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RELATED APPLI CATI ON [ 0001] This Application clains
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patterned C|rCU|try For the photoresist renpval
oD Of BHEFANS PN s commonly used since etched
photoreS|st resi dues may be difficult or inpossible
{0902 ]e bes presemi imgerminh yelates to bremondugtor pepessing hhds nwird pestidularly, to
gﬁﬂq?&§ ORP materials that are present. [0004]
hGtoresist is soluble in alkaline aqueous
solutions as well as in conpositions consisting of
%ﬁé@%&é@ﬁ@%&m posed 1o a gas. pha
xposed to a gas-phase
uch hase plasma etch used for
Bl el ot PRGOS, 1 o Ay pre e yerdo gy ahercin
prgtstesiads coated ofb ar RBEALS ,thd)ghdtdi@slst Saylet acpattedtde by exposure and
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hermativrRys Eatears to Drgrstrairoindthe Botapy fagRoved. This
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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 typically 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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photoresist, e.g., unexposed positive photoresist. The composition also includes an oxidant

and a polar solvent. Strong bases of the formula I, shown below, may be used in accordance

with the teachings of the present invention.
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photoresi st, e.g., unexposed positive photoresist. The
conposition al so includes an oxidant and a pol ar
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Pelghepticest $tRANE bRRSRore Prelidired! BRHE bxdAfty @mbeGiHRht, §h@ composition
about one wei ght percent strong base preferred and

gt BsthasseRtayengen derther comprigssipss fhapor egeal gm@beis 30eteight percent
Stdn@ s 3@ l%rtﬁarp&eéq%lﬁlrt%%bodt@ot th‘&glﬁgﬁfmhta&%n% base preferred and
enbodi ment, the conposition of the esent vent
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not limited to, inorganic ox1dlzers organic ox1dlzers, e.g., am1ne-N-ox1des perborate salts,

persulfate salts, percarbonate salts, as well as combinations comprising at least one of the
foregoing oxidants. In an exemplary embodiment, the oxidant comprises organic oxidizers.
Organic oxidizers of the general formula II, shown below, may be used in accordance with

the teachings of the present invention.
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| ess than or equal to about ten weight percent strong
base nore preferred. [0012] The conposition further
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the E;eseﬂt [ nvent| on, a nagn-peroxi de oxidant is
pe
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water due to its low cost and non-toxicity.

[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 not limited to, unsubstituted triazoles, substituted triazoles, thiazoles, tetrazoles, ‘

imidazoles, phosphates, thiols and azines, glycerols, amino acids, carboxylic acids, alcohols,
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§ tra oles, |m dazol es, (Ehos phates, thiols and
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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.

[0021] The composition may further comprise a co-solvent. The co-solvent may be added
to improve compositional properties, namely the ability of the composition to swell,
dissolve, and lift off photoresist residues. Suitable co-solvents include, but are not limited

to, substituted alkylamines or alkanolamines such as N,N-dimethyldiglycolamine, 1,8-



triazoles include, but are not limted to

benzotri azole, polyltriazole, 5-phenyl-benzotriazole,
weoe-2mi4tosgrobenzot ri azol e, 1 -am no- 1, 2, 3-tri azoPeT/u$2003/040439

-amno- 1,2,4-triazole, 1-am no-5-nethyl-

R RLBLRE Bt o o (5. antHBBRIGPPIHS, ot 11 Hsemlamine,
%diﬂaﬂmndlaﬁmé gltycolazbb:% Suchaw ptiglyé glycdl, dicthyledZ glyeol, propylene

2R RPRd Sty BhRFO e, suchars etiwlons iemsDmencetiyl cther
digpbopyléie gizail)propyhétBapbi@iglend Bl EAPRESS eth'efnd‘i’@%%lyﬁﬁe glycol) butyl
ha es,. thi azi nes include, but are
E{ﬁ gia C(‘agj ltoi, Qp&fgi)gﬁ?gggﬁzaélwﬁlloqs Zce}n@matgons comprlsmg at least one of
mRIfeRpdinbeNZNdaisazol e, 5-am notetrazole, 5 -am no-
3.4-th] adi azol e-2-thiol, thiazole, triazine,
#E’@W Fugthera thg|ca-solyent_shpd e yolap. Anpelaromipgimdbwel remain miscible

ith 1RSSR B EN RO GAIEkEDIM € spedies such as tetra eth?rlammomum hydroxide

phenyl - 5- mer capt ot etrazol e, ‘di am nonet hyltrfazine

Aissal¥edt o rafio eXAmpkasy esmbodingans othe neompokitiomenf the present invention
I

i ———

tor dbou Welﬁhtd@mﬁat eo-salvedt prefeimed amd lepethhn asequal to about 20 weight

%?&Qh&?%h@ﬂ@nﬁ gp&$§é g at Ieast.one pf t he foregoing.

ycerols, am no aci carboxylic acids, alcohols,
H923le the epmipositibmmgy ﬁmﬁlbudmmbm suafaetatOThe kurcta@timbyobe added in

gﬂglp{onfs lrs'tl glgbg)lttllp gtealgt%g-gg aqf 11(1%97I ;%g@é)?oreqlsﬁqrﬁé%egeléq Feéluce silicon

etchidg, Wischzogiuencaninier exposasiostrong bals@& YSuifablle isGrfa®dnts include, but
ni. | line, 5- carboxyllc

hyd
St BB o Rlole Coigmihe SN BB RS s3ohgr EoREI sgctants
pcrlymdm@ﬁdoﬁs thﬁopil&m@}coﬂw 901%51%1@15@& PEprOR 1A B8R0l ethers,

03|t|on tO prevent the etch I Nng Or corrosion

%ﬁf"o ¢ A7 SalPy dedeeylbenzgnesulfogissid or %H@g{eeqqf relvaery tenpolymers,
fnebna! droMsditiiekfiedne FotPR&EST dcltylchfe d16f§n&0§1'0311f19@ acéiflenic diols,

s ch, the chel ator nay be used'to increase
PR Qrymeskfiqdrdkylpempeamiselin anivel as nemhmtmns cemnplising at

Q@@bﬁ&&ﬁh&mﬁ%hﬁg%@ﬁ%wM%ed in the sem conduct or devi ce.
bOOZO} I n an "exenpl ary enbodi nent, the conposition of

f24] p e g prempiane embertimers e icompositicasef thipresant iryeutiin dooprises
ﬁgbodﬁn $reeﬂueW% HYut BE %&H{ ﬁ)e(fc%g Qltrﬁétant% e{s? '?1§1n %p equaloto about 15

equal to ‘about seven it "¢
welehteparesnit ayréictant prefemed azmrl 1es§utahn bo eqmbd e aboutrtensieight percent

Qﬁ@&gﬂ%ungﬁgh%%gr nore preferred. [0021] The
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about 20 to about 95 weight percent polar solvent; and removing the photoresist.

[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



to, substituted al kyl am nes or al kanol am nes such as
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{09038] | Thei f@ﬂewfng fofmulatiomk lphidﬁchhsmbﬁﬁlﬁﬁi SIea1ﬁﬁ§ lofl pRSto@Eict from a

unde
EEFAGRp b1 58 n 5T Bl et At e dickings of th presen
invehtiodeis deﬂtu%d arlmrrgogredtermﬁire&b b&cendt E’dnlﬁl{(iflafof %8 ph&BieSist from the
noni oni ¢ surfactants, .such as uor gal Kyl surfactants,
E)edlfuy HV? eéflc& 91?5{; bB ‘L;]FS?B?]BB{/L% ﬁgtu‘@i 9% p]gctron microscopy. The
Pty RinlpRiyed (héreﬁp&dhﬁl’@@@)df%&nﬁﬁl]/}ﬁ Shpleddefidioresist coated onto an
carbo ¥I|%g%$HI sal ts,. dodecyl benzenesul fonic acid

SRRt cwwééﬂl(j%%f% of\dteonglly, the photeragstaras exposed 1o
pReidel @listioh bePB& RBLY AR fhe pA&Rh WhERES rils®rd 85 t(lj‘l fdlele tric by a
nodi fi ed acetylenic diols, alkylamonium or | |e§
BlR{Y gifoni um sal ts, as wel | as combi nations

conpri sing at Ieast one of the foregoing surfactants.

0024] In an exenplary enbodi nent, the conposition of
ent invention conprises |ess than or equal to

g6t 4l tant, with less than or
fe{iguéail topez{:lggdoQIJAE Yggﬁr\%ﬂé%%%ﬁeo%%ent surf actant preferred
and | ess than or equal to about ten wei ght 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 tetramethylammonium hydroxide (TMAH) was supplied and used as a 25 weight



surfactant nore preferred. [0025] Anot her aspect of
the invention provides a nethod for renoving
wohoimsemist. The nethod conprises the steps BET/US2003/040439
appl yi ng a wet-cl eani ng conposition conprising about
rc t.raon se' about one.

Patabo B b s nfShY bR el b B yRS o cpglevine -
atedwﬂm@ﬁhwlme%bmpe amietaﬂranmﬁmmmmhm lhydroﬂﬂel (TMAENI N g
ﬁ] fl}pt}%rtoers 3 t The hot or esi st .as ui

eref n° P& GeN F'él?s ?e Flogugs g “f“ CLIRP 1P SYBPOsiR A o2 gninutes
|ah o0°qr. eAIIISdf thd pHStorebior arRiX&eiD keRiduédIwaRCemd A Bomi thé sitdBates as

ﬁachl n%s of the present inventjon t he cor1p05| tion
QRRFTYRE OH SBtitA PRd Fﬂem TRiSToseoRy. SnHisAR L dhedielsetrig gaterial
wRk hot@dbseritfaot or esi st resi due. Addi ti onal I y, the
teachings of the present invention apply to the 6 WO
2004/ 059700 PCT/ US2003/ 040439 renoval of any

photoresi st residue, i.e., resulting froman etching

rocess including, but not limted to, fluorine-based
%&Eﬂﬂk&et ching. [00271 Although illustrati ve

g(fﬁ?tc . IC&E@B&H&{S I§ I'@ aﬁ’c{ 55\7%1]% Bfegé@&]t é&ncol'ﬁ% dn% E?? \x%e@t percent N-

e under st oo
Mpietmempholing Nroludb |7n3 weight merdchDEM AT, é@l%@elgln‘@edbmma and 0.3

SR BB AT S SRR R A 8% B o

dep énctuiderg inf the fortinatie ﬁpﬁdﬂl‘to sqartietchiify dfiteppen v BtherOfetals by the

(g J ovvlngﬁaexa | es 2re provided to illustrate the
g %tbél % YD Serh MAKapRle 30r esent i nvention. Because
these exanples are given for illustrative purposes

onl Y t-he—inpventi-on enmbadied therein should not he

i i t COmpeNiian o EXAVPLEAAdIBB281 The fol | owi ng
f or rruBatl ons produced subSi piuliA- 6%&;@'1“1”_ SQtEazine

photloresist froma senilconductor substr A
Subst@ntial cleaning, adcobuineg, 3,é-thlhha2to&£‘a2,=ﬂ11¢igs of

t he ESENt TTNVENntTom, ng—greater

t han 80 per cent rermval Mﬁeﬁtb‘lhe%%l rlldl%‘lﬁest fromthe
sem conduct or device, and may be determni ned by optical
and el ectron m croscopy. The substrate enpl oyed

herein consisted of chem cally anplified photoresist
Ehadredstaiiistra@f weRlcBanaityl iméRttortth @letbhgpe£fof 0RnBfites 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 (A) 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.

waxzenpserod [ 0029] Conposition A was prepared aBCT/US2003/040439
follows: Conposition A Conponent Wi ght Percent

l.i ne- N-.oxi d 1.gh 3.
g SR e R phy Bl P pRe 55 X g e

BBebeldWwe N- net hyl nor phol i ne- N- oxi de was suppl i ed and
used as a 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

per cept—soluytion-inthe presentexanple, as ywell as in
f ur t NEPBYSIHN es enpl oyi ng N néﬁlhytoﬁd%%heﬂ 106 (Av/min) de
and [grramethytammon um hydroxtag o TVMAH)— 063014

phot presi st substrate was cl eaned by i mersion in
conppBition A for 20 m nutes 4tl.%¥0C. Al of the

phot prestst—antd—etch—r+estdues—wererenoved—F+rom-the

subsirates as observed by optig%{ and el ectron

m crppcopy. Significant etchindiof the dielectric

mat eH-al—was—-not observed. Exanple 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
ercent of the inhibitor

fou3st ednbonenzt Whogeoie &dolils) as shoun befow 2 M

was 1 ncluded in the Tormulation in order to retard

etching of copper or other netals by the solution, as

may pe seemnm T Exanpte 3 C%ﬂwylﬁ&jiﬁun Addh-t-—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
4
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 semiconductor.

Example 5
[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-t hi adi azol e-2-thiol D
wa-20@rosgqb obenzi m di zol e Phot or esi st subst r at eBCTEIS2003/040439
cl eaned by innersion in the stripper for 20 m nutes at
70C. —Exanpl Eteh—+ates—of—a—blanrket—coating
of ca%%%?n%&ﬂymEn a S|I|con waf er were neasured using
CONMPPIMAID(RS whifth berdeh sdéhtidd prepased above. The
cCoppe >—de j vapor
depost MBPIREnAREZRout 1000 ands®% ons (A) in
thi ckggs. Sanples were 1 mersed;ddy the corrp05| tTon
as

for ured both
bef of Non-igmép fé‘#Otr@ﬁurf@@mﬁg f our - poi rft-1 probe eI ect ri cal
meastrenments—Etchrates were catcutated—by—dividiig
the difference in thickness, i.e., the thickness

before etching, less the thickness 8 WD 2004/ 059700

S20 404 t
T Ba0 T g o 2 bEmmegh SR Aisgit L SRRt etemined by
anﬁersglg\/l@()o bgekmaWr séfﬁidiﬁosf pd>1§m11c@d dit sihcdiairCeadh cépbsifidd, for 15

' le 4 [0033]
/é{inwﬁ%*s?ff’(oof% Cﬁ}é‘go%tﬂoé‘pgrs eiW%isn? %’Pg%vagfeagfpéagwg |[rt>1r&151ﬁmeg of the

fﬂgﬁﬁ%msurmeghto%f)m A TdVRLEY! SJEE/ADI?I B?éefﬁﬁl’el\lfo‘ﬂ?ﬁegﬁg of the

wei ght 13.5 percent sol ution) wei gh
pelyelenn syepest i on) 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
wa-20mrvgdphenyl et her 0.05 Pol yet hyl enegl ycol  PCT/US2003/040439

4- nonyl phenyl ether is a surfact ant contai ni ng about 5

et hytereghyecol—repeat—uni er—-rrersionr—+h

Com:osulgo% E for 15 ninu glpgstl 07’8% there was 100
pechmmpl@hﬁ{toreS| st reS| due ngepMaerdehom al T areas of
t he rnn'zm (‘nrmncl tion F was
pr epii E/{?ﬂ’é‘t’%‘n?%h‘l’l&ﬁé‘l"”ﬂé%n@sﬂt i%on F Con'ponent Vi ght
Perc% htEbrN?rItE‘Mh phol i ne-|N- oxi de (50 weight 13.5 9
WO 20 9700 PCT/ US2003/.040439  percent sol uti on)
TI\/AHT(I\@SHmeu(%t peigbientperentytion) 6.5
2- Mergapigoenzi m di zol e 0.03 Water 76.09 Non-ionic
fluarosurtactant 0.1 The potjential etching effects of
conmposi tions A and F on polysili con wer e determ ned by
[ mnw—&g—k@%@—ﬁ‘—wafc. Sectons pal-ysHeonr—-on
si | i|cORP " each conposition, f Vye@% Hefut es at 70C
Conpasiticaftottensitadigsle No observcka)l_(ﬁ et ching or

rouchnnl Ag of the nnl \/eu Liconlsurface (‘nranl tion A

di d |SW% sl ight observabl e roucﬁé@?ng of the

pol )Q'd?@—@éﬁaﬁi&fh&%ﬁecyﬁé@"f%& S lo_L.’lU_ébJ Conpositiom G
was lprepared as sition G

A polysilicon coated wafer, as described in Example 5, did not show observable etching or
roughening when immersed in composition H 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 43.9

Non-ionic fluorosurfactant 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
woeo@@ie7osol ution) 6.5 2-Mercaptobenzi m di zol eC0/U81003/040439
Water 79.9 nDdified acetylenic diol surfactant 0.1 A
?g%? Ec?rﬁ)oshlo t r g %rrﬁm%%lt (gstﬁ% pﬁ(garé(mt Vnﬂnl? gr%%lgrfrlltﬁ é)rotecnon of the
pbigsibeoms ISS\tne&tungto@ Pugbsiimues exkibied whBAMBSpJ1yIBoh RAs immersed

Y B%%é%%efp BanBgene T niheoBie: FBgtlerarmgpegiow at 0.15 A /minute
uﬁlthhgm é&@lﬁrateOQ&eO BEQ phdee. e P8 aqlgr%gﬁgtsfeg Remples were

0036] Conposition H was prepare

fl@mﬁréwsfor‘l mm@sa@ﬁﬁﬁosg?oo PCT/ US2003/ 040439
Conmposition H Conponent Wi ght Percent
N- Met hyl nor phol i ne- N-oxi de (50 13.5 wei ght percent
sol ution) TMAH (25 wei ght percent 3.5 solution)
Conmponent Wei ght Percent 2-Mercaptobenzi m di zol e 0. 01
Water 82.89 2,4,7,9-tetranethyl-5-decyne-4,7-diol 0.1

Expopldi | | con coat ed waf er, as described in Exanple 5,

bl h h when
flodar Comp e e R o SERfRRG, O, L ougheni g

However,

Composition J

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 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.

Example 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
wpQOBApI@onposi tion | was prepared as foll ows: PCT/US2003/040439
Conp05|t| on | Conponent V\él ght Percent

N- Me 50— t+—13—5 pci'bcﬂt

sol utl oni éﬂé/l&ﬁ %h%ﬁer&\gni} p rcent 7;3()' ution) 7.3

2- I\/er;-MHr@b&;bznmmﬂizmal e 0.2 Wategrp.243.9 Non-ionic
Rt

fl UOF-OSH r'Far\ ant 1 y| cakr hi tnl [2Y

N, N- D\;Vr??éfhyl di gl ycoI am ne am ne 1558-01, 8- di azabi cycl o

[ 5. 4} Bint B8yldtriatifd 20047 039400

PCT/ US2003/040439 ke of conpaosijftion | showed renoval
of t hBotideidresi st with moder at e |gr®t ecti on of the
pol ysSiticon. —Some etchimg or roughenng—was exhibi-ted
when the polysilicon was inmersed in the sanpl e for
€emppsitiands r@tllteﬂOIIZSOﬂmmdw photorsistionrthd enck femtunasdvithofive percent

gitt Q b(.")L %[pAad/aﬁ@ﬁn ef%lge v 131&@59(%}1&8 gltgﬁgs tg{?;? @g%&&a@tes a97(?°C

imersed for 40 m nut es at 70C. Exanple 9 [0038]

osition J was prepared as follows: Conposition J
&%ﬁt Vi ght Percent N-Methyl nor phol i ne- N-oxi de
(0890 MeEb@Psition IDwRESTERAI a5 BllbkwisON)

11
Do

Composition L

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 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 obenzimdi zole 0.2 Water 49
weoeeni4asehy| di et hyl enetri ami ne 30 Conposition BCT/US2003/040439

resulted in conplete reanaI of photoresist and
1 ahout 40

r esi gges—Fromthe—t reh f-eat-urps—and—ab t—4
perceﬁﬁmﬁﬁQﬁ%F @Fdﬁe3|due remoy%® from the bond pad
area] Whtteg trench features consikieg of 1.1 Tine/space
pai r s—of—about 0.2 m cron-dinension,__and the bond pad

ar easNIOHEPYPEYBIPIRIB Uar e arr ay3%¥ square dummy
features of about 2 m crons di mension. Exanpte 10
[ 0039] Conposition K was prepared as foll ows:
@gmpggilqn Mnregulicd pnptgn eamcemﬁmhgtwesmermal in the trench features and zero

R SR v it s e ST I T I VAY

(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

ihe trench features with five percent of the bond pad
ned with imersion in conmposition K for 20

10032 €SmPbsitl N wakyRpRbeaskddP40] Conposition L was

prepared as follows: Conposition 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
woeow@ie7osol ution) 7.3 2-Mercapt obenzi m di zol eC0UR2003/040439

Water 49.0 N (3-Am nopropyl)-norpholine 30.0

l t o nhnt

Conpesitopt—fesutetd—+tn-—conptet hot S erBva
fron L NEH (25 rsigtf Rereeiy slutighy greZtl‘gr than 99.9

per ceniMdrepebahzithid@dled he bond padoagea when T mmersed
for i : aple 12 [0041] Conposition
M wasW3#Epar ed as fol | ows: Con‘_pogﬁfgi on M Conponent
Vei 9ol RAERETyodF L OILAT A TG OXT 0 (S0 wer g
13. 5l percent sSolution) TMAH (25 wel ght percent
solution) 7.3 13 WD 2004/ 059700 PCT/ US2003/ 040439

B BRI heR) S0 SRS g s pgensen

rgpettamitp fangrositipin Otresuited 8t coneliates plhotorasidt vast reaedl from the trench
ffeea tré'lsra% candle%e rero Fﬁr &)?entsti Al t&fg%ggﬁ_&g ga{g a?igaga W] %rq immersed
i TTer ced P OF Cre RS S FHE &o4BP4dHS]

Esrmpasiniteoqt 7DP@vas prepared as foll ows: 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
woeomait7osol uti on) 7.3 2-Mer capt obenzi m di zol eC0U88003/040439

Water 64.1 N, N-Di net hyl di gl ycol am ne am ne 15.0

Q@&Mi on Nresulted in conplete photoresist crust

re fromthe trench features and 95 percent

phqot oresi st renoval fromthe bond pad areas when

i &8 for 20 minutes at 70C. Exanple 13 [0043]

Conposition O was prepared as follows: Conposition O

Conponeht Agagie sEBtengomprisnget hy| mor phol i ne- N- oxi de

(50 weight 12.6 percent solution) 14 WD 2004/ 059700

PCT/ US2008p0la0sebgnt; daH (25 wei ght percent sol ution)

11.7 2- Mercaptobenzi m di zole 0.08 Water 75.3

Pol yet hyl erbesyl spoddringi anpHydfpgreaig then about 013 to said solution when

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

c oednagiasing go atvoathar BOuel. flof sad bolatin byrvespghat units.

Conposition O resulted in conpl ete photoresist crust

renmoval fromthe trench features and conplete percent

phot oresi st renoval fromthe bond pad areas when

I mrersed  f dhe 2Raning wblegombl J6kn 1 Gohps adid pelabExelm@lt @s dne 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 solution 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
woavewosgaod 80 wei ght percent digl ycol am ne. Et eb®as2003/040439

phot oresi st substrates were imersed in the

conposi § i qn [ .50 and 6 1 nutes at. 7 f ol.| oned.

by a ri %’s%ncééagﬁgt% ’ua%l?léarv.mglarp (g%cgfr?ag%%w asﬁﬁﬁgglangﬁ%fnpmmg:

el ectron nicros?o / reveal ed that conparative

conpositiSRo?r%’§§%lved phot oresi st from under the top

| ayer of ggotpr sist residue, but left the [ayer of

resi due cBlf4p¥¥d and attached to the sanples in al

regions. 15 2004/ 059700 PCT/ US2003/ 040439 CLAI M5

We O ai m 8¢ otAnOxIaN; Hep-edvent pswiackmbinds qhglatorg 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 n§ solllei depngiz soluiion of \giaime nwhepid §sisl axidant composes

solvent is one of water, an al cohol, ethylene, an

anpeteeenbewh Ve abguiclefitaidsolutiod 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 edhi nghs alleaningrsobition | odli diaith $viwéeim sddiodidand Brone of an

sol vent conposes between about 20% and about 95% of

saamding-N-otiilga peypor sghifa pebearbbnete edle amd aigersilfiast i on of

claim1l 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

conposel. betThe &feanial Golution b¥ockiel BkdElein30d Okidai # a nitrogen

solution by weight. 7. The cl eaning solution of claim

1 gdillteﬁﬂﬂﬁg f(ﬁ@mt fid BicRding Bee 6f 2 ardph, daRdthyl Band GATSPLNERoup.

and a chel ator.

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

fluroroalkyl, a glycol, a carboxylic acid salt, 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
woan@rossiong: a pol ar solvent; a base; and onePOf/Ua2003/040439
oxidant a co-solvent, a surfactant and a chelator. 9.
n|n sol uti on, of cl in i d .oxi
5SRO S0, 2 % B B PR e, o
solu 0.. The cl eani | ut |on of claim8 wherein
saftf 6‘?81%‘3%11’ al}(glalgﬁ’é’mé’fn %’H%Iké( Walde, a perborate
salt, a percarbonate salt, and a perOX|de 11. The
cl eaning solution of claim8 wherein said oxidant is a
nitrogen caontaini hg conpound .including one of a
hydr ogelf: a Thetckpning aﬁ]&tl% off glaim %Wa@fe@lrsa@pchelf@r cypposes up to
cl eani ng solution of claim8 wherein said co-sol vent
co @Aaﬁsa@(bsoha@e@wm%-of sai d sol ution 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 nl’sai dhswldaamgaselutivomfodaim &pvherein shidutheR@¥isfone of a
said solution by weight. 15. The cl eani ng sol uti on of
c| tiagele, avhiazdep whaabls an fimidizalet a phosphwde, afthil, an azine, a glycerol,
fluroroal kyl, a glycol, a carboxylic acid salt,
d oareayinb ecid enmrteulicmwmid; aaglcahol, an athvde)¥nd200dddlind 700
PCT/ US2003/ 040439 dodecyl benzene sul fonic acid salt,
a silicone polyner, a polyacrylate polyner, and
acetylenic diol, alkylanmonium and al kyl ammoni um sal t.
16. Thels|apdpipigtus 0bniprigiy: of clai m 8 wherein said
chel at or conposes up to about 10% of said solution by

wei ght . 172 sehit@n@lcRaBibidfats @hwihd Hflerh patkedidd tBerdiBRf Sidn
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

19.  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.
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triazole, a thiazole, a tetrazole, an imdizole, a

phosphate, a thiol, an azine, a glycerol, an amno
waceim/osgroecar boxyl i c acid, an al cohol, an am depCams2@3/040439

qui noline. 18. An apparatus conprising: a

sem conguct subst.r haying a trencgh patterned :

Cher oi ;- aie ot i) Bl im0 RR RS omoving the

trench .t%e tyench cl.eaned with a solution to

ac@g’gﬂ%sé% 8mttﬁeeseﬁg?°§fiu %?rrisgPStliaE‘?e sol uti on 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 nd oxi dant ,. co-sol vent, a surfactant, and
a chel az(4o?1.’el.‘5_‘ﬁt. Oﬁo%lﬁ futhep FITERTEE pat t erning a
photoresi st on a sem conductor substrate; and cl eani ng
the sem ciwaerdenshBdbe ssmicopfiycter subsirals aftergaidartienoe
having a pH of greater than about 11.5 22. The net hod
of cl ai m $Wosikes ematat ke ig thedrenelrpfenpaid Flerringmerdides one
of a polar solvent, an oxidant, a co-solvent, a

sur f act ansubjegtiel athehejeminspndue®r \Wsnixtak/ 089 7hemical mechanical
PCT/ US2003/ 040439 23. The nmethod of claim 20 wherein
saplenagizettoni ng 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

19



