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TI TLE OF THE | NVENTI ON: COVPCSI TI ON AND METHOD

COVPRI SI NG SAME FOR REMOVI NG RESI DUE FROM A SUBSTRATE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001) This
application clains the benefit of U S. Provisional
Application No. 60/580,001, filed 15 June 2004. 5
BACKGROUND OF- THE | NVENTI ON [ 0002] Numerous steps are
involved in the fabrication of mcroel ectronic

structures. Wthin the manufac ' schene of
fabricating Int egraﬁ'@’d-&@FJﬂﬁ%?"%bﬁg& i ve etching of

sem conductor surfaces is_soneti r LI

H St GOMROB{TION MTWD\%MF% N t%)ﬁp)%ﬁso‘cl)we
et chi ng processes,REYDLE EROMA materi al has
been successfully utilized 10 to varyi ng degrees.
Moreover, the selective etching of different |ayers,

within the mcr ' ' jglered a
critcal | arRRRPRHRTERAE T RELATEOBEPTORPERIE Uf o
m@,@ﬂ | ik LPPIcANaT Slakns the Baffitioh Ui Provisianal Applieation No-
sem conduct ors and _.sem conductor mcropircuits, it is
GWS%gghtﬂ%F’m “to coat substrate materials with
a polyneric organi c substance. 15 Exanples of sone
substrate materials includes titanium copper, silicon

di oxi de coat ed S?W@@WOWIW@M her include
i'tani-um copper,

netal lic el enent and the |Iike.

WHBH CRmbrois KediCand ol hrical jlsctnic structures.
[%\{?gi oﬁ&#ﬁ?“%ﬁ%‘%ﬁ’élﬁ%u‘@ ?‘grfa mﬁ?@%. C[‘lﬁclgli [ tcht:; of
V\lfiwwmrlmﬂﬁctlgmmcbma oﬂwwmémgrm@imtg i rs‘:é‘ tc’fvef 3' - lf:) t

| . n : 92 eren
by S g ee sty S oy drn
types bhetehing pravessash 1 sde@yewgtﬁmﬂ%;ﬁ%: e&‘rs"wm . mY
renbvi n t - . t n the
tq.yaning éﬁg%gh Rloreavar, V\tféé Q%I%&wé‘é%'ﬂﬂ@éﬁﬁf rentiayens;

em cal

conposi tjons .
lerbetebiaoréclsinuctureriswonsisiered srRobE &5A STUa! SiRPLIR dhe Integrated ciroult
ubs a@g ould do so wi thout corroding, dissolving,
@W&?,@n %&ﬁg the surface of any netallic circuitry;
(6QH] G4 leVm A o sifidoR ol s seidonalietor niaiogireufs, f i
I ng su

strate itsel f... Another, ne

frequentynepeary xS elrsals materaly Wity A BavTEt Ggeflk substance.
iRl QbR stbstfate HEHEASinkIded teantar cippey, silidongglioxide coated

't her oxygen or orm ng gas_such as, . _
silioeh watar Wivchppay fuseeins! &e@ﬁq ﬁgmsﬂtgp% ﬁ{@glﬂ@? coigq&, ‘and the
kb3 ‘P%&c&ig, @uegﬁgﬂmé?ﬁtdr@m@éuastmoa lwh pheteresist matetial Jhinds a

Ubstrate and/ or etch gases. The%e r'§3| g&gﬁ?&["@ o light. In
gtepialovhic will form an eteh mask dippR geYelopmetel
RUBLIGTRIG pro%siding Kepd, aPASt a portion of the photoresist is removed from the
surface of the substrate. One common method of removing photoresist from & substrate
is by wet chemical means. The wet chemical compositions formulated to remove the
photoresist from the substrate should do so without corroding, dissolving, and/or dulling
the surface of any metallic circultry; chemically altering the inorganic substrate; and/or
attacking the substrate itself. Another method of removing photoresist is by a dry ash
method where the photoresist is removed by plasma ashing using elther oxygen or
forming gas such as hydrogen. The residues or by-products may be the photoresist
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[0004] Increasingly, reactive ion etching (RIE) is the
process of choice for pattern transfer during via,
netal line and trench formation. For instance, conplex
sem 5 conductor devices such as advanced DRAMS and

m croprocessors, which require nmnultiple layers of

back d of Ii i o R
it o combinegion AEieTPholR, ddery P sty piffr S obfe, These
reggig%%'g@ﬁb-gt‘oﬁh&ﬁ b biéh feNérRyd to e midénell polymiecs, velts or fences.

FOVI ( ontact between one |evel of sil i@%ggéim ot
[oRd, CrfifoaSinalffebotive lohegshpip{FIEs tregirobess aripagem
st cuing e, s o e pRatL RPN, ob pEtbe Ry Sémi-
an%p%F P%\ﬂc% sUSR=a! g;dvhﬁ&daﬂéﬁémsmgmcﬁpm@asors. which require

antireflective coating. an ,
aipierayere of e o 1ng pisotat B il Bt Bloflie s, metal
lid%%'t?)ﬁ'&fifenféﬁtsﬁuétab%. Vidd ﬁe\MsdeJth:cfiuw the inteaay?rmqm@,dp provide

substrat es contai ning copper,. Vi ,
T o i e PR Ao v
MatHf hn@ss?téljc' RHuctivl stritturetluled Ba delladinteregnriecty. Eenehoeifuctures

i

or a si e suc

arusediihe foraiopiot Hesa oo siriet s, ROt A Efochie ARIHT(BARC)

ahé gap ﬁfnﬁi@falmiogl@é tdicallg highlytcrasseinkec puanieaobmel] materials,
as we as 0SSI or .
cidabsordie S PRI S g et tnoo e
trbRch ét'tddngeé t@}@tﬂa:ly?\ékposdmgééale entialloysssuch geAkCu, Cie Tl 1 Ta.'Ea ;
t str res,
W0, sl ot o e L Piddo YRR, BENERZE SoleT, The RIE
pitRilss BpRaRPRaveps psidus thatmay inalyde essputisted oide pateriabps well as
@

ngml &anscgﬁa?wﬁ@qu&%@é%%isg&%ey ues er esul m&&ls used to
lifogfiphicalle définecthe slashinetpl Inssrandsir renels SEURIGS- R E.

Moreover, it would be desirable to provide a

| ective,
[60053nilNgould thenefote bmdesinablerto piavide & sgjadive Wnﬁ@rf%\%’?ﬁl?\éﬁ':’" and
A ' ' \inigy photoresist
Jf%ﬁﬁﬁ%?@ I'gh~se 'ggﬁ é{cthya%ng’{ S{c&ﬁblag'em Agiphotores

e e S i
mﬁi&ﬁ%ﬁ%ﬁ%%@fﬁ%&ﬁiﬁ“ |
e e g 498 i
%@Q&'{t@ﬂ{?&ﬂe HBSIrbRBRbVIdOA coinpodifirettiatie compatigle to and

can be used with seuc(tewcsteln\s/ﬁ\l/eylo{n?k r\{'tlsrél% l-g&.' ﬂ&&? FOx, black diamond and

TEOS (tetraethyisilicate).
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such as, for exanple, photoresist, gap fill, BARC
and/ or other polyneric material, and/or, inorganic
mat eri al and processing residue froma substrate

wi t hout attacking to any 5 undesired extent netal,

| ow-k dielectric, and/or high-k dielectric materials

that m ght al so foNion. In
35?9: énﬁmﬁﬁvw THE INVERT

certain enbodi ne conposition disclosed herein

[Ow elfr{ee&'iﬁﬁbgk%n IRIEVE8d hefdifideapabib besslecivelyiregoving residues

suohes dopexmple mtoreasip gt T SAFE eRBESet Brhmene aterdl, andlor
inordak Lot dHb a @F’gr e oﬁ % bdsRILRIRIM a slibsthlle Withoutatiagiing tf any

b 10 % b
undesngcg:&:t oetellov- Bolpctic, 9546 HgBHISOITEFRtARINAg ont also
beo/e)@é@%cg{g&?& éo@%@gﬁbﬁ‘ MinGRABREHRbodimems) 18 @bhmoﬁb@maisﬂoéed

wei ght of a hydroxy 1 am ne& E’
hetdinimay eftestively mwed‘ﬁSldﬂﬁzS Wil sars?y'ﬂ'@mfwelm# g %éf%'h gopper upon
exgg%“ grnary amoni um conmpound is | ess than 3;
1 ohally about 0.1 %to about 10 % by wei ght of a

[Oﬁéﬂljorlh%‘?\e'agﬁﬁ&%bl?eeis pRoVibic 41861A twnl&mpmm aborg 20 % to about

e e oo B e 0
w%@FBBUﬁId! 928 aBBuP10%R |by WeAdHl of & qnabmaw &tnmonium compound;

mer capt ot hi azol | n

oponlycaioub 5k o abedt 5%y WRlgh o1,8 hvdempyimine fryided that a mass
rafg e M&oxﬁﬁnﬁé if B@eaﬁ t9 qB htea-.aw affmorikiin 26mBburithis (¢gs than 3;

d ach |
owen@'bftw# S o5 30 % by et oF RO ERLEHchYand g mercapto-
oo?‘g@mﬁg oafr@ss&amﬁuafimd@ﬂbmmgmbmgﬁw aompoyind having a

fon@viaa 9 torgianty B ompaHdaving A ORRHE Tolth (i, 5indrHeptiifiazoline

ﬁ%);ﬁ-@ﬁhﬁéﬁeﬁbsﬂéﬁnaad ndtkikiyds thereob havi ng a
for mul s

wherein n ranges fromO to 20 or an
al kanol grepp havinggsa formula C' Ha, CH wherein n
ranges fropm 0 to 20., -3 100081 in another aspect,
there is prjovided a Inorrposi tion conprising: about,

'

R,

()] ‘ ()
whereln X, Y, and Z are each independently selected from G, N, O, 8, and P; Ry, Ra, Rs,
R., Rs, and Rg are each independently an alkyl group having a formula CnHanes, whereln
n ranges fram O to 20; Ry is one selected from H, -OH, -COOH, and —NH.; and Rg Is one
selected from an alkyl group having a formula CqHznet, Wherein n ranges from 0 to 20 or
an alkanol group having a formula CoHzOH wherein n ranges from O 1o 20.

-3-



10

15

25

about 80 % by wei ght of an organic pol ar sol vent;

about 10 % to about 60 % by wei ght of water; about |
%to about 10/a by weight of a quaternary ammoni um
conmpound; and a nmercapto-containing corrosion

i nhibitor selected fromthe group consisting of a 5
conpound having a following formula (1), a conpouynd o
ml ng a’mfﬂﬂr Iaepeoi,gthétmemr@/ic(emg corgposition comprislng About 20 % 10

SRS s 832 yvgﬁhf ﬂt SQ%W%&PQ@?WMWW asa% SDE/aby weight of
watsr; Bbolil 9 % 1ol ébouMe%d:wetght\of agjygtemnary Bm@anipm pgund and a
I nde&go%%gélln ,gé?rlogﬁé ‘ﬁ]qul;nrop E%Ie&e tondhe §ro®ftidmastiﬂf§tof a

ar e eac i nde

pende i
compolnddeving enfollowingdomhusian(l), @ compapid havipg 2?'{‘?%"?9 formula (1), 2

ranges gﬁcg.m weré%éoéépwgr‘ggﬁowdﬁ %@Ldfnﬁlﬁtmédthel@d

s one ‘ted froman al kyl
group havi a for a C'H 41, wherein n ranges fromO
to 20 or 2@'an al kan0l group having a formula C' H21
CH wherein |n ranges *romOto 20 and wherein the SH

conposition Is substantially free of a water-sol
In a further aspect, there Is p i ded a

g residues from a supstrate
conpri sifng cop ri sing: an organic pol
sol vent p ry ni um conpouhd;
optionalll y hydripxyl am provi ded that the mags ratio
of 25 h ne if/ present to quatern Lum
conpo and a nerc “contai ni ng™~ Ry
C®:rOsion | hhibi | ected fromthe group consisting

a followng formula (1), a
conpound haying a folflowing formula (11), 2-

mer capt ot hi gzol i ne,

3- mer capt op pyI-trflﬁfethoxysHans and m xtures
thereof -4 R R SH 5 Rz y--- SH

‘wherein X, Y, and Z are each independently selected from C, N, O, 8, and P; R, Ry, Rs,

R., Rs, and Re are each independently an alkyl group having a formula CqHzn,1, wherein
n ranges from O to 20; Ry is one selected from H, -OH, -COOH, and —NH,; and Rs is one
selected from an alkyl group having a formula CoHznes, wherein n ranges from 0 to 20 or
an alkanol group having a formula CqH2,0H wherein n ranges from 0 to 20 and wherein

the composttion is substantielly free of a water-soluble amine.

[0009] In a further aspect, there is provided a composition, for removing residues from
a substrate comprising copper, comprising: an organic polar solvent; water; a quaternaty
ammonium compound; optionally hydroxylamine provided that the mass ratio of
hydroxylamine if present to quatemary ammonium compound Is less than 3; and a
mercapto-containing cotrosion inhibltor selected from the group consisting of &
compound having a following formula (1), a compound having a following formula (i), 2-
mercaptothiazoline, 3-mercaptopropyl-trimethoxysilane, and mixtures thereof
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Z RaRT RS R4 Rs 10 (I') (Il) wherein X, Y. and Z are
each I ndependently selected fromC, N, O S, and P, R
, R2, Rs, R4, Rs, and Rs are each |Independently an

al kyl group having a formula C'H2,,.,1, wherein n
ranges fromO to 20; R7 is one selected fromH, -OH,
-COON, and -NH2; and R8 Is one selected froman al kyl
group having a fornmula CnH+,, wherein n ranges fromO
to 20 or 15 an al kgpol group having a fornmula CnH,,, OH
wherein n¥anges fr¥mo0 to 20 and wherein the

conposi tioh exhi bi:j‘ a copper etch rate that is | esssH

than 5 anggtronstmnifpute. [0010] Al so discl osed ein
ving residues froma sub

ngcting the substrate wit
§$€erein. 20 DETAI LED DE$CRI PTI ON
10011\s A co sition and nefhod
for se Xcrrvggﬁ removi ng resiidues
for e anplex/éhotoresist,-gap fiJF Db om
' g (BARC) and oy pol yneric
hd/ or prodessing residues such as the
resi dues g¢nerated Qy etching are described herein.
In a cleaniijng nethoq invol vi ng substrates useful for
25 mcroel ectronic devices, typical contamnants to be
renoved nayRincIude,Rfor exanpl e, organi c conpounds

such as expose@) and/ or ashed photoresi st nat &) al |
ached photoresist residue, UV- or X-ray-hardened

wﬂglfé‘rpk 1e\Q,i &id Z E}eFeht m:ﬁ@mh@ﬂydem@mm @4\/N., Y §;a ﬂ?fb ﬁ; R, :2, l.Rs,
nol ecul ar wei 0 r H erein
P a5 AP BB B B A, uihoren.
n?ﬁﬁ@?f&:ﬁ@%b@ﬂ(%ﬁh@:ﬁh@ ifrom Hw@namh Qi g ~NHz; bRa 90°
pl'ahari zation sl.ur t o3 fiom D to 20 or
obeam e SRR 1B R)Shora bRy it to 20 o
aﬂfaﬂéaer@gab having alsérd}mcaﬂwomreln nganges ER98 EB?,"; ere
I oni ¢ ang neytra I Strari®riviyte.
W@%ﬁﬁ'%’@hﬁ g,wgﬂﬂ%%%q%ﬁ%ngﬁéetﬁ?gls? d i ncl udi ng .
riicles .generat ' Kues fri substrate that
B ARl AP RindMigvesiaues from & |
Biptises ibartactin s substrate wit hiecompenion desq’ 'ge?) P8l si ng
resi dues 5 such as those created by reactive |on
etching. [0012] The residues are typically present in

a substrate that al so | ncl udes , [
silicate and/ GETALED %H'WQW%E FPEY%W@% such
[331 1]f A cgr)r(\gggi'lifﬁ ar(ljdet?\oethodSI t ecgmprising same for selectively removing residues

such as, for example, photoresist, gap fill, bottom antireflective coating (BARC) and other
polymeric materials and/or processing residues such as the residues generated by
etching are described herein. In a cleaning method involving substrates useful for
microelectronic devices, typical contaminants to be removed may Include, for example,
organic compounds such as exposed and/or ashed photoresist material, ashed
photoresist residue, UV- or X-ray-hardened photoresist, C-F-containing polymers, low
and high molecular welght polymers, and other organic etch residues; inorganic
compounds such as metal oxides, ceramic particles from chemical mechanical
planarization (CMP) slurries and other inorganic etch residues; tnetal containing
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silicon oxides and derivatized silicon oxides such as
HSQ MsSQ FOX, TECS and spin- on glass, chem cal vapor
deposited dielectric materials, lowk materials and/or
hi gh-k 10 materials such as hafniumsilicate, hafnium
oxi de, bariumstrontiumtitanate (BST), TI02r TaGCs,
wherein both the residues and the netal, silicon,

co:%bbur?dsde%hla&to‘egdmmmb mlsrdoes and metal erganicscompeungs; ionic and

neiralclh gnd BAORY TR (el spsiSEindiBui Bhaisolible maleftals,
incilidirg e gemarated rbq\pmtmssmg sam ae:plan@nzpﬂom gnq,m 9t he

resi dues such 0 d procésRigaesidues
Pf%eé%épﬁﬁerpé‘gﬁ’ﬂﬁg @g&‘@ﬁ%«a SR ?%%%i I%/r St acki ng
subl8s tkalcredted by:waptiwa ibn etohingi oxi de, interl evel

dielectric materials, 1oWk and/or high-k materials

[0012] C AiHeabSidasbaditypically presect imubsibstiete th@tyalsq;iaﬁlua%msfa'

net al h ted
siligq:qn %}lca%“c Hﬁ‘?’jﬂﬁe%‘f“’t‘ gf?]ec#ﬁlc'ﬂnétt‘é?iﬂ% Qucrfgér)]?grr euxaﬁ'3tﬁulltlf)né ] %gos te |
silidbih bkidés ahd! deMaamed sificbnooxideststioh geHSEh 'Elgé qnﬁ spin-

ks odi Menty qdddg 6850 Ririrfdte IS, %w&QHatbﬁéle iand/oRsigh-k
onglass,, PII{TD bt Yapet d d%; ft t > o
matenalk sgéh hsmaafnlum d@é%anﬁwﬁ;%ﬁig%g% S : ns @ % eé@ST) TI0,,
Tach S b M ERARE Hnd HEThekP SiISH; BiiaRe Ifsdevel disidatdc
mag:%j;dm i gm{a@gﬂaﬁ w@geawggafﬁ&pﬁéyg g
comp X ¥8m§teg m @E a‘ﬁﬂgﬁ&hﬁd Hi8tidéeds rélﬁrﬁrb ¢ fomseleciively
retmoviab dioe rmb)suvhaa%nl\é\gtlgq%sﬁt, vvat ot g{fﬁ%] abouéln& re/&dues

'&P\Agﬁﬂiﬁf rﬁ&a&eﬁugg‘ et @mb&b%ﬂibor@dib:dﬁ{e.t imeubwutemﬂc
:EZﬁale Iow—mmﬂ/gsdygm:r?r;%erargg rov'qngaqi[g? 33? §B§§rate may
cogngggé?g rﬁé%ﬁ )Hagpw ui Fothiffited td)*Bppst; copper aluy, tiyaniung ditanium

. 0 about 10 %
nm;matahmdaatal%au %aﬁﬂd’%&%@?w&'fd@ﬁ&{é‘ﬁﬁ%u (i lre
enﬂ@éo%b 11 pdftiod ;dwélbsee RBieii inag bofsultable torsubsteates contalning
Vi n OWI ng or 0
ceroltive o Rt o paouls rbbdsimRa SRR a8y e rocessing
i eteh d t
B0 T e e, 71 2

[ophsr etRe omposifishé disoiised heedin inag epmptemirom mgq guto about
80% by welght of ah organté Solr sovent; ffom dbbut 10 % to about 60% by weight of
water: from about 1 % to about 10% by weight of a quatemary ammonium compound;
optionally from about 0.1 % to about 5% by welght of & hydroxylamine provided that a
mass ratio of hydroxylamine if present to quaterary ammonium compound is less than
3; optionally from about 0.1 % to about 10 % by welght of a fluoride ion source, and a
mercapto-containing corrosion inhibitor selected from the group consisting of a
compound having a following formula (i), a compound having a following formuta (i), 2-

mercaptothlazoline, 3-mercaptopropyi-trimethoxysilane, and mixtures thereof



P,4, Rs, and Fib are each independently an al kyl group
having a fornmula C'H26+1. wherein n ranges fromO to
20; R7 is one selected fromH, -OH -000H and --NH2;
and As is one selected froman al kyl group having a
formula O H2,,+,, wherein n ranges fromO to 20 or.
an al kanol group having a formula C' H2,, OH wherein n
ranges fren O to 2@, Mercapto 15 contai ning corrosion
i nhi bitorg having t”Ee formulas (1) and (11) Include

nercapto rgani ¢ cpnpounds such as nercapto al kang,SH
rcapto al anediol, and ner
In certain enbodi nents,
I ng \corrosion inhibitor m
2-mer cgpt o- 5- net hyl be\\ zi m dazoie, 2
mer capfot hi azqg| i ne, 3-Nercaptsyl, 2- propanedilol ,
3-mer capt oprofyl -tri mgt hoxysil ane, 20 and

t here nat Yve enbodi nents, th onpos

is zsubstantially Reee of a water d

| ubl e ani ne or any additional conponent that
adversely | affects [he stripping and cleaning ability
of the conposition br damages one or nore surfaces of

the underl ging subsiggate. In embodi ments wherein the
substrate contains, Inter alia, copper, the
conposi tion exhi bits a copper etch rate of I(&s than 5

25 t / t 100141, T
Whag oY ot £ P1R o4 BPRRARCET TRt g - RS- B4 PR Pa R,
ﬁefaﬁ& #Hlare \éﬁétﬂndégéﬂd@hﬁy aﬁamreup bsivmg gfmmlapall-hm wherein
SO

ts |
n renGRR | ”mrﬁga%%aﬁﬁa?@ e fimH, R0, and s and Ry s one
selcbl@)rort hAali)Y raup hawhgia forfriMBC)Hond) Wherein Infranmm 0to20or

aﬂ%%’btph rou bEVIEY P oy rL SR e By to 26 Metapto-

Fesrasiondahibiters Ghamhb the tormuas (1) and 6 indludedgnercapto organic

If d | &
coRpov g 1P, A ORI et sl
méréa;ttb QréM@R tompbuinds. lmbedairtembmdlmdmscmg |n3,er@ﬁrm0~§9mtyl9m

éﬁﬂ Z’?’?"?"&F Q’a%?l%?‘?eaé g%@@%it a&ﬁﬂ @st Hpetle -

mabamawaox.n@Memapm Eepmnanediobﬁ-mwsg@taamvlrtrimﬁghoxysuane.

and iRl P gratF lnrafRhfzniRh BRjpoaRfer, Wik Composition dislosed herein i

suB@t;niiallyéveamf i watehsohdble aﬂna:mr@nadd@omwpﬁemtghatﬁ!gersely

aﬁo?ﬁtg%%gﬁiﬁﬁkg f)'glqéﬁéﬁs Ive Mabove mgs%@rmore

suttaess afithe anderlying substiateatn embmlmenta/were strate contains,
' t
A i 1 Ay i e g

rghg/ondhutet her s i ncl ude et hyl ene gl ycol nononet hyl
angst

et her, ethyl ene gl ycol . .
[0014] The composition disclosed herein contains an organic polar sofvent that is

preferably water-soluble. Examples of organic polar solvents include, but are not limited
to, dimethylacetamide (DMAGC), N-methyi pyrrolidinone (NMP), dimethylsulfoxide
(DMSO), dimethylformamide, N-methyiformamide, formamide, dimethyl-2-piperidone
(DMPD), tetrahydrofurfury! alcohol, glycerol, ethylene giycol, and other amides, alcohols
or sulfoxides, or multifunctional compounds, such as hydroxyamides or amino alcohols.
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10 nonoet hyl ether, ethylene glycol nonobutyl ether,

et hyl ene glycol dinethyl ether, ethylene glyco

di et hyl ether, diethylene glycol nonomnethyl ether,

di et hyl ene gl ycol nonoethyl ether, diethylene glyco

nmonopr opyl ether, diethylene glycol nonol sopropyl

ether dlethylene gl ycol nonobutyl ether, diethylene
Hborgahic piotan eolventdmcdmdwtﬂl@'ﬁ angpplysis slich 88 (Cz= Ca)

Fuherex

alkgﬁ%ﬁ&g gé lécg g@gﬁlkg@wgﬁ?&ﬁc { ﬁer trieth eoﬁgf%t:/scol
o PR ATL
po nd clo

t ong A

:ntgohguﬂm@ e Wgahicm&;f:mlvbm may he PV NME, ooy ORIPUAG: The

ST t Bination with tw
e

orﬁb?@éolv&ﬁt@pyl ene glycol di msthyl et her, propyl ene

gl ycol nonobutyl ether, propylene glycol monopr o
[od45)elif eértald iepibodinhents ﬂgé M%mﬂﬁ selvagh may %pp e d b’lklool ether.

Sl of oBieg| S Sho B RUSRY Lvedi hl%nomémw efter] athiene giycol
m&{déﬂ'rp{;) vi etﬂrlen rdwlgiﬂeeg;wg MQbut)é;T %ﬁweag g%&? e%ﬁyl ethler |
emxﬁ%{)%@g 1 5P SHEP aidRTSA bigud) ﬁ{ethyl ether, disthylene gyco
maehaettiyh eé;r ziieth%law i:«od mp@py&e?am ﬁ@s gg(gﬁeqlm @oi%iéomopyl

{ Gt @ oD BN R LR] otRich@ QB ibdatsatityl e

dﬁ;em glycolrrnomej&(;?lgylp %weg.;ﬁ%hgl'gﬁé lg&g(ﬁtduggt‘lgft ﬁﬂdiﬁ@nﬁ%wﬁ

r SMBiHyEethér) ritthitsnesgl ether,
et e sy i .
gliﬁgp@%ﬁ tdfl;[aBoI fg&ﬁgﬁm tﬁ@rdél?fg%a}tléltdﬂﬁ ¢n@dgsram mibmicthyl etber acetate,
propyiend glycolpetbyl ethar agelalsh mmg@woiﬁ%mrae@%b%’hgmgw‘-‘"e
gl?f omﬁ’zga% Oﬂ:eﬂ}% ) gaﬁ)o OdI‘EGP'&?/.(')’QE)ugl aheﬁ mpy‘eme * rop
etber, rep s AYCRO MRS 3‘?% Yoo 2L ek Py ther,
diﬁ*o?)?leh@ ?Hégﬁﬁoﬁﬁllg%ﬂ![ip pylene manuinstyletherodiptaphiiene glycol
dimmronmrreramrm@r@vrgimm@eﬁﬁ%%%agn%“‘?@*@% Bufifol. 2

n}%frl?ﬁ? 102-Afitifoky 20 e thiyibitanol] M ¢l -tierethdiyéthane andsi s
al or branched chai n unsubstanti at ed
bﬁy&&iﬂ@wgéwagf"oups of 1 to 20 carbon atonms, or from 1

o o s b B RN o b resn
irRidaYtally BS %R?ﬂmpdn&ﬁwtlmér ,eldmémd; sualm ds tcurmcampgﬁ 2 pRueous solution
R A TR RN T Sonpogidorcah be
afdEPsepraten! gorl-liraiting exarapiea vbwater inclugaideian ized water, ultra
pnyed\zlgt)é:' %?stx Ieévj\?‘va er, doubly distilled water, or deionized water having a low metal
content. Preferably, water is present in amounts of from about 10 % to about 60% by

welght or from about 20 % to about 40 % by welght.

[0017] The composition also includes one or more quaternary ammonium compound
having the formula [N-RsRyoR11Ry2]* OH wherein Rq, Ry, Ry, and Ryzare each
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t et raet hyl ammoni um hydr oxi de, tetrabutyl anmoni um

hydr oxi de (TSAH), tetrapropyl ammoni um hydr oxi de,
tri met hyl et hyl anmoni Um hydr oxi de, (2-

hydr oxyet hyl ) tri met hyl ammoni um hydr oxi de,
(2-hydroxyet hyl)triethyl ammoni um 10 hydr oxi de,
(2- hydroxyet hyl ) tri propyl anmoni um hydr oxi de 1-
in dE?%‘ SR BA a“dy) gt’bulﬁﬁf hid 20marbon mqmﬁ'bgm alkyf‘ refers to straight
e

| t t hyl ' \ ' ort
or 'éfﬁ@%?/ﬂiﬁﬂr Lt @%%%W%%%Eﬁ §iroups of 1 to 20 carbon ato'ms or from
1 19 8 baMidn dtom Mot frme 1 4 catbpdatymelcExarpies gi sHitapiAlly! groups

inCRRRERLET CRTP SRS BbRoodl, B ané fortind TPHe xpreseiom tower alkyf

om about %f 0

refBlaadlald/Pgrobis et trht carben ppons] Examples efauieRifUateRaN s
o o | | 0.1
ansysssasBiPon LSt SOl

n acid

tetfeitfyldri@baiamn hymﬁmmwmﬁmn%iﬁﬁgyd?#@;mat i o of

uat er nary _anmonj 16y e hybRtdes (2-5
tet?@égpwmﬁ'xﬁ'}’ ll‘&y Lk’%% 5 r’¥ Q‘mﬂ | | ud
hydioﬁilélwlhylnl\eﬂvyjdr:mbndgméwdyqﬂ@ %gﬁrgfy;ﬁys}gnengarewpilug
i o e 10
hyGfoxyiepyiyitriettylammoniandryrasias SEWHIING ‘ﬁﬁ%ﬁ%?@l@ >
ihySR ' BeHRrAhPIBTEROTOUM hyFieX
di Igﬁ@g?lﬁﬁ{oﬁiuﬂjﬁ S afpestirimetylam ;
q%?fmgigﬁmsi%%mw ArSan geer ot apifig bR Faoout 1 % to
at1F fodd of HoHY athih 8% to Sbout 107 5y weightibl e ari ne.  [0020]

tain enbodi nents, the conposition nmay optionall

[ohl#“ﬂJ Uﬂ%efkaﬁ éfﬁﬁ&dgﬁehtﬁnhi %B/mpadﬂae meay wptienally incliderfrom about 0.1
anount 0 rom abou .1 . %to a 0 i ]

it ahout Y W B ERIORISiSY FAP e UL ithess
erﬁﬁééiaaleﬁtsf HéGhaskeratio Bf Guatamany dmmboiim nydo@gdp%p hydgoxylamine is

f | 9R14RLS = lactic acid
cboitents Erarmas VARSI ¢ o1 b Biden P tacto o
itH acillsas!ersoly rOvdinarilyn hydrwargines greppot goReigigred as being

oc}»mééi%?qu@m %‘?@% of ﬁ?%g}nqﬁa‘jﬁ’%ﬁ}pﬁu gpﬁg@?m&ﬁa&aﬁwﬁﬁm

t et raet hyl

JRABEE Hevelil tHosd esmpdurids sbrpripinglyrinibit conRer GEFPIRYT: and

m xtures thereof. Still further exar;gles of fluorid

[0098] S Mibtaeserhbodimaets; theaooipesiion isubstantigly 594 o fs %°“§a‘"s less
acid, fl uoroborat L, C acid,
uP@tQ‘Z\%LRyW%@ﬂbﬂf%ﬁ%eé%g%%?g orate, -9 al um num |
FhyoLtds ' iofiSmay Gpthially inbludé adluoride ion
[ idilméjr,‘ ?Fﬁg&fﬁ} Sﬂl’ :'%:mﬁ‘)%ﬁﬁs?ur 09 6‘? s, 3 y&l U%Fil\? € from about
seace typically Iraai pmauntcof formehayt Od%dA @aPYL 1 PY BT+ -
0 BeuC . Exafl dheis MBIRIBIidn sources intlade those of the
53?&“‘[%?@%@?@ cane%%%{ ain from atzggt 0. % c%ﬁ)inagﬁéﬂdenﬂy
gebietay formillalRisBReRndio whers Riort e )it B A2 PR
h'ygr%'gght &N aiR&\di G, bh aikokf§roup CarPaliyl group or mixtures thereof.
Examples of such compounds include ammonium fluoride, tetramethyl ammonium
fluoride, tetraethyl ammonium fiuoride, tetrabutyl ammonium fluoride, and mixtures
thereof. Still further examples of fluoride ion sources include fiuorohoric acid,
hydrofiuoric acid, fluoroborates, fluoroboric acid, tetrabutylammonium tetrafluoroborate,
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5 consisting of a conpound having a follow ng formul a

(I'), a conpound having a followwng fornmula (Il),

2- mer capt ot hi azol i ne,

3- mer capt opr opyl -tri met hoxysi i ane, and m xtures

thereof R1L R6 SH Ra 10 x Y_ SHRs Z Rv R7 15 R4 Rs

(1) (11) wherein X, Y, and Z are each independently
alsrRihas Rafilicide Cand\chdline fuoried IR stilRUrth&Zembxiimefds thgluoride ion

w5 g 3 S REAcy FhB af R BY  uoa

oS5 P e i o B8t s
5% By melght 6F diRierdaptavbentainingreorrasigr nhibitonselected fromathe group

al .kanol, gro havi f f ' :
copalRfiEser T esiep PG o d o o ) 8 UAB G ndling a folowing
fommula 1) Dmeocapadthiarglinep8-nusscapopropylttimethoxysiiane, @ad mixtures
th2- rcapt o- 5- net hyl benzi m dazole (a formula (I)
?Sﬁgound), 3-nmercapto-1, 2-propanedl ol (which Is also
referred tﬁ as thlqglycerol and is a formula (11)
conpound) ,*2- mer capt'ot hi azol i ne 25 (neither formul a
(1) nor (1Q) conpoudds), SH
- mer capt opropyl -t rljmet hoxysl i ane (neither for
PN conpou ds) and m xtures thereof. 022]
The coupgpsSitiv ggied herein may further{conprise

corrosion inhibitors|in
additiqn to thg nmercap g-contghni ng corrosio

t heSe additional c@rrosion
ersely effect the stesPpi

30 cltanMn ehce of the conprgitton nor danbgdR,
e “under | ate surface. Exanples of these
addi ti onal corrosio* i nhibitors Include, but are not
limted toJ organicl -10 acids (e.g., anthranilic

acid, gall ilﬁ aci d, q%nzoi c acid, malonic acid, malefic
acid, fumaric acid, "D, L-malic acid, isophthalic acid,
phthalic acid,(land | actic acid), organic aci@lsalts,
catechol, benzotriazole (BZT), resorcinol, other

witteindt, ¥, and Zare eech indapendestiyiaelested fam @ Ndfe; SpindfZ fe Re Ra,
m:(@,%ﬁ{dbig%azrgt%%ﬁg iri Eend@f&l?%'all&l groff haviRig affordila OfHan.,, wherein
n rangeé from 0 to 20; R, is one selected from H, OH, -COOH, and —NH,; and R is one
selected from an alkyl group having a formuia CoHanyy, Wherein n ranges from 0 to 20 or
an alkanol group having a formula C,H2OH wherein n ranges from 0 to 20. Specific
examples of mercapto-containing corrosion inhibitors inciude 2-mercapto-5-
methyibenzimidazole (a formula (I) compound), 3-mercapto-1,2-propanediol (which Is
also referred to as thiogiycerol and is a formula (If) compound), 2-mercaptothiazoline
(neither formuta (1) nor (i) compounds), 3-mercaptopropyl-trimethoxysilane (neither
formuia (1) nor (1) compounds) and mixtures thereof.

[0022] The composition disclosed herein may further comprise one or more additional
corrosion inhibitors in addition to the mercapto-containing corrosion inhibitors provided
that these additional corrosion inhibitors do not adversely effect the stripping and
cleaning performance of the composition nor damage the underlying substrate surface.
Examples of these additional corrosion inhibitors include, but are not limited to, organic

-10-
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5 (BZT), carboxybenzotriazole, fructose, anmoni um
thi osul fate, glycine, tetranethyl guanidine,
i m nodi acetic acid, dinethylacetoacetam de,
tri hydroxybenzene, di hydroxybenzene,
sal i cycl ohydroxam c, and m xtures thereof. [0023] The
conposition may al so i nclude one or nore of the
acide! (bQyiamthraniiié adid,azilic aid, benzaisiasd, maloniaecidgmalpicedd, fumaric

5£ e gacxg %o&gﬁ?l[c%:gi png\?ﬁngrgggag 35@0%:&2 organic acid salts,

cawapseﬁzomazd argsdreinel, athpr phenslsd acits or triezeles alRje

t t |
s Bt bR PR S Bl A oot
(BEEY, @hrbolawanzomaidej frucdose; powianiim thiessfateyalyciieel ectri c
S OW- a
G Bl AR oy iy pcoerzne
dilydesiybenzenepsdlisyciomgiroxeni@eand mineressheesf.t i on does not

i nclude additional additives that woul d i ncrease the
[0028]c OTeeconspiasttionanay also inklside onp o8 MoreAf theilwingARsityes:

suﬁf re%r gﬁej%t&%(]éeqreﬁ s ol érHcX rgé(;r*s%ﬁs B16&4e4, %ﬂb Q:ther additives.

Ives acet eni ¢ di ol St‘l
Additives intayi e addedbty et mmmsﬂm deseribehergln previded|that it does not

acifSal bt i sfionht] it abifty of el cofpotbn bifledmegrty of the
wrciorgihe et sizan, Hicarliotde.driadee! dileaoamaenalh Vi Anplor high-
k @Qge %Ism?itoP ggarﬁglgt if ed&}nr‘)o%hbb( b uBbY RRERE éwﬁtréﬁlwhtakﬂng

anol et nl ne

20 chel atin %ent S (g th
ocbpenaﬂua mmbp dees ackisclgrerpddiional %g‘!&ﬂ gwfease e
oofplt 4t NGomRiihiBh! SoflekatipRRbt réehtaive additives include
es er S an er |

th f t
T e o gk ¥ed arer
efl e?ﬁu!&ﬁ&ge Q‘éét?leﬂucrﬂ?d sDAd&taftsPahd d!@rtvaﬁmgﬁa'ebf alcohbls quaternary

bout .11 to ab
ariose sa cbeipises. 47Hes N0 BEFo Polve S AL Al formarmice

and &é)?(&emw aédtampe @w alkﬁd\dlﬂnin@w(é(mhfasl dtﬁhawtéthylamm and

cfééﬂipg.agpn@'sg%;pbgmgetl 15 betarbeceg, eoioxint blfB, matic acid

arfd‘ hRSHE ¥8d bBsEd edtamidhd ddwmérs aad idetivatives thedeoﬁganﬂiemarwemlnes.
nd negatlve photoresists and plasma etch residues
digmmsmi Fﬁ'ﬁ'ﬂﬁ% residues, organonetallic residues,

i norgani c residues | G OXi
10688 The comboaiipnetplasm beiain, Py Wi A HLIGARRGES i about 1010
aBscut A2SbrGfon® Bb&tANas abeudy3or tit ani um cont ai ni ng
substrates. Moreover, the conpositions are conpatibl e

[00RE] GompbEitidns disoloseidterelniare omnpatibin withc substriatesi qpstaining low-k

o Srh e OAobSs S B, i g Bk e uatafing o

fluvridec¥ive compdhsitions ase alsoleﬂpﬁiveﬂs stripping photeresiats including positive

@g«?@ﬁt SEO%%T%%%N@E%' 'eg o’t%%’raggé] gt{cm £FEr38nic fesidues,
organometallic residues, inorganic residues, metallic oxides, or photoresist complexes at
low temperatures with very low corrosion of copper, and/or titanium containing
substrates. Moreover, the compositions are compatible with a variety of metal, silicon,
silicon dioxide, interlevel dislectric materials, low-k and/or high-k materials.
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| ayer. The patterned photoresist layer is thus
subjected to plasnma etch by which the pattern is
transferred to the substrate. Etch residues are
generated in the etch stage. 5 Sonme of the substrates
used in this invention are ashed while sone are not
ached. Wen the substrates are ashed, the nmain

[o i tﬂﬁ?g e hﬁnﬂl’atet&ﬁﬁgl};pmced ess; giiatresigdaye! @nggrd o::] Wghal t

sugs rates are ac n |

sgigimcuei stoYeg R ot 8 pefers Befrd o e prowonas

Iaygh of e g&&&hﬁd B[n&&%%kt fEiyer isthuscauiblestssh o BlagmeAtEn Y Whigh the
: t h stage.

pahernds g 1 5 S o fich SHAR dte Gondicarm thieten stage

Sofl & the Sitsitratdyisecbin tis inventionae pm%whim%g%”' ashed.
wé&ﬁ%ﬁ%&g@?@%ﬁg@%ﬂegh&é lﬁ?ir? Fe%oﬁt%%%‘ﬁe olébhéd hReetchant residues. If

e ac condi tions,

e, .
thd SiBteafisdre not aghed, then the uhejrersidues torhe leangder sgﬁge? e both

t hi céness gf the material to be renoved. In general,
etghesidyps apd PROPESISSHt act ed  or dipped into a vessel

i ! letd hetboh A substrate
] 4R AR e o s e
ha9ing eMtal, Drgardabr metaborganicrelymesy inesaaﬂmaiﬁ’ oxge. ) '

{ Sl S REhAS L aRdtuel Withe describe
mﬁ!}%g?sﬁqﬁr:?o%&'oat{og m n%ﬁ@?ggm&to_sgt I Nyt es scr?l]rt %nature
cotripobflion ﬁ'heestuahm@ﬂoom-ﬂdﬁmﬂﬁﬁurﬁh@“%&%oé?qq"grﬂ PRa o

¢ S@g@{qefsg BY thefatblid] 6 He fitfloved in dhen, 1 gubsyateds conta
a .
oﬁ%@ intocvess I eSOHORHON 8B LD RLLS Bopid o 20°C o
G ARG ¥ e ouiod. e e
oftve sseate Yor 15 comBRSIOTLBY IS oo RETI st L ifinutes, or 1
to:(?%"\ﬁh‘\ﬁfes, tBﬂ‘F t&W&. Q?f_telfrfbanhet metlhei qmm;iltlop;gm substrate may

nown I n the ar at utilizes n

ba fisackansitaen dnocOATE sl e SCE gLt o fRispnere. I

ot BlbbaRIeME & dofhidet Webrrinse|ch GRS catitaining|delized water with
exa es are provi de o, Tur er |
ctoer s bR TRy bSlgre s arple B i the suberate
wip e irisbsfieA TR Ebedidreinblonesera e @m;?sition ogaibgivsed in any
ercent and a i .
methogtironrn e b ulizsn g ARep AR Tof FE rembi of photoresit, esh
of &i8h FEuERRHIorregididser i n a vessel at room

tenperature until all 30 solids have dissol ved.
[0029] For the foll owm ng exanples, one or nore test
substrates were placed in a 600 milliliter (n)

beaker that contained 400 BEXAMPLESCch exenpl ary
conposition. The 600 m  beaker further IncItHded a lu;clionand
[0UZ8] IThe folivating examples eve prodded:tdutnerdiustrats thacATPES

m-g&?oci c]léclosed herein. In the following examples, all amounts are given in weight
percent and add up to 100 weight percent. The compositions disclosed herein were

prepared by mixing the components together in a vessel at room temperature until all
solids have dissolved.

[0029] For the following examples, one or more test substrates were placed in a 600
milliliter (ml) beaker that contained 400 mi of each exemplary composition. The 600 ml
beaker further included a 1" stir bar that rotated at 400 revolutions per minute. The
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exenpl ary conpositions having the wafer(s) contained

therein were then heated at the tine and tenperature

provi ded in each exanple. After exposure to the

exenplary conposition, the wafer(s) were rinsed with

dei oni zed water and dried wth nitrogen gas. The

waf ers were then eval uated using scanning el ectrgn ted at the
exdiholBQRpostiShbhaving themafees)containgd thetein Weretnel hee

determne, inter_ alij.a, A n - | .
time @ﬁg\;gppergmpg?w%ﬁfdn ]epfgtF Sxé;réé}g.v gﬂ&f %%Qﬂr%dtgﬁé ?)E]empl» ary
. teRatel(e) Werchinsed atithafelanirgr waten and qgeg) trogen gas.

corfl

100301 Siljcon wafer leflchion RfdroBsbpy (SEW) in a variety
Thgma#%We&Waﬁd\éﬁ'Fgﬂ%ssﬁgé%ﬁ%gP@@t ric "Wfi | r?? é%%:?)c - aap il
of lIéBé’ﬁd?\%Q@ tisfermpirie] inter atiacthe éxieot ofapmml Rewist %V:_' or gap

nt er connect, wer using a plasnma etching
m%?‘@é%@.”“ﬁﬁgy@ggsquéﬁgggmre t hen processed by

ImMmersing the substrate In a variety of exenplary

conpositions and a conparative conposition provided

ExlFﬁrﬁpLzPﬁeJ‘lﬂ%‘{agéf %%,&Sreg@ﬁgggg@g ature described in Table

ectronic mcroscope (SEM was used

eval ' NEREsllicohtuxide-emtainigg tizlectric
o s i s s e
film asd atphoforesisipatternetehed fﬂmrﬁ ayef infgreon ®ha

| Fhé ' dmimessing th
pI%?nEe{ﬁc@hé lpf'&{egy Fhe %%tigt%ﬁé\dtﬁe&ww i gg the

summiona oyl P omESIF AT STPARIEBposten
pr@l&rr’ééc{ fﬁdlgal??éf\’gé%e %?\N/gio/émaéérgfuré dé%}iriben jn Teide 0. Wt%an;ing izlectmmc
ictseeopr(SEM) Wem R in Yplietsana SeehinA B Budhgd, The clearing
pefPhHAnibsiits &9 flovddd bapigl. The iesuleiora sty - 38 Ilustate
the thet TR fomygiohn A0 11 P sifesibhy boaf bhotirealee!

Mass Ratio of HA /TMAH: 0.25/0.75 = 0.0333 Exanple 1
B TMAH (25 % wat er sol-uti o). . ﬁgg‘ﬂ % DWVMSO 58.5
wt % DI Water: 10. 0wt %ﬁ?&ﬁg%ﬁ%" g?n%gl ution): 0.5 wt

—Y% 3= Mercaptori—2—prepanedi-ot—ttEgbIdmam ) - 1. 0 W %
Comparative Water : 20.0 wt % ] ,
lgxrgg\ple 1 Ammonium Fluoride (NH.OH) (20% water solution): 20.0 wit%

Dimethyisulfoxide (DMSQ): 60.0 wt%

Example 1A Tetramethyl ammonium hydmxlga MC;MAH) (26 % water solution) :
30.
Dimethylsulfoxide (DMSO): 68.5 wi%
Hydroxylamine (HA) (50% water solution): 0.5 wt%
3-Mercapto-1,2-propanediol (thioglycerol) : 1.0 wt%

Mass Ratio of HA /TMAR: 0.25/0.75 = 0.0333

TMAH ( 25 % water solution) : 30.0 wt%
Sxample 18 DMSO: 58,6 wt%
DI Water : 10.0 wt%
HA (50% water solution): 0.5 wt %
3-Mercapto-1,2-propanediol (thioglycerol) : 1.0 wit%
Mass Ratio of HA /TMAH: 0.25/0.76 = 0.0333
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Mass Ratio of HA /TMAH: 0.25/0.75 = 0.0333 20 -13
Tabl e I1: Photoresi st O eaning Experinent Conposition
Process Process Tine Photoresist Tenperature (C)
(mnutes) Cleaning Result Conparative 75 40 Not C ean
Exanpl e 1 Exanple 1A 65 40 90 % Cl ean Exanple 1B 65
40. > 95% O ean Exanple 2: Renoval -of Pol yneric
(e.g., gap fil Table IBRRGIoréwustiClemdngExpsrimdrdsma Et chi ng
5 100311 Exanple 2 illustrates the effectiveness of

Compbsitiors exenyl ary  Brodpes| L1 Ofs TRrocesscTmmai ng Pldtgresist c
rmt erials such ‘Pamgrgtute (°C) of BAR@'unutee)rl aI Cieaniag Resuft

rn cubot v ot A oAft Ay ] o onag
T

\JULI'UI. L9 Auar Tt e VI Aol bl. \IIII I

C"WB I@;ﬂ"?est substrat &% havingla ow B9 silicop
ExefWPI8J. contai ing dielectric {ilm a BARC | ayier .

a——at-alkad n

a
[
Exmhﬂbdme& st dattern g3 ched for a m440t| - aySIL;QO%Gean
HH-er-corheet-—rrere—et Yet—usSt+Rg—a—P et
E’“HP%' 61 The {substrates 10 were thenﬁprocess ggé Clean

I mer si ng the substrate In a variety of exenplary
conpositions and conparative conpositions provided in
Exahafile @: Retokvalrof tFolymeaicde igs rgaerfil ton BARD) Residued aftenPaamadEtching
IV. A SEM was used to evaluate the cleaning
[003¢} f Exaraplee ibusirathm the effectiveness of ivadeusexemplay sompesitions for

el 0 P o B G R e e

substratecafter plasma giching. cSlicon yafentasbaubstrates hm‘"arﬂjbwﬁ& SY'W

oxi&é‘@ﬁi?xﬁgt tu%@éﬁt}ic ﬁinf %;Bﬁxﬂ%ﬁgjae'r lealrnch ;ir%@@sﬁ?ﬁiﬁﬁrﬁ ktched for a

mulidayssdnterconaect mg@heqi uﬁnmerqﬁﬁnaﬂ etghingpregess. Jhe gulgtoates

RSl el it bl ompin

ancbcosnwa@mm@iﬁgas pronidedinJabledl for dige andigsnperatgreslescribed
in T&blé IVOMBEEM was (Gsetf t¥evaluate the cleaning performance and damage to the

underlying interlevel dielectric layer (IL.D) and the results are provided in Table IV. The
results fllustrate that the exemplary compositions, particularly compositions 2B and 2C,
can effectively clean gap fill or BARC material without attacking the ILD layer.

-14-



DEHA : 5.0 wt% SURFYNOL' 6485:0.5 wt A Mass Ratio of
DEHA/ TMAH: 5/7.5 = 0.667 Exanple 2A TMAH (26 % wat er
solution): 30.0 % OVBO 68.5 wt% 3-Mersa to-1 2-
ronediol thi | cerol : 1.6 wt% Exanple 2B TMAH (25%
water solution): 40.0 wt% DWVSO : 58.0 wt %
hydr oxyl am ne (50% water solution): 1.0 wt%
3- Mer capt o- |, 2- pr oparirsbieolll: Compositionserol ) : 1.0 wt %
Mass Ratio of HA/TMAH. 0.5/10 = 0.05 Exanple 2C TMAH
(25% wat eér _soljution) : 40.0 w % Qdm_iti%&jﬂ % IMAE
(@rsPy & soljution) @ 2.0 wt % Weagatr @20 ne (50%
V\%gfg;%tgﬂt ion): 1.0 w FMAH (\25 vapater dolation) o faSMl|
(thioglycerol)l: 1.0 W lidinooé nBGIWI%
rative- abl'e TV: Gap Fi Waibht ®@6wd?% ( BARC)
CsafiggzExperfi ment 6 FaMAH aRE%waensaiigionPr 38.648%
Result  Tenperjature Tinme C nmi nubMSOGHS.-Wt% Mat eri al
1LD Damage dleani ng Conpar ati ve®®EHA 38.0M8% Cl ean Yes
Exanpl e 2A Conparative 75 4GURFYNOLBHSARSd 0™ Facam

to 2B Exanpl e PA 75 20 nNigis Matioost DEM 5675 8 088720
G YRRRTERTU o EXaNDT e7MAH (26 Zwale0 Rolkton) 3210 W%
DMSO: 68.5 wi%
3-Mercapto-1,2-propanediol (thioglycerol) : 1 5 wt%
Example 2B TMAH ( 25% water solution): 40.0 wt%
DMSO: 53.0\?!'5'/&‘ ) 1.0 witk
hydroxylamine ( 50% water on): 1. o
&ﬁmﬁoﬂ ,2-propanediol (thioglycerol) : 1.0 wt%
Mass Ratio of HA/TMAH: 0,6/10 = gv?;)
TMAH ( 25% water solution) : 40.0 wt%
Fample 20 ( DMSO : 66.0 wt “)Aa
TMAF (20% water solution) : 2.0 wt%
hydroxylamine ( 50% water solution): 1.0 wit%
3-Mercapto-1,2-propanediol (thioglycerol) : 1.0wt%
Mass Ratio of HA/TMAH: 0.5/10 = 0.05

Table 1V: Gap Fill Material (BARC) Cleaning Experiment

Formulation Process Process Result
Temperature Time
(°C) (minutes)
Gap Fill Material | ILD Damage
Cleaning _
Comparative 75 30 Not Clean Yes
mple 2A
g:ﬁtpgraﬂve 75 40 50 % removed Yes
B
E‘ﬁﬁgﬁ :'A 75 20 Not Clean No
Example 2B 75 20 100% Removed No
Example 2C 75 20 100% Removed No

Example 3: Copper Etch Rate

[0032] Example 3 illustrates the degree of metal cotrosion present to a metal film when

substrates coated with a metal fiim are exposed to comparative and exempiary
compositions for varying time periods. A copper film was sputtered onto silicon oxide
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Exanpl e 3: Copper Etch Rate 100321 Exanple 3
illustrates the degree of netal corrosion present to a
metal filmwhen substrates coated with a netal film
are exposed to conparative and exenplary 10

conmposi tions for varying tine periods. A copper film
was sputtered onto silicon oxide -15 wafer substrate.

aTé}esubQﬂrétb 6*’rhé hitalhRRAes of tiecappepiim dri thewaiesiwas peasused
:.’vaiﬁg dbe g?,D,&}tJ é{&M@;gé‘lé’{] l.::!frﬁiﬂf’l que ﬁeﬁ’ aﬂ%@wﬁw‘?&th@%ﬂl thickness,
tesi‘éﬂéézfﬁéf Enirﬁ}ﬁarsbmh&%dmpbsltlm mroviged incTabieV 2t the

rovi bI e Vat, t r |
teﬁﬁadmawm pmsdeg in Taple ¥ or%,ﬂ g,,@”@@ aﬁg gb %@n@%ﬁﬁ?v . IAtter
im{tle-8n i dEAR ifbovell, thetiat bwbmataﬁtvme sémovedrars sech

strates were renpve I
conpossnhesoent Rasoe T D BATPAR o e
n.:ga jed mﬁkgéss meaémaamsmre Helegsinad ateachise intensl@nd graphed
t t
g, Jeass gaares I rrodel e TR er GHLA oPoABERY coibasitr The
8bje GPRBCRbAY sy0arebliit” modl! onemrwnmqsttien é% thefesuitant etch

"l'east squares fi C Sbnear fit f
raapravdea b arcenons miae (Gl SR ReparBoRds uden t : ser et
mk;%éasrb\‘ang@ Sgdlnétie thesitpiersed m.SThessimmeRy of BB RIes (ER) are

przp%aeg n%g ST%{I% R%g@%@é{tﬁ&ﬁe&t %Jrﬁgtrét@g’sléﬁg wvith'tRe exemplary

hgtsiiods, pamlaly\éxardplaséi& thranghiafaexhi ol Sbgenialhdawer copper
eat ed. wi t h_t he sompbarative exsaplgs 3A

e‘e&&ﬁ?rﬁﬂﬁ,@ %f%"?ﬁ%%%&% Mseﬂ;ﬁﬁ gl t ed a‘gﬁ‘gstgﬁtl ally b
thtsugRrapsopper etch rates when conpared to those

substrates treated with conparative exanples 3A 15

t hrough 3D. -16 Table V: Conposition Conposition

Conparative Exanple Water :10.0 wt % 3A TMAH (25% wat er

solution) : 30.0 wt% DMSO : 59.0 wt/* Hydroxyl am ne

(HA) ( 50% water solution) : 1.0 wt% Mss Ratio of

HA/ TMAH. 0.5/7.5 = 0.0667 Conparative Exanple Water

:10.0 wt % 3B TMAH (25% water solution) : 30.0 wt%
DVSO : 57.5 wmt %
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HA ( 509' 9 wat
Mass Rati o of

er solution) : 0.6 W% DEHA: 2. Owt %
HA and DEHA/ TMAH. 2.25/7.5 = 0.3

Conparative Exanple Water : 10.0 w9 % 3C TMAH (25%
water solution) : 30.0 % DWMSO : 58.5 wt % HA (50%
water solution) : 0.5 wt% Gllic Acid :1.0 wt % Mass
Ratio of HA/ TMAH 0.25/7.6 = 0.0333 Conparative

Exanmpl e Water :10.0 wigpidly: deitfopo wat er sol uti on)
800w DVBD T 53. 5_V\F°7_F§o % g%)e’@mgmorsol ution)

Caﬁ'ﬁﬁa@“ e

sol ution) : 30|
solution) :1.
Mass Rati o of

tTTazore (BZT) . Waléer Vi0OWESS Rat1 o of
7.5 = 0. 03BMAH E2s0amiater SolutiBVAIZ0(0B% wat er
0 wt% DMSO : 68.0M3® 96%0WE0% wat er

) Wt %  Iydoaylaroine (HA) @RI oWater solution) il Gyt
HA/ TMAH: _ fMasd Hatfo:of BAOSRH: 0

CdmpdRitEX ity
er capt o- 5- net

of HAl TMAH: O.
wat er sol ut! 0

sol ution): 40.

( 50%Bnat er s;;l ution) : TMBHRSY% water solution) : 30.0 wi%

pat e 0 am) - 1.0 Mgsgiiato ';131“%‘; 10 i
MW%§W% 1.0 W% ‘."i .o .o. A EMAMe .
0.5/ % = 0.0667 Exanpl ewgﬁim. SR er
0 wt % HA (50% water solution) : 0.5 wi%

solution) : 30.0 WaBs: OMB®% 68.5 wt % HA

yl benzi m i dazo| g PM3O 5575 Wi nass Rat i o
517.5 = 0. 063“7(502% W,OT%%WZG%
) : 30.0 wt% DMVSO™. 63 0:0 ﬁ,

Galllic Acid : 1.0 wt%
Mass Ratio of HA/TMAH: 0.25/7.6 = 0.0333

Comparative Example
- 3D

Water : 10.0 wt%
TMAH ( 25% water solution) : 30.0 wt%
DMSO : 58.6 wi%
HA ( 50% water solution) : 0.5 wt%
Benzotriazole (BZT) : 1.0 wt%
Mass Ratio of HA/TMAH: 0.25/7.6 = 0.0333

Example 3A

“TMAH ( 25% water solution) : 30.0 wt%
DMSO : 68.0 wt%
HA ( 50% water solution) : 1.0 wt%
Mercaptobenzoxazole : 1.0 wi%

Mass Ratio of HA/TMAH: 0.5/7.6 = 0.0667

Example 3B

TMAH ( 26% water solution) : 30.0 wt%
DMSO : 68.5 wt%
HA ( 50% water solution) : 1.0 wt%
2-mercapto-5-methylbenzimidazole : 0.5 wi%

Mass Ratio of HA/TMAH: 0.5/7.5 = 0.0667

Example 3C

TMAH ( 26% water solution) : 30.0 wi%
DMSO : 68.0 wi%
HA ( 50% water solution) : 1.0 wi%
3-Mercapto-1,2-propanediol (thioglycerol) : 1.0 wi%

Example 3D

Mass Ratio of HA/TMAH: 0.5/7.5 = 0.0667
TMAH (25 % water solution): 40.0 wi%
DMSO: 59 wt%
3-Mercapto-1,2-propanediol (thioglyoerol) : 1.0 wtb

Example 3€

TMAH (25 % water solution): 40.0 wt%
DMSO: 58.0% wt%
3-Mercapto-1,2-propanediol (thioglycerol) : 2.0 wit%

A Example 3F

TMAH ( 26% water solution) : 30.0 Wt%
DMSO : 68.0 wi%
HA ( 50% water solution) : 1.0 wi%
Mercaptothlazoline : 1.0 wt%

Mass Ratio of HA/TMAH: 0.6/7.5 = 0.0867
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DMSO 59 wt % 3-Me to-1 - ro edtot till
Exanpl e 3E TMAH (25 % wat er sol ution):

58. 0% w

% edl ol

tht | erol : 2.0 %

t 1 : 1.0 wm%
40.0 wt % DMSO

S- Mer capt o- 11, 2- PmM Exanpl e 3F TMAH (25% wat er
sol ution)
sol ution) :
Mass Rati o of HA/ TNhdiile Vi: @urEtbh Rafe D&87
Cu Etch Rate Test:

30.0 % DMBO : 68.0 wt/*
1.0 wt 9% Mercaptot hiazolin

Conposi tion Process

HA (50% wat er

e. 1.0 %
-17 Table VI:

Tenperature C_

QU Iggmpdsition_m n

CRrpeasatTenperatare(P@)

3A Tu Bigh Rate (A/min)

CompRAtioe Examblean|

p 3B /5 2175 Conparati

ve ExarmIZB 30

Cémparative EXEAI23B V

e Exanpl e D 75 28 EX

anple 3AZ6 31

CormpHfit

Ve ExarhpleBC ©

xanpl € 3C 76 1 Exany

e 3D 55112

tive Elxan-“g?lelso =

xarpl € 3F 78 1 - 18

AING  1.28A

Comp
LUII[‘E_ d'@

VITg resggiues 1rom

a substrage,

ttre

é 3TON C

pT T ST Ng7eab0oUT 20

ot 0 about 380 %

a

RC pU| |

SO Ve 75 5 about

U % t0 abqut 60

wa

—about g %10 aboly

T~T0 % by 1

3: E {E%gé' 5pof
le SE

al cl

Tar Yy almToTEgIT compou

d, 1

Example 3F

75

1
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optionally about 0.1 %to about 5 % by wei ght of
hydr oxyl am ne provided that a nass ratio of
hydroxyl anmine if present to quaternary anmmoni um
conmpound Is less than 3; 10 optionally about 0.1 %to
about 10 % by weight of a fluoride lon source; and a
nmer capt o-cont ai ni ng corrosion inhibitor selected from
the group consisting of aCkAlMSund having a foll ow ng
formula (1), a conpound having a fol |l ow ntg fornulq
1. (11)A compasitiondpt retritvingabsidess fBomersybpifalpr B ppmposition
trj et hoxysilane, and m xtures thereof R, R6 15 SH Rz
compising: sl 7 R R7 R 20 R4 Rs (I) (11) wherein X Y,
and ZbaLE2CHID sbodiegcYdd anloygand pJarePveiEm C. N, 0, S,

and P; [ are each
I ndeﬁé’ﬁgém%béﬁggﬁ?(dﬁ’b roeui ﬁhrbg\%g@' a fornmul at C' "
H2, +labouht ieiorakdt 10 Helmyweight af a quajesnaly. amemoniumpmpound;
sel ected from 3 a5edles 1 yifekyffinihé provided that a
sel eapganﬁ"(&’gﬂ%‘@?’ﬁt?{ﬂ ar ou;/ Eg\%elréghgf? rmul a Cn»‘—)%i +‘i as than
madsaatio of ydranyipesing if present to quetespary FMBENYRSOMPRYLR'S *©
3'havi ng a formula CnH210OH wherein n ranges fromO to
*20. 2. The conposition of claim| whereipg the .organic.
pol aroptiohallyrabolit0.4 8k takaut 10 Serby m@h@%%ﬁ" s‘?’é?‘?‘f{ﬁ& and

of di %&%Eél%p?c%%rgégbiqs gghbéwﬁ Mhibitey sdladtediiromithe group consisting of

di met di met hyl f or ma

d
a sempaung Havingeenfotiewing farrraila @ea oemnewfﬂ'@\gﬂq)f Idlowing fgrmula (),
2@%@@%@@&{ ﬂ-gsrdeo Wmsrﬂémeqsnéne, ghl ceikturssitbereof

-19 The conposition of claim
2 wherein Rhe orgarf pol ar solvent |s selected from
the group ¢onsi sting of dinethylaoetam de, SH
di met hyl sullf oxi de, met hyl pyrroiidi none, and

R, xtures thereof. 4.] The conposition of claim
wher &\n '

ol ar solvent conprises tfhe
gl ycol her . \

Y —— SH

Ry
Ry

o '—'—N\

R¢

) (th)

wherein X, Y, and Z are each independently selected from C, N, 0, S, and P; Ry, Rz, Ra,
R., Re, and Re are each independently an alkyl group having a farmula CrHznet, Wherein
n ranges from 0 to 20; 'R7 is one selected from H, -OH, -COOH, and —NH,; and Re Is onhe
selected from an alkyt group having a formula CaHzns, wherein n ranges from 0 to 20 or
an alkanol group having a formula CoH2,OH wherein n ranges from 0 to 20.

2. The composition of claim 1 wherein the organic polar solvent is selected from
the group consisting of dimethylacetamide, N-methyl pyrralidinone, dimethyisutfoxide,
dimethyiformamide, N-methytformamide, formamide, dimethyi-2-piperidone,
tetrahydrofurfuryl alcohol, glycerol, glycol ether, and mixtures thereof.
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5. The conposition of claim4 wherein the glycol ether
is selected fromthe group consisting of ethylene

gl ycol nononet hyl ether, ethylene glycol nonoethyl
ether, ethylene glycol nonobutyl ether, ethylene

gl ycol dinmethyl ether, ethylene glycol diethyl ether,

di et hyl ene gl ycol monomethyl ether, diethylene glycol
3. MONOGaYonRicaRibn of cleinh 2 wheesir theirganie PAIBRSRIYERS g Selected from

. et her, diethyl | { idi '
thecaravh oiiing o SiretyielamieR i jdRaE b flethy pyroliinone
and'BibRURAkénebf. et her , di et hyl ene gl ycol nonobenzyl

th di et hyl I, i i i bepe th
4. g1 y e BSOS 5 w{Sh T e GraBhiE Bbtar S6108rt Comprscs the
g|yg§[hgimer_ti et hyl ene gl ycol dinethyl ether, polyethylene

| | th ' h
5. 0t by combperip Bt ripfik A Sherd fieYycr gt ¥ Sclectedtifunh the group
coRBMNGESt lelylere giydod moaomuwletherr, n;hy@ne gycyb%m?ﬁ&h!ﬂ &R |

et her acetate, .oropyl b Y/l dimemiyEsthet, ethgicherglycol diethy

ettilah g rnrgnabyf e, 6fGieHs ol e 0 .
O e eabs AR By mvns

SRS SARCIY G 1RidtpropyfietheR idtieylene glycol
ogPEBRera st drnTRAE BB hotitpropy URoR
o el e et

i Pl Dby Gifletrii b dRiiilerRi dipdol dietHypethpy; tristiylene glyco
ether, di W ‘én&?
mmhﬁ ﬁyl?er, mmgﬁy%& di&'l_etr{\e gt%x _pgl'yeéglegg tg%gll monomethyl

o . Qlthek, ietyiEhb pfycpidthylens giyeel monomethyl
et BN ] etrpf S, tiep Xy -
ﬁwﬁmﬁﬁmmgﬁ)ﬁ&% mmano iy & %pmﬁ%'ayi "e”%'@rf,ﬁsﬁo@gg?eiv'
ot [efb Koo PiffiyNathr, prapyisns mhycohmonotuityl BtheTrropyle
A kA e oy
B i syt BT el
diprpuiylene @ pokc&iﬁweam%ﬁﬁ@nmmenﬁﬂﬁg&'ﬁﬁﬁmm 1-methoxy-2-
bUtAndTES- Mt Yi-BiXandl] 2-mdiysky«methylbUtanol, 1,1-dimethoxyethane, and 2-
%dﬁj}g%( et hyi)trimet hyl anmoni um hydr oxi de,
(ZCWWG{W 3391‘9"( ri et hyi ammoni um hydr oxi de, (2-

hyd thyl)tri i 1T i i . d
6.h§ d: gx gp@%‘i’é’ﬁé{)ﬁ%bﬁ R Jg%em%%% Fg{éﬂoné%rg compoun

cd\mﬂﬁé&_ﬁ%ﬂo%vbeﬁleﬂfqua&méfy ammonies compaunst: ¢ a ai ;&i 1

erei_n the conposj t,i Aonium
75 rnahechmeceBRa t ShLs SR B bl oo
cMEEnEYL aBletRddrumptriegreupicansisling ohtplEElYiammenium ydroxice,
tq%rgﬂr};g%rgg%%ﬁgg'g&&?ﬁe&b%ﬁa}nmﬁﬁ'de%Fﬁﬁanlum
hydroxide, trimethylethylammonium hydroxide, (2-hydroxyethyl)trimethylammonium
hydroxide, (2-hydroxyethyl)triethylammonium hydroxide, (2-
hydroxyethyl)tripropylammonium hydroxide, (1 -hydroxypropyl)trimethylammonium
hydroxide, and mixtures thereof.

8. The composition of claim 1 wherein the composition comprises the
hydroxylamine.

9. The composition of claim 8 wherein the hydroxylamine comprises diethyl
hydroxylamine.
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addi tional corrosion Inhibitor. 11. The conposition of
claim 10 wherein the additional corrosion inhibitor is
at |l east one selected fromanthranilic acid, gallic
acid, benzoic acid, malonic acid, malefic acid, 5
fumaric acid, D, L-malic acid, isophthallc acid,
phthalic acid, lactic acid, malefic anhydride,

10.pht hﬂ*hb%o?(gméﬁnbh @eclall QfHefdin tHeydongpsttioh further eormpides an
acl

fﬂﬁ?l l'ic E nzotriazole, carboxybenzotriazoie,
ad Eosi 19 t hi osul fate, gl ycine,

11tetr ﬂ‘ﬁ@td&)ﬂﬁbﬁﬁah of élﬁu'n 10 wheasth Meeidditioaslicdrrosion inhibitor is at least
dl met h I ace cet am r| h roxybenzene

ong;seigetrd I19 regilic ag g ifagd, malenig 35iq, maleic acid,
funidie’=Re, D, ﬂ-awa:ha acifin @osmmsadm rpntmhc abidJ lm:ﬁb adid:rrmleic thbydride,

phﬂgglgcg%%gnég g;tr?\?eltqglgp gyr(cg(érﬁ fﬁ%)qr}g%:f] P coﬁacld benzotnazole,
carBo*S}bhﬁﬂtﬁtPincﬁe Wﬂlofdéebﬁhmdmmmsalfata glycine, tetramethylguanidine,

il e AR S ARG T VoM BRIHE o i fiyoenzene,

salh?cﬂhnganliia aﬂlmmwﬂﬁréﬁon of claim1 conprising the
121 SR BB S v TS SRR vt
Is anergelactal] from ity g@up eoasistingf of memmmmmemmle, 3-
B bl BB, SHRASIAT e,
anmmreesherbﬁer eo1; 15. The conposition of cl ai (r)nm1420

3 Ao PR PitRosyPR et Sfin) § 2aBBHERE teuRAus Knourds ™
14.t et r Fbelopmpasition ofickaim ma)whenajn thediupddsa lop isouregsamprses a
COWJ i‘lja%ingc {l gélllé} %Iff&t: é Iﬁjgi 14 Rw Mﬁ& § ﬁ bﬁ[@@& anér ﬁ'w are

the uori d
mdemnﬂ@eﬂ!: byqropenan aﬂkami gIoUp; an @llsw group, an alied awpa‘d mixtures
ving residue fromthe substrate conpri sing:
ng a 25 conposition according to claim1l1 to

th
16,50 bs%[rmtc@mos@om ehglainni 4 whewin e dikpddedop sopse Is ﬁ!?cfsg from
amnﬁ,ht eénaé {Qraﬁ*@ctﬁi'_ﬁhﬁ%nldrﬁ e fetiabth {[@tﬁi’n@lﬂlﬁlrﬁ flsvide,
the su Cc

strafe emstho | ai m erein the

tetrabuiyt ammeniughilarigieschaline deerides aad mbides heredde| ect ed

16.f T Omma%ommaﬁ bhdlaiff mmammasuaﬁd@an @burselcamprises
silicon, silicate, Interievel dielectric material,

ﬂuqrgwqpqgl@ ectr| c, and high-k dielectric. 30 19. The
17.et h@ﬁn@fho@'c‘{lkéﬁwcl\ﬁng\f&ldﬁbﬂr&hﬁhe@bﬁﬁate %omﬁhslﬁg eplyinga

cormpestr DR o e SObS a4 R e o 20°C 10 80°C
for Bigekibd ©f tifnd REfHCRAt to refdvé ieaiskd WronCthe substiziel s

18. The method of claim 17 wherein the substrate comprises at least one material
selected from the consisting of group consisting of metal, silicon, sliicate, interlevel
dielectric material, low-k dielectric, and high-k dielectric.

19. The method of claim 18 whereln the metal is selected from the group consisting
of copper, copper alloy, titanlum, titanium nitride, tantalum, tantalum nitride, tungsten,
and titanilum/ftungsten alloys.I

20. A composition for removing residues from a substrate, the composition

comprising:
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20. A conposition for renoving residues froma
substrate, the conposition conprising: -21 about 20 %
to about 80 % of an organic polar solvent; about 10 %
to about 60 % by wei ght of water, about 1 %to about
10 % by wei ght of a quatemary ammoni um conpound; and

a nercapto-contai ning corrosion inhibitor selected

f r omabpat 20 Bule et B8% atamorgasicpotansplventl havi ng a
foll g%&g.,d‘? %%UQ&% Wé aPW&tQIaV' ng a follow ng
|

formul a zol1ne
3- nelabawt Lirte@pout 10 %elrmsbﬁ of matqn@rymnmmlmn compound; and
therg

N %ergfi%tpg&m% wé?gor}&?n mNiblgcg{lC fé%te ef Qrﬁgp Qcplsisting of

Epeund having mfatiowing formela (Bl cwnpmd mngmfouomg farmula (1),
rﬁéPQa thiz8 AT a
B R, S PP ARt TR By, ol PR

one sel ectged frompg, -OH -000H and -NH2; and A5 Is

one selegted froman al kyl group having a fornul a
C'H21,,,, |wherein nfranges fromO to 20 or 20 an
/g kanol grloup having a formula C' H2, OH wherein

ranges f and wherein the conposit
subst ee a water-sol uble am ne.l] 21. The
conposjtion offf cl ai M\{8 further conprising fluoride
i on soyrce. . Aco itio or renoving rjesi dues
from af substrgte conp |S|ng copper, the corposition
conpriANNg: n organi ¢ pol ar sol vent; L a

ugtemar ni u mpound; opti opgl hydr oxyl am 3
%hovided 1hat a na1s ratio of the hydroxylanmine if

R, Rs
U] ()

wherein X, Y, and Z are each independently selected from C, N, O, S, and P; R;, R;, Rs,
R4, Rs, and Re are each independently an alkyl group having a formula CaHzn.1, wherein
n ranges from 0 10 20; R; is one selected from H, -OH, -COOH, and ~NH,; and R; Is one
selected from an alkyl group having a formula CnHzn.1, wherein n ranges from 0 to 20 or
an alkanol group having a formula C,H,,0OH wherein n ranges from 0 to 20 and wherein
the composition is substantially free of a water-soluble amine.

21, The composition of claim 18 further comprising a fiuoride ion source.
22. A composition for removing residues from a substrate comprising copper, the
composition comprising:

an organic polar solvent;

water;

a quatemary ammonium compound;

optionally hydroxylamine provided that a mass ratio of the hydroxylamine if
present to quaternary ammonium compound is less than 3: and



N

4 {10

15

present to quatemary ammoni um conpound is |ess than 3;
and -22 a nercapto-containing corrosion Inhibitor
selected fromthe group consisting of a conpound
having a following fornula (1), a conpound having a
following formula (11), 2rrercaptothiazo|ine,

cgg g‘r9 ; g?e?‘éb%r'g&ggéla%“gl qg'rtagn%x )}{p:;zbu ﬂ?&:ﬁé%ﬁ{?é;{zﬁ Tﬂ:f?in(gl )of
gWheﬁln%a f@ﬂ mﬁ Jéﬁlﬁll@ﬂ?. donsheioad tering a folldveng tagmula (1),
2-rmreamemiazolma BemersaRtPRroRN- tav%?)w Re"BD‘Ef Wﬁg“ e,

C' H, ?reln 15 %_'rangesfromOto 20; R7|s one
sel ected fyf om H, -000H, and --NH2; and R8 is one
sel ected firoman al kyl group having a formula C' SH

'§2+” V\hrelnnragesfromOtOZOor an al
oqg\h j a forqula CH2"OH wherein n rang

n e conposition exhibits fa copper
etchr te that e

is | than 5 angstronstm nute. -23
SH

/.

R,

) (1)

wherein X, Y and Z are each independently selected from C, N, O, S, and P; Ry, R, Rs,
R4, Re, and Rs are each independently an alkyl group having & formula CyHzne, Wherein
n ranges from 0 to 20; R; is one selected from H, -OH, -COOH, and —NHz; and Ra is one
selected from an alkyl group having a formula CoHans1, wherein n ranges from 0 to 20 or
an alkanol group having a formula C,Hg,OH wherein n ranges from 0 to 20; and

wherein the composition exhibits a copper etch rate that is less than &
angstroms/minute.
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