capable of rapidly
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16 Newtonian fluid to exert mechanical force on and
renove the photoresist crust and polyner nmaterial.
[0031] Figure 5is an illustration showi ng a processing
chamber 501 within which the nethod for material from
t he sem conductor wafer can be performed as previously
S described, in accordance witTh one enbodi nent of the

present invention., The chanber 501 i.s capabl e of
r#aasmgaﬁﬁiﬁma@%%ec%@%é{fe PR éﬁ)l’ﬁﬁé%és‘%ﬁ“'él BRPE P2 higpavse the
the operating pressure at which the precursor fluidis
preavrRon flaiddo itransfhen [ntetheontamdonion Hiad en thegspénondgys wagr 503
di sposed wthin the chanmber 501. The wafer support 503
dusfacte Folleving chenidndfoamstion afdhoipretrosor Watdeinto 60 Somtdiicivivgian flnid,
the material renoval process. 10 [0032] The chanber 501
the edsutlieg ma-Nawtoihiab Ahic anneaioed tuateaalpr €g.lphatorefikivind polymer
source 509. During operation, the precursor fluid is

REEVAIdeR B‘erreﬂbmethﬂfugg HlosHeclidntb28 LHAUER «HH&n 50N L0 Udhkated by
the i nput 507 to be disposed on the sem conductor wafer

é&% 5?1 1t Bl gRbe %p]gﬁéciat@a W1 Toid DB&uARE rﬂﬁ%rgs%g‘@-in%lﬁﬁn many
| nC. udes an | nput 13 Con_neCt ed to a preS_S | .Z&t| on .
DR Sy B e 0 S s

pressure W

chanber 1 thrqu di td on of..f enova f a ocess

o B8 25D Rpp R0 e B beBBaor AP Y m By EAGRS Rprmponty
501 .further includes an i pput 531 connected to.a
FEeRiERL IR resBie ParhsmhseRr porsloungirta Ve aragssine.
tenperature control 533 is capable of <conditioning the

RI0RSE S8 LD ARDAI @ 138 Bedhl Rsdribed nBits T3dvel D ehBbAEBHE iBwill be
desited tenperature within the chanber 501. Also, in

g@ggﬁﬂp@ %aﬁﬂ& o ddifdliEBELALMLR frg%ﬁﬁﬁegr e 1%90351%% psg?t{}ﬁ%g%ns and

to control a tenperaturé€ o waf'er su
to..n turn,control

. . . the . seni d
U R BBV ST BBl SR AN AR o

n r. r h . C
%(%?lva grgtse %e%eoof.t Pferg£1%m%s 1115’:911]&3& ala?ﬁ% prgsent invention includes all such

alterations, additions, permutations, and equivalents as fall within the true spirit and scope

of the invention.

What is claimed is:
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connection 519. During operation, the pressure rel ease
device 521 is capable of rapidly 17 releasing the
pressure within the chanber 501, as indicated by arrow
523, to cause the precursor fluid to transforminto

t he non-Newtonian fluid on the sem conductor wafer 505
surface. Follow ng the transfldrmati on of the precursor
fluid into the non-Newtonian,. fluid, the resulting
non- Newt oni an fluid and renggégﬁg%terials, e.g.,

phot oresi st and polyner 5 material, can be renoved

t hr odgh a Acowtied firaambdibg bitedaldFddh B sSYi86RIb B afeR Somprising:
indicated by arrow 529. It should be appreci a?gd ?rﬁ%l%S]ng'
t o avedittadieC urirbGuien @it s Stunl VAR 9R; :

addi ti onal detg%ls of the chanber 5%% ﬁgvgqﬁé?nﬁggwmbr“mkr
assbRcueigh fo nfiEN 8" e 6oL b e, art. w1l
appreci ated that the c%gr%eec? glbql!ﬁrdr#)’/ ainﬁ]&l\f}a&%‘)% uid makzqmd
dgatures commonly associated with pressure chambers

used for sem conductor wafer processing. 10 [0034]

Wi [ e;:thi.s iavention has been descrjbed in terms of

severedé%plaéelrﬁ%gfgﬁ HEHEer ﬁ‘fﬁvﬂl’i © SEMICHMIIFEE (wiE dviilpamaintibning the

skilled in the arf upon reading the preceding

R ?]&15{1 Fbﬁ%ﬁ lighig Sf§?=u‘ﬂlgﬁr% therimeqirsanithigsiswispbsed padximate to a
us, alterations, additions, pernutations and

vari,
%%famaﬁa@ brteworpg freprthe smieetionier wafer; isl | nt ended t hat t he
present invention includes all such alterations,

addi tP&wEE the pragsuae ioths vohmet te qrissahepesuas ffuad bo MinkRk into
the true spirit and scope 15 of the invention. Wuat is

¢ aromedewteniad 8uid] AltbfbY. anAckinklod dfomer RERMEAIfId during the
material froma sem conductor wafer, conprising:

tresfotradtiinn gadeP r S SHIENWlotial Auid OtU FBmWM el Bl MRLED Bom the
sem conductor wafer resides to be sufficient to

deafidehandlordvgisiecur sor fluid to a non-Newtonian fluid in
aliquid
2. A method for removing material from a semiconductor wafer as rocitec in

claim 1, wherein the material to be removed from the semiconductor wafer by the non-

Newtonian fluid is one of photoresist crust, polymer material, and both photoresist crust

and polymer material.

3.} A method for removing material from a semiconductor wafer as recited in
claim 2, further comprising;

removing a bulk photoresist portion using a wet chemistry prior to disposing the
precursor fluid on the semiconductor wafer, the removing being performed after an etch
operation and such removing of the bulk photoresist portion being performed to leave the

photorssist crust, wherein the photoresist crust is created during the eteh operation,
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5 state; disposing the precursor fluid on the

sem conduct or wafer while maintaining the precursor

fluid in the liquid state, wherein the precursor fluid

is disposed proximate to a material to be renmoved from

t he sem conductor wafer; and reducing the pressure in

the volune to cause the precdPsor fluid to transform

into 10 the non-Newonian fluid, whereby an expansion

of the precursor fluid during the transformtion

causes the, non- onian fluid to renove the materi al
fromthe *EHROGTALERVINGpEFHial fromne Aevinersiuplor wiethes Tepitpd in
a&teri | froma sem conductor wafer as recited in 15

8} o vibereip dieairacursne thist i pilighidtheving prapetant dh § liqual bhie included
sem conductor wafer by the non- Newtonian fluid is one
erepph Srearesicsor fuiduspable of heiry dismbat wihin viis dnd 0tkveen high aspect
phot oresi st crust and polyner material. 3. A nethod

fabe fegmeyiong theateaticaiduéton Mafer, SBBTREAEHIE TR \WBfa8le &Spenetrating
recited in 20 claim2, further conprising: renoving a

fhtuigh pipbbioreRRt GlistROk kdodih kg bifEnAh¥Bho1GREMBistyY Prior to
di sposing the precursor fluid on the sen conductor

waf er, the renoving being perforned after an etch
operation and such renoving of the bul k photoresi st

porti®n bei r{.0r : e hotporesist . .
crust, wher gi%n t h%PE)Eot élggrg%ltg%\{giroﬁ 5F C%r}cfélgﬁogam%ﬁla? Frgited in
t ion. A9 . A od, for renoying ..,

b, £ S Ao o ey TR & s ooy B vtz e
1 herein the p ursor fluid is a liquid having .
Braiard S FiPoa 9 di  Cebtuioslront POely o Gthe drsursor ud

recursor. fluid capabl e of being disposed within vias
VH fRBTompighe aopelt. 5 ratio features on the
sem conduct or wafer, the precursor fluid capable of
penetrating
6. A method for removing material from a semiconductor wafer as recited in
claim 1, wherein the precursor fluid is defined to include surfactants and additives capable

of stabilizing bubbles that form during transformation of the precursor fluid into the non-

Newtonian fluid.

7. A method for removing material from a semiconductor wafer as recited in
claim 1, wherein reducing the pressure in the volume causes expansion of a propellant

dissolved in the precursor fluid, expansion of the propellant causing the precursor fluid to

transform into the non-Newtonian fluid,

8. A method for removing material from a semiconductor wafer as recited in

claim 7, wherein a volume of the non-Newtonian fluid following expansion of the
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t hrough a photoresist crust to a region underlying the

phot oresi st crust. 5. A nethod for renoving materi al

froma sem conductor wafer as recited in claimd4,

wher ei n an anmount of propellant included in the

precursor fluid is within a range 10 extending from-

about 5% by wei ght to about 2fif6 by wei ght of the

g&pgﬁﬁéor fluid follow ng inclusion of the propellant.
OPRIGLISEEIR 8 rateg Fotendiae Famebpui2 thresie abaie k9 Cmeithe eshime of

ﬁ?fer as recited in _claiml1, wherein the precursor
Cuprepurser Huidiip ghe ligwid iie.ude surfactants and additives

capable 15 of stabilizing bubbles that form during

transformation of the precursor fluid into the non-

Newt onian fluid. 7. A nmethod for renoving material from

a send.conddahahodiirk esmading eaietigithidi a sehofdkior WL Sk Decited in
reduci ng the pressure in the vol une causes expansi on ot

alajn Opfatth@bmpAlingd ssol ved in the precursor fluid,

expansi on of the propellant causing the precursor fluid

to teansiipemn 4 woens gni.an fluid. 8. A od

for renovi ﬁ{gg rrﬂg!tﬁgfriaglln'ﬁtfo:bg?ntra se@n&%%g%lu%%? PRRETRY tg'g‘{ ‘Q’nng the

ERG 7. | Al IL,n_a vol yme of .the

B o Ml OB bRt er et e 20
propellant is within a range extendi ng from about 2

times to about 100 tinmes the volune of the precursor

fluidydn p&e I%qg%ﬁ state. 9. A nmethod for renoving

mat er ral oM SRR RN aiEr e 2 agmicenducted wafer 26 recited in
claiml, fuyrther conprising: controlling a tenperature

P18 ot WHSIOIR Hbe depras| wifidnt tth emginieiny the opredurstir Ehddirth b non-

the transformation fromthe liquid state into the

e tomisnctvd arthe Haiid statbls grtatmethitoatiosphiegn(amiyng et eri al

froma sem conductor wafer as recited in

11. A method for removing material from a semiconductor wafer as recited in

claim 1, wherein the pressure sufficient to maintain the precursor fluid to the non-

Newtonian fluid in the liquid state is less than or equal to 1 atmosphere (atm),

12. A method for removing photoresist and polymer material from a
semiconductor wafer, comprising:

disposing a solution on a semiconductor wafer to remove a bulk photoresist
material, wherein the solution penetrates through a photoresist material to remove the bulk
photoresist material while leaving a photoresist crust;

following removal pf the bull photoresist material, disposing a precursor fluid to a
non-Newtonian fluid on the semiconductor wafer, the precursor fluid being maintained in a

liquid state when disposed on the semiconductor wafer, the precursor flnid being disposed
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10 claim 1, wherein the pressure sufficient to maintain
the precursor fluid to the non- Newonian fluid in the
liquid state is greater than 1 atnosphere (atm. 11. A

.met hod for renoving material froma sem conductor wafer

as recited in claiml1, wherein the pressure sufficient
to maintain the precursor flwld to the non- 15

' 14 | | QUi te.is less.than or
DR PRUE Byt e b3S b oS i e PGt o
r.esi d | ymer material froma, sem conductor
B (r%??’idé‘%%?ﬁ%g? BB RPE ST gresea o e sgicoRdugptor water, and
sem conductor wafer to renove a bul k photoresist 20
nat e r]ieg?c,m% BFSETe fRBteaide ths siisradeatoravaler to Arapefopmn the precursor
hat.oresi st material to renove the bul k photoresist
artodhe p-Newioatnifhl, aheteby er expiantiorceflibe probakdrditiddpring the
renoval of the bulls photoresist material, disposing a
priséumeBen fopuged the nen-MeyroNewtfud dn rhoved tien phdteresist crust and
sem conductor wafer, the precursor fluid being
nelymeminaedalin a |iquid state when di sposed on the
sem conduct or wafer, the precursor fluid being disposed
21 to penetrate through the photoresist crust to
vacant regions underlying the photoresist crust and to

be proxi meAeniethod B ¥EREvIART RotdRbsid" ﬁﬁﬁg;&lbg{hgﬁr@l%ﬁgﬁ%l from 2

sem conduct or wafer; and reducing a pres

?@ﬁpmﬁpﬁgﬁ‘f%g’ hectBd §f cibifh iV %fl%lieg% {Q\Rﬁogrgle(%{}ﬁgﬁﬁo%gr%sist crust and

luid into the non-Newt oni an
j . Of ursor fluid duri t he,
PoRARP e Aoy AR REMIRER iid tedutichhebiica brporursgay the
t he.phot or esi.st_crust and olymer material. 13. A
H%If“ﬁ% Wﬁ%&rﬁ%ﬁﬁé’iﬁtﬁﬁ?ﬁﬁ?@gﬁté d plgnsonsieral mat eri al
froma sem conductor wafer as recited in claim12,
wherei n renoval of the photoresist crust and 10

pol ymer material by the non-Newtonian fluid is a result
of nmeéhani tametindc dorexenvdnz bghotdresist and polymer material from a

semiconductor wafer as recited in claim 12, wherein photoresist crust and polymer material
removed by the non-Newtonian fluid is entrained in the non-Newtonian fluid such that the

removed photoresist crust and polymer material does not resetile on the semiconductor

wafer.

15, A method for removing photoresist and polymer material from a
semiconductor wafer as recited in claim 12, wherein reducing the pressure ambient to the
semiconductor wafer is performed such that the precursor fluid in the liguid state is

transformed into the non-Newtonian fluid within a duration extending from about (.01

second to about 2 seconds.
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non- Newt oni an fluid on the photoresist crust and

pol ynmer material, 14. A nethod for renoving photoresist
and polynmer material froma sem conductor wafer as
recited.in claim 12, wherein photoresist crust and

pol ymer material 15 renoved t he non-Newtonian fluid
is entrained in the non- Newt an fluid such that the

removéel phAt adesdds tol re@bviaR dplRRA AR mﬁtﬁyn?%-t %}%%‘?lﬁlg%tom a

resettle on the sem conductor™ wafer.

sennovidigiopRaie hefbild ARLIAGL Y mterial frama. 20

sem conduct or V\glf%g?édz;g %%g{g ?tb ’e%eﬁﬁrg}egﬁ%%% ﬁ'ﬂﬂqéric@idﬁs an amount
HEMY 64 jent to the .  sem conductor

waf eré1iﬁgOﬁplgz]&%%i gﬁ%%%%%ﬁ’ﬁ?ﬁﬁ?%é&t B’P@E‘ﬁf sor fluid in the
liquid state is transforned into the non-Newtoni an

fluid within a duration extending from about 0.01

secongd, to bou& é Eeconds., 22 16. A nethod for

r enovi fig p‘%ofrbe}*é’ i SP AFHOYBE yihetoregit epddalpolynmm material from a
sem conductor wafer as recited in claim12, wherein the
PPECQRCSEPT PRtRe as reseted heclainn! 2 mberein redicingére edsstire bicnt fo the
used to renove the bul k photoresist material. 5 17. A

FREEIRGUPISF Wolfownsny phutsomest s prapetlanp GhotitRl. iHBthe pledlsor i
froma sem conductor wafer as recited in claiml12,

wrerBomof bd peipelartt keushioeias preeurddiiivenin thOH&NE state to transtorm into
sem conduct or waf er causes expansi on of a propel Pant
ibaaburdtedl torart feidpr ecur sor fluid, expansion of the
propel l ant causing the precursor fluid in the liquid

state to transforminto the non-Newonian fluid. 10

18, A nmethod for renoving photoresist and pol yner

mat erigal £ OfedoqSEH dret ar fer as recited in,
claimi7, wherein gépvg%rre é)?phtoﬁgesﬁan@%e\?f *hnpleglgfiom a
semiconductor wafer as recited in claim 17, wherein a volume of the non-Newtonian fluid

following expansion of the propellant is within a range extending from about 2 times to

about 100 times the volume of the precursor fluid in the liquid state,

19.  An apparatus for removing material from a semiconductor wafer,
comprising:

a chamber;

a fluid input connected to the chamber and configured to dispose a precursor fluid
to a non-Newtonian fluid on a semiconductor wafer to be supported within the chamber;

a pressurization device configured to control a preséure within the chamber to

maintain the precursor fluid in a liquid state when being disposed on the semiconductor

wafer; and
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foll owi ng expansion of the propellant is within a range
extending fromabout 2 tines to about 100 tines the
vol une of the precursor fluid in the liquid state. 15
19. An apparatus for renoving material froma

sem conductor wafer, conprising: a chanber; a fluid

i nput connected to the chanbé® and confi gured to

di sposmegufy @dass @dvidel déhﬁ%%r&g ot ﬁle@senaoﬁ%%'eu% ‘flﬁ%}ﬁ r%]iui'lfqtlé'llél.]!’n gr to a

on a sem conductor wafer e suppor

lehranpREsur® eR¥iRDSh | evice configured to control

a pressure within t ﬁg{fﬂ%ﬁgﬁg@efe’liase oﬁﬂﬁerﬁﬁﬁs}ﬁret‘ﬂ@ﬂn the chamber is

RIFERGAH: SO Teafidolird iUl tate when bei ng di sposed

on the secr::h{1 c o{r%lgL}Jg %I%Ok \}gg’fde?", %Qﬁgo%ﬁ"lﬁ tae diggidr wate dite dkenon-
o ilqured to rel ease a pressure within the

lgﬁ%tl"n%%? ﬁt%{g bﬁﬁe A0 GFRASEIGR af Bewrcurspbinid dwheg B tratdfiemation is

Sﬁlﬁe%ﬁ of thﬁ pressure within the chanber is

SUITTE "R EUSE dhe For-dlepkmiser wd te ovmdveunatet fonasf @EMonductor

fromthe liquid state into the non- Newtonian fluid,

W@reby an expansi on of the precursor fluid during the

transformation is 5 sufficient to cause the

non- Newtonian fluid to renopve material fromthe
sem conductor wafer. 20. An apparatus for renoving

mat eR0al  AncapparaiB TRz hatel §bmassdh8G] | :
claim19, further comprising: 10 a ltnen%eél?%ngﬁégorc%%rraglmmte‘i

ino}aﬁhgﬁl,rfeﬂhémoﬁr@ﬂﬁihgzl a tenperature within the chanber,
wherein control of the tenperature within the chanber

enablyegnsentss! t [ f ,the precursor
flui d dllljl?i ng t ﬁgﬂ%?l_a{}bg? gﬁr&rgr(g? ?gﬁﬂfoﬁoarﬁeﬁ?érq%r‘aﬂlg‘l%tﬂﬁt ghamber,
WHH N OB Bf‘fhléﬁ%ﬁ’é%’rﬁ[% within the chamber snables control of the expansion of

the precursor fluid during the transformation from the liquid state into the non-Newtomian

fluid,

21, An apparatus for removing material from a semiconductor wafer as recited
in claim 19, wherein the pressure release device is configured to release the pressure within
the chamber to the lower pressure environment such that the precursor fluid is transformed

from the liquid state into the non-Newtonian fluid within a duration extending from about

0.01 second to about 2 seconds.

22, An apparatus for removing material from 2 semiconductor wafer as recited
in claim 19, wherein the chamber is further defined to conduct a wet siripping operation on

the semticonductor wafer prior to disposing the precursor fluid on the semiconductor wafer
2
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fluid. 15 21. An apparatus for renoving material froma
sem conductor wafer as recited in claim19, wherein
the pressure rel ease device is configured to rel ease
the pressuré within the chanber to the | ower pressure-
envi ronnment such that the priéursor fluidis
transformed fromthe |iquid“State into the

tROVeNEMS R BFehtict Srothd 1 RmBvaly b@ﬂcllfaﬁm%f%ﬁeﬂof@lsf F1@8¥al from

about 01 second to about 2 seconds.

H :
SRRSO AR O S A L %@ E“%E%%f“
further defined to conduct a wet stripping operation on
the semni conductor wafer prior to disposing the
precyrsor fluid on the sem con 0
D 5 881 g Sy EPEERS (aSROT i ST R hope Sriineer G Fofeted
photoreS|st terial from n1condu tor fer
ipAlaie 1PcaRATTg 1he RRaTF deidds alealuéﬁaw wheeleatipeladd frdr
waf er. 23, An apparatus for renoving naterlal froma
sem conductor wafer as recited 5 in claim19, wherein
the precursor fluid is a liquid having propellant
i ncl Bded tAvemparaiusZar reproviggpeaterial Srofor sengermiotgr wafer as recited
material froma sem conductor wafer as recited in
il élkim 19, whheireithe tdatrinhteidvad froammbive eenfit@@uttbe wafer is one of
sem conductor wafer is one of photoresist crust,

FHkareERst chd, polyaler marelalbaidborhshotdresd: Sﬁus%bl%blyﬁﬁﬂma‘zenal
pol ymer material. 10




