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that has been exposed to a gas-phase plasma etch, such as a gas-phase plasma etch used for

etching dielectric materials, will typically develop a hardened crust or residue, on the
surface. The residue typically consists of cross-linked organic polymers, and may contain
small amounts of silicon, metal, and halogen or other atoms.

[0005] Damascene or dual damascene processes commonly utilize a plasma etch such as
that described above. The plasma etch may be a fluorine-based plasma etch to etch silicate-
based interlayer dielectric (ILD) materials. These materials may include silicates,
organosilicates and fluorosilicates. Fluorine-based plasma etching may cause fluorination
of the cross-linked organic polymers that form the residue described above. This
fluorination typicaily increases chemical resistance. Thus, the residue becomes difficult, if
not impossible, to remove by conventional wet stripping techniques. Ashing using an
oxidative or reductive plasma can remove the residue. However, plasma ashing is prone to

damage to the ILD materials, especially low-k ILD materials.
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with the teachings of the present invention.
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persulfate salts, percarbonate salts, as well as combinations comprising at least one of the
foregoing oxidants. In an exemplary embodiment, the dxidant comprises organic oxidizers.
Organic oxidizers of the general formula I, shown below, may be used in accordance with

the teachings of the present invention.
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[0016] In an exemplary embodiment, the composition of the present invention comprises
greater than or equal to about 20 weight percent polar solvent, with greater than or equal to
about 30 weight percent polar solvent preferred and greater than or equal to about 40 weight
percent polar solvent more preferred. In the exemplary embodiment, the composition of the
present invention further comprises less than or equal to about 95 weight percent polar
solvent, with less than or equal to about 85 weight percent polar solvent preferred and less
~ than or equal to about 75 weight percent polar solvent more preferred.
[0017] The composition may further comprise a chelator. Suitable chelators include, but
are mot limited to, unsubstituted #riazoles, substituted triazoles, thiazoles, tetrazoles,.

imidazoles, phosphates, thiols and azines, glycerols, amino acids, carboxylic acids, alcohols,
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[0020] In an exemplary embodiment, the composition of the present invention comprises
less than or equal to about ten weight percent chelator, with less than or equal to about
seven weight percent chelator preferred and less than or equal to about four weight percent
chelator more preferred.
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io improve compositional properties, namely the ability of the composition to swell,
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- [0026] -The term photoresist as used herein is generally applicable to any layer comprising

photoresist. Thus, for example, in accordance with the teachings of the present invention,
the composition and method herein may be used to remove photoresist as well as

photoresist residue. Additionally, the teachings of the present invention apply to the
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conposition may further canprise a surfactant. The
surfactant may be added iﬁggﬁﬁgéﬁﬁto assi st in both

t hie02B] fTHenfgHewihg @minBSiohsubtbeuchd QRMRH! Sleakif® bf PRsioRAd from a
whi ch may gccur under

d |
egﬁﬂg‘@%iﬁi"’t?f' sibitats, ggﬂﬁ@%@al CISpIPG SEtording foxthe dppchings of the present

i fxodentiba, ishldfinedais Ebeiiigtgrdateﬁﬂﬁﬁ dot elﬁrﬂérﬁ&’apmf $8bhAYeSst from the
noni.oni,c .su fac uoroalk surfactants,

h
pg?mlg?l}ﬁly‘ff%fn |1gay lﬁo eﬁi‘?‘%ﬁ { Ib% pptic y% plctron microscopy. The

pedlbsﬁztthy,inﬁlbﬁed)herﬁﬁ|cﬁﬁiéﬁwbﬁ&lﬁmﬁﬂau§3% pRAdAC R toresist coated onto an
carbox i.c.acid salt dodecylbenzenesulfonlc acid

s QIEFIOSPHY dislectni Gpafediiinon metsso geipnally, tae phogspist gies exposed 1o

npatictried thdfatibi HATRvEE)CH TER She (ARG Wab bk riHsRired B the dielectric by a

_nnglflﬁﬂbacetylenlc di ol s, al kyl ammoni um or nodifi ed
niumsalts, as well as conbinations

conpri sing at Ieast one of the foregoing surfactants.
1 Q§4% n an exenpl ary enbodi nent, the conposition of
tﬂ%iﬁggient i nvention conprises |ess than or equal to
al9o2e] Chnpositighi vae pepabd sifllewst ant, with less than or
equal to about 15 weight percent surfactant preferred
and | ess than or equal to about ten weight percent

Composition A

Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5

percent solution)

TMAH (25 weight percent solution) 7.3
Water 79.2

The N-methylmorpholine-N-oxide was supplied and used as a 50 weight percent solution,
and tetramethylsmmonium hydroxide (TMAHM) was supplied and used as a 25 weight



surfactant nore preferred. 100251 Anot her aspect of

the invention provides a nethod for renoving

photoresi st. The nethod conprises the steps of

PIYHG708 wet - cl eani ng conposi tion conpri si NGCEBSLA3/040439
0.1 to about 30 weight percent strong base; about one

t OpedaA§ohdon VIR | B breBédi @RAMpIQ 0k AR as ANFhrth@OQMIpRY ehBloying N-
abo 95 L B% per cent pola# sol vent ;. and renbvi ng

© EEpmhaR bl e FermBRdb e e AR us ad
hejoesop A sh@eesi 3hbsitatd PRk b16aBd By infndéidn InAWRHoGRIIRA kst 20 Shinutes
p&gtﬁ&ﬁsgitf Thui, for exanple, in accordance with the

t 4RihgSllott the ghotpressd fnd; sihpsifusp were Frmopeshfom; the gbstrates as
argbsdraidybphies ehdelBdidn AR 8sY. {Ne SR ibfeLtri i
wel | as hgepﬁot oresi st resi duel.gy Ad%lli{t [ oﬁgflﬁ%&%g&bﬁém@&mnﬂ
t SSEPHAYETEY t he present invention apply to the 6 WD
2004/ 059700 PCTI US2003/ 040439 renoval of any

photoresi st residue, i.e., resulting froman etching
process including, but not |imted to, fluorine-based
plmampleet ching. [0027] Although illustrative

e | nents ,of the present invention have been
aduB] BEeroriSine C 40 b weregraparedrraeh sontrning had weight percont N-

| M@l 6rPhdline MNbxidld, Mi3tvRsigHt Berb &1 TRIAN, ©R195Fei QY PORLATERLS and 0.3
%ther changes .and nodi fi cations

and. t hat varj ous. | may

b & It BB O P P On P e Szl (2-MIRD 28 Shovy ok (2- MBI
depa iiciud@! i TokheafmaR Srdef toSBifd dichity th&_@ﬁ:ﬂef‘ iE&thdrWktals by the
Th@ tollomnggﬁ;§%6 les_ are providedto ilTlustrate the

SRR IRFF A, xyppe Hresent i nvention. Because

these exanples are given for illustrative purposes
only, the—invention enbodied therein should not be

i mi t €emppsiiono.  EXAVPLESAEiIBPO8] The fol | owi ng

for nUTRT T ONS ™ pr oduCed SUPSE D Hhia-6 Sheeali 1Y s%Wiazine
phot 0 ist froma senitconductor substirate.

Substidntial cl eani ng, acpdAsiinngl.3.4-thirdazoleederiohgs of

the prgsent 1 nventiom, S vAEL] ] el nggreate

t han 2 percent renopval &? %ﬁgﬁbﬁotorggﬁgt fromthe
sem conduct or device, and may be determ ned by optica
and el ectron m croscopy. The substrate enpl oyed

herein consisted of chemcally anplified photoresist
cBipiasepishsbeiraigs were gJeanod by inversiordi éHesttpperdiofatiadtes at 70°C.
silicon wafer. Additionally, the photoresist was
exposed to

Example 3

[0032] Etch rates of a blanket coating of copper (Cu) on a silicon wafer were measured
using compositions A through D, as prepared above. The copper layer was deposited by
physical vapor deposition and was about 1000 angstroms (&) in thickness. Samples were
immersed in the composition for a fixed time, and the thickness was measured both before
and after using four-point probe electrical measurements. Etch rates were calculated by

' dividing the difference in thickness, i.e., the thickness before etching, less the thickness




patterned radiati on and devel oped, and the pattern was
then transferred to the dielectric by a plasm etch.
Exanpl e 1 [0029] Conposition A was prepared as

M) 208659700 Conposi ti on A Conponent Wei ght Per c @6T/US2003/040439
N- Met hyl nor phol i ne- N-oxi de (50 wei ght 13.5 percent

SOdfidt ki@hihg, HYARL I

79.2 The N et ﬁ;g}%r%?%%ﬁ Rl i 1ake f%éso%pp?lﬁ A% h D aro
usEErrdelow- 50 wei ght percent solution, and

t et ramet hyl ammoni um hydr oxi de (TMAH) was supplied and

used as a 25 weight 7 WD 2004/ 059700 PCT/ US2003/ 040439
percent solution in the present exanple, as well as in

furt h¢ CoigpadiRb£S €NPI OyTi Ng \F *bﬂ 'gwgggggﬁagﬁdE‘——
and t et ranet hyl anmmoni um hydr oxj

phot0|é5|st substrate was clean=ﬂﬁ&y i mrersion in
conposgtiom A for 20 mnutes—al; z6€—AH—ef—the

phot oresji st _and_etch resi dues were renoved fromthe
substr&tes as observed by optlcaR and el ectron

m Cr Oy ROPY- Srgnt-fHcant—etchingpf—the—di-eleet+¢
material _was not observed. Exah }e 2 [0031]
Conpositions B, C and D were prepared, each contai ning
13.5 wei ght percent N Methyl nor phol i ne- N-oxi de, 7.3
wei ght percent TMAH, 78.9 wei ght percent water and 0.3

wdixgipleder cent of the inhibitor
2 6@5&@% &g{%lﬂ%%%%olar%d fgiYB%% as shown bel ow. 2- MBI

u o il in order to retard
et chi ng of copper or ot her netals by the solution, as

My be—seen—n—bxanplte—3: CNmﬁésiﬁonEu" Adet-ti-ve
Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5
percent solution)

TMAH (25 weight percent solution) 7.5

2-Mercaptobenzimidizole 0.08
Water 64.1
N,N-Dimethyldiglycolamine 15.0

polyethyleneglycol 4-nonylphenyl ether | 0.05

Polyethyleneglycol 4-nonylphenyl ether is a surfactant containing about 5 ethyleneglycol
repeat units. After immersion in Composition E for 15 minutes at 70°C, there was 100

percent photoresist residue removal from all areas of the semiconducior.

Example 3
{0034] Composition F was prepared as follows:
Composition F
Component Weight Percent

N-Methylmorpholine-N-oxide (50 weight | 13.5




B 2,4-Diam no-6-nethyl-1, 3, 5-triazine C

5- Ami no-1, 3, 4-thi adi azol e-2-thiol D

2- Mer capt obenzi mi di zol e Photoresist substrates were
WQRANELOHY i mersion in the stripper for 20 mPEE{US00a040439
70C.  Exanple 3 [0032] Etch rates of a blanket coating
of CONRPElhedt Sy @ SI 11 CON Wafl e Were measured —using
conpogitions A through D _.as_prepared above. The

copper Tlh%lé(zﬁmﬁ@gld@%@ﬂﬁ@dmﬁy physi cal vapor

deposi tszg}c%;g&e]%lﬂagm 1000 anygigioms (A —t+n

t hi ckness. Sanp sed 1 n the conposition
for a|fWatdd tine, and the thickne@60%vas neasured both

bef or ¢ Ll bt . JI:UU'I'pUT"I plubc et-ectread
measuf gﬁggébéeﬂ‘g?%sﬁﬁ?dgtﬂgs wer e cal gl}| ated by dividing

the difference in thickness, i.e., the thickness

before etching, |less the thickness 8 WD 2004/059700

PCT/ US2003/ 040439 after etching, by the tine in

m Thetretentiaf sshimg cffestavenfposities Hpasi F oo mslyﬁhtdi\rwg Betémined by

ﬁ:fu&f‘sH% b\‘/&:@i%§ &W&us&&?&%@h&é&om gﬁch %Etc%s%ﬂt&m, for 15

[ 0EiBBds &Io?ﬂﬁ’ﬁsn Coposiionwds shaved ametdasaSaHl@ kefching or roughening of the

O%%’?ﬁl i Irmr PROl Fﬁg{% gyfld‘g\e%'gos Per C t féseﬁablgr@gﬂ}eﬂmg of the

scpblymhmm)suft‘MQH (25 wei ght percent soI ution) 7.5

Example 6
[0035] Composition G was prepared as follows:

Composition G

Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5

percent solution)

TMAH (25 weight percent solution) 6.5
2-Mercaptobenzimidizole 0.01
Water 79.9
modified acetylenic diol surfactant 0.1

A photoresist substrate was cleaned by immersion in composition G for 20 minutes at 70°C.
All of the photoresist and etch residues were removed from the substrates, as observed by
optical and electron microscopy. However, etching or roughening of polysilicon was

observed under the same conditions.

Example 7
[0036] Composition H was prepared as follows:

10




2- Mer capt obenzi m di zol e 0.08 Water 64.1

N, N- Di net hyl di gl ycol ami ne 15.0 pol yet hyl enegl ycol
4- nonyl phenyl ether 0.05 Pol yet hyl enegl ycol
WHURYIPMENyYl ether is a surfactant contai ni nFCAMSZA3/840439
et hyl enegl ycol repeat units. After imersion in
Compoprtion E for 15 m nutéénl%'siﬁéi{?{, rhere was 100
percept _phatoresist residue rennval fromall areas of
t he sErfERMERIct or. Exanpl e 5| rEMPergmtposi ti on F was
prepalga{s NG TG m—F —Conponent—Vérght
Percenlte_ é?\l-%l\l/lrgt 5‘?% -%ol [ ne§ \E%)S()i de (50 weight 13.5 9
WO 20049igsgvment pedfiags2003/ 040439 percent sol uti on)

TVAH (mﬂﬁi ' Tt ' m)—6-5

2- l\/brcaﬁliio eﬁg? m'pﬁ?lgol ep%f?%lx B\?\at er 76.09 Non-ionic

f | uorjoeliprict ant 0.1 The potential etching effects of
conpositions A and—Fonmpotysiticon—were—determi-red—by
i mrer sing 1000 A wafer sections of polysilicon on

si | i dd¥pmponedach conposition, f pWeight Partentit es at 70C.

1 o

CompqgsiHi Bt [-no—observa etchtng—or
roughznkldlﬁlgh% beﬁﬁ%\ﬂﬁ%clﬁ ysilicon s%g ace. Conposition A
di d ghsters| i ght observabl e rough&soing of the

p0| y nn3|:1 Conmposi t i

5k fn_sSurface Exappte—6 S5t—cerpoesttior—G
was [re 7&?"@6&: aglgthﬁf 6??383%3:' 4’71'88}rpos fion G

A polysilicon coated wafer, as described in Example 5, did not show observable etching or
roughening when immersed in composition M for 15 minutes at 70°C. However,

Composition H failed to remove the bulk of the photoresist crust from the substrate.

Example 8
[0037] Composition I was prepared as follows:

Composition I
Component ' Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5
percent solution)
TMAH (25 weight percent solution) 7.3
2-Mercaptobenzimidizole 0.2
Water 439
Non-ionic flnorosurfactant 0.1
Butyl carbitol 5
N,N-Dimethyldiglycolamine amine 15
1,8-diazabicyclo [5.4.0] undecene 15

11



Component Wei ght Percent N-Met hyl nor phol i ne- N- oxi de
(50 weight 13.5 percent solution) TMAH (25 wei ght
ercent solution) 6.5 2-Mercaptobenzimdizole 0.01
gﬁ? Y7  npdi fi ed acetyl enic di ol surfact aRCTHISF004/040439
phot oresi st substrate was cl eaned by inmersion in
C OURR0SH doin@Bsifion Oshowbl FdVAIT thed phbffresist Alith r¥defaltSprotection of the
p5%§%r33|s and_etch resi dues were renoved fromthe
s

PSPy SomeelhBgoF (Pughenipe W exititied ahen G pelysikigen was immersed

M i6 HRSEAPY forHEWRMEAES at $0CN 118 cQpef &Hgﬁ%%lﬁgnéﬂgow at 0,15 A /minute
pol ysjlicon was observed under the sanme conditions.

o unesteeie) Tatowifodf 1 Aomintten The cenpar e tangsten samples were
f aldnRW8d for 40 iR APAE59700 PCT/ US2003/ 040439
Composition H Conponent Wi ght Percent
N- Met hyl nor phol i ne- N-oxi de (50 13.5 wei ght percent
solution) TMAH (25 wei ght percent 3.5 solution)
Conmponent Wei ght Percent 2-Mercapt obenzi m di zol e 0. 01
Water 82.89 2,4,7,9-tetranethyl-5-decyne-4,7-diol 0.1

Amainpiid i con coated wafer, as described in Exanple 5,
di d not “Show observabl e etching or roughening when

i HOA5RE Eqmppsitioniyrsiprepnd 34 Hlews15 ni nutes at 70C.
However ,

Composttion J
Component Weight Percent
N-Methylmorpholine-N-oxide - (50 weight | 13.5
percent solution)
TMAH (25 weight percent solution) 73
2-Mercaptobenzimidizole 02
Water 49
Pentamethyldiethylenetriamine 30

Composition J resulted in complete removal of photoresist and residues from the trench
features and about 40 percent photoresist residue removal from the bond pad area. The
trench features consisted of 1:1 line/space pairs of about 0.2 micron dimension, and the
bond pad areas consisted of a square array of square dummy features of about 2 microns

dimension.

JTxample 10
[0039] Composition K was prepared as follows:

Composition K
Component . Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5
percent solution)

12



Conposition Hfailed to renove the bul k of the

phot oresi st crust fromthe substrate. Exanple 8

[ 0037] Conposition | was prepared as foll ows:

MIMPEEIPT®N | Conponent Wi ght Per cent PCT/US2003/040439
N- Met hyl nor phol i ne- N-oxi de (50 wei ght 13.5 percent

sol uti me&ﬁpmngmumﬁy centJsaiution) 7.3

2- Mer captobenzim dizole VWAt el 43 9 Non-ionic

fl uorcgﬁ\@rﬁ@@ﬁﬁm@d@hButyl carbi {82 5
N, N- Dif meffgyT di gl 'ycolam ne am ne 1bsg g, 8- di azabi Cyci o
[5.4. 0} undecene 15 11 WD 2004/ 0_9700
PCT/ UsSerianssianidighylenggismite conposi { 26h | showed renoval
of th¢pBRORAREST ST W U moderate py gtecttonmof —tte
pol ysillicon Some etching or rougheni ng was exhi bited
when the polysilicon was immersed in the sanple for
1

PG MoulCd i ol o RRPROEL Lol B BploR TRRG Sl porcon
A of e homdenad Frve cloasysg evith dmuhersion rs¢ogpositionk. ﬁs ZWmmutes at 70°C.
imersed for 40 mnutes at 70C. Exanple 9 [0038]
Conposition J was prepared as foll ows: Conposition J

Wei ght Percent N Met hyl nor phol i ne- N- oxi de

Cdizpmpledit _
( %4“? bgﬁbosit?bni WA ?e%glted 3§ %OHEWIVS(? n)

Composition L

Component | Weight Percent
N-Methyhnorpholine-N-oxide (50 weight | 13.5

percent solution)

TMAH (25 weight percent solution) 7.3
2-Mercaptobenzimidizole 0.2
Water 49.0
N-(3-Aminopropyl)-morpholine 30.0

Composition L resulted in complete photoresist removal from the trench features and
greater than 99.9 percent removal from the bond pad area when immersed for 16 minutes at
70°C.

Example 12
[0041]) Composition M was prepared as follows:

Composition M

Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight { 13.5
percent solution)

TMAH (25 weight percent solution) 7.3

13




TMAH (25 wei ght percent solution) 7.3

2- Mer capt obenzim di zole 0.2 Water 49

Pent armet hyl di et hyl enetri am ne 30 Conposition J
MEY/EE7U0n conpl et e renpval of photoresi st aR§T/US2003/040439
residues fromthe trench features and about. 40

per cent MRIpRibeRimidizoRs! dUe reanQ| from the bond pad
area. |\ The _french features consi <ted of 1:1 |jinel/space

pai rs | fat¥bout 0.2 micron di mensi|éA0 and the bond pad
ar eas [¢0f8 w&l‘y@ﬁiyﬁ{o ofRare array sgh square durmmy

f eat utes _of _Abolt mcrons dinension. Exanple 10

[ 0039] Cbnp03|t|on K was prepared as foll ows:

N- Vet hyflm)r pﬁs ne- %ﬁgéméiﬁ b%i} ef §h &ﬁcwalllg tge trench fea{ures and zero

s glergentamibe bondjyad mwmsﬁme@@m SJSﬁﬁJﬂﬁ/at)w&B 9 TVAH
(25 wei ght percent solution) 7.3

2- Mer capt obenzi m di zole 0.2 Water 58.0

Pent anet hyl di et hyl enetriamne 20.0 Boric Acid 1.0
Conposition K resulted in sone residual photoresist on
the trench features with five percent of the bond pad
adﬁamu&déned with i mersion in conposition K for 20

epaf%aglg SZ‘?%NW Eﬂi&ﬁa%}ouk%?%] Conposition L was

nposition L
Composition N

Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 13.5
percent solution)
TMAH (25 weight percent solution) 7.3
2-Mercaptobenzimidizole 0.08
Water 64.1
N,N-Dimethyldiglycolamine amine 15.0

Composition N resulted in complete photoresist crust removal from the trench features and
95 percent photoresist removal from the bond pad areas when immersed for 20 minutes at
70°C.

Example 13
[0043] Composition O was prepared as follows:

Composition O

Component Weight Percent
N-Methylmorpholine-N-oxide (50 weight | 12.6

percent solution)

14




Component Wei ght Percent N-Met hyl nor phol i ne- N- oxi de
(50 weight 13.5 percent solution) TMAH (25 wei ght
percent solution) 7.3 2-Mercaptobenzimdizole 0.2
WA ¥P4/0F97%  N- (13- Ami nopr opyl ) - mor phol i ne 30. 0 PCT/US2003/040439
Conposition L resulted in con‘pl ete photore3| st renoval
from tmwim&wn Slghed) OT epf gy tham 9979
percent_remval fraoamthe bond padl area when_i mrersed
for 162riviercandabengimidpgle, Exanpl e 1090041] Conposi ti on
M was [RFgfar ed as fof rows: Conposjsty o M—Conpoment
Wei ghtt_Percent N Met hyl nor phol i nle- N- oxi de (50 wei ght
13.5 F)@Pb’@hrle@glymlldmyylﬁhmms V\{eﬂfght per cent

LICONNQDL NANADAN

sol ut ironm) 73— 13 W5 2604/ 059700 PCTUS2003+640439
2- Mer capt obenzi mi di zol e 0.2 VWater 49.0

N-Bajsetholepesiyephdivemylpbbiyheth@ls 9 siEhnpusionthiningebow 360 ¢tbyleneglycol
:c Nepeal udits sﬂ&?b%sﬁﬁé nl%l cf)rﬁf;rl?t% @h%tbféggtr};?ug{ fe%%ﬁ \H?m the trench

ures anda zero perce area
i rfﬁeémgse@dfcgmplw mcmumb@masxst?@@vamm@onds p4d0@et? vhen immersed

Q%mﬁﬁugpat%y@s prepared as follows: Conposition N

Comparative Example 1
[0044] Comparative composition I consisted of ten weight percent hydroxylamine, ten

weight percent water and 80 weight percent diglycolamine. Etched photoresist substrates
were immersed in the composition for 30, 50 and 60 minutes at 70°C, followed by a rinsing
* with water. Inspection by optical and electron microscopy revealed that comparative
composition I dissolved photoresist from under the top layer of photoresist residue, but left

the layer of residue collapsed and attached to the samples in all regions.

15




Component Wei ght Percent N-Met hyl nor phol i ne- N- oxi de

(50 weight 13.5 percent solution) TMAH (25 wei ght

ercent solution) 7.3 2-Mercaptobenzimdizole 0.08
@m&”“"%@?“ﬂ N, N- Di et hyl di gl ycol ami ne ami ne 1BCE/US2003/040439
Conposition N resulted in conplete photoresist crust
remgyadmig omthe trench features and 95 percent
photoresi st renoval fromthe bond pad areas when

I meysedifhor 20 mnutes at 70C. Exanple 13 [0043]
Conposition 0 was prepared as follows: Conposition O

Conponent, %ﬁggmﬁg@ﬁmﬁﬁQ%m_g§&$thylnnrpholine-N—oxide
(50 weight 12.6 percent sglut on) 14 WD 2004/ 059700

PCT/ US2003/,Q4R¢3%end MaH (25 wei ght percent sol uti on)
11.7 2- Mercapt obenzi m dizole 0.08 Water 75.3

Pol yet hyl eqegle/fQferll RO5Y loP Iﬁ‘?éﬂ%é}' 185 BbutOr 13 1o saic% solytion when

Pol yet hyl enegl ycol di nonyl phenyl ether is a surfactant

CONtoahpisiy nd RV tharRoflizNish REH ¥Rfbn by OGAL uni ts.

Conposition O resulted in conpl ete phHotoresi st crust
renmoval fromthe trench features and conplete percent
phot oresi st renoval fromthe bond pad areas when

i mersedy, f orrpg QleRling §dttiod lof €fm 1CRRRAE 3Ll \LE1.FXAMRE & che of

water, an alcohol, ethylene, an amide, propylene, a carbonate, and a glycol.
3. The cleaning solution of claim 1 wherein said base is a nitrogen
containing compound with one of hydrogen, an alkyl, and a substituted alkyl as a side

chain.

4. The cleaning solution of claim 1 wherein said polar solvent composes

between about 20% and about 95% of said sohition by weight. ‘

5. The cleaning solution of claim 1 wherein said base is one of ammonium

hydroxide and tetramethyl ammonium hydroxide.

6. The cleaning solution of claim 1 wherein said base composes between

about 0.1% and about 30% of said solution by weight.

7. The cleaning solution of claim 1 further comprising one of an oxidant, a

co-solvent, and a chelator.

16




[ 0044] Conparative conposition | consisted of ten

wei ght percent hydroxylam ne, ten weight percent

wat er and 80 wei ght percent diglycolam ne. Etched
Wit08He87Wt substrates were imersed in the PCT/US2003/040439
conposition for 30, 50 and 60 m nutes at 70C, foll owed

by a rinsi ngcleantriglRoadittavink B pHRE Licaier B¥h Aokt 19 3 and BSnprising;
el ectron m croscopy reveal ed that conparative
conposi ti om pblagobwal, ved phot oresi st from under the top

| ayer of photoresist residue, but left the |ayer of

resi due colalbajeséed and attached to the sanples in al

regi ons. 15 WO 2004/ 059700 PCTI US2003/ 040439 CLAI M5

We Cl ai m bne Jf 2 ogidnitNigossolvit] DfurHaRbh®A Elatora pol ar
solvent, and a base rendering a pH of greater than

about 11.5 to said solution when conposing no nore

t han about 3.5% of said solution by weight. 2. The

cl eani ng9.sol Uithi Odleatifng Cotikti®h lofWbIBIE i8N whéehl R kidant composes
solvent is one of water, an al cohol, ethylene, an

am detweqr dbpytl 16hend abork 0@ adi®sohaied. a gl ycol . 3. The

cl eaning solution of claim1l wherein said base is a
nitrogen containing conpound with one of hydrogen, an

al kyl, and a substituted alkyl as a side chain. 4.

The cl earl. ng Thelcletning seliitic &f fhim Bh@HeRiN sGdiodidR@! 8fone of an
sol vent conposes between about 20% and about 95% of

sai emBeiNbidd)a psrbotete §dli, a plrearBiiRteGhigand Agersalidit i on of
claim| wherein said base is one of ammoni um

hydr oxi de and tetranethyl ammoni um hydroxi de. 6. The

cl eaning solution of claim1l wherein said base
conposeslibet Gae bleartifo sdluibnldh cldith 8RMetein3Oa okidmiifl a nitrogen
solution by weight. 7. The cl eaning solution of claim

1 f eomtdivéitip @mippiindshdhgling ehe Of 2 BRIrepeh, ARyl and & ARG DidkERbup.

and a chel at or.

12. The cleaning solution of claim 8 wherein said co-solvent composes up to

about 50% of said solution by weight,

13.  The cleaning solution of claim 8 wherein said co-solvent is one of an

alkylamine, and aldanolamine, and a glycol.

14, The cleaning solution of claim 8 wherein said surfactant composes up to

about 20% of said solution by weight.

15.  The cleaning solution of claim 8 wherein said surfactant is one of a

ﬂurorpalkyl, a glycol, a carboxylic acid sali, dodecylbenzene sulfonic acid, a

17



16 WD 2004/ 059700 PCT/ US2003/ 040439 8. A cleaning

sol ution having a pH of greater than about 11.5 and
conprising: a polar solvent; a base; and one of an

B WAHETH co-sol vent, a surfactant and a cheP&EEH2008/040439
The cl eaning solution of claim8 wherein said oxidant
CONTRFRFIbedShe\eiRfIdniB Rl saki¥a 3NRoRPIHMA0YorRfyai@lafd polymer, and

solution. 10. The cleaning solution of claim®8 wherein

sai Acayesladil, iikylenfofibmand adfkifoiu@xhge, a perborate
salt, a percarbonate salt, and a peroxide. 11. The

cl eaning solution of claim8 wherein said oxidant is a
ni trogen containing conpound including one of a

hydr ogenig.a neiRkhaingBshutnalfklim SiviRreH QPehelhior cdfifoses up to
cl eaning solution of claim8 wherein said co-sol vent

CONRB&E $0% RS a6 sohfiehlby woi¥htof said sol uti on by wei ght.
13. The cl eaning solution of claim38 wherein said

co-solvent is one of an al kylam ne, and al danol am ne,
and a glycol. 14. The cleaning solution of claim8

wher ei n BRI d Therdcagihg RbluteTBO $Rfin WPwhéein 3RRAUSheBRY0iOlne of a
said solution by weight. 15. The cl eani ng sol uti on of

cl aiiazBleWhidlagole] aSfraFole il iafidigdM, alphosphfe,Qf thid], an azine, a glycerol,
fluroroal kyl, a glycol, a carboxylic acid salt,

dodes yhiae aze e ambokfiRatid, MGicdholfan alniddNRAZORMHARS 700
PCTI US2003/ 040439 dodecyl benzene sul fonic acid salt,

a silicone polyner, a polyacrylate polyner, and
acetylenic diol, alkylamonium and al kyl ammoni um sal t.

16. The wl eanippgatiododipriciig:0f cl ai m 8 wherein said
chel at or conposes up to about 10% of said solution by

wei ght . 17 a sdhiRordueafubgrattatihl @ feith pekediodieretiey M N
said chelator is one of a
a metal line accommodated by the trench, the trench cleaned with a solution

to accommodate the metal line, the solution having a pH of greater than about 11.5

18.  The apparatus of claim 18 wherein the solution includes one of a polar

solvent, and oxidant, a co-solvent, a surfactant, and a chelator.

21. A method comprising:
patterning a photoresist on a semiconductor substrate; and
cleaning the semiconductor substrate with a cleaning solution having a pH of greater

than about 11.5

22.  The method of claim 20 wherein the cleaning solution includes one of a

polar solvent, an oxidant, a co-solvent, a surfactant, and a chelator.

18



triazole, a thiazole, a tetrazole, an imdizole, a
phosphate, a thiol, an azine, a glycerol, an amno

acid, a carboxylic acid, an alcohol, an am de, and a

N HE#PF9E0 18. An apparatus conprising: a PCT/US2003/040439
sem conduct or substrate having a trench patterned

therei nt 3. armhe dnaMRIdAf didin @0ALKATBAR CRENIRY inbh@es removing the
trench, the trench cleaned with a solution to

ac C phvodsittdrol e fati@ndldidrSubstrie, sol ution having a pH

of greater than about 11.5 19. The apparatus of claim

18 wherein the solution includes one of a polar

sol vent, and oxidant, a co-solvent, a surfactant, and

a chel at . TheXthethdd ¢¥elan 0 GAMBYF dosiptigihg:patterning a

phot oresi st on a sem conductor substrate; and cl eaning

t he sem cofwhiib@ntrefdhin tHeabmicvhduboPsubitRR BRI atitchiap,
having a pH of greater than about 11.5 22. The net hod

of cl ai m 28epokigiigd Methifhe ¢ 3 REMY afeskillcREnihgiahdides one

of a polar solvent, an oxidant, a co-solvent, a

sur f act ant subjothea HbelsahEondddoMQuBARA 009 7dMemical mechanical
PCT/ US2003/ 040439 23. The method of claim 20 wherein

sai glaadrizaifunng i ncl udes renoving the photoresist from

t he sem conductor substrate. 24. The nethod of claim

20 further conprising: formng a trench in the

sem conduct or substrate after said patterning;

depositing a netal line in the trench after said

cl eani ng; and subjecting the sem nconductor substrate

to chem cal nechanical planarization. 19
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