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Place a wafer with photoresist or or a pholoresist residne from a semiconductor
PhOtF:;"?S'Sf residue °nh2 sgrface 220 substrate is disclosed. The semiconductor substrate
within @ pressure chamber with the photoresist or the photoresist residue on

a snorface of the semiconductor substrate is placed
within a pressure chamber. The pressure chamber
is then pressurized. Supercritical carbon dioxide and
a stripper chemical are introduced to the pressure
chamber. The supercritical carbon dioxide and the
stripper chemical are maintained in contact with
the photoresist or the photoresist residue until the

Seal the pressure chamber
and pressurize the pressure
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tha gfessme chamber - ~ chamber i3 then flushed and venied. In an aliernative
embodiment, supercritical CO; camries organic or
- & inorganic chemicals or a combination of the organic
Recirculate the supercritical carbon dioxide and inorganic chemicals into the pressure chamber.
and mix the supercritical carbon dioxide The organic or inorganic chemicals or a combination
and the small amount of the sfripper chemical |~ 228 of the organic and inorganic chemicals interacts
within the pressure chamber until the photoresist - with resist, resist residues, and organic contaminants
or the photoresist residue is removed on the wafer surface and cprry these materials and

‘L remaining chemicals out of the chamber.

Flush the pressure chamber with pure supercritical
dioxide or liquid carbon dioxide to remove - 228
{races of remaining chemicals

Vent the pressure chamber to 230
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Manufacture of semiconductor devices requires application and subsequent removal

of a photoresist chemical from a surface of a semiconductor wafer. The removal of the
photoresist chemical, commonly known as stripping, may be immediately preceded by a
plasma ashing, etching, or other semiconductor manufacturing step. These steps can degrade
or carbonize the photoresist chemical and leave a photoresist residue that is difficult to
remove by current stripping methods. The current stripping methods require that the wafers
be dipped into baths of commercially available chemical mixtures known as strippers. The
baths may employ heat or ultrasonic augmentation. Typically, the baths employ immersion
times of twenty to thirty minutes to achieve complete removal of photoresist or photoresist
residue from the wafer surface.

What is needed is a more effective method of removing photoresist and photoresist
residue.

What is needed is a more efficient method of removing photoresist and photoresist

residue.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a method of

removing material selected from the group consisting of a photoresist, a photoresist residue,
and a combination thereof from a surface of a semiconductor substrate comprising the steps

~ of: placing the semiconductor substrate with the material on the surface of the semiconductor
substrate within a pressure chamber; pressurizing the pressure chamber; introducing
supercritical carbon dioxide and a stripper chemical into the pressure chamber; mixing the

supercritical carbon dioxide and the stdpper chemical
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within the pre re champer. uptil th ial. s remmv
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contact with the material until substantially all of the material has been removed from the

surface of the wafer.

e nirst so?ven% n

According to yet another aspect of the present invention, there is provided a method

. of processing a semiconductor wafer having a surface supporting material, the material
selected from the group consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO, in combination
with a first solvent at a pressure greater than or equal to 1,050 psig and less than or equal to
6,000 psig, the first solvent being selected from the group consisting of n-methyl pyrrolidone,
di-isopropyl amine, tri-isopropyl amine, diglycol amine, hydroxyl amine, and a mixture
thereof: and maintaining the supercritical carbon dioxide and the first solvent in contact with
the material until substantially all of the material has been removed from the surface of the
wafer.

According to yet another aspect of the present invention, there is provided a method
of processing a semiconductor wafer having a surface supporting material, the material
selected from the group consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO; in combination

with a first solvent at a temperature greater than or equal to 46 "C and less than or equal to 80 °C,
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and flushing the pressure chanber. According to another aspect of the

present invention, there is provided a nethod of renbving a nateri al
selected fromthe group consisting of a photoresist, a photoresist residue,
and a conbi nation thereof froma surface of a sem conductor substrate
conprising the steps of: introducing supercritical carbon dioxide and a
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mat eri al __has, bee reaned rom.the surface of the wafer. According to yet
anot herrRepaLronthe sictage abthg walhy cnt i on, there is provided a nethod of
processi ng a sem conductor wafer having a surface supporting material, the
material selected fromthe group consisting of a resist, a resist residue,
and a conbi nation thereof, the nethod conprising the steps of: exposing
the material to supercritical CO2 in conmbination wth a first solvent at a
pressure greater than or equal to 1,050 psig and |less than or equal to
6,000 psig, the first solvent being selected fromthe group consisting of

n- met hyl pyrrolidone, di-isopropyl amne, tri-isopropyl am ne, diglycol

am ne, hydroxyl amne, and a m xture thereof; and maintaining the
supercritical carbon dioxide and the first solvent in contact with the
material until substantially all of the material has been renmoved fromthe
surface of the wafer. According to yet another aspect of the present
invention, there is provided a nethod of processing a sem conductor wafer
havi ng a surface supporting material, the material selected fromthe group
consisting of a resist, a resist residue, and a conbination thereof, the
met hod conprising the steps of. exposing the material to supercritical CO2

in conmbination wth a first solvent at a tenperature greater than or equal
to 46 C and less than or equal to 80 C, -la
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of n-methyl pyrrolidone, di- isopropyl amine, tri-isopropyl anine, diglycol :
am ne, hywodib2sam ne, and a m xture thereof; and nai nt aipdmgsobBIS4
supercritical carbon dioxide and the first solvent in contact with the
material until substantially all of the material has been renoved fromthe
surface of the wafer. According to yet another aspect of the present

i nvention, there is provided a nethod of processing a sem conductor wafer
having a surface supporting material, the material selected fromthe group
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hi gh sol venclfllga gresents a table showing a few examples of tests performed to remove

photm esist from a wafer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention utilizes the high solvency and
cleaning characteristics of supercritical carbon dioxide to assist in the stripping process of
photoresist or photoresist residue. Ounly a-small fraction of a stripper chemical is required to
affect the stripping process compared to the prior art. In the preferred embodiment of the
present invention, the supercritical carbon dioxide carries the stripper chemical onto the wafer
to be cleaned and is then recycled back to a carbon dioxide compressor for reuse. The
stripper chemical is typical of chemicals found in commercially available stripper products.
The high degree of solvency and solubilizing ability provided by the supercritical carbon
dioxide enhances the removal of the photoresist or the photoresist residue. The high
solubilizing ability provided by the supercritical carbon dioxide-is well known to science and
has been exploited in numerous other applications, for example in cleaning of metal parts.

Solvency of the supercritical carbon dioxide iticreases with pressure. The '
supercritical carbon dioxide effectively carries a small amount of the stripper chemical onto
sub-micron surface features of modern semiconductor devices because diffusivity and
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. mixing of the supercritical carbon dioxide-and the stripper chemlcal within the pressure
' chamaber in a fourth process step 226. The fourth process step 226 continues until the
photoresist or the photoresist residue is removed from the wafer, typically from3to 15
minutes, The pressure chamber is then flushed with pure supercritical carbon dioxide or
liquid carbon dioxide to remove traces of the remaining chemicals il a fifth process step 228.
Finally, the pressure chamber is vented to atmosphere and the wafer is removed in a sixth
process step 230. An optional final process.stép inses the wafer with deionized or ultra-pure

water. :
Use of the supercritical carbon dioxide in.combination with the small amount of the
stripper chemical greatly enhances the removal of the photoresist; or the photoresist residue,
from surfaces of semiconductor devices. The amount of the stripper chemical required to
effectively remove the photoresist or the photoresist residue from the wafer is reduced
signiﬁcantly by using superecritical carbon dioxide compared to the prior art wet chemical
stripping methods. An amount of hazardous chemical waste generated as a result of using the
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m xture thereof. Monoethanol am ne, hydroxyl am ne, and. catechol have onIy
marginal utility. Processing continues with recirculation. of the p
super cri tWodR/18¥dbon di oxi de and with m xi ng of the supe®§iTV§308&r45dar bon
di oxi de and the stripper chenmical within the pressure chanmber in a fourth
process. step 226. The fourth process step 226 continues until the
phot oresi st or the photoresist residue is renoved from the wafer,
typically from3 to 15 mnutes.. The pressure chanber is then flushed with
pure supercritical carbon dioxide or |iquid carbon dioxide to renove

traces @ipeichi€icileaEbon digxﬁhaﬁﬂ thelsaippsr diefdifd] by figsitieatly 1edsePar?iA8 pnoﬁhrﬂa| ly,

Sit h  DPbEeE PRl EmURiA S RO Pl el RSl b oBRBIGE o

with d eelumnztesl aameedJ Farrthe puicrenrt wettohemichksripping nestadsetongivtitlcedingiardeon

di d

o ont |y OOPHBHEAR il ihchatfe §RRIalnel TN e pelfici Rl iR oA A B e
resi duestnppar@hemai receavedfaceserfiorgandfuenndrnidetiorc em. tﬁhwa&nount of the
stripper chep cals L hﬁ&%@%mﬁ%&%ﬂﬂe‘ﬁ%%n{ ﬁ’s}&%nt Qﬁaﬁi‘.%aﬁﬁ% fgh or the

phot oresi st__ resi due uced ﬂ? I'cant u5| ng
super cr ¢ergaolyantds addiddritrsupoisptica gatben ﬂm@& andr @smpp@tchemw@

stri ppi &gaﬁs&&m& is ﬁfbf@ﬁw@ae%a hazand m&ﬁﬁ %d as a
result sing the -3 14 February 200 02/1 1 PCT/U 00/22454

super cr8¥eela| TRapiganic selveat arecnwéf BH@PBS&féhﬁ ergpnip soRgHafipRant | y

| ess t haomtiewnferor art wet chem cal st ri ppi ng nmet hods. The-supercritical
carbon di oxide and the stripper chemcal elimnates a need for the pri or
art wet chenmical. stripping nethods along with using |large anounts of
chgm (r:] al's armgezwﬁagzﬁemty cbkislRectiofhiSlew olf @ pBeipRICEIstd bebRboRRERP ivagirOX| dﬁ
and the,, stri r che aces ani. c t am n omthe
vt er 14SRbPRRER GER Seyart BiBoteRoR e, heomiGuditor R Enlo Bricl o ha
amd)unth mmswgahcm 610¢ermﬁ suhsuatécleothattm}npm SR medre trietAlic Iagel.FQﬂ d:j O])f' de
and the,str er The o ic sol.v | sel ecte rom
the gr otl%t n&%"p@ffg %?%S rHo’?y B aft%p 355y ougqrfélgqriaycﬁsﬂﬁé ﬁr NEH I sol vent
enhancemdriénounlan eleviatiendllyacesd sfrfact &8 d:rag fertiypicaliy tasreradavitlo a resist dnylet e

waf er I cessed

sem conigfug;%1 lgy]%ct!eﬁF @a%%@{&%m"%%gs @gc?édgﬁ%ﬁg?f@()%hw oﬁscﬁ’l ‘erence to
Fig. 2,Cenehtord featanes d&fsach amas;gn@mdtbs ot ptiphdsy may bs amsngill asdbAS pm cer am ¢

- substragy él%n&xh@ith%%?{att 5 BEGT Rl & RHEL tnfit W@ YRlRer fihn 518

protecte I'ng passrvati ayer . Layers
14 . than or equal to 10:1.

In accordance with the present invention, resist layer 20 may be a remmant from a

X

prior lithographic or other circuit fabrication process and may have subsequently undergone
‘etching, plasma ashing, or semiconductor manufacturing steps. ‘The resist may, therefore,
include sidewall polymer residue or carbonaceous residue left after any of these techniques,
Alternatively resist layer 20 may be newly applied to protect layers 14.and 16 during a
processing operation on the back side of wafer 10, such as during marking, etching, or
grinding or as a blanket protection during ion implantation. Thus, skilled persons will
appreciate that wafer 10 may be partly or completely covered with a resist material, resist
residue, or a contaminant from a subsequent process. The resist material is typically a
positive or negative photoresist used for a photolithographic process. Phbtoresi_st materials
include, but are not limited to Novolak (M-Cresol formaldehyde) or eich-resistant poly
coatings such as plu isoprene,-poly—-(meﬂlyi isopropenyl) or etch-resistant poly coatings such
as poly isoprene, poly-(methyl isopropenyl ketone) (PMIPK), or polymethyl methacrylayte
(PMMA). The resist material need not be a photoresist and may compromise any form of
resist material with or without photosenthisizers.
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.and 16 forman elevationally varied surface 18 that is typ| ca covered

with a resist | ayer 20 and subjected to a photolithographic process to
create fa¥RO¥H2IL (not shown to scale). Conventional feaPUT®§0QR2454such as
vias, line widths, or ptiches, maybe as small as 0.25 lim and smaller wth
aspect ratios of of depth 24 to wdth 26 that. are greater than 5:1 or
greater than or equal to 10:1. In accordance with the present invention,
resist layer 20 maybe.a remmant froma prior |lithographic or other circuit
fabrication process and may have subsequentl|ly undergone etching, plasm
-ashi ng, or ﬁgnheaduh&mﬁcrthﬁgrﬁmcﬁ‘ arsinyglifddapsist réfeval egitem IV thd resaat or e,

these. CERABHRR L AR ST REHE o GAPRARTESR R TS e B bolbsE B .
pr ?t ectthe Efﬁ@&lléml’&nmm Wathdhe raﬁgela:e tp Figse3 ghdh{, ropevaltriroresnp2 lﬁhll'egmbl@' SI de of
waf er 1igafH® a@ﬁvﬂh& 'Rk ARhd, 4@1'% dedhe %ﬁmeﬁagﬁrg%ﬂ&ﬂ%tfﬁﬁ

. pr ot ect | on du antati on er sons pl’r'bCI ate
that w&pk @réﬁwﬁeswm pig-hisatingsipp 38 bngtng@wemql HO,anplelémgtwai& erial,
- resist chﬁlﬁﬁérdiaeampéoh?exﬁ eﬁ'&@ﬁ@r@%&u& 4631!6‘ @pﬁﬁﬁ%ﬁ%ﬁ@xﬁfm@f ﬁgﬁ?:«fmremﬁs h$Gs St

- materig |callra¥ g PO élslﬁ@ negat ] ve photoresi st used for
‘phot ol i &Optﬁ?eﬂﬁf gewater & paponsayidk aparesiats that thaprespie vassel %t

| t ﬁhat fnacta f t .

AN s e s A e

- coatingb %P ep’b"lay F 1 ’ﬁ?&?"\? B 9‘% ROSi ) ‘?PM PK) ,

-~ or pol gnterdyykssmetveagsal ﬂDatyr@uce( fiddon witee 10 @s sahicomivetdr deviceed foattireb@2a _

hot ' el .M i t hout

Phot oscnrhpicA ot ik £ RAMRERSIB0est B e nb el 8% il SLAMIMISIR, O 371
a schemwalls of visag) ﬁ@mndfChanb@nﬁﬁll dntlidédo peforsm heatimg step 38y sitiled p&eonsfwillne

. d t

- PempvarPreBtEtii e 808vplidnall) vibic bt AURRGLE oy B BRpIE SEBB S once

to Fi gPersoms W&ﬂﬂoﬁlﬂp apmmatathapthawsmsﬂ rcssstpmceftqraahayybe wrapped ardné wll or

act ! vakbig o cofieiaaREs, 3ot @ 1B SRIAR . @idliegyPlio GAPLANN 4 4 no

through ystem I NgS pressure
vessel Zbewﬂﬁ@r@nﬁq#gfe\ﬁhmberséﬂan@éé a@hneaﬁ%t temawéam thmnmaéum:fam@ 46 to a

pref er5@%&9@3@&d}qle%ﬁfme%ﬁlséﬂtﬁmq;fvé&ei@oé&hm“ ,ﬁm%;élﬁz@e arrival of

wafer 10.” S rsons W | g) reciate ressure vessel 40 may
b3

al ternativel e 48 gp ﬂ@ﬁl&ﬂr@@u&n@@@@m’r@m@w@m&@ tigg
]1: acil i te@hﬁqtlém@lpgim e or ﬁfo;é ﬁ@fefselfwiﬁfoaﬁlweﬁcm&beb 82 & @@s@ké Vesbélalloegs ed to
froma t era after waf er ters essel .40 to
' reduceq@rﬁ@ 1igpn %P%Wf?&ycﬂn ﬁ?ﬁ%"@g’i@?m |
f abri cesonth cimmafoe bthbﬁmeﬁlddh outll knetwe ¢ Ekitied pfaeﬁm@ieam q&emﬁﬁs&l d0enay
- prefer abi e%ﬂé lo} n:llo?é v%af‘er airlocks, may comprise of a gasket-mated two-piece vessel with 2
' stationary portion and hydraulhcally raised and lowered portion, or may be sealed by other

mechanisms.

=

Purging step 50 that purges solvent chambers 44 and 46 and pressure vessel 40 with
fluid CO,, preferably gaseous CO,;, prefera‘olybegmsrmth all valves 60, 61, 62, 64, 66, 67,
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 87, and 88 in a closed position. CO, tank valve 60is
opened to allow fluid CO,, preferably liquid CO,, to flow from CO, tank 90 to pressure
regulating valve 61 that ensures that the pressure is preferably greater than 750 pounds per
square inch gauge pressure above ambient atmospheric pressure (psig). Vent valve 62 and
pump valve 64 are preferably sequentially opened to allow CO, into into pump 92 and
through vent 94.  Valve 66 allows compressed air from compressed air source 96 to reach
pressure regulating xfalve 67 that is set to ensure a pressure of between 50 to 90 psig, and
pre‘ferably 60 to 80 psig. CO, is allowed to flow out vent 94 by cycling pump 92 for
preferably at least five seconds, prior to preferably sequentially opening valves 068, 70, 72,
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wal | s of vessel 40 and chanber 44 and 46 to perform heating estgf)y

skilled persons will appreciate that other conventionally avallable ,

heati ng tVe@RHIgsks coul d be enpl oyed. Skilled persons w PCTAIS8W224Ppr eci at e

that that electrical resistance tape may be wapped around all or sone of
the connecting lines, such as |ine 43 between punp 92 and vessel 40 and

~ lines 45 and 47 between respective chanbers 44 and 46 and: line 43, to

mai ntain the tenperature of parts . of system 30 at or near the

tenperature of vessel 40 and chanbers 44 and 46. Wafer placenent step 48

enpl oy gnABAYShmRE S%Emmﬁemm&iﬁea ﬁm} PRI vaRas %I m‘; 80! A2 16 paspet O

pl ace one or nore ers 10 i.nto wafe %eé %g ressure vessel 40.

Vaf er ( §91vBYChBRIbEF %’@ﬁpéaequwg rﬂl%?mn,gv Nes pér 44, B8 2 ﬁQﬂP‘é’i&BBEﬁsﬁ"éﬁ by

-clkl FIS g@g@pmﬂlt@@@ﬂ@npgicmmmau@m@t her met hods wel I known tof

. skille r itione ressure,vesse e waf er
2t ocks, | mekp AcoAp Lo ek Btk ut ¢ I VpveE R EC 8, g 70 o

st at i opasfgreptaltyi sﬂquaﬂmllmcwsahlThe:systeynpmsssmhsahﬂjlprefmaﬂyjacpuﬁedbﬂrtwem may- be
seal ed r I t t ;g&% chanbers

44 and 13%)02&%1@% OOdﬁﬁ %Z%'?ﬁg@mﬁﬁ@ glt%ﬁtps%tﬁferabpjn aseous C02,
pref er @mqpum@terat pmssmremgulamlgwebfeaﬁ ang by ﬂmsnagthedﬁck gmssureae,gulp@r 72, 74,

s opditrrbmel: r?fu.‘ﬁg&?ﬁ% oSt B BT ARS i B  e ©0

tank 9@nd@11W%bE®illa3t0r@g1§P@S$We mwbr@m thaﬁp cHp prasswet he CQ:éY%i?l'éssur eis
pr ef er@iawls%%ﬁngéferi!}aﬂt o5ER §aﬂ@20ﬁ é?rﬂuﬂﬁié @PNHCaRI |5fUr € above

t

|:1

anbi ent at nos ric.pressure (psig). Vent v | ve 62 and " punp val ve 64 are
pref er @mfﬁabbfd@@‘ﬁ@ﬁ 10,0 b¥¥Mned to aI low CO2 into into punp 92 and through

vent h94 Val Afer &1k lff@w&t 20 %F%@%?@'cl@kdd ES1060tS QP86 in Subvdnte 96 ]g 0
o ehkBhat 4 gn T P bRkt Pt P g e o R BB b
f1 ow odllivens steg 1b4. Vyb/bs Marpmﬁaarﬁ%uﬁsmtmemlyeﬂ@edbbﬁor@trawm anflid2erseconds,
D v eBb SRR Lt SRR oA G Ementaipmad, o0
S equenﬂlcalddmeﬁam@ 510 ap‘;ﬁJcMaﬁ {6 stepp 8,14 88n bapekf@hed anp tingeafies slep 6ﬁ1and hanber
10, Y BSEHER 2 RSB St ahtp e 20 21 07 0 purge preseure
pressure vedsedsupringsystem step 20 irvolwealinreasi, thpresags 08(202 mlthc aysterzto ar e
B uet @a%%e%b%%@%eﬂ%%%%aﬂs%lﬂ%ﬁ%?‘emﬁg%@ﬁ'y%ﬁ3 0B SRR e, R0 "L
"1, 500 pssfgrably hetwieandd, 000andt HE00 migrby adiustitghagk prassigs uralefe rflé%uﬂﬁtelr ng val ve 61
and by g@ﬂér'aﬂﬁ} ﬁﬁ%&é&%aﬁ@fﬁ&?fo? rMefist ﬁﬂfébﬁtﬁ%cess of the present invention range
| from 10 to 80°C and 750 to 6000 psig, and preferably from 40 to 70°C and 1050 to 4500 psig.
When the desired conditions are reached, valve 70 is opened and valve 68 is closed in solvent
introduction step 122 to force the CO, stream to flow through solvent loop 116 and solvent
chamber 44 to introduce a small amount of one or more chemicals into-the supercritical CO,
stream and into pressure vessel 40, The C_Oz'ﬂow.rate may be reduced to 0.5 LPM, for
- example, to increase the chemical residence time in pressure vessel 40.
In asecond alternative embodiment, the preferred types of chemicals include: N-
Methyl Pyrrolidone (NMP), diglycol amine, hydroxyl amine, tertiary amines, catechol,
ammonium fluoride, ammonium bifluoride; methylacetoacetamide, ozone, propylene glycol
monoethyl ether acetate, acetylacetone, dibasic esters; ethyl lactate, CHF;, BF;; other flucrine
containing chemicals, or a mixture of any of the above chemicals. Optionally, one or more of
these chemicals or mixture of chemicals may be introduced into into system 30 as described
above from the same or a different solvent chamber(s) 44 and 46. Other chemicals such.as an
organic solvent may be:-used independently or added to one or more of the above chemicals to
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,112. Back pressure regulator 112 i s positioned between pressurSQQessel 40

.and exhaust. 100 . and allows line 113 to be depressurized to anbient

at nospheyigizpksgsure. The CO2 system flow is al so prefermhlysopatssho
between 0.5 and, 20 liters per mnute (LPM, and nore preferably between 3
to 6 LPM After valves 70, 74, 78, and 80:are cl osed, solvents can be

I ntroduced in solvent chanbers 44 and 46 through respective val ves 72 and
80 to acconplish: solvent chanber filling up step 114.: Valves 72 and 80
are subsequently cl osed before valves 74 and 82 are opened to all ow

|
solveny per i oﬁs o qrﬁ:ﬁﬂn%l&é ot ﬁ@ﬁ]a?&esurﬂ& | ’Qlié ﬁ‘gﬁﬂ@ %Vént%ﬂé“}tlﬁeﬂl&é ggsure.

Skill e ppreci at e be perfar y tinme

after sxa@mﬂs,canémtpoh@hﬁmee andiop slyeol, W@lwseﬁeom@wﬁtoeeal& dla%eﬂwg| ve

: contro t h dnBL oL &% atidl ssure of
' [ nél%lﬁéﬁﬁ Sé? %ﬁ%ﬁﬁm&g@\&ﬁ%ﬁnﬁm 3%1’@5. %f rmirngg re]glear;?gl bet ween

2 500 AHBOEBISWVE%Q@IYA?%G Amernts of gheopgals or psig by

' ?dl utsa {H3gs %@Fmﬁﬁs%u{ﬁ, VB, k1Re h%ﬁlb@blungﬁﬁﬁht al:llleﬁ%lbﬁl%h&wr, mm—-;omdme; gnts
or eresist re resen i.on_r.an o}

IR I A N S R R L N

IOS: g. eéﬂi&ﬂsﬂi{l'emdfgﬂIst@dlfi@pmkw&veqﬂsrgan(‘janmeﬂs:bmrbe wsadlve 70 S opened and

val ve 68 i1s.cl.osed i roduc e

streamto fRoW ﬁ%"é‘rﬁ%ﬁn a:]I][OWIS 1?%% é%? eﬁtﬁ%som ?ﬁﬂf

i nt r odpresstae sesatll49zandiinto whtaohwitl thermmet, reisishie car agher wouammeanwpeweﬁer if.cal

uced
Co 0. TPERPAGftclS, BLffoERelRgs Hrofiledianitdh bop 2%3‘ ol Vagse 29
pr essuvrtilvesistdpyer 80 i3 renwedo ralddrapeltrsmoyes ehaseenlnipm the ﬁ@rﬁ é@z types

of cheg e 115 didGicalbuchiitdly b ﬁéh%@éd Aancp R COJioh Hepid tafBrag,  hydr oxyl
am ne,“tertrary a nium.flyorid anmoni u blfguorlde

met hy| keeehesqustnadd- d%esmsz@neval BieB p39 srrscemphighed ﬂﬁﬂw&ﬂw teneterandsde dp ot e
acet y| aRies) and Hioiaeﬁfefer@a FFopn 3®Edevhdd t8¢éPhenutéBmad mBkthrefotdbdy frbtBor i ne

O ohgds B htogminieg. Wil 1 et D te e Plr SRS KOrRhST 0B o ray e
aite 2?2‘%?&?'&5’%?“"”‘?%%%?@ S 2 ot (e cuch an o organi c
Sol vent  may b OGS SRR E 6 oA SERONE: BRI oo e g 8he
chem cahdcloging ﬁolizé::ﬂ%hbmbatrs)tepﬁ(l% 180, 6 B4 peffanis(io/caastion sitive or gani c
ool SPGB e Vil B it ‘“ﬁ@fs B8 SR, X |
'~ al cohoflpwdhramghidop K8l e[mimhahmb@r@lﬁﬁ@)ntr g asmngwiz@mcal erczrpuhel chegrsalnol |

propang lto 2 ch Sﬁ%ﬁﬁPMto(ﬂrgé%ﬁe vessel 40. The second resist removal step 130 may

employ the same or different chemical(s) employed in the first removal step 130 and and may

be conducted for a same or different time period. Then valves 82 and 78 and closed and

valve 76 is opened to bypass solvent chamber 46. - In a fourth alternative embodiment, valve

136 is closed and valve 87 is open, and each set of steps 122, 130 and 132 is performed in ten

seconds to one minute without solvent recirculation. - A 2.5 pm-thick resist layer 20 can be -

removed from the surface of an 6", 8" or 300 mm diameter wafer 10 with two removal steps

130 of less than 30 seconds each. Thus, each wafer 10 or group of wafers 10 can be

processed in less than one minute.

Pressure vessel 40 is then flushed for five to thirty seconds, with supercritical CO,
and/or liquid CO, to remove all traces of remaining chemicals. Finally, presure vessel 40 is
depressurized in step 134 by closing valves 66 and 60 and opeing valves 62, 74, 82, 84 and
87 to vent the system atmosphere.

Skilled persons will apreciate that system 30 preferably includes one directional check
values 142, 144, 146, 148, 150, and 151 to ensure the direction of flow indicated in the flow
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Al t hough convetionally | arge anmounts of chem cal s orm xtldngls)mo em cal s

in an anount the is less than 15%vjv,,, where v, is the liquid vqurre of

-the chemweglpasdiv, is the volume of pressure vessel 40. pPrafses/zdisy | ess

than a few mllinmeters of chem cals are enployed for each resist renoval

step 130; however, larger. anounts can be used. Resist renoval step 130

allows the supercritical C02 to cagy the solvents into pressure vessel 49

‘and into contact with the resist, residue, or other contam nants on wafer

10. The supercriti cal CO2 can be recircul ated through recircul ation | oop

133 to g ﬁ’ﬁeﬁ%ﬁ’ F q‘bﬁson&'%ﬂ bish& ?#I%&lgﬂe%ﬂﬁrsgﬁgn'% ﬁr@f&fh‘ﬁ%ﬂmcﬁﬁééj trap 36

renoves C as inline I13, and heat

exchangeessare %ﬂ@n@li%dééﬂﬁ, l:g‘bﬁggr 12, bl Gdghat masyoe mopiiersd €0 that PYBRChes
punp 92, RasicR brésﬁ@‘f@%ul&ﬁig%aﬂec%gm@ @%ﬁ%&g'ﬁiﬁ%@& Br By S5:Rp@REY 26 nle@dedseconds

to 15 mnutes

seconds tq m nut and
most pref er abigyS #%%ﬁﬁ%ﬁﬂt%@mﬁa@@@nﬂ?"ééhcﬁ’{lﬁ&ﬂ” T 1G9 f 9]&”‘?55?3&334 are

cl osed ﬁﬁﬂoﬁt%ﬁiﬁ 1@%r 20, Pheaerdiondey Bt feaRkatITFIE E&ﬁ’@tﬁion‘bépcfndl‘to @dmemg
ternati ve e ond set

| t 132 | third d t,
'319 \slgln ?ﬁﬁvﬁjl?égidﬁﬁmeé]s‘fr’]’éﬁmﬁéh%\%? erenge, BUIpPgE; ﬁg&s%m b ﬁ r steps

- thr ought

122, 136}afef(lﬁ14t8&eai Jﬁefbfabtmﬂmwad st with dudi drtized@TY antltre haretyeaterd 6.

Valve 78%5 Orfl d and valve 76 is.closed to force the CO2 streamto flow
I 561 ANEeR A ¥ar 46 to .introduce a second chenical or gr oup of

cheni cal s |F|g06 prasemuﬂ:ﬂe;ﬁmmmalfamcmnmlemsﬁlms pefywied4@renyivée second

il oy R ph AR R R R ROAE 10 RETe hABBIAR ()

~or di ff@:ﬂadntedisuxfecqaﬂhemﬂhﬂngPpedamfes 149 ﬂmaremx@ammlbsﬁ@b efiphotoyesisier 76 i s

opened %%ggﬁggss sol vent chanber 46. In a fourth alternative enbodi nent,
val ve I's closed and val ve: 87 is open, and each set of steps 122, 130

and. 132 i s pollet pesonswillaspresistcothatthe smedind afitha present m@mm%%h%ﬁﬁest e

recir cweg@kaﬂem Ror’a é&rﬂ(’fﬁlﬁlﬁ%@f‘a&‘hﬁ% p%bcéswﬁar t%Qeeﬁét @e@svalr@mmw@mcﬁﬁge

surface diranet er noval steps

130 of %§§Sti¢%ﬁﬁ%@ts@@dﬁ@&°%‘a’@ﬁ cowmgmﬁg BM@FT%WW ‘f"’gup of wafers 10

can be procggged ér@oﬂs&ﬁifﬂ Addadpp %ﬁtéﬂh@%@ mdiRESThEp fé@@.ﬁ%hveﬁﬁon s then
flushed for five ?

hi r.t second Wi t uercrlt ca_l d/or .liquid
op o oS P eukigRs St FanaTA s cee A B e i ppr B Bea el a0
is deps esveiiticiRl @sﬁ-sﬁi@mglﬁéhnk)g stéosichgs uabimﬂla’ﬁﬁammdlp@@mg\hhzammg val ves

O T it e Shorl o SR TSR e L RO 1

142, 148e plefént idvhtiod d8ersarghehBdud sedasinge ovdreodigitivhiltectofiqies and i ndi cat ed

in theflow

chemical gat%é Eﬁl%ﬁy ahe me%%ﬁ of the present invention facilitates increased wafer
throughput. ' S

It will be readily apparent to one skilled in the'arf that other various modifications .
may be made to the preferred embodiment without departing from the spirit and scope of the
invention as defined by the appended claims.




WD 02/15251 PCT1U500122454 |ines of Fig. 3. Skilled per sans i 4%,
“.appreciate that system 30 preferably includes pressure gauges 152, 154,
156, 158wolRAs25162, and 164 that nay be nonitored so thatpguargpoez@d4or back
pressure regul ati ng val ues nay be adjusted manually or by conputer as
needed. Fig. 5 is a fragnentary cross section view show ng wafer 140
followng step 134 wthout resist |layer 20. For convenience; certain
features of Fig. 5 that correspond to features of Fig. 2 have been
designated with the sane reference nunbers. Wth reference to Fig. 5,
~wafer(s) 140 are then preferably remaggsand rinsed with deionized (D) or
ultra pure water to finish the cleaning process. Fig, 6 presents a table
showi ng a few exanples of tests perforned to renove photoresist from.4

© wafer 10.: El ect pofethiv€ bfenaphite ©mawsibbicectciOham thegloap comsidingséat ri al s

exhi bited surface. of resulting.stripped wafers 14 [ pstantially
free of pho%?tgﬁsg‘g aého?qr sgstg%ﬁu&:u@&o%q\{ﬁg%i%ﬁgr%ﬂéﬁﬁ q\,\ﬁ'é %ef{jalﬂg ate. that

" the nethod edmichaedystersebdtratescangrising the stepsweff es the requirenment for a

car boni zi ng,or asking fﬁ%ﬂ%&ﬁ? s&ﬁi‘cgﬁdu%%r kkite Wit dhateri i RN rALL ¥t
reduci ng t fie cost, eHU|p nt, and process tine conventionally needed for
‘resi st renoval . 8iisehéebndaectovsbsiniie withisoprpprechambery hat t he net hod of the
present invgntion ou %%@mgg%ﬁgggmeﬂ esi-st renoval processes to the
extent that 1t elimnates the need for a conventional  post-stripping

cl eani ng st@p such asUgrodyringsuperciznahcaahen dpKids 2nd 2 A IPGE cheafealintg) s

Furt hernore, theﬂ{eq;lr@gsi]_ﬁéqjmm@a@l | anpbunt of chem cals utilized by the

met hod of the present .invention offers.tremendou 0St. savi.ngs _over
convent i o‘nah- t echni quB¥*iRgdbe superErpic CB@PHEOXI*—%%%I@? SWBeWﬁ%‘H‘ of the
“present inventi ogjthacihkipiakas chaabeasttiheaiaterial idweauwgbdiom the wi Il be

readi ly apparent to. on($ ?ki ILSE%BLn ‘#nr;e art that other various nodifications
may be made to t AEUSPRIEF P SYORHS nt wthout departing fromthespirit

. and scope ot. the i nvéinthingilepresimervhdmbss. t he appended clains. 8 14

. February 2005 WO 02/15251 PCT1US00122454 CLAIMS 1. A nethod of renoving a

material selected fromthe ?roup consisting of a _photoresist, a

phot or 8si st ' r esi dhe methnd ofz ﬁpﬂrﬂaWh@fﬁiﬂihe stnpperchemicshisselgteddwm B a
sem conduct gt SURRL L0 TRty p8ofidlsheS BiERSprBhy1 dhnine, tri-isopropyl amine,

_diglycol amine, and a mixture thereof.

3. - . The method of claim 1 wherein a volume ratio of the stripper chemical to the
. supercritical carbon dioxide is within the range and including 0.1 to'15.0 %.

4. - . The method of claim 1 further comprising the step of-adding an organic
| solvent to the supercritical carbon dioxide and the stripper chemical within the
pressure chamber.
5. The method of claim 4 wherein the organic solvent is chosen from t_he group

consisting of alcohols, ethers, and glycols.

6. The method of claim 1 wherein the photoresist residue is formed in a plasma
ashing process.
7 The method of claim 1 wherein the photo're_sist residus is formed in a plasma
etching process. ‘
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pl aci ng the sem conductor substrate with the material on the. surface of

t he sem conductor substrate within a pressure chanber; pressurizing the'
pressur e wipantiezsi i ntroduci ng sup ercritical.carbon di oxi decTasdo/a2458t ri pper
chem cal into the pressure chanber; d. mxing the supercritical carbon

di oxide and the stripper chemcal wthin the pressure chanber until the
material is renoved fromthe sem conductor substrate; and C. flushing the
- pressure chanber. 2. The nethod of claim1 wherein the stripper chemical is
.selected fromthe group consisting of N-nethyl pyrrolidone, di-isopropyl

am ne, gri-isopropyheiBBl BEremd¥insl ¥ eridBelBreddnsn el bhslsling 695 . The
met hod of claiml1l wherein a_volune ratio Qf the stripper chemcal to the
‘supercriti cabhateresish 2 mheteresist rasidyes andp @H@)maéwéhqﬁfafo fwwalrf%@ ftaf.al to 15.0
%0. 4. The ngidieshdubtod!sabsiale dodipiRiiy (B ¢t Ng the step of adding an
organic ‘solvent to the supercritical carbon.di.gxide and the stri r
chemi cal within the prudhie sepsreiical GrooRHoIge ARt SFPRPEBRPAHRENGI n ¢ he
organi ¢ sol vent i sentibosdiatdrisalmsitateeyigi e matedil ohshd sigfaoé ofitheatiaicondietdrer s,
and glycols. 6. 'I_'hebs t hod of claim1 wherein the photoresist residue is,
forme "in-a plas g t ng process. The nethod of claim1l wherein the
phot or esi st b.esi due i smfaiamhgithe supptcaitioal cadbioo kiioxgdparuicths siripperichetridat uar y
2005 WD 02/ 15251 FXH HSPOA 2o fcorthn T5E Ao A uhSITRY Lidertly FAEIAL. ! el ed
(1 ng of a photo a photoresis

fromthe group consis ] oresist, a pl residué, and a
conbi nati on &hereof frmovangibe supracrgicalearkandionidd end the stuppsr ehangcal
conprising the steps Qnect With IRALsliOBISMRE BE4kcal carbon dioxide and a.
stripper chemical to the sem conductor substrate with -the naterial on the
surface of the.. sem conductor substrate; b. maintaining the supercritical

carbon gli oxi de anghd heiptlofeRAK SGRRMRIE He stﬂi%be?@ﬂéﬁ%hli%&l@ot&@ﬁoﬁﬁﬁ& conduct or

substrate until the.materjal is.remved; : . .. .
group consm%%g of N-methyl pyrroﬁ/done, dfil-rllsopropyl amine, tri-isopropyl amine,

diglycol amine; and a mixture thereof.

10. - -The method of claim 8 wherein a volume ratio of the stripper chemical to the
 supercritical carbon dioxide is within the range and including 0.1 to 15.0 %.

11. The method of claim 8 further comprising the step of adding an organic

solvent to the supercritical carbon dioxide and the stripper chemical within the
pressure chamber.
12. The method of claim 11-wherein the organic solvent is chosen from the group

consisting of alcohols, ethers, and glycols.

13, The method of claim 8 wherein the photoresist residue is formed in a plasma
' ashing process.
14. The method of claim 8 wherein the photoresist residue is formed in a plasma
efching process. '
15. A method of processing a semiconductor wafer having a surface supporiing

material, the material selected from the group consisting of a resist, a resist residus, -
and a combination thereof, the method comprising the steps of: -

-10-
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.G rermw ng the supercritical carbon dioxide and the stripper chem cal from

.cont’act with the sem conductor substrate. 9. The method of claim 8 wherein
" the strippanaeram cal is selected fromthe group consi steargusai2zdss met hyl
pyrrolidone, di-isopropyl amne, tri-isopropyl amne, diglycol am ne, and
a mxture thereof. 10. The nethod of claim8 wherein a volune ratio of the
stripper chemcal to the supercritical carbon dioxide is within the range
and including 0.1 to 15.0 % 11. The method of claim@8 further conprising
the step of adding an organic solvent to the supercritical canon di oxide

and. the stripper  chemgaleil hbihdfifio RpERANES CORRSbikAon T amishod of

claimi1. Wnerelntheo anlc ven sen Tromthe gro sisting
of al cohols,. et Kekvest, ﬁl@(ﬁfﬁﬂS?B’@msbeﬂl%Se eprd SRR HariErarD Eonsishing Ogﬂé‘i@ﬁ}r’l t he

phot oresi st resi @woh&oﬂeoalnig@brbﬁymnﬁﬁ@m@sope@w athin, ipBRd! arbihe, Hjeoxpt hod
of claim 8 wherein the E hat Oor esi s idue is formed in a pl asma etching

t
process. 15. A mBti 284 & gHy ?lﬁaf&n@em conduct or wafer having a surface
" supporting bmaterial, nidiﬁaﬁm:tgetheakpes&itealmlbdﬂdinxﬁlhan@ﬂm@st&thsmi ng of a
resist, a resist residu and a.copbi pati.on thereof b h conpri sing
the steps of. locglﬁ:agéngﬁjg\%uag%ug@osagﬁ W&ﬁl tba‘%jexpom ng
the material to sepevredrivdm ¢l sufaR ofrthevnfErnation with a first 'solvent, the

first solvent being selected fromthe group consisting of n-nethyl
pyrrolidone, di-isopropyl am ne, tri-isopr opyl am ne, diglycol am ne,

hydr oxy6. ani ne, Thaahethod oficlaia 1SHartbefoomprgmg thedlept of ni ng t he
supercriticgl carbon @igxl-den8eds tiender st solvent in contact with the

material until substanlal f.th rial has be ved fromthe
surface of Phe wafer. @m W ?réf ﬁ%‘ﬂn%&ecgl“‘éﬁ?ﬁ %PP’GW@H%EEBI&% E’gﬂ?@sﬁ he
steps of:  a. he@h&ﬂ&r%ﬁﬂf&ﬁ@@%&ﬁ@ﬂfﬂlﬁﬁteﬁﬂ to et B@ritibel cwibbe didxéds; ng t he
surface supportlng mat éri al . |n t he es thzli t(gr toe osi ng the
material to® he super PFESEYZRE EHWS’S?? C@?@;%@l (Hng’g PiP2PHg ejne process
chanber with CO2npitér td heewpoaithgl édmeon dioxide and fhe first solvent; and

d. flushing the process chamber with the supercritical CO, subsequent to

exposing the material to the supercritical CO, and the first solvent in order to

remove the material and the first solvent from the process chamber.

17. . . 'Themethod of claim 16 wherein the process chamber is pressurized to a
' pressure between about 1050 and 6000 psig. |

18. The method of claim 17 wherein the process chamber is pressurized to a
pressure between about 2500 and 4500 psig.

19, The method of claim 17 wherein the process chamber is heated to a
- temperature between about 20 and 80 °C.

20. _ The method of claim 19 wherein the process chamber is heated to a
* temperature between about 46 and 70 °C.

21. The method of claim 16 wherein the process chamber is heated to a
temperature greater than about 46 °C and less than about 80 °C.

22, o The method of claim 15 wherein a ratio of the first solvent to the combination
of the supercritical CO, and the first solvent is less than 15% by volume..

-11-
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material to the supercritical carbon dioxide and the first solvent; and d..

flushing the-process chanber with the supercritical CO2 subsequent to
exposi Ng WwhgaA®dsgri al to the supercritical CO2 and the fi pgtras@bisRE i N
order to renove the material and the first solvent fromthe process
chanber. 17. The nethod of.claim 16 wherein the process chanber is
pressurized to a pressure between about 1050 and 6000 psig. 18. The net hod
of claim 17 wherein the process chanber is pressurized to a pressure

bet ween about 2500 and 4500 psig. 19. The nethod of claim 17 wherein the
process chanber is heated to a  tenperature between about 20 and 80T. 20.
The met hod of claim 19 wherein the process chanber is heated to a

t enper adir e bet we@he gisthod of glaim d 5 fortl@r comprizing theesiepel asiding asaspndsalyma ei n

t he process LS ' 45 p?ge_. Sirél's8Rks than about 46 C and
| ess t han 'ab?t}tﬁgggh?:@%g&?@#ﬁgs%%ﬁ?ﬁo %%%ﬁe?g&\fﬁer eln aratio of the

first solvent to the conbination of the supercritical CO2 and the first

ST US0 2245 . 2 B R b e e o

24 met hod, of cl.ai m. urfher_ conpri Si e step
of . a. ddi ng SarAtion g tb%mperwcﬂr?@r%%?lﬁémitharﬂ#ﬁgg§%Fﬁ@53?%t"ﬁﬂé£ Ree’)
and the fir slesstHandt% by2vblunhble net hod of claim 23 wherein a ratio of the
first and. second solvents to the conbination of the supercritical carbon
di oxide and the first and second solvents is |ess than 15% by vol une. 25.
The netod of cl ailhe isthiodiof hiamm ¢ b dprthes icompprikieg Shesgberpdf rempwingrggang ani ¢
contam nant s AT ﬁ\%{ Lt 26. The nmethod of claim 25 further
conpri sing t%(fe]ftés}. ep o ad@iéng gﬁﬁgg%eéni c solvent to the conbination of the
supercritical C02 and the first zolvent. 27. The nethod of claim 26 wherein

the or i c solvest .| I . : LS4l f hol s,
cthers 2 ot ycore BEREcEehilp, M Bt m RGPS MorBfiend ©; |
mai nt ai ni ng $cheent so fecembination obe supracritical €0y gud Bwifielmolvent.cont act with

t he wafer having the surface supporting material is between 10 seconds

and: 15 mnutes. 29. The nethod _of claim 28 wherein the_ tine (Per' od is
| ess-t h about .5 1Bs Bgthed of claim 26 wherein the organic solvent is selected from the group

- consisting of alcohols, ethers, and glycols.

28. The method of claim 15 wherein a time peﬂod for maintaining the
supercritical CO, and the first solvent in contact with the wafer having the surface
supporting material is between 10 seconds and 15 minutes. '

29. © . Themethod of claim 28 wherein the time period is less-than about 5 minutes.
©30. - Themethod of claim 29 wherein the time period is less than about one minute.
31. | The method of claim 16 further comprising the step-of adding ]iqyi'd CO, to

the pressure chamber subsequent to pressurizing the process chamber with the CO,
and prior to introducing the supercritical CO, and the first solvent to the pressure

chamber.

32. *The method of claim 16 wherein the wafer is placed in the process chamber
prior to heating the process chamber. - ' e

33. ; The method of claim 15 wherein the wafer surface includes feature sizes of

El

less than 0.5 pm.
-12-
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.30. The nmethod of claim29 wherein the time period is | ess than ‘about one

‘mnute. 31. The method of claim 16 further conprising the step of adding
1iquid C8Dexis23the pressure chanber subsequent to pressurPi/ugpore€4pr ocess
chanber with the CO2 and prior to introducing the supercritical CO2 and.
the first. solvent to the pressure chanber. 32. The nethod of claim 16
“wherein the wafer is placed in the process chanber prior to heating the
process chanber. 33. The nethod of claim15 wherein the wafer surface
-includes feature sizes of less than 0.5 m -12 14 February 2005 WO

02/ 15251 ACT/ US00/ 22454 34. The nethod of claim 15 wherein the waf er

surfac |ncludes Vi haV| a.de t.o i anet er ect ratio
that i greater tjﬁl eghw?% tﬁggfafeasgrhﬁei%dvﬁe é]leﬁrglqr% ness of
. t he mat er i alhavinggrdepthdo dlahmtarhslﬁect natloaﬁat i igeeateetand: of cl ai m 15. wherein
the material conprises a photoresist. 37. The nmethod of claim15 wherein
the material conprises a photoresist residue. 38. The method of claim.15
" furtheBS- conpri siThg mafeodsfetrivg 1 Sawbenely athi-lnessof thetpaierialiis geeates thand .5

conbi nati on the supercritical CO2 and the first solvent. 39. The nethod
of claim3 wherein the first solvent includes the n-nmethyl pyrrolidone.

. 40. A nethod of processing a sem conductor wafer having a. surface

suppor 8gng mat emhehnetﬁda%ﬂmgrus%haﬁinq% ﬁﬁt&ifapéan&ﬁ}ﬁseﬂﬁgﬂam%ﬁﬁi sting of a
resist, a resist residue, and a conbination thereof e nmet hod conpri sing

t he steps of : a. exposing the material to supercritical CO2 in conbination

with a3first solThemietiid of cRiSISUiBereinghé flatcriaPedbnrisesly Bhofofesibt feliiugsi g and
l ess than or equal to 6,000 psig, the first solvent being selected from

the group consisting of n- nethyl pyrroli done, di-i sopropyl ami ne,
tri-isddropyl -anThemethoglofetlimasi foether dmqufrmmglth@ﬁhpefadtﬁmig 310 §lcaben

t hereof ; an |nta ni 1 supercr.i ti rbon OXIde and the first
solvent in g%%lﬁtt% Pl oﬁﬁxpé; ﬁ?ﬁlcﬁ?s‘iﬂgﬁ gﬁ:ﬁ S taII of the -

- material has been renoved fromthe §urface of the wafer. 41. A nethod of
- processing a semgoRAULYr HAH SR WRYEAING G ENAGE iRMRROtHd Afhethyl

' pyrrolidone.

40. A method of processing a semiconductor wafer having a surface supporting
material, the material selected from the group consisting of a resist, a resist residue,
and a combination thereof, the method comprising the steps of:

a. exposing the material to supercritical CO, in combination with a first
solvent at a pressure greater than or equal to 1,050 psig and less than or equal
-10 6,000 psig, the first solvent being selected from the group consisting of n-
methyl pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine,
hydroxyl amine, and a mixture thereof, and
b. “maintaining the supercritical carbon dioxide and the first solvent in
contact with the material until substantially all of the material has been
removed from the surface of the wafer.

41. A method of processing a semiconductor wafer having a surface supporting
material, the material selected from the group consisting of a resist, a resist residue,
and a combination thereof, the method comprising the steps of:

a. exposing the material to supercritical CO, in combination with a first
-solvent at a temperature greater than or equal to 46 °C and less than or equal to
80 °C, the first solvent being selected from the group consisting of n-methyl

-13 -
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material, the material selected fromthe group consisting of a resist, a
resi st residue, and a conbination thereof, the nmethod conprising the steps.
of : a. exXpoYemipst he material to supercriti cal C2 in combiPRALLSOM22464 h a
first solvent at a tenperature greater than or equal to 46 C and | ess than
or equal to 80 C, the first solvent being selected fromthe group
consisting of n-methyl -13 14 February 2005 WO 02/ 15251 PCT/ USOQ 22454
pyrrolidone, di-isopropyl am ne, tri-isopropyl amne, diglycol an ne,
hydroxyl amine, and a m xture thereof; and naintaining the
supercritical..c ﬁmnddn@md@pmﬁl;l hlhﬁleftfﬁbpmpyl\@iﬁheld‘iglye@lmé hyidtolxyt he
material until substantl aI of%é he, material has been renoved fromthe
surface of the wafel mﬁjrocesm ng a sem conduct or wafer
havi ng a surt.ace suppomhmtagmu:gﬂhmpaﬂcnhtdieanh;andmxadezmllthcﬁmﬂstﬁlrvcxmm he
rou consistin | J on
gr oup: gcoglftac?wﬂtﬁ%éﬁiatt?ﬁ[ E&p%ﬁw‘i@@ﬂi&u of ﬁ%ﬁ?ﬁ&‘q@%&ﬁg‘?er o
~supercritical Cozremwvc@ﬁbrmtémsmfawqfrﬂmrwafmt_ hyl pyrroli.done; and b.
mai nt ai ni ng the supercritical carbon dioxide and the n-nethyl pyrrolidone
in contact with the material until substantially all of the material has

been refbved fronhmpethedof proecssingasemigandictorsgafermipying:a sisfice SURNOHINE 42
wherein a 1 ahh@rof tﬁef}ﬁatenﬂ%mearwﬁ f?ﬂe'gﬂﬁi[(}ecohﬁsﬂﬂgeofé’ﬁ@f@t RatdifRestiuel he

supercrltlcal car ban dj oxj de and the n- rroligoné is between 0.1
and 15% o byanddt Gepbination thereof, the method compnsmg L steps of:

a. exposing the material to supercritical CO, in.combination with n-
methyl pyrrolidone; and-
b. maintaining the supercritical carbon dioxide and the n-methyl

pyrrolidone in contactwith the material until substantially all of the material
has been removed from the surface of the wafer.

43, The method of claim 42 wherein a ratio of the n-methyl pyrrolidone to the

combination of the supercritical carbon dioxide and the n-methyl pyrrolidone is
between 0.1 and 15% by volume.
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