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MULTI - PURPOSE COWPCSI TI ON FOR THE REMOVAL OF
PHOTORESI STS AND METHOD FOR I TS USE Thi s application

WO BOHeBet | nuation-in-part of U S, Applicat PGHURYIE/B1394
11/ 260,912, filed on Cctober 28, 2005, which is
i ncorporated herein by reference. The present
di scl osure rel ates generally to conpositions having
the ability to effectively renove photoresists from
BYDAMEE AMURAT-PERIMOSE COMPOSEFITON ROR THE REMOVAL OF

Fempval o HRLORESIFE aREIBYeR T ety (o 1
remain |iquid at tenperatures bel ow normal room
tenperature 10 and tenperatures frequentl
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stripper solution for effectively renoving or
additionafly AgveadyApegroas logding prparisies os Srormbotoresismiaisgals that

aR3Ehb el ?,-"u{%?g?%cggadaeﬁ b reﬁ@&ﬂ%attér%n{eﬁh&%‘gmﬁ, 5l st

material, a 1Tty to remain a
partipjledy effective intiprabaiemoriag phdtowsistr pravidingdow copper etch

arure that e typically encountered.in

f Ee%g%gllr 1?1’&3%%1}%&18 ﬁ%l}%ﬁgtya(ﬁ % h?tﬂr eﬁ%@ P esEiRperebiiead ur i ng

efidenickd by Bever patickesmasi t i ons according to this
present disclosure typically remain liquid to
tenperatures as | ow as about -20C to about +15C. The
conpositions according to the present disclosure
typically contain 10 dinmethyl sulfoxide (DVMBO, a

" quaternary anmoni um hydroxi de, and an al kanol ani ne.
One preferred enbodi ment contains from about 20%to
about 90% cli net hyl sul foxide, from about 1% to about
7% of a quat ernary ammoni um hydr oxi de, and from about
1% to about 75% of an al kanol am ne having at | east
two carbon atons, at |east one am no substituent and
at | east one hydroxyl 15substituent, the am no and
hydr oxyl substituents attached to two different
carbon atons The preferred quaternary groups are
(Cl-Cs) al kyl, arylallcyl and conbinations thereof. A
particularly preferred quaternary amoni um hydroxi de
i s tetramet hyammoni um hydroxi de. Particularly
preferred 1, 2-al kanol am nes i ncl ude conmpounds of the
formula CH2CH2 Il Chr NHI : 11 20 where Rl can be H
G-A alkyl, or C1-C4 al kylam no. For particularly
preferred al kanol am nes of fornula I, Rl is H or
CH2CH2NH2. A further enbodi nent according to this
present disclosure contains an additional or
secondary sol vent.
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25Pref errecLsecondary sol vents include glycols,
gl ycol ethers and the |ike. - Anot her

- enbodi ment of the present disclosure provides for

met hods of using the novel stripper solutions

descri bed above to renove photoresist. and rel ated

polynmeric materials froiji a substrate. A photoresi st

can be renoved froma sel ected substrate having a

phat oresi st thereon by contacting the substrate with

a 30stripping solution f&r a tine sufficient to

renmove the desired anount of photoresist, 3 by

renovi ng the substrat gufdn@nyt he stripping. sol ution,

rinsing the stripping sol ution fr_O{Ethe sgbsftrate

Wi t Iy BrosDkwendne ambodipsit AGhe presea fiFsiopuss govides fora - o

further. embodi. gaentr stiptizosphveresnt| udes
i o Sagl\?:gﬁgg&g?%%%?gcﬁr ed by_tPE)e ovel . met had
of] 650 Gt SRR BT O%igi@é‘ﬁ&m i

I scl osure inc e refarred.:s es HRloM @S]
anct e elEH A IS ﬁﬁ@}ﬁ “gﬁ? %%ﬁ%geq ti&%{g g@% nar y ammoni um
Ioog%%l\ﬁ.llgéﬂa&?e th@trbr@{argﬁ abagsrcdin opsil, susboserrorddr

nt wmth reduced anmount's..of .vvat%eir WJ? gﬁterred
n%tfo a P gast

. about = 1. and nor e. DE 5@k b Toans alvayi206C o abrophess
disglgee YaI° m@@fﬁgﬁt&ﬁ%ﬁgut 1.8, where-the 1

0.
L 16Hy "B Sompedilims aeaurdin D) the Breeret AR YRHIDIEPEW ng
equation: -nma f base/ . ; ' besdned DC -
dlmglﬁé S@fomm@m%%%e%gﬁ%ui 'on @giﬁ%ﬂk further .

- ' ’ Bikediatknt cibsils four dont wedoy 90% | _
d@"@%&?g&%ﬁ%ﬁ%ﬁgﬁﬁg 1 ghﬁ Of eS| Enlﬁ%&mﬂ sybstrate
dintéthi stlﬁecidmefm@@}?q%ttglf%ﬁ’p%” I FB{*}%%?B e rre.t@?i‘o S
hy%rg%]g}%?/agg 381 B6ht 19 i PalSHDFA% af @ dlamblagire bakiop ot lesit st

“onl contacting .the supstrat.e . nc'i udi ng

" wb BEbRNGbES @sleatt oné tihine sgbysperdablR PRHIFEY

contai ns di net hyl .sul f oxi HAURE & R e B RiboM
suwmc@&ﬂﬁ@@%@gl T ;%%%%&gngsﬁa optional secondary

I ent at._| east apou [ e ide is
cosbimstioratieersaf. oA ResUEEYY R ﬁe‘f%@‘%eﬁ]aﬂ pper {%J%Iglg{illt&gﬂr? eéend
ringing thi ' MR bréfeesn T helksndirtinet iacln
Uﬂﬁﬂ%@ﬂﬁgmgﬁggﬁéﬁ%ﬁgg%fﬁ?%e p?ggeht di-scl osure incl udes
ca&@mﬁﬁ@@fﬂﬁmﬁﬁmﬁeVice.prepared in part by the method
déscri bed above.-Amothﬁg%ﬁggpdinent of the present
di scl osure includes a 2for providing 25 a dry
conposition-that,includés dinethyl sul foxide, a -
~quaternary ammoni um - hyaeeiHRte, an al kanol am ne, an
optional secondary solvent wherein the solution has a
dryness coefficient of at east about 1. Another
enbodi ment of the present disclosure includes a

54 ROGn 1, @hlcal M1 r T plisimaing. Bampere v nysteside
ving reduced water conﬁh@%f Q%M%&&%%Qtutl on
aliefol dusinepriienrmvea & Ra A rir Gt ki‘de, unwant ed wat er

acg(g]r i gtos Csryi)rg:sic% &bciodhre contains an additional or secondary solvcnt.‘

Preferred.secondary solvents include alycols, glycol ethers and the like.
Another embodiment of the present disclosure provides for methods of using the

novel stripper sotutions described above to remove photoresist and related

polymeric materals from a substrate. A photoresist can be removed from a

selected substrate having a photoresist thereon by contacting the substraie with a

stripping solution for a time sufficient to remove the desired amount of photoresist,
e - -
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sol vent and subjecting the solution to reduced
pressure with slight warmng. During.the treatnment a
portion of sacrificial solvent and water are renoved.
During the process excessive heating should be

~avoi ded to prevent deconposition of the hydroxide.
The addition and renoval of the sacrificial solvent
with water 5can be repeated as necessary until the
wat er content is sufficiently reduced. Yet another

. enbodi nent of the presentg of the present disclosure

~includes a nmethod for maintaining a | ow wat er content
for a s heomdnheekiignodtigsng solution

1W§@W%@F$ﬁﬁ ﬁpﬁﬁﬁ%g 3%%%@ IIolgbtlon establl§%|ng

ﬁﬁ%?ﬁk%@hn&@hﬂﬁamdwmﬁasﬂﬁkmm%$e§@ﬁﬁﬁ¢on and nol ecul ar

d t sunt i |
¢ hi@%mh%%ab@%?ﬁ?’f%h PRl Mol P AR <

fa"cft-,f @;dmvndﬁprne&ma Biseteden! ai ni ng the stripper

|nadryformfollovv|n nanu erduring
st orm@@emm@meg?ﬁfﬁmﬂff‘@e%ﬁ’dc OSFF4! %ﬁludf;%%gf%‘fd&t& ﬁ)gnrds

cqnt ai ner . ha t al[ﬂin@ﬁlﬁnhﬁch‘&x}ﬂf;,ahher e
SO]I“EOIFTCS{}?H%% dzmgt?l ﬁ%“gg’?ﬁgg Beron for. renoy

 aTRhekRFR Sirsdptibnd mecandarp selvent with gedypsdamnys Iog ﬁz]atgﬁ ofke 20

to about 90 w. % dine glqmnagout lto
prefpysisk sojutigps hayg ijI}o’a“eﬁlng ]i%%r? gtrs&l ag%m}ér% %lﬁodl E'ni hydroxi de,

' Iagérgéaf s%%%h Having AReAsks c?&fﬁvhent o oficantobowtlHa HoF@Hh e

roma out 0.01 wt 9%t o _about Sﬁ % of a
drgses aetfiient (DC) is deﬁqﬁdgﬁ&quﬂm%@pg%‘{a Fhere is
provi ded a stri.pper solution for renoving-a '
phot oresi st froma substrate conprising from about 20

. to about 90 wt. ﬁﬁaﬁldmbtmgnhassufmmoaiéeﬂ romabout 1 to

7 W. f_a- quat érnary anmmoni um h\ldrnV| de—from .
about - o0 about 75 wt. % of oet | ami ne and
from about 2 tom@gﬁwwfwwr‘}o@?ﬂ% egondary 4
sol vent’, wherein said secondary solvent is utilized
W th sald di-met hyl sul foxide. 5 Description For the
purp J HRAGIRE e [ﬁ&eﬂiﬁgaf)sﬁ&@ﬁ@ﬁcﬁga @bthwhiat reingvinga -
cl ai ferences will now be nmade. to

phSisRaft ﬂﬁmta&‘su‘ibdtﬂamwﬂaﬁ@d!ﬁ‘drﬂﬁy %qurﬁfvl‘eﬂqnaﬁéa ggthodi 1) be

used to describe the. sal Dtoklsésn &Jom{b@gﬁgt&%&gﬁg?gﬂﬁ

Seafe! RbITRE 8 B@f@ﬁmmen@@em soktiomthat Ctoéfﬁmsld@ﬁ%"hﬂnd
Sul:" urt herlgﬁgdl flﬂgatl ons _and. s h f ]:;%t‘ #%ﬁ.‘hl ons
suifdxifdd e quaﬁem@ﬂ}’rﬁﬂﬁgoﬁlﬁ‘@rbéf T]%a?f] er el Qtd

be| nt.e ﬂldaqlrgr@ es® eqpificiend obatdeast
oD SRR TRLAL 88 cBpatpudhoroiiyy

whi ch the discl 055{1,1;: F%fgitles
ab&hq NP the anstrate CormEanpct with HeSTPPES
i ncl'ude di me 10 snI foxi de (DVBO) ,- a quaternary
%ﬁg%tﬁl %\tﬁ% an al kanol am ne. Preferred
al kapol 0pRden! BRRburt Welugah Blact@hiokByiceat
| easf™ %éemg(’%?l%é}gé{)stltljgntn and at |east one hydroxyl
@afmltm@auehythetnﬁh%ﬁl%@i%ﬁﬁl& fYdr oxyl substituents
" attaghed Loy efiht SRIHRPinaleIE meRioe fe progiding
. quat ?Qﬁléf ﬁ%ﬂg?i&{éﬁrs i ncl ude (C1-C8) al kyl, benzyl
a &ﬁgoxﬁpcﬁﬂﬂﬁdiﬁhat@mﬂudeh direahyl sPefide.ragalemary R 6ns
have a freezjng point_.of Qi 204G oHBioh O
hygiseide, ﬁn@%@oﬁﬁgng @835?%%8%%%% ty o? #r%nrh about 15
ha? LiSloettRichPord Mkt SOuens/ liter. For the dry
ri‘pper solutions, preferred quaternary substijtuents
| ncl A){Q,qleﬁgm{ﬁémmnkgﬂthe Iaesyhtaiﬁml}biiur@mdt%@ﬁﬁ msteed i gbtaining a
t her eof For.mul dﬁc@gmﬁgﬂﬁénew}efmnfv aan
qu%ﬁeﬁﬁ%?fﬁ%owgmﬁ}dh part i CYI} arly 20 noncorr osi &é N
Soﬁlgf)g)@,flth%@ﬂbmmrhmmumd}ydmxm URETESFT 3 AR §3t°8ﬁ°1
treatnents systens and auxiliary equi pnent than other
stripper solutions. Particularly preferred .

conposi tions contain 1, 2-al kanol am nes havi ng the
formula: CH2CH2 11
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OH NHR1 25 where le is hydrogen, (Cl-C4) alkyl, or
(C1-4) al kyl ami no. Sone: preferred fornul ations
additionally contain a secondary sol vent.
Particularly preferred fornulations contain from
about 2% to-about 75% of a secondary sol vent.
Particularly useful secondary solvents include
glycols and their alkyl or aryl ethers.described in
nore detail below. The preferred formulations have-
freezing points 30 suffidiently bel ow 25C to minimze
solidification during transportation angt 6
war ehousi. ng.... Var. foabdueed fressod vaith Gight Wepperg. -
S"]fVFIété‘Elgﬁ%DJ%)I%Pﬁf@ SEEIQ%I\?V about lfiSC. Eecfnusgl%_lliqud
DiRfghies fednat nippiien cbwEHEPBITS VFUTRF KA1 §uid at | ow -
tenperatures, the.n h&Iakef 4bd SO e etint ddmdogitien of
Duging tsiEpesb it iton hF%%%iséggaguri ng cold weat hg{ Bgr
- of%ﬁe%%éiid& @ﬁf) gatiesh andnehoud efshesfd el SRR ! "."f ?chan
e used.is elimnat or .5 m.nl : £4.0 rum
cahbatepeaicd & TOETSEAY 8@&'%‘?’%@ C&%ﬁ’?ﬁé@%%ﬁ% i's tinme

- consumng, r ires extr L RG A oS30 intia8dd latmettod for

i nc%ﬁ@?‘@r?@%ﬁW§%ﬁh§pﬁ%gﬁ?P@gWoﬁ of the el L8 a dry
miRlatiieQN oS warrRasht fomstripper solutigg dfbe Fﬁﬂ’ﬁiﬁ jayotves selscting & &Y
conposi tions bﬁg@gﬁr Si-Ng: tRwihandiasntoleicaeho swieular

ddi Nng capacities _enabling the .

sie‘ifgm&?{hﬂain@ﬁnigg crRaD with thegiiees ulé:\lékgiﬂg;gﬁfp;%@ tbgsidst s

10°w thout the precjpitation of Sobids. The shRadhdia
utitiaph CFhiympdod &M Hiagguffﬁ%h% er OF cnB " of
. phatoresi st ok hl-aye e @ehed andhashipping il afieiiBted
_ -"“Préﬁ Orgla%ﬁbﬁnlggémofa stripper saolution before materi al

- soluioh 8 cotpimst Hae emropep®l. waf er or bef ore resi due’

- remains on the wafer. For exanple, if 20 liters of a
‘stripper solution can renove 300 cnB of photoresjs
bef op@nekshhs hereid pposibd ovtrippetehEombir FESTIEAPPRRFEP ™ 2 ,
. _on the 15. el bl 0 RHOCARBSHYY sul ioxik0 Gort Bl/uRDto about 7

S”PW&&CQH]E“SI%%%%OF{%FL %ﬁc}g& conposi ti ons 1 pi cal .
wC Ondfai uataaay bm BB dnthydrakide from3beus b AR 7 $ AR F‘Yf’ﬁ%e&amlamme
~.af, whi.ch % 2 f 1 o, about % t 0 about 10% of
a"?’ﬁié’“hatlfgl't}é)roiar y gﬁ?rﬁ%f&‘ﬁh ﬁ])?dr oxi de.- Preferred

quat ernary substituents include (Cl-C8)al kyl, benzyl

and conbj ' §8ded sS@dn fa raecing dahooresist from a

%%%ﬂegﬁn@;& 5 roviae a\é%i@!ibr

sol ven pIc conprises fro bout. 2% t t
suBStcodomphignslompaisut 3 2boph ) & ¥ %B%%YZS@%’F% sl 9: 7
,,can _al I §d, aBRlabsit [ foabbant wt. tigiiroaddthpnelamine
a %Iog\e}g}mstgf%ﬁg%%ﬁé&?gﬁgg&%? about - 0. 019% t.o about 3% = o.iis
| anBuffoadblowt 2 te vl 7 O Y 2P Pt a A BT RAAT e %gn ‘
- utr%cg@itﬂa%iﬁggﬁtsu@ggdep about 75% of the conposition.

E’}ecause sone of the stripper solution's conponents

can be provided as aqueous solutions, the 25

conposition can optionally contain small anmounts of

water. Al %s provided herein are weight per cents.

Preferred al kanol anm nes have at | east two carbon
“atonms and have the am no and hydroxyl substituents on
- different carbon atons. Suitable al kanol am nes '

i nclude, .but are not ‘limted to, ethanol am ne,

N- net hyl et hanol am ne, .N- 30 et hyl et hanol am ne,

N- propyl et hanol am ne, N butyl et hanol an ne,

di et hanol am ne, triethanol am ne,

N- et hyl di et hanol am ne, N- et hyl di et hanol am ne,

i sopropanol am ne, dii sopropanol arni ne,

triisopropanol amine, NN 7 nethylisopropanol am ne,

N- et hyl i sopropanol am ne, N-propylisopropanol am ne, 2-

am nopropane-| -ol, N-nmethyl-2-am nopropane-1-ol,

N- et hyl- 2- am nopr opane- 1ol , 1-am nopropane- 3-ol,

N- net hyl - 1- am nopr opane- 3-o0l, N-ethyl-1-

am nopr opane- 3-ol, 1-am nobut ane-2-ol,

N- et hyl - 1- ami nobut ane-2-ol, N-ethyl- 5
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woRogrosdiéam nopr opane- 3-ol

- 10 'am nohept ane-4-o0l, 1-am nooctane-2-ol,

5- am nooct ane-4-o0l, 1-am nopropane-2, 3- diol,
2- am nopropane-1, 3-diol, tris(oxymnethypan nonet hane,

and 2-(2-amvbet hoxy) et hanol . Appropriate glyco
et her solvents include, but are not limted to,

et hyl ene gl ycol nononet hyl3ether, ethylene glyco
nonoet hyl ether, ethylene glycol 15 nonobutyl ether,
et hyl ene gl ycol dinethﬁMwehp&m; ethylene glycm

di et hyl ether h ne 0 t.her.

di et A9T & gmé’f)f/e@d:l F%Wgﬂj@ﬁ‘g L%g‘?rﬁt%? &it'et }@ fse‘ﬁ%lmﬁfiy col
CFRRAR ORN oA hadedh SlehyiBaRnEty T Graranad s wyilguage

et her, &ethyl ene glycol nmpnobutyl ether, diet Iene

v l1ype gpediip ﬁ%‘i‘%‘é% theysringt Hoviil ngyesthilprscheamgpsyiogd il
lﬁ&ﬁhﬂ? BZXL s whgﬂ i€ Eﬁﬁh@cﬂ@ t&k'él‘)? @Alxtergieﬁ téﬂbﬁh aﬁér'ék%m and

ene gl nononet hy her, | ene
fyither modmcmmwmdeﬁﬂeﬁmmyapphqahymsaf@@ry@mlemﬁemhy|
ther di et ene
iR el B Bl T RE O o BATK ool oms il
ﬂaﬂat@Mﬂndﬂhbﬂk£n9mgmymek nonoet hyl acet at e, propylene

ot herhe FomBpT TS B DBty e ORUE s BB L ne
sOryGa (]jmg@ﬁ‘?ltdmﬂerrfél'f‘ ShmofiuBl BBYIxeRE i MGOkanolamine.

nonopr 25 et her,” di propyl ene gl ycol nonoi sopropyl

Peafpreed al%nslr @pgnrsehe% §desst A FEEAIR Rl om: Fdpast one amino
%ISJ&E%W % tyo‘hg lhgr og?l Lsdritdda %ﬁe he 51%&8}?}'1 gl ycol

propy ene glycol dilsopropyl ether,
subsupmo‘qsyittmined t Vaorﬂlffawdt ctarqurztbcpnys ghefeged/guiternary

L 10l
BERB g e S P D BT g oB A hs tersor, Proferred
cg%lﬁgiﬂﬁtﬁ%@ﬁm@e mtﬂﬁmg @Tﬂtufaeﬁ@ dltgan ]gbmt SL0SC viprtd ahage 158C1-
I e ozye ane etra ur an,
aﬁ%élqamaé Capaymtyo RE LBHPbE ﬂgﬁfsupéaﬁb%tg’mab@% iﬂ‘sﬂ
b s ARG fé?ér&d%ﬁ& btk ih&h& cﬁmﬁm@i e

corr i on |nh| itors include, but are not imted to,
aaﬂdkﬂunemnﬁnmwdmdhybdbonpounds such as cat echo

ZLSV %mﬁﬁq ?%%#%f‘géﬁenoPs @%@' yrog h%%ﬁgﬁﬁﬁgﬁ%c

nbdaiﬂhﬁsusuﬁhnﬁﬂaﬂeﬁﬂe$BKWEOMHptnmhywmﬂmWeMHhameyﬂmns
carbox lic aC|ds such as fornhc achg _ﬂﬁegic ?cig, :
i g edupmgnt P gher STppersolNtiong, FAFHFHAly PRETsd ) | ¢
c@&EQmﬁé@'o@ﬂaﬁl Pﬁiaﬂganéﬁaﬁnﬁié@hﬁhﬁg @6 f¢hmul: Ut adc aci d,
ic acid, fumaric acid, benzoic acid, pht ahlic

acid, 1,2, 3- benzenetrlcaibhﬁ¥hlc acid, glycolic acid,
Iactic acid, mal i ¢ acid, é;;trlc acid, acetic

anhydri de, phthalic anhy ri palelc anhydri de,
succi ni ¢ anhydride, sali Cld gallic acid, and
gallic acid esters such aségethyl gallate and propyl
gal l ate; organic salts of rboxyl containing organic

W R RihpGrog@RoLLagsalif, &qsm4mﬁylﬂﬁﬁ\¢980ﬁa§ilﬁemd

subst ancés such as et hanol anine, trimeth { am ne,

feinerl#fipma pddiGonably csyﬁawoﬁ seeendasy folvenls qu‘t FagEiearhe,
By 43) s boifin FAATAGREbALE SLATRIHNGS o8 Solvent.

pho ori1c aci ase chel at e conpounds
P]aﬁﬂ:ulqshympﬁnb@ucamﬂamescévmﬂhéd émwlpmoaiﬁwl cacalryi eﬁm

dr oxyet han ho ca
el B sy St A SaErRe FERRRREA 1S SRR R
stifficiitld balpd 13°6 16 adhiiikaRUdERERY difing alahPortation and
di hydroxyet hyl gl ycine and nitrilotiacetic acid,
am ne- based chel ate conpounds such as blpyrldlne,
t et raphenyl por phyri n and phenant hrol i ne, and
oxi me- based chel ate conpounds such as
di met hyl gl yoxi ne and di phenyl gl yoxi me. A single
corrosion inhibitor may be used or a conbination of
corrosion inhibitors my be used. Corrosion 20

1, 3- di am nopr opanBCRUSI006/041394
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wol 0¥RESIsng a substrate,

dry nitrogen over the stripper solution can reduce

" water uptake fromthe atnosphere and maintain the dry

stripper solution's inproved performance. When
agitation of the conuozit2pE@N41394
additionally facilitates photoresist renoval .
Agitation can be effected by nechanical stirring, 5
circulating, or by bubbligg an inert gas through the
conposition. Upon renoval of the desired anount of
WQEH{;}IQ: 6S nilre phd?SrUBAh Il Shs hivd ﬁé@%iﬁ%gaofﬁ%&@ abakl5°C.
e strppper solution and rinsed with water or
Becaugd tho pmfmealshmpewlm@na ropradt B at W iereratigss dhe and
nol a r
R e i e R R
opﬁ@%@ﬁﬂhmwndbwemMGMErbﬂhmﬁhﬁnmnammasphgmé;sahemaﬁdor
preferre

stripper_sol u ng. ent
s The il RSP POLAT G eApaet RLRR P iee
cRRhALCRSitesREE héuﬁihﬁg cAdRRegItif iyple meldagendi al
products and are able to process a |arger nunber of

modificaticat of shapeltedsolyitipais cOBPOHEOST stri pper sol ution.
The: 2hiliBRAY. ARhdd!BAS REANIEhd fledoi dsdtishid @sstiehigh

can 0 renove 15 pO nmeric resist materials
lqadiag enacitios enammgthe cbmgpemx@r tomm ghey pravsls of Pbﬁ’tPWéﬁS

sists. Far .exa s |
o e treqipasEn O Byt e Piop SERoR) & oARIER ddnitis
oP&@hVdTphbordsRy 6 bikperaitetd \ﬂmt t:manlehlym fiocedch)figersf
Utilizing the netho sta %elae
SiFfgpsy eRen peferegpat B0 1 e Bt weSit
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. C Dryness Coefficient 85.89 DVSO (85.8% 6.0 g
Di et hyl enegl ycol nononethyl ether (6.09% 2.7 ¢
Am noet hyl et hanol amine (2.7% 2.75 g
woDedwases hyl anmoni um hydr oxi de (2. 75% 2. 75 R MBR2006/041394
(2.75% +132 1 2 61 g DVMSO (61% 35 ¢
Monoet hanol am ne (35% 2 g Tetranet hyl anmoni um
hydroxi de (2% 2 g water (% -2.5 3 513 g DVsO
(51.5% 35 g Diethylene glycol nononethyl ether (35%
h¥droRylgoAhbiii etidlydsehizatind] Alglexeechdlt s@H)as methylgatechol,

N E R R AL KW R PR T G
as benzotriazole; alkylbenzotriazoles; carboxylic acids such as formic acid, acetic
acid, propionic acid, butyric acid, isobutyric acid, oxalic acid, malonic acid,
succinic acid, glutaric acid, maleic acid, fumaric acid, benzoic acid, phtahlic acid,
1,2,3-benzenetricarbox ylic acid, glycolic acid, lactic acid, malic acid, citric acid,
acetic anhydride, phthalic anhydride, maleic anhydride, succinic anhydride,
salicylic acid, gallic acid, and gallic acid esters such as methyl gallate and propyl
gallate; organic salts of carboxyl containing organic containing compounds
described above, basic substances such as ethanolamine, trimethylamine,
diethylamine and pyridines, such as 2-aminopyridine, and the like, and chelate
compounds such as phosphoric acid-based chelate compounds including 1,2-
propanediaminetetramethylene phosphonic acid and hydroxyethane phosphonic
acid, carboxylic acid-based chelate compounds such as ethylenediaminetetraacetic
acid and its sodium and ammonium salts, dihydroxyethylglycine and
nitrilotriacetic acid, amine-based chelate compounds such as bipyridine,
tetraphenylporphyrin and phenanthroline, and oxime-based chelate compounds
such as dimethylglyoxime and diphenylglyoxime. A single corrosion inhibitor
may be used or a combination of corrosion inhibitors may be used. Corrosion
inhibitors have proven useful at levels ranging from about 1 ppm to about 10%.

Preferred optional surfactants have included fluorosurfactants. One
example of a preferred fluorosurfactant is DuPont FSO (fluorinated telomere B
monoether with polyethylene glycol (50%), ethylene glycol (25%), 1,4-dioxane
(<0.1%), water 25%).

Preferred temperatures of at least 50°C are preferred for contacting the
substrate whereas for a majority of applications, temperatures of from about 50°C
to about 75°C are more preferred. For particular applications where the substrate
is either sensitive or longer removal times are required, lower contacting
temperatures are appropriate. For example, when reworking substrates, it may be
appropriate to maintain the stripper solution at a temperature of at least 20°C for a
longer time to remove the photoresist and avoid damaging to the substrate. If

longer contact times are required for complete resist removal, placing a blanket of
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274 g Monoet hanolam ne (27.4% 0.8 ¢
Tet ram et hyl ammoni um hydroxide (0.8% 0.8 g water
(0.8% +53 1 5 274 g DMSO (27.4% 71 g

woMengessHanol ami ne (719 0.8 g Tetranmet hyl anmBFi/UFP06/041394

hydroxide (0.8% 0.8 g water (0.8% +0.4 1 6 86 ¢
DVBO (864% 6 g Di ethylene glycol nononethyl ether
(6% 2.7 g Anminoethylethandlanine (2.7% 2 g

Benzyl t ri met hyl ammoni um hydroxi de (2% 3 g water (3%
de§ nifro@eri7over 8% syifpeBSSlytBR.cidfed6di wattriptake fomoiet hy|

a égs%ﬁerg %%uy %%;nté‘ih %eodr)g gtlipper solution’s improved performance.

‘When immersing a substrate, agitation of the composition additionally
facilitates photoresist removal. Agitation can be effected by mechanical stirring,
circulating, or by bubbling an inert gas through the composition. Upon removal of
the desired amount of photoresist, the substrate is removed from contact with the
stripper solution and rinsed with water or an alcohol. DI water is a preferred form
of water and isopropanol is a preferred alcohol. For substrates having components
subject to oxidation, rinsing is preferably done under an inert atmosphere. The
preferred stripper solutions according to the present disclosure have improved
loading capacities for photoresist materials compared to current commercial
products and are able to process a larger number of substrates with a given volume
of stripper solution.

The stripper solutions provided in this disclosure can be used to remove
polymeric resist materials present in 2 single layer or certain types of bilayer
resists. For example, bilayer resists typically have ejther a first inorganic layer
covered by a second polymeric layer or can have two polymeric layers. Utilizing
the methods tanght below, a single layer of polymeric resist can be effectively
removed from a standard wafer having a single polymer layer. The same methods
can also be used to remove a single polymer layer from a wafer having a bilayer
composed of a first inorganic layer and a second or outer polymer layer. Finally, -
two polymer layers can be effectively removed from a wafer having a bilayer
composed of two polymeric layers. The new dry stripper solutions can be used to
remove one, two or more resist layers.

The preferred dry stripper solutions contain dimethyl sulfoxide, a
quaternary ammonium hydroxide, an alkanolamine, an optional secondary solvent
and less than about 3 wt.% of water. Preferred secondary solvents are glycol
ethers. More preferred dry stripper solutions contain dimethyl sulfoxide, a
quaternary ammonium hydroxide, an alkanolamine, a glycol ether solvent and a
dryness coefficient of at least about 1.8

Use of the dry photoresist stripper solution is similar to that described

above for stripper solutions having a low freezing point. However, it is helpful to
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(5.°7% 2.7 g Ami noethyl ethaaolamne (2.6% 2 ¢
Di et hyl di net hyl ammoni um hydroxi de (1.9% 8 g water
(7.79 8 86 g DMSO (82.1% 6 g Diethylene glycol

ether (5.7% 2.7 Am noethyl et ha%ﬁﬁgzﬂ@;m;ﬂsgq.
WO
@35@%—} g 9%

Met hyl tri et hyl anmoni um hydr oxi de (1.
g water (7.7% -5.50.25 9 86 g DMSO (87.5% 6 ¢
Di et hyl ene gl ycol nononeehyl ether (6.1% 2.7 g
Ami neet hyl et hanol amne (2.8% 1.6 g Tetnbutyl anmoni um

Ik AR 0] A o bt 0
ufeke shring itsesd iy a’mmmmug\a feyrabai i (ﬂ'& efviro@fdent in the area
involved with resist removal. Stripper solutions can be maintained in a dry state by
maintaining contact between the stripper solution and active molecular sieves
during storage, transit and after opening a container prior to its use.

The dry stripper solutions described herein should be prepared from dry
components to the extent possible. Because quaternary ammonium hydroxides are
hygroscopic and are generally available as aqueous solutions or their hydrates,
water contained in the solution or associated with the hydrate must generally be
removed to provide a dry stripper solution having a dryness coefficient of at least
about 1. Efforts to dry quaternary ammoninm hydroxides at elevated temperatures
and to a dry state generally results in decomposition of the hydroxide. It has
surprisingly been found that quaternary ammmonium hydroxides in a volatile solvent
can be pre-dried to give a solvent wet paste having reduced water content without
decomposition. A dry stripper solution containing a quaternary ammoniurmn
hydroxide can be prepared by pre-drying the quaternary ammonium hydroxide and
combining it with other substantially dry components to maintain a low water
content or by subsequently drying an initially formed wet stripper solution formed
from water-containing components.

A pre-dried form of a quaternary ammonium hydroxide can be obtained by
subjecting a hydrated or otherwise wet form of a quaternary ammonium hydroxide
to a reduced pressure with very slight warming. Water removal may be facilitated
by dissolving the quaternary ammonium hydroxide in a solvent such as an alcohol
prior o subjecting the hydroxide to reduced pressure. Based on work carried out
thus far, a preferred alcohol is methanol. During this treatment a substantial
portion of the water and alcohol are removed to provide an alcohol wet paste of the
quaternary ammoniurn hydroxide. Depending on the level of dryness desired,
additional dry alcohol can be added to the initially treated hydroxide and the
treatment at reduced pressure repeated one or more times. Treatments can be
carried out at pressures of from about 0.001 to about 30 mmhg and at temperatures

of up to at least about 35°C without substantial decomposition of the quaternary
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- -6.3 0.7 WD 2007/ 053363PCT/ US2006/ 041394 13 3 ¢
water (2.9% 11 63 g DVMSO (58.3% 35 ¢
Monoet hanol at ai ne (324% 2 g Di et hykl i met hyl ammoni um
waptivssdcde (1.9% 8 g water (7.4% <-20 025 RQOU/BRIgH041394
DVSO (58.3% 35 g Monoet hanol aznine (324% 2 g
Met hyl tri et hyl anmoni um hydroxi de (1.9% 8 g water
(7.4% <-20 0.25 13 63 g BMSO (62.0% 35 g
Monoet hanolam ne (34.4%
ammonium hydroxide. More preferred treatments can be carried out at pressures

of from about 0.01 to about 10 mmhg,

For wet formulations with or without a secondary solvent, drying can be
carried out on the stripper solution after the addition of all components by
contacting the stripper solution with a solid drying agent, such as for example,
molecular sieves, calcium hydride, calcium sulfate or a combination of drying
agents. A preferred drying agent is an activated 3A or 4A molecular sieve. For
dry stripper solutions containing a secondary solvent, it is preferred to comibine the
quaternary ammonium hydroxide (and any other wet components), contact the
resulting solution with an active drying agent such as molecular sieves, separate
the dry solution from the spent drying agent and add any remaining dry
components to the dry solution. Contact with the molecular sieves or other solid
drying agent can be by any known method, such as slurrying the solution with
drying agent and filtering the dry slurry. Similarly, any of the wet solutions
described above can be dried by passing the wet solution through pelletized
activated molecular sieves or other drying agent in a column. Suitable molecular
sieves include type 3A, 4A and 5A sieves.

Molecular sieves are also a preferred drying agent or desiccant tonaintain
the stripper solution in a dry state. The pellet form is most preferred because it
allows removal of the dry stripper solution by simple decantation. However, for
applications in which decantation does not provide an adequate separation,
molecular sieve, whether powder or pellets can be incorporated into a “tea bag”
arrangement that will allow equilibrium with the solution, but not allow any sieve
particles to contaminate the solution. Dry stripper solutions containing molecular
sieves can be maintained in a dry state for extended periods of time afier a
container has been opened, depending on the amount of molecular sieves included
with the stripper solution, the surrounding humidity ﬁud the amount of time the

container is open.

Examples 1-13

The reactants listed in Table I were separately combined with stirring to

give each of the 13 homogeneous stripper solutions. The freezing points were
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*EBach formulation additionally contained an optional 0.03 g of DuPont FSO
{fluorinated telomere B monoether with polyethylene glycol (50%), ethylene
glycol (25%), 1 4-dioxane (<0.1%), water 25%)

Example 14
A silicon wafer having a photoresist thereon is immersed in the stripping

solution from Example 1, maintained at a temperature of about 70°C with stirring
for from about 30 to about 60 minutes. The wafer is removed, rinsed with DI
water and dried. Examination of the wafer will demonstrate removal of
substantialty all of the photoresist. For some applications, superior results may be
obtained by immersing the wafer in the stripping solution without stirring and/or
immersing the wafer for up to 150 minuntes. The preferred manner of removing the
photoresist from a wafer can readily be determined without undue experimentation.
'This method can be used to remove a single layer of polymeric photoresist or two

polymeric layers present in bilayer resists having two polymer layers.

Example 15
A silicon wafer having a photoresist thereon is mounted in a standard spray

device and sprayed with the stripper solution from Example 2, maintained at about
50°C. The spraying can optionally be carried out under an inert atmosphere or
optionally in the presence of an active gas such as, for example, oxygen, fluorine
or silane. The wafer can be removed periodically and inspected to determine
when sufficient photoresist has been removed. When sufficient photoresist has
been removed, the wafer can be rinsed with isopropanol and dred. This method
can be used to remove a single layer of polymeric photoresist or two polymeric

layers present in bilayer resists having two polymer layers.
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Table I
Stripping Composition Wafers Stripped | Resist Loading
Formuiation with 20L of Capacity
: Stripper Solution em’/L
From 85.5 g DMSS0 150 x 200 mm

Example 1 | 6 g Diethylene glycol monomethyl wafers with 80pm 18.8
ether photoresist
2.7 g Aminoethylethanolamine
2.75 g Tetramethylammoniom
hydroxide
2.75 g water
0.03 g DuPont FSO surfactant

From 61 g DMSO 200 % 300 mm

Example2 | 35 g Monoethanolamine wafers with 120pm 84.8
2 g Tetramethylammoniom photoresist
hydroxide
2 g water
0.03 g DuPont FSO surfactant

Comparaiive | 74 g n-methylpyrrolidone 25 x 300 mm
Examwple | 24 g 1.2-propanediol wafers with 120pm 10.6

1 g Tetramethylammonianm photoresist
hydroxide
1 g water
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Exanpl e Stripper Solution Sieves (g) % Water
Remai ni ng Dryness Coefficient (8) 18 (a) 11.4
15.16 2.37 1.13 18 (b) 126.4 25 1.36 1.99 18 $Uc
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Example 17
Dimethylsulfoxide (85.5 g), diethyleneglycol monomethyl ether (6.0g),

aminoethylethanolamine (2.7 g) and tetramethylammoniom hydroxide
pentahydrate (5.5g) were combined to provide a stripper solution containing about
3 wt.% water and a dryness coefficient of about 0.9. Dissolution of the hydroxide
pentahydrate was facilitated by slightly agitating the mixture. The about 3 wt.%
water in the solution came substantially from the pentahydrate.

Example 18
Active 3A molecular sieves were added to three different samples of the

stripper solution prepared according to the method of Example 17 and maintained
in contact with the siripper solutions for 72 hours at ambient temperature. The
sieves were removed by filtration and the moisture content of the initial and dried
solutions determined by the Karl Fischer method. The dried strippet solutions
were stored in closed container. The spent sieves could be dried for reuse or
disposed of. The specific details for this experiment are tabulated below in Table
Hi

Table I
Example Stripper Sieves (g) % Water Dryness
Solution Remaining | Coefficient
®
18 (a) 114 15.16 2.37 1.13
18 (b) 126.4 25 1.36 1.99
18 (c) 135.48 45.25 0.78 3.46

Varying amounts of calcium hydride, as well as other solid desiccants can be
substituted for molecular sieves in this example to provide stripper solutions

having similarly reduced levels of water.

Example 19
Three silicon wafers having a negative acrylate polymer-based dry film

photoresist (120 um) placed thereon over a copper region were separately
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Stripper Stripper | Number of | Mass of Particles/g Copper
Solution Soluiion | Suspended | Removed | photoresist | Etch Rate
Source (2) Particles | Photoresist | removed/g | A/minute
(2) solution
18 (a) 114.5 12444.4 0.2428 -447.63 <1.0
18 (b) 126.4 9088.4 (0.2014 246.74 <1.0
18 (c) 135.8 186.8 0.2523 5.46 <1.0

Photoresist removal as described above can be carried out at temperatures ranging
from about 70°C to about 80°C without taking any measures to exclude moisture.
However, when photoresist removal is carried out at lower temperatures, of less
than about 70°C, it may be belpful to take measures to minimize the uptake of
moisture from the atmosphere. Providing a blanket of dry nitrogen over the
stripper solution maintained at less than about 70°C has proven effective to
minimize water uptake by the stripper solution with longer exposures to a moist
atmosphere. The ability of the dry stripper solutions described above to dissolve
larger amounts of photoresists and minimize the number of particles dispersed in
the stripper solutions extends the stripper solutions effective lifetime and reduces

overall costs.

Example 20
A 25 wt% solution of tetramethylammonium hydroxide pentahydrate in

methanol was prepared and 40.8 grams of the solution was warmed to about 30°C
in a water bath and maintained at a pressure of about 0.01 mmhg for about 75

minutes. Condensate was collected in a Dewar flask cooled with liquid nitrogen.
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content was found to be 0.71% by the Karl Fischer method and the solution

contained less than 1% methanol. Lower levels of water can be obtained by adding
additional methanol to the white paste and maintaining the resulting solution at

reduced pressure for an additional 2 to 5 hours.

Example 21
Appropriate quantities of dry stripper solutions of the type described in

Example 18 are packaged with active molecular sieves to maintain the stripper
solutions in a dry condition for longer periods of time. About 5 to about 10 grams
of active sieves are added for each 100 g of stripper solution maintained in a closed
and sealed container. Molecular sieves in the form of pellets are preferred.
However, powdered sieves can be used if removed by filtration prior to use or if
small amounts of particulate matter do not interfere with use of the dry stripper
solution.

While applicant’s disclosure has been provided with reference to specific
embodiments above, it will be understood that modifications and alterations in the
embodiments disclosed may be made by those practiced in the art without
departing from the spirit and scope of the invention. All such modifications and

alierations are intended to be covered.
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6. The solution of claim5, wherein the secondary
solvent is a glycol ether. 157. The solution of claim
6 wherein the glycol ether is diethyl eneglycol
nmononet hyl et her. 8. The solution of claim7,
~wherein the quaternary ammggi um hydr oxi de has
substituents that are (Cl-CO al kyl, arylal kyl or
conbi nati ons thereof. 9. The sol ution of
claim8, wherein the quaternary amopni um hydroxide is
20 teiThesdutign efrmiemm I9nddiinnglly gramprising from aiput &1 to about 3
St lution for renoving a photoresist froma
“mééé%¥$§%g§@6nprising from about 20 to about 90 wt. %
di it ik scludidrood dkem 10; wheraincl quiteraary aymonggndfydgpxide has

uat er nar [ hydroxi . 1 to about
sugi s By Cnal R AN AR o CombhbeRtibey 2% 5"
‘aboug. TRB sititiorlofdtaif IFewhadmrtie qukoneamy amwbeiusi ydswidg is
secondary 25 solvent is utilized with said dinethyl
tetramethggmgienium hydro_’“g%. The sol ution of claim 10,
wherein said stripper solution conprises from about 2
to about 35 wt. % of a secondary sol vent. 12.
The solution of claim 10, wherein the quaternary
ammoni um hydr oxi de has substituents that are (Cl-C8)
al kyl, aryl al kyl or conbinations thereof 3013. The
solution of claim 12, wherein the quaternary anmoni um
hydr oxi de is tetramethyl anmoni um hydr oxi de.
14. The solution of claim 10, wherein the secondary

solvent is a glycol ether. ©15. The solution of
clai m 14 wherein the glycol ether is diethyl eneglyco

nononet hyl ether. 19 16. The solution of claim
10, additionally conprising fromabout 0.1 to about 3
w. %of a surfactant. 17. The sol ution of

cl ai m 10, wherein the quaternary amoni um hydroxi de
has substituents that are (Cl-CO al kyl, arylal kyl or
conbi nati ons thereof. 518. The solution of claim17,
wherei n the quaternary anmmoni um hydroxide is

"t et ranmet.-hyl ammoni um hydr oxi de. )



