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BACKGROUND

[0003] The recent trend to portable and wireless computing on the one hand and commodity
prices for cell phones and personal computers (PCs) on the other hand has created a need for
smaller integrated circuits (IC), IC packages, and electronic products that are low in cost, but
capable of high performance. Wafer level packaging (WLP), including flip chip

technologies, addresses this need.

[0004] WLP is IC packaging formed at the wafer level. With WLP, IC interconnects are

fabricated en masse on the wafer, and complete IC modules can be built on the wafer before



[ 0005] One of the keys to W.P is the build up of
flip-chip conductive interconnect bunps on the wafer.
wab@s®3i32s er connect bunps serve as el ectrical BPOTUS2005/039381
physi cal connections of the sem conductor conponents
to a printed wiring board. Several nethods of form ng
i nt erconnect bunps on seni conduct or devi ces have been
proposed, for exanple, solder plate bunping,
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Failure to effectively remove these materials can result in contamination, yield loss,

o

downstream problems in testing and board-level assembly, and reliability fallout in the field.

[0008] Photoresists are commonly composed of acrylic resins, polyvinyl cinnamates, diazo
compounds, phenol-formaldehydes, or other similar film-forming materials. Photoresists can

be applied to the wafer surface dry (e.g., by lamination) or wet (e.g., by spin coating), as



[0009] In the manufacture of sem conductor wafers and

printed circuit boards (PCBs), a substrate is coated
WOWRaoa/ 08030t or esi st. The photoresist is exposed POT/US2005/039381

actinic radiation and then either the exposed or

unexposed photoresist is renoved with a suitable

devel oper to produce a pattern in the remaining

phot oresi st. The renai ni ng photor esi st protects

. cover dar f th sub rate.
ittustrgid L Figpiss £13 &y respetfiaely 3’%9 orest Pﬁ)é?“%?&ﬂfﬁh?@ss'
linked®y ulRhASTERL #itGRioMad, CherhNBy-Adktlcir: BMak dﬁ?ﬁ%ﬁﬂo%lﬁho graphic
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[0011] Conventional photoresist compositions and processes are not compatible with WLP
processing, in part because of the high solder re-flow temperatures (e.g., 150°C — 400°C) and
large resist thicknesses used in WLP processing. Thus, new photoresists for WLP have been
developed which, in turn, require new compositions and processes for photoresist stripping

and residue removal.



photoresist, making it difficult to renove due to, for

exanpl e, cross linking and encrustation, making
watooeppizrgy of this photoresi st unpredictable. BUT/URWO5/839381

m grating fromconventional, |owdensity PCB

processi ng, such as di nethyl sul foxide (DVSO wth

al kal i ne base (e.g., NaCH or KOH) are not desirable

for WLP packagi ng and hi gh-density PCB applications
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.. ..Conpositions and nethods for renoving photoresi st m
Wlthhﬁ’@%%p are described in U S. Patent Nos. 3,650, 969;

3,600, 322; 3,147, 224; 3,075,923, 4,269,724, 4,278,577,

[0013] g’*(gﬂ;sgar% g%mugac%@%po}géglggo%% ggé{ 5{84‘%%5% %ﬁa,gig’u étﬁge (e.g., a glass,

ceramid, i@ @M. orlpexy-ghss lamirpital vaed) A cisduii gpefiSis formed in the

iisclosedhcontain gyth | ene chloride, which is _
copper JAYeF UHHRE P PtoLEsISt masking and copRestchant, sqlntonsg dMternatively, plating

copper over a patterned photoresist layer can create the circuit pattern. In either case, the
exposed highly crosslinked photoresist must be removed from the PCB substrate.
Compositions and methods for removing photoresist from PCBs are described in U.S. Patent
Nos. 3,650,969; 3,600,322; 3,147,224; 3,075,923; 4,269,724; 4,278,577; 3,789,907,



[0014] Conventional photoresist strippers contain
sol vents and al kal i ne bases. Exanpl es of

waelogemiseal kal i ne m xture types of photoresi stPCT/US2005/039381
strippers that are known for use in stripping
appl i cations include dinethylacetam de or
di net hyl f or mam de and al kanol am nes as described in
U.S. Pat. Nos. 4,770,713 and 4, 403, 029; 2- pyrrol [ done

3,625 98 (et 3857894 43 908 5 363,787. MSEOL DS rasfiesit scppers
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descrlbed in US. Pat U S. Patent No.

962, 197 describes a strlpper for renoving
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less themyg%r Rotassivol bydrﬁﬁde,rfemmmm@fcam@md@ga@e oafvidtion effects on

e P —
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and t amou f of oresi st remai ni.ng on the )
of corin: PRAENPHER: 48 Pho LD Pt A ov et ol gosews seippers,
are do MEEEREb1bely reRidkE AhrdaRbd PisbtéheSikt dnaléttt'aai‘thettﬁdél‘?ﬁiig @ubstrate
over plating, and to avolid shorts on costly fine-l1ne

metallmgpsspesifiipglywbercooopads met/as8r00Bing3e8edal. [ 00161 A new
generation of photore3|st stripper conpositions and

[0015]&%&1@%3&%%%%?1 ;Seq lﬁlgs 1%%%rea@%sﬁr %rq&lk%'la enﬁy,I a3 the pitch

(lines/distance) in PCBs increases), conventlonal strippers become ineffective and the amount

of photoresist remaining on the substrate increases. Complete resist stripping is needed to
control plating distribution, to reduce over plating, and to avoid shorts on costly fine-line
PCBs.



[00171 The present invention overcones the limtations
and di sadvant ages descri bed above by providing
W@ e0mpsi323 ons and processes for renoving pol yneCEUSHOS039381
etch residues, and post oxygen ashing residues,
particularly fromICs, WLP circuits on wafer
substrates, and PCBs. [00181 One aspect of the
i nvention involves a nethod that conprises contacting
qﬂgs ! effecti
[0016F AR enpl=Bon B bhordhotlst bl SRRBLAIDE ARt St eayired o
addresmhesbpmblezlﬁ)s me\N@Jﬁ’tanﬂ@(GEﬂian@factﬁﬁﬁg’mDnl um conpound(s);
and water. The organi c ~ anmoni um conmpound has the
general structure: R4 X R3 ~N+ R R where: X can be
hydr oxi de; sulfate; hydsupeviARN f at e; phosphat e;
hydrogen phosphate di hydrogen phosphat e; nitrate' a

[0017]fc®5box 1 % %ﬂg acet a{‘l benzoat e, _car bana
o gt o er iRt de Pl U en disedyaeses desorived bove
by probi@ﬁ@&ﬁﬁbcﬁdtfoh@ﬁﬁd ﬂicg%égg Y% Sﬁ\g%%ﬁglgm gsaf)&rt S re§1dues and post

hydrogen tartrate, l'ate cl nnang
oxyges hﬁlllllg residped; aantmelaﬂsm #Ss, WiLP eirclgts onfwafor suketrates, and PCBs.
i odi de, bromide, or the |ike; carbonate; hydrogen

[001 8]061[1? %@@&e f Qﬁi%%ex@fo%%%lges b1|nfe4l?.88 ﬂgpl cbrgg{ﬁgts I?:%ﬁi{alat&g a substrate
with nbxlim;ds coftaining A1 effeclii 6 Mot IN\eshnid dRMbAiit 6&%&&1&[}9 Srom

ary amne with an organic epoxy;

about gfﬁigzﬁ&t 2 weight pergent o4 eﬁalam@n@lahcqmmmé@btmﬂlvgat@e The organic
Omﬂ)g I phenyl, a group derived
ammo%% e r%g%%?lg%x%m %ﬁ%(l ary amne with an organic

epoxy, or another group contained in a tertiary am ne.
6 WO 2006/ 050323 PCT/ US2005/ 039381 [0019] The

oxammoni um conpound has Hne the foll ow ng
structures: R7 | 11 I;Q? __ORE{5+HN-O-R5 R6
R2
where:

X can be hydroxide; sulfate; hydrogen sulfate; phosphate; hydrogen phosphate;
dihydrogen phosphate; nitrate; a carboxylate (e.g., acetate, benzoate, carbamate, formate,
lactate, oxalate, hydrogen oxalate, citrate, hydrogen citrate, dihydrogen citrate, tartrate,
hydrogen tartrate, gallate (subgallate), cinnamate, or the like); halide, such as chloride,
fluoride, iodide, bromide, or the like; carbonate; hydrogen carbonate (bicarbonate);
bifluoride; or the like;

Ry can be an alkyl group (e.g., methyl, ethyl, propyl, butyl, etc.) or a group derived

from the reaction of a tertiary amine with an organic epoxy; and

Rz, R3, and Ry are not hydrogen and can independently be alkyl, benzyl,
hydroxyalkyl, phenyl, a group derived from the reaction of a tertiary amine with an organic

epoxy, or another group contained in a tertiary amine.



R6 where: X can be hydroxide; sul fate; hydrogen
sul fate; phosphate; hydrogen phosphate; di hydrogen
w@bwspheste; nitrate; a carboxylate (e.g., acetBtBEUS2005/039381
benzoate, carbamate, formate, |actate, oxal ate,
hydrogen oxal ate, citrate, hydrogen citrate,
di hydrogen citrate, tartrate, hydrogen tartrate,
gal |l ate (subgallate), cinnanate, or the like); halide,
such as chloride, fluoride, jodide, bromde, or the
[0019] The oxammapiym comnoyad bavoncefithe fllow mstaisietiat e) ;
bi fluoride; or the |like; each R5 can independently be
hydrﬁgen a subdstituted Cl-C6 straight, brancheld, or
cycI| al kyl, al kenyl, or al kynylRgrouX a substltuted
acyl o) Fglght or branched d\kgxy group, am dyl
group/ car boxyl group al koxyalHyt=NrouP,—aRkyl am no
gr &¢p, al kyl sul fonyl group, or sﬂffonlc acid group,
phenyl group, substituted phenyﬁsgroup, aryl group,
whereg hstituted aryl group, or a salt or derivative
thereof; and each R6 and R7 can independently be

hxdasen ydRxivedsitrayd; hgal@gen s@faw %béﬁhuteeﬁy&@)g&ﬁphosphate
strai ght, branched, of cyclic alkyl

dlhydragklyhlwsmgat@uptrat& sehenylale belg angptate }h@u;pat% panbag:late fagmate,

ot RS B o PP, SR o

hydroggnCttifrate) lgakbaté fﬂbgﬂlam)j dnﬁrﬁklt@,,or flenis); 1gdlidssuch as chloride,
supstituted phen I group, substituted
fluoridgy {ndids, Brpgnde,or éheslaf% c BO%whyéfqg?@ cathenate (bicahomte);
bifluoRESCRURILQN OF THE DRAW NGS [ 0020] For a better
understan fng of the aforenentioned aspect of the
invention as well as additional aspects and
egrash dlsruan tirglepérsiendy be hpdregem asubdtivuted Ch€grstrdight, bradeked, or

vl SRR P RS TS eb oS SIS bBhotd Moy
group,%ﬂﬂ%@@ﬁ/cmﬁﬁj%oﬁppQ&&yﬁk%@uﬂ%ﬂ%@ﬁﬂﬁo%ﬂoﬁ Exﬁ%rlsﬁffonyl

m cr on sol der mcron pitc
group, mir gukfenie Beidigsowp, ph@yél rofugy substiwicderhenyl ol eryl kgmm»s subsututed

l. F | f copper thickness | ost
myig%gggﬁﬁﬁag%§8§l gw?ﬂﬁgggomggc for various choline

hydr oxi de concentrations. [0024] Figure 3 is a plot of
ceneh ®; ahd Rg ke iRlep arientybghjdroge) a agdioR§l croup asdubstituted C;-Cg
time at 35C for_Solution B5 versus a conparable

straight, hramchgd, qticysligalkyaalkenyl, or alkynyl group, a substituted acyl group, straight

or branched alkoxy group, amidyl group, carboxyl group, alkoxyalkyl group, alkylamino
group, alkylsulfonyl group, or sulfonic acid group, phenyl group, substituted phenyl group,

aryl group, substituted aryl group, or a salt or derivative thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] For a better understanding of the aforementioned aspect of the invention as well as
additional aspects and embodiments thereof, reference should be made to the Description of

Embodiments below, in conjunction with the following figures.



[0025] Figures 4A-4B are SEMs of a contact before and
after stripping. [0026] Figures 5A-5D are SEMs of
waelodesosbainps before and after stripping. [ O0RFH/US2005/039381

Fi gures 6A-6D shows magnifications of sol der bunps
after rinse. [0028] Figures 7A-7D shows
magni fi cations of sol der bunps after rinse. [0029]
Fi gures 8A-8N are SEMs showi ng stripping results.
{OOBO] Fi gures 9A-9G are SEMs show ng strlpplng i

[0021} Bigyre; KA shqwomu 3rray of $oaicuansolderbamps Bitiysl 09 paigroggpitch.
stripping resul ts DESCRI PTI ON OF EMBODI MENTS [ 0032]

i bed for renoving
00 R o e BN, h T . Wo. g

PCBs. Reference will be made to certain enbodinents of
[0023} Rigure isernlpoioof, copperriickiess fostgadist axposite tinge atad 586 fonvarious
e C ing tables and figures. Wile the
ChOhHFHV F%gp naﬂg %lescribed in conjunction with the
enbodi nents, it will be understood that it is not
[0024] Pigaraef atploi ofBobpériBickinese sk QAngstrolspagaimdekpebutetime at 35°C
enbodi nents alone. On the contrar the invention is
for SofusicarRferereus acespenarable sl wikout Bt f i cati ons and
equi val ents that are mnthln the spirit and scope of

|V ' [ ims. 8 WO
1002 B A S b B e p BB o Eaber i 1 (e
foll owi ng descri ption, nunerous specific detalls are
[0026 s EtgufesritrSDare SEMsiod eolder hompsrpiforaadé e erstdpmins.of t he
present invention. However, it wll be apparent to

e of grdinary skill. in th rt t t vention
o027 ol PR a Riebifstort e s bR A a1 o 1
ot her instances, nethods and procedures that are
[0028VBigurds ' TaWDtshotvh amgnificatisrdiofas Mer iakipd afienrinkee art are
not described in detail to avoid obscuri ng aspects of

the present_ in An exenplary nmet hod for
[0029} Bighissiiar-pol ayﬁéﬁl\héﬁewr«gégﬁ 2 1e8lthot h from a

substrate conprises contacti ng the substrate, on

0030)'Pighles® ALDGCHE SENs sRoRRigtst eBulgd.rcuit is typically
[ %?é@gﬁt (e.g., a jf ° gS gﬁ%gtrate) with a

conposi tion accordlng to the invention, containing an
[0031Figaeasi LA - 501 ave: SIBYLs sfrayeng étﬂ@ﬂmgrfﬁilﬂﬁscorrpound( s), an
ef fective anmount of one or nore oxanmoni um conmpounds,
wat er, and optionally an organic sol vent. [0035]
Advant ageous| yDESGRIETHONSOF EMBORIMENASD t 0 t he
invention is capable of renoving the polyner, the

[0032ﬁ,§8&pg§ gilo%% g‘o%%gersgﬁg (ﬁe%{%lsgafefo? t’tﬁﬁ @ﬁ@f‘é{- %rrﬁi residues,
particlenly i0ICs, WeLR hind BSB@ CR&IGMGWHI be hfads tdedrtatd émbédifnents of the
1nventleo);1a g}?almfpleé Qf vsvhlrcrzﬁ%re 1llustrated in the accompanying tables and figures. While
the invention will be described in conjunction with the embodiments, it will be understood
that it is not intended to limit the invention to these particular embodiments alone. On the
contrary, the invention is intended to cover alternatives, modifications and equivalents that

are within the spirit and scope of the invention as defined by the appended claims.



when the renovi ng does not substantially nodify the
FT-IR spectrum the dielectric constant, the

wo edocastseye i ndex (RI), or the thickness of surtm/US2005/039381
materials after use. [0036] The organi ¢ amoni um
conmpound has the general structure: R4 XR3/NR Ra
where: X can be hydroxide; sulfate; hydrogen sulfate;
phosphat e; hydrogen phosphate; di hydrogen phosphat e;
nitrate; .a_carboxylate (e.g., acetate,, benzoate,

[0033} Mopeavit én thedpHawig depemtinh cnurasranswinscifigylgtalg are set forth to
. . B .
providbiethgpien il Safin DY A LRRRoR iy, HoRXIEPRRAN be apparent t
one of{czdingyl skalt &) the artrilu s ibyertiontney Be pregticetl avithoet thesecpardenlar
detailsg gﬁk%&}lﬁg?@tm&% o%r ! léqﬁfde Sé’llgg S{;_p%g(ilggs{ %%nkagg = IQA{% tlolthoes’e of ordinary
skill il aWOhé A6t deQEritiddan ikt to FvolPoBBALD 2ER2R of the present invention.
PCT/ US2005/ 039381 R can be an al kyl "group (e.g.,
met hyl, ethyl, propyl, butyl, et c.ngl or a group derived
[0034F Asrexemplapemethiod Hoeme vingrpolyansy, etah nesiduiet ¢r koth Sogemsubstrate
XV and are not hydrogen and can_ .
comprFfi KN nER B sorBtape g P IR o PSR P Rhpicany
presend (4. QW WER bt PEB subsifatd)with @ @6#nip0sitioh accotdihg tthy idEntien,
W th an organic epoxy,, or another group contained in
contaiging @p et EpHVCAMONEL Of OETIP RIRANITIB FAMPERRAHP) 88 epctivg@mount of
C COURA i on:
one oﬁfé%?y%h rimet Ey}dg?rnr ni u’lrJn‘Q %?féé)l(?@%naﬁ‘y%ﬂ%&anﬁd bt
di net hyl di et hyl anmoni um hydr oxi de,
[0035Adyintagenesliytha nompositiothacdomiingite, the invention is capable of removing

the po%ﬁ% F%Jgﬁtr?%{h?egg? E@ﬂgmﬂﬁggﬁ#% g&gelta gl?aqgt%'dir?g erg)iplélrgi)ility of
the cirb@it foR FBH I (RSB hskaLialM A iadhe Qubsti@lel Rk @ﬁé&hﬁl@f@l | HEY ocour
hydroxi de, and the |ike, and conbi nations thereof.

when thagspving deesot surtatitisin modify itlee BF-gRwpectammdhg dislectric constant,
0 nd.i.sn~t he,pr.oduct o reactio bet ween an
the refERTRE Rt R\ BEBIAEE 8 suPn RERHAN O er B2 0°° 02 o s

where R8 can be hydrogen or al kyl, aromatic, and the
[0036] Thkeorganic ammonium compound has the general structure:

R4\ X-
+

R37N— R4
R2

where:

X can be hydroxide; sulfate; hydrogen sulfate; phosphate; hydrogen phosphate;
dihydrogen phosphate; nitrate; a carboxylate (e.g., acetate, benzoate, carbamate, formate,
lactate, oxalate, hydrogen oxalate, citrate, hydrogen citrate, dihydrogen citrate, tartrate,
hydrogen tartrate, gallate (subgallate), cinnamate, or the like); halide, such as chloride,
fluoride, iodide, bromide, or the like; carbonate; hydrogen carbonate (bicarbonate);

bifluoride; or the like;



and a tertiary amine R4 R3 -N R2 that forns the

organi ¢ ammoni um hydr oxi de conpound. O her organic
wW@pove/050323 conpounds can be derived by reacti nBCT/082005/039381

hydr oxi de conpound with various acids to form the

correspondi ng organi ¢ anmoni um salts. [0039] Exanpl es

of the organic epoxy include, wthout limtation:

et hyl ene oxide, 1,2 epoxypropane,, 1,2 epoxybutane,

1,2 |.odod e I t , 1,2
eg‘bﬁe O)é ¥ ’yl%rgllrgégs}pgtﬁnﬁeggg?%&% b%fi)y ,n e1:gl.r)1 %r a group derived
from tBOLAYEST W DRAZSN Bmink vitEROSHRRX 3PExy; hind €POXY-3 10 WO

2006/ 050323 PCT/ US2005/ 039381 net hyl but ane, 1,2
ggox nonane, 1,2 epoxyoctadecane, 1,2 epoxyoctane, 1,2
4]

pift Beiee anhydrogenand eom indepensiently be alkyl, benzyl,

- 3-pbhe r 2. epoxyt et radecane 1.2 .
hydro AR e RATR B RYFAE oty e RSN &% 4 GRS Miime e ppyorganic
epoxycardnbthat gonp comeinedin a [R@A9lanixanpl es of the tertiary

anjne inclyde, mﬁthout Iin1tation; trinethylanine,
10037} AN S Tos OF (18 OB a0i R iven CuRguRd dnelade, without limitation:
benzylrith ShiMhBHIkA RS AN ﬁhnéﬂylﬁi%waﬁ%&ﬁuﬁ hydgoxide,

triisooctylam né, triisoprdpanol’am ne,
ethyltrimethlempdninh bygrioaidenmethiyltiiethylpmminien hydtqxideny| ani ne,

ris(2 am noet hyl ) am tris[2-(2. . )
terabilnyipn R BBt BffalFtatiophii hieyidgntetamethylammonium
hydroxidd, tattapropyeammnigddreiisd, And aRatidel A8 Afubinations thereof,
hexanet hyl enet et r am ne,
N.N, N, N -tetranet hyl et hyl enedi am ne, and the |iKke,
[0038] Jpcsome srbodERGTH $he ¢rapmie pmnYapd Fomnpoyndes e prdduct of a reaction
' the ar ' [.um conmpound cont ai ns at
betwe%é’%ét?é%ﬁ@&%%xy%ﬁ#e%%ﬁ%r% s%I[gg:g&f%]fl:'choI ine salt (i.e.,
where one of RI-R4 is _a hydroxyethyl noiety and the
other three of R -R4rare al kyl groups such as
met hyl s), a bis-chol yne\salt (i.e., where two of RI-R4
are hydr oxyet hyl Vetie nd the other two of RI-R4
are al kyl groups h as thyl %8, and a tris-choline
where Rabén fd hRlrogenhfafkyll ir&@a@d, affl tHR4il@r € hydr oxyet hyl
noi eties and the other one of RI- R4 is an al kyl group
such as, a nethyl). Wiile the preferred salt counterion
andat%‘?rybaénmﬁri ed, a particularly preferred salt
counterion for use in the conposition according to the
invention is a hydroxi d& counterion, with chloride,
carbonate, and hydrogen ch\r bonate counterions al so

that forms the organic ammonium hydroxide compound. Other organic ammonium -
compounds can be derived by reacting the hydroxide compound with various acids to form

the corresponding organic ammonium salts.

[0039] Examples of the organic epoxy include, without limitation: ethylene oxide, 1,2
epoxypropane, 1,2 epoxybutane, 1,2 epoxycyclododecane, 1,2 epoxycyclopentane, 1,2

epoxydecane, 1,2 epoxy-9-decene, 1,2 epoxyethylbenzene, 1,2 epoxyhexane, 1,2 epoxy-3-

10



being preferred. [0042] The oxammoni um conpound i s

typically a reducing agent (i.e., has a reduction
w@oaoesi3ad ), nust be miscible with water, and PEEUSI85/039381

of the followng structures: R7 1 Il R7Z x NORS5 + H

NOR5S5 R6 R6 where: X can be hydroxide; sulfate;

hydr ogen sul fate; phosphate; hydrogen phosphate;

di hydrogen phosphate; nitrate; a car boxyl ate (e g.,

acetate, benzoate, carbamate, formate,

methy$utre0b8 m@m@sﬁ@@@%ﬂ@é@fcaﬂ%é@@@w@@ﬁa}( é,
epoxyﬂ%ﬁﬂécgag%%é?)ﬁaép@% en{:a!nfe,r A 0755@ 'bﬂgfgﬁggfoh&?éérqﬁ e oxytetradeca.ne

ncrt e, tartr
1,2 epgeytiidécané sibgadxlyandecane; and tredike, amicdnl‘mndtlokle)herémﬂ i de,
such as chloride, fluoride, i odi de, brom de, or the

te: hyd b te):
100400 ¥ Fieles BED iR B e KR L PR o ERREH NP e
meth)llafﬁﬁl@,gﬁfienz%rla‘iﬁihétthbﬁt %@1%&& TRHERY, tridthaR g, MON,N’-
lic alkyl, alkeny or % group, a subst i t ut ed
A

cyc
methyé@hylemnesnh@n@amm@;mw ine|tiispropgrypincaliNy|

e Rty GGG B ShGHR: LSRR isP Rihos By iy B0

methoRPERYy)Gholgming llhsﬁ-tdlwhﬁﬂnd? Beplamine, Mpalky?lrdibthglfeﬁunamlne
substituted a salt or derivatiyve

I oup,
hexameffsienstetragpee, &%I %é HfémR thyteipylenrdispmingend e e, and

. hydr oxyl group, a substituted Cl-C6
comblggt?(gﬁgg%}?o ranched, or cyclic alkyl, alkenyl, or

al kynyl group, a substituted acyl group, straight or
[0041 blreprefeectd @iibod mapts) the, organic yinngmowp pompom«;plnt@mscm peast one of

the fO]g(l? kOXyag;Flgtqﬂg%agtRF &> \gb%:%loglgbgg -lghgﬁgy aﬂs Sl%gigp alnd the other
three &ﬂmsm 5&%@@1 @Hﬁﬁé{ Suclil22$bthyl®Y, ¥ bisIsHOURe sAE: %t rv&n&@ﬁﬁo of Ri-Ry

aryl group,” or salt or derivative thereof. [004

are hy&mcn‘p fetlt:m@ddha n’chﬁhtvmw%nﬁo anechliyl eranps such asvaeihyls), and a
tris- cho ine saER d whe}(edtixr >6f ?{nlﬂ dre hydroxyethyl moieties and the other one of R;-

R, is an alkyl group such as a methyl). While the preferred salt counterion may be varied, a

particularly preferred salt counterion for use in the composition according to the invention is
a hydroxide counterion, with chloride, carbonate, and hydrogen carbonate counterions also

being preferred.

[0042] The oxammonium compound is typically a reducing agent (i.e., has a reduction

potential), must be miscible with water, and has one of the following structures:

R, I ] Il

N_O_R5 \ +

Rs

where:

X can be hydroxide; sulfate; hydrogen sulfate; phosphate; hydrogen phosphate;

dihydrogen phosphate; nitrate; a carboxylate (e.g., acetate, benzoate, carbamate, formate,

11



a hydroxyl am ne sulfate, a hydroxyl am ne phosphat e,
hydr oxyl am ne chloride, hydroxylamne nitrate, a
whyaeo0sanm ne citrate, N, N diethyl hydroxyl anP@eUS2005/039381
i sopropyl hydroxyl am ne, and the |ike, and conbi nations
thereof. [0044] In preferred enbodi nents, the
oxoanmoni um conpound i ncludes at | east one of the
foll owi ng: hydroxylamne (i.e., in formula |, where

al| .of R5-R7 are. hydrogens), a .hydroxyl.am ne_ sal
tactate progfle, PPty s Broar hin IYRORSH Rifel brtate,
hydro W $hilatd ($hbBallie) AEiRXath A8 JFEhEBKd) VIRdIId¥ Esuh a8 chlotifle,
ornul a hyd d

form I, e.g., where R5 is a hydrogen and where R6
fluoriden ipdidey bepmeide.rig dprelifere Arrtbonasy;-hgdragek ghrbgnata feiparbumase); an

. bum salt of formula Il is present, a
blﬂmlgggf&??gﬁn%r’y preferred salt counterion for use in the

conmposition according to the invention is a sulfate,
hyetth ®yean $ndepaddentlpbe hidogérg acabfiteed 09.Ceatraizht Ghanched, or

. carboxyl afe, chloride, phosphate, hydrogen phosphate,
cyclic &ﬁ%{%ﬁ%ﬂé{f’ Of B YBHSE 1P  SURtEI Y 3¢y] BFQuPe i @hteps branched alkoxy
i /
group, A Fﬁb%‘,%arbla%yl}(%g%ﬂ gﬁéogggﬁgﬁgrg% a@%ﬁ{o}?&ﬁ% %&g}]stulfonyl

[00451" I n"'sone & I ment rganic p
group,tdranliowic atid@rdipe phértyh gwarp esubstityitddephenylcdrowte dryl Guoupabibatituted

organi ¢ pol ar .sol vents i nclude, but are not limted
aryl gip ,’°§Iakg§ﬁc9r PﬁlY?g’geglf?aeoﬁﬂ@i r derivatives.
Addi tionally, non-anine solvents, such as di nethyl
setch Riade R MB@deperi@@ittlyobe ﬁjédrb 841, 8 h&@fox?ﬁ&ouﬁ;aﬂ s{u@?&tﬁted C1-Cs
u imte 0,

. ,al kanol am nes can incl ude, t are not nt _
straighb, hragghed, orgyelimalliyly alkenylt errallcanyy eovpnesubstitutedsacy] group, straight

n ' i.an rdrjiamnes. T .
or brat 28 SIBR e A B up A IF Srou b p AR Epon Ao
group,aliotigulfonlybgrabip dr sbifede beid gadupphenyPgebiub] sibaditusedPhenyl group,
alterpately, suitable al kanol am nes can be represented
aryl grgyD A HESHHEH PEA ETOWPof A RESHYAI loppeh- O R12.
wherein each of RLO and Rl11 can i ndependently be H,

0450 A A 0 A 56 i,

a hydrex Wamulesifatesa kydvoxylahing phognhatea hpdmpylaind dhiatidep

noet hanol am ne MEA) ... dj e | anm.n )
hydrox Ak A Wy ATIOR EHIce O L Wt paleeige
isopropyhjdrokylasing, sh®thb 3ire) Adicembida50R¢ Meiee am ne,
2-am no-1| -propanol, 3-am no-1 -propanol,
i sobut angl am ne, 2-am no- 2-et hoxypropanol ,

[0044]20n psplped crbpdimpnis: havspampenin fempgund insladas at kegst one of the
followfHied! e (i R CR! el AR
otov g e (37 SO DK OB,
hydroxytemine salt @re.,iim forinhéa Ilowherafmhereodll of RARY e Hydrogens), and a

N- met hyl - 2-pyrroljdj noqe N, N- di met hyl pr opanam de
hydroxN,lq(plap Q‘W\Wt% (i grmula I, e.g., where R; 1§ a hydrogen and where Rq and
R7 are independently C;-Cy alkyl groups). When an oxoammonium salt of formula IT is
present, a particularly preferred salt counterion for use in the composition according to the
invention is a sulfate, hydrogen sulfate, or nitrate counterion, although carboxylate, chloride,
phosphate, hydrogen phosphate, and dihydrogen phosphate are also preferred salt

counterions.
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et hyl ene glycol, ethylene glycol alkyl ether,

di et hyl ene gl ycol al kyl ether, triethylene glycol
wabkdoglosesther, propyl ene glycol, propylene glychCT/abiog$039381

et her, dipropylene glycol alkyl ether, tripropylene

glycol alkyl ether, N-substituted pyrrolidone,

et hyl enedi am ne, and ethylenetriam ne, dinethyl

acet anmi de (DMAc), propyl ene glycol (PG, dipropylene

id
oosspEple ROREEN, FLUSE B e NP Ml e v

includeh eBetible dxgetiit pohakoloegainctide b resmt Viited t6] zﬁEélﬂ@l&mnes and
own in.the art can al so be used

their Pt R ERPabE Honaitq o vsap st Sima TR BMSO),
may bé BfitdbVRR LD rSu1ﬁB%fa?lEefn3ﬂm‘Hﬁ%‘%gh ‘fnqg@ciea[mt arg h%{tel%ﬁecﬂo primary,

typically polar and can inc
secondqgy; % Wlafb’)ﬂmlnm tedlare prefdieBly bMa@mind3(dianied, or triamines. The

e N R N TG W L S,

AddltlsﬁlMﬁﬁtalteﬁﬁtélyT@ﬁﬁaﬂlé’ ﬂ?{ﬁlﬁilﬁtﬁm@@caﬁf @?ﬂ%gf‘ség%lfzigd 153/ theacﬂgmlcal

largely water-mscible WO 2006/
fomuh(&rt?%méﬁr%/@éﬁ@rore%nswhmlmde of£RhauidRantan independently be
al so_act
H, O O M PR AR PP Bty Bt CHaCHOH.

Examplm)dﬂsdﬂable dlkencih@igs cagineBas; ut 2RI LIRS monoethanolamine

I f t to, protect a netal copper)
OMEAY disfhape la%gn%c’%ﬁ?%%zﬂaam@%mmyﬁay@m@mmm @HBAVar i ety

an
S PSP R SARECLA Py SRR ANy oo
isobutdnolapihe2- mmeMhomymopmng atrﬂmaoar-éthoi}ﬂ@tﬁgﬂol MPhieh is also known
?C|f|call ou s f the general class: R5 R
anlgl;'é) ﬁgbm% | oyed, where X, Y, and Z are
|ndependently chosen from C N O, S P, and m xtures

[0046] tAdit@fal exdmelsies b EEMiIE 96‘1@1‘s51v@ﬂl§ sﬁﬁ@olé’ RIreRE Ean 1nclude bélt are not

ui rements and presence of pendant ~R groups

11m1tedstggNm ﬂ&-pmr@lu@mon:eeW@mﬂh@}pmma&ﬁiﬂef&&hhﬁetbﬁﬁhmamﬂe

el SRR 05 P IEH A BB e

alkyl ethlbk @roplyleme gaydoy, dpyl@recglybol sIkyREEE d@"roﬁn%@ﬁ&l alik P&Mer,

stituted acyl group; straight "or branche
tnpropglp%glyco alkyl ether, N-substituted pyrrohdone ethylenediamine, and

ethylenetriamine, dimethy] acetamide (DMAc), propylene glycol (PG), dipropylene glycol
monomethyl ether (DPM), N-methyl pyrrolidone (NMP), or cyclohexyl pyrrolidone (CHP),
or mixtures thereof. Additional organic polar solvents miscible with water as known in the

art can also be used.

[0047] When present in the composition according to the invention, preferred organic polar
solvents are typically polar and can include, but are not necessarily limited to, NMP, DMSO,
DGA, MEA, propylene glycol, and mixtures thereof, When present in the composition
according to the invention, any solvent used must typically be organic, polar, and largely

water-miscible.
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group; am dyl group; hydroxyl group; hal ogen; carboxyl
group; al koxyal kyl group; al kyl am no group;

wa@bdoglososks onyl group; sulfonic acid group; thePGHUS200$/039381
such compounds; or mxtures thereof. In one preferred
enbodi nent X, Y, and Z are nitrogen, nitrogen, and
carbon, respectively, and RL-R5 are each hydrogen. In
anot her preferred enbodinment, X Y, and Z are each

itrogen, R3 is hy drog and R4 and R5 L%l i nke
(0048} Blg@meqmmdvﬁeets drifelaling agentukich at mes wilhelsparide Euhibi

corrosﬁ{n ?%Elltéﬁlé Eﬂaﬁ%‘raﬁ jeics) B ifcind0Hle BB EP% Ege?@sggvheP resent,

erre ating agents are capa & ng
generalﬂlytfhnatmneo pedtert amtai\(e@ kayppehr)aﬁommu@ ¢ordsd,znd enayi begchosen
to t rlwent |fog and (g ne or nore % %Inge )
from %‘QF‘S | FSEFA G e%‘lféhc §»d‘F B{@]‘B% AYY POHRAItHCE e ©
preverﬁfb'n%f cOhpek bbRbdibRaRIthG: F6tefhs coNPAdin T%the art.
hyl enedi am netetracetic acid
N- hydr oxyet hyl enedi am netri acet | c acid (HEDTA), and
[0049hm¢1§ne@1ﬁ@@1rly,&nmep@dmfatbeg@r@raé@laas (DTPA), cyclic
: carboxylic acids, as well as the salts of am no and
cyclic carboxylic aci ds, sudhs as saturated and
unsaturated aliphatic _and [ omatic nono- and
di car boxylic acids havf" 1 to 20, preferably
from2 to 10, 14 WD 2006 0503 / US2005/ 039381
nore preferably from2 tg 6 carbon atons, such as, for
exanpl e, formc acid, RCetrtz acid, propionic acid,
butyri c acid, caprylic acid Rcaprl c acid, lauric acid,

may bm—() fot})e& \91’13&?25( @alaﬁ'a k'a?e {nﬁ af():e ’dFﬁtiCy’eaCI 8111‘&? I@C(Byé ' 8.nd

pr’opi 0 aci d; crot'oni ¢ 4ci

mixtuifes ﬂiﬁf@if 0 Underéthesﬂ: coBdltlloné @d)vraleaﬁdreqhﬂerﬁelﬁﬁ bld presence of pendant
cycl ohexanecar boxyli¢c acid, benzqic_ acid enyl aceti ¢
R groygisirepy bs:set sppropsiaielyy Pendage R groups RipR<iipy, F@%éﬁéeaeedenﬂy include,

w1th01gcﬁitnﬁgaltﬁn* H s@ﬂs‘iﬂ[‘tﬁ@(ﬁ Ve @6 Gtra léflj Braﬁ@lﬁed‘:&l c'yEloaa‘ilbg alkenyl or alkynyl

I ¢ aci Ci nnam

group;rﬁtxaxighit of brandied a]knng @nﬂ}s sulistitiet] 0y gioup; sﬂraﬂglﬁyoc branched alkoxy
| actic ac

car) |c aci ds. such
group 7nigy | Gt TRIoRIL PP o gp) FrbG aroup: flklyally group;

alkylai‘fﬁ‘ﬁB éljohﬁ' a@%ﬂgﬂfo‘ﬁﬁ 910[19' s‘%llfoﬁfé'a@ld B0 DM stclpedfSounds; or
such as e.d. glyoxylic acid, pyruvic acid, acetoacetic

mixturgs mltjeredfekubmerprefer@d|emb0dinp¢maX, é(rmmeaimmmgem ngfedgén, and

carbor, r&pedtyely, B R RTaROG0h Bt 18 G Re e shdiment. X, ¥,

and Z b 6a6h Atroabil KylishidfoBen, ahIR, ah@ R; @ftellfked together with X and Y to
am nocar boxyl ic acids such as e.g. hippuric acid,

constityitg hp-aranbesedarparatie HNBAWIYUEei d, carbazic acid,
hydant oi ¢ acid, am nohexanoic acid, and 3- and _
[00501 Weheh poisentzpictereedicielating agentsoate aapﬁblqnﬁmmmgm@wﬂh materials
from 0 car

removg{!] gﬁ rﬂ%g %pé)sm(g;z%gescgp %/é ngthe mven! on an may mc u(fe]: one OI‘ niore of

amino carboxylic acids such as N-hydroxyethyliminodiacetic acid, nitrilotriacetic acid
(NTA), ethylenediaminetetracetic acid (EDTA), N-hydroxyethylenediaminetriacetic acid
(HEDTA), and diethylenetriaminepentaacetic acid (DTPA), cyclic carboxylic acids, as well
as the salts of amino and cyclic carboxylic acids, such as saturated and unsaturated aliphatic

and aromatic mono- and dicarboxylic acids having from 1 to 20, preferably from 2 to 10,
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mal oni ¢ acid, succinic acid, glutaric acid, adipic

acid, pinelic acid, suberic acid, azelaic acid,
wa@elaoss2aci d, nmaleic acid, fiunaric acid, phtpkel/U82005/039381

acid, isophthalic acid, terephthalic acid and sorbic

acid, and esters of the abovenenti oned carboxylic

aci ds, anong which the nethyl, ethyl and ethyl hexyl

esters should be nmentioned in particular. [0051]

Anot her class of chel ating _agents, whjch nay act as .
more peafprably feam 2de PsAoRIRigmS, shah as; fas ex Bllreogwéﬁ% é‘galcnwd’

. X . i n it y i ‘e
propiofi sEPLRYAL il BRI BT LLAR oI PAZLOSM hfrlo hld, palmitic
acid, stttssid,erpilicseid, hopipdicercal, nettessylicwsl eiotone4cid, isearotosic acid

and R is independently hydrogen, a substituted d -C6
straight, branched or cyclo<al kyl, al kenyl, or
al kynyl group; a substit group, straight or
branched al koxy group, up, hal ogen, carboxyl
group, al koxyal kyl grEEﬂL akl yl_ gm no group,
al I cyl sul fonyl groug,-of sulfoni¢ gﬁ% group, or the
salt of such conpounds.tigggg;;DAG/ 50323
PCT/ US2005/ 039381  Sui t abl eci fic exanpl es of such
and ol&6 @d:id,lt dyﬁ@h&ét&i&ba&b@qﬂicaﬁid) benzoln duiid, phenylaetiodeid, bm-ap-¢oluic
.. not imted to, catechpl, t-butyl..catechol d . .
acid, op gneieropenzslceacit GospRitrphRiZ0l 494, Sy laﬁﬁﬁnPh‘@irﬁ%?C@%mththOw

acid, cRiRYRY d%b?%%?wﬁ { & hn@5@REREed &gﬁ;ﬁ‘@a&?&’%ﬁé chbBRylic acids such as

accor to the Iivention can be varied, depending .
e.g. ladtieawoid, helic heidi mahdedinatids sgieyk¢ ecid, anidicadd, wafullipacid, veratroic
) hot or esi st/ pol ymer and/or..resi.due t.o be repoved. | .
acid, ofspRaraRRba PAEN FIoh G & SHFELT A BYERF aftFy oEl s acid levulinie
acid; a%fh‘é@%irﬁ@arﬁé‘i&lﬁ%f&,‘ e al19Re @hfitoddrbXyhy adld Gich ab @.g. alanine,
_about 50% by weight, preferably from about 0.5% by
argininge Cyptting, preliveutryptephaby tyvesingrand gleleminea bl dsa otheR  about

. 1% by .wei ght to abo %_I: ] . Qr.: f 0 O o
ammow%c\?érihﬁﬁ{; 8ucgnba8lftg. 5’1%1)9 a?%%%_r]#mhacloatchdr %ég?lélﬁg‘, #E% r%n{f’bazw
acid, hg@aibic AcriYamihonet@bic dctil, ahd 8 ankiDainihoben@id acid;rsatarated and

about 15% by wei ght to about 45% by meigh%, or from .
unsatuggies dicabpryliogsidgheving feasa gio 28 9grhon glomsniuchss egy gxalic acid,

r [ | NGO S:). -0 140 : i Y acigh ‘o aci
o MRS GEPRONN 5 a5 R Sl ookl s
sebacié Bcitih@aleiraiil) Sirharinacid, phtidiio geidpisopiehalivveeid, itareplgbalickeeid and

. varied, depending upon .the chem cal .gnd/ or hysj.ca
sorbic gy ssfert g AAGHIESH SRS LA IHC A Grong ST HERL HE Ry
%ﬁﬁ@ﬁm B ned ih BStie@@ROSI tion accordi ng
cthyl atﬁlg the | L%ﬁ%}?%}}ﬁgggcont arilen 1f ?orr11 about 0.1 % by
wei ght to about 12% by megght, preferably from about
[0051J0AnSthbryclassiof bhelatingagsuts, whiphmyayast sheoppeisormsipminkibitors, the

hydrm;yﬁ)gﬂ%eglgg ﬁay } ?%%pti&%q\ﬁgh?ﬁ]% ig%grg%)%tqﬂti?g/gaekﬂly% iilg chnj ction with

the classes already cited herein. These comprise the general class:

wherein n=1-4, m=2-5 and R is independently hydrogen, a substituted C; -Cs straight,
branched or cyclo alkyl, alkenyl, or alkynyl group; a substituted acyl group, straight or
branched alkoxy group, amidyl group, halogen, carboxyl group, alkoxyalkyl group,

aklylamino group, alkylsulfonyl group, or sulfonic acid group, or the salt of such compounds.
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by weight, alternately from about 0.3% by weight to

about 3% by weight or from about 3% by weight to
wW@b@dsmB13 % by wei ght, of the one or nore oxanPONUSIN5/039381

conmpounds. [0054] Typically, the anpbunt of water

present in the conposition according to the invention

can be varied, dependi ng upon the chem cal and/or

physi cal nature of the photoresist/polyner and/or

due to be renoved. |n one enbodine t he
Sultabkeos@seﬁp exgRplae ebudh Ghelpting saentsiGopomon SRPibisgrs Gishidg; ot are not
(ol i t 95% by wei ght,
hmlte(ip{oéfe?%mt%%m a ofrjltH 16%@‘&\%}& ght to about 94% by
wei ght, for exanple from about 20% by weight to about

oo o O S A B oo

accordatgmtthcﬁﬂﬁdeiuwmmgiatvmed dep artimbapin thS %dmlcalangfur physical nature

about 90% by we of wat er 2006/ 503
of the ﬂm@l@@zﬁ@%m%@ﬁior TP bﬁﬁsmamdg N OFf © %gh%

compo@ftﬂ)ﬂrb'hceoraﬁf M6 e iRV &RPAcah Bolthi FANRRSILI). 4R b?‘%@éi’glﬂ k& 8bout 50%
e in entlon can be varied, depending Upon the

by weight m&fajabm'imm rabgtt)()sj% bly Wfag}u te abﬁut dh% by weight, for example from

oresi st/ and/ SI d f
sbout PO GR e BB T stethot BPtm atgt 4 BFnbS TS e g3 by
weigh @Heﬁﬁlfégnﬁ'&ﬁ%%lﬁﬂ 0/4%Qi9'tv%1?htft6 abo 10 byl G¥dhy, feh wﬁut 16% by
about 95% b wei ght, preferably from about 250/

weightyei a@hut 456/0 bm s geawiym wkqui AP, by wieighk inhiost 236 kY %ﬁm of the
or anl30% i m)oﬁﬁd( bout 80% by wei ght. or from about
ganty SPK \]/%l g bout 75% by weight, alternately
from about 2% by wei ght to about 40% by wei ght, from
[0053]a'b?p1ba1139/ct1’£eyamdmit gfuhetone abmiote &Ofarhyniwei qpintpounds fresent in the

about 50% f o about 90% Db i ght, of the
CompQSHHITGHHEPT H}ggtavﬁﬁ%%wélr?@n %F d@%{ dependiiesiion thy cliepical and/or
{to b8 réh6vedO TR 8fé EmBEdiment,
phys1cg§1té g&% ?Jrf é@@lﬁéfﬁg%ﬁgﬂﬁﬁﬁgﬁ% t?/ rgr |red dependi ng en

the conmpositiom ecctohrhng tathe amashition pnyesingain fioat ahout 84 % beweight to about

120 g BB R B E neEP AL B 00 STV, Hp SR
from #bBt @g%%y @&gﬁut%l avboﬁtcy% 3l roveﬁ%m iy &oatdbodt 4% gﬁﬂ 19 rabout 10%
to about "10% by wei g erably from about 2% b

by weight,ghemetslyn ot abays b3 atei ‘gﬁght tp@bo@x%m]by aveight oF fragbqhout 3%

by Wetghg%ag%’ ﬁigl’?&‘% ’oouz1 égjg glymwel 'Hler ngp&?&

from about 0.01% by wei ght to about 1 % by wei g

[0054f Topicaibgtiic dAndurfrobwatenpiegértt in thea:bnqiosﬁ%l laycondmgm theonvention
f % 9

can bg %@gabq%gﬁcggg glg@i ’glplcﬁglmézﬁtmd? P gfls'lltcal%atsu{% of the plhgtoresw?fpolymer

and/or residue to be removed. In one embodiment, the composition according to the

invention can contain from about 10% by weight to about 95% by weight, preferably from
about 15% by weight to about 94% by weight, for example from about 20% by weight to
about 90% by weight, alternately from about 12% by weight to about 30% by weight, from
about 48% by weight to about 60% by weight, or from about 75% by weight to about 90% by

weight, of water.
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[0057] Optionally, and usually only if necessary, pH

adj ustors nmay be used to naintain and/or nodify the
w@Bkhoef33ke conposition according to the i nvent PONUS®05/039381

that it is within a particular range that is

effective for renoving polyner, renoving residue, or

both fromthe substrate, while maintaining the

operability of the circuit, or portion thereof,

[0055 "i"ﬁé) %rhglﬁrﬁ%g tl-iehoe It \ﬁmﬁltoo:]rgan-ér% §eq:} Ht %%es%%rlg(ﬁbe o IOtS]I.tl%rl]l accc}i'dmg to
the 1n\daﬁnem damlge VW ddpRnéipp up 6@ tHe QRemaAtad A6y Iﬂl%f%hlcﬂﬂtlﬁré oPfie
stor(s) to be_ used nmay depend upon the desired pH
photorgf,ﬁst?l olyrger qr rgsidyg tqbgperpovwid. When presant.dhe compos1t10n according
LY. 0
to the {REhHH & ad%ﬁta%%‘ﬁglbrl {aﬁldfrérﬁ ap%v.zrol 0 /gg% {Ne %HO&WS % by

conposi tion;

weight; praferabily, frarh aboﬂ)@ﬁ%mjawmgm m@bb@w’ﬂ% By ,Wdiét@ foRELimpla fidm
such as organi

|
about 3% o8t iEhfo oBeHEGEs by Wﬁlgﬁborrﬁ@ra|a§ow§e/hbx§fe@p freabout 75% by
weigh@ la}ﬂéfh{twm fr&h abb& o Bﬁ)wel%% fo ¢ ult h&f‘%tbﬁ/%él h froﬁﬂé%oﬁ??%%y

pH adj ustors that are co curt
weighttatabpitai086 by eveighit) orlfroomabaun SO%daylﬂefgm tPRD6WIEY3 BB weight, of the

US20Q5/ 039381 art - they may include pH buffers,
Optlon\%worg?%’? %ﬁ??ﬂq‘n aci ds/bases as well as salts, or nerely

aci di ¢/ basi ¢ conmpounds. If any optional pH adjustors
[0056]VEHiecant surid 6f fhddpeiohal chbl@m@g)ﬁgbﬁﬁ(h)tpr@é’bﬁt irhe @6lﬁb8£t1$19actcbﬁilng to

i nyentign, however, because of basicity ©
the invgpidemeasrheprrissdlepending gpen e ahmwalmdéqsmpmmlsmaum efjthe
phoor U 8 oYl BE it A PR ARUB i e

to the m&entmns:an lademntipedusig bbmamd’ro’m@ bsbut 101 1% b¢ we@%it € about 10% by
oric_acid, and the | organi c

weight,py e%"gg@% @%CI Q}EB&?)EX wgtghijto abiop} $% byaweight, Erixemple from
about 0. B%%y @aght% b aio, ‘Bg%veﬁéh‘% bERbm z{bggfﬁ kod lﬂ)(/&/%llgﬂ?{o abotit 5% by

wher é nposi ti oh acctordi ng
welghtb@ltm@at@lyé"mm ebout PHEO oD wiekght Mbpn‘et%di}d&mghlt ﬁﬁnﬁab@ut 0.1% by

|nt rat ed cir tes, substrate
weight;t§ g3 225 By BHtre i Aot VoS oY Weteht & et € 5 vedper cight, of
theopthﬁ@r@}@atﬁlggggﬁg red pH of the con‘posn tion is wusually
baS| c In certain enbodiments, it is desirable for the
t mai nt ai ned and/ or modi fied to be above about
[0057] ﬂptmﬁllﬁéﬁaﬁﬁﬁ‘@ aleifasenssars, W adivstors mapbe ugd to maintain

and/or ﬁﬁ)rd{ 'tl_rlle npelgrggn /% o§1g{10¥1 O&g&ig %o {q%ﬁrln?enﬁlgﬁ,gstgqatﬁgﬁxﬁth?g a
partlcuhlb mltge 'ihatt ds amm/e 16k, refnoving palypice, lfefrfémn%ki@éiﬂueg ok Qotﬁkﬁﬁiﬁ the

b éhﬁ%&or fron1ab ut 9 to about  11. In nost preferred
subsira, P RAk améfh‘let BAPER biliyeofthapisenit pbnm@@néhqufgaasgclaﬂné

therewitl'i‘ VeRd f)lg'?)f R co‘ﬁﬂ:tdg g]rh‘?% l?enﬁi@sliergb% %’ fh & ? a&?h 8% fidre basic,

| east out 12 n on
dependmgmm;uth& aplizettar, dhd thetpartidutar ipklvetiisten(s) e Be Bsed may depend

upon o cf%sueadn pﬁ af‘ufty as well as a number of other factors, including, but not limited to,

solubility in the composition; miscibility with the organic ammonium compound, the
oxoammonium compound(s), the water, and any optional components (e.g., such as organic
solvent(s)); corrosivity to metals (such as copper, aluminum, or the like); or the like. Acidic

and basic pH adjustors that are compatible with circuit-based materials are well known in the
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free fromone or nore of chelators, corrosion

i nhibitors, sugar alcohols, filmform ng agents,
wamobasizant s, abrasive particles, al kanol am neBCT/US2005/039381

organi ¢ solvents, fluoride-containing conmpounds,

oxi di zi ng agents, reducing agents other than the

oxoanmoni um conpound, al kali netal -containing pH

adj usting agents, unfunctionalized trial kyl anmoni um

art — tﬁ%ﬁﬂ% ngﬁlde lglfger%lm&l’lﬁ%lpggﬁ?%K Sglég(;)gs%g h%;\(?vgll Y merely
acidic(pas$ic ncﬂnpmlnmlbl if&dlyt@ltlgﬁ@ﬁﬁl hGOITBR It lﬁ‘cﬂiﬁtklﬁdlﬁg% gHe dc%mposmons
ure rocarbon gro coval en onde
a°°°“¥4%9’r¥ﬁ‘? F’H@%‘ﬂﬁg ﬂ?WéVf‘ﬁh‘P%w o Hhssrsiotly 21 the gwmmqr@wn "and/or
SRS, oF SRR SRV i

conposi tion 0 nean
’ Exemld@]rymghct pdnrdpsteracasintieds: inbamaniheids sAth Syhywed@idric acid, nitric

er s. than a % by wei ht for exanple
acid, Sﬁfé@% @rﬁﬁgﬁ;ﬁwc %NE@“ %&Fg?{garas apids stichyqs cagBigacid, citri
acid, aﬁd@ie%l&)/aﬂbﬁécﬁﬁﬁmatﬁnstd?&eof?Ormound In sone cases, the
phrase "substantially free from' neans that the

conposition contains none of the conpound. 18 WD
(0058 lysepeisas yderathe wemposition mndmg B0HO fnvEhgom mmug used fisr

photor@ﬁ&%o?}‘rn?% Elg/ rcr%) \Eegldp V {éési ogltu,'a nga%v a?rtcgﬂ al?tbs?rl és,g%lh?tgates n

wafer-teysi hakaging or pﬂb’&ﬂrcﬁt@lfﬁ/“(a@er%oardk Ghe Wédted ?Hjof th&Bom os1t10n is

strates |nclud|ng, but not limted mat eri a
usually ﬁ%ﬂ AP &eriain gmbgdisnests d s destrabledianibie pibleshe mainthisred and/or

modifibd fPse abk‘,‘%I %OLR W”ﬁ)r%ﬁﬁlﬁ gieaalbo('ymu &P uv%t adg?]%lrc}g ain

especial [y copper an er a oys
embOdﬁEGféii,SV lﬁrdbssttabk:l fooyte, pH &f bmﬁmt@tneﬁiﬁind]or modlﬁed to be in a range
ers, etch-sto

from af)) ?e@/ Qﬁ)l}t#l?dgg%g?rﬁgllg In('lj el?c&t g{) r Qubt 11aé§‘§‘g§]‘l abouf 9 to about
11. In |aQﬂ‘6stféféiJre%CéiﬁBd€l§ﬁlentn@@| &1 SRh&bcin mjont J&‘é%ﬂdﬁdgrp BOfvention is

conbi nati ons and/ or iayered asse I es
maintajngd @ng/opmotified ite be ehlsastiabowirig. according to the
i nvention are nost often used in applications where

it ..phot i St
[0059] (IH gﬁé %ﬁlﬁgc}lgfegp ﬁ%aéo e&sg%ggl):?ogﬁfﬁfgig %heflpgﬁﬂ iog cgq\%psubg;;?@tlally
free frcﬁ&CansmtmblreaifehelatoP@ corrosied Hhiess, kg @lcéﬁoﬂs' 1f.- ?(ngln agents,
Ed vvlthogaté boundtotheory, i's belie og
S“rfac"?lﬁ%tta TR PaTHsLsi @k@ﬁgal’a@@%mgqﬂﬂgc Jodvenkse ﬂunmémwrdannnan
compofifist5Rdhzl ast AU cihl AU SR Sl B RBPLE AL SR

undesi r ed yImers
alkali rMaleqontalmhg)pHdadylfstmg deerms, mnﬁmbtioﬁdh@bdlﬁfaufwm&@hwﬁ%&npounds
nongoner s,

Ge wiBRBe Yyﬁy%w%gﬁ%qoaa%"@x Binsetdo trecticenan). andd of her
unfunc@ARtEteBRAL PARmnRY; = eb%lu%dh émﬁrﬁﬁ hglllel C%F&Séarﬁ&naérltﬁps

whi ch cont ai ns so
covalently bonded to the nitrogen). The phrase “substantially free from,” as used herein in

reference to a compound vis-a-vis a composition, should be understood to mean that the
composition contains less than about 2% by weight, preferably less than about 1% by weight,
for example less than about 0.1% by weight or less than about 0.01% by weight, of the
compound. In some cases, the phrase “substantially free from” means that the composition

contains none of the compound.
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structure (and which is reasonably accessible) a
carbonyl noiety, a carboxyl noiety, a nitrile noiety,
WwW@nooc/b@e3 noi ety, or a conbination thereof. | nP@r/us2005/039381

preferred enbodi nent, the undesired nmateria
specifically contains a carboxyl noiety. [0062]
Typically, conpanies fabricating IC, WP, and PCB
substrates with snaller feature sizes (e.g., 0.18

ons or . less, or about 0.10 n1cr$ have been

(0060} 5b¢ ERPPRSItiRNS @sgardigs o theinventign s aduaniageisiEbe Uied 1 o
t
i RTEEPIAEMSE, ML ONBISLETOLL pohAARIS O e, wr, s
PCB stiBSrates), 1hk%ludmg,l"lnit estlimiedtogmatetihls hatartarsdd kogrotect: 1C
hotor [

conne tllﬂpéns I E]gl.{?st}lé‘l Braglgﬁ]g %I} qqa??[&@?&ﬁgﬁgoqﬁdﬁgtwe metales (especially
coppeShdd cEH?)bega{lfo%/BP Yétﬂﬁtaﬁ’? h»ém/ﬁleiam afloyRaMerasiogiinktat ant

transparency 't ep ultraviolet °( radiation. As

ox1de&memdeh/@vcﬁmmdesmrmmlmrs dtchstop tayersi lbft-efflaygrs, digletrics
(especllagér ﬁilijeg%c?ﬁ%/s gi Iagtd S;T-%I‘BP He &lgﬂ\%@%ggﬁg@?ﬁﬁhg Qrgf/& layered

aﬂmm@ﬁ@nh&ksgnt transparency to DUV include those
polyners that are used as not only 193 nm
otoresists, . but alsg those. used as 248

[0061Eml9rth§ PRPROSHFRNS 4ECOTdInE (P FeABIGFB STespest 08B jysed in applications

e e OBRHE goISR ity bR AR Secbeip g romoved

from 1K) WDBR)J andaiB/ hlﬂjs'&'atss, thpait ydehbligss im0 g/d am#pd , Indeed, without being

boundfig el eioel st pd So Buts et ke < B dbfension sebe vsed to
remove@hbd 4 WRIfeSafiety oF @ﬁ%ﬁﬁ{e’é%’ﬁnd%ﬁféd théteASl s@ﬁ@ aﬁ;?ol?ﬁlefsq%lch as

partially neutralzed salts thereof, poly(alkacrylic
used heodiny)sbowld beandérsteod tpmetidgihopopelymess, copalymetst eligomers, dimers,

monofyay £ sopipbtfe i T Ri BRI BB ala P et ancvor

organ&fefaBicehateidll Qﬁeﬂi‘f d§Isy wﬁ&h)b@ﬂ!aﬁﬁ%om@%m%sﬁlﬁﬁﬁ the molecular
car boxyl at ed pol yners, g (et her- et her - ket one) s,

struchprél(gt(dewh@h 1S<r@ﬂwnébly@@@ﬁ@)> asaTbpRBeIEty, 2 carboxyl moiety, a nitrile
mo1etg n(n\f& 9%&@)&%&1 %%o@eﬂygﬁl%aﬁr%glsmlaﬁgéﬂt%§ undesired

ycar na és ure

materiabhpe(cmcenjnamﬁmnsa):srbomlmma@r yl oni t ri le), and the
|i ke, and m xtures, conbinations, and copolymers’

0062 Emwa N R DR o U T

sizes (9?‘ GO & 185528 a%@ﬂf@'i@hﬁé’roﬁ%r}fé% 853 m&ViAERo {fedlled “193”
boxy In at |east one |'ymer repeat unit.

photoiesists, whwhmrdt@?nq@mdtmpwwtf ﬂ)e W\me&mgﬂr@ light/poss gyl to which they are

senergff Patodlie HOTSELT 408 PRC, NekBelefdlome it BERkY 197

photm%&s@r theGbf SBMtlbihsr RoHdirlgt 1 the thvEstion d2albE PartRElarly useful in
121-13 2005), the contents of which are hereb

strlppmﬁér@mpwmsmeb'nws thef kave g ficapbirarspripnesviordeep ubrryicdet (%UV)

radlatféﬁ.e O?JS?{% ngel%( tﬂg‘at&%{l eqleeg Hft]r%{r ’abr ‘%Wp ?efeptoaﬁltrg\%gf& radiation

err yIer repea uni t's
having a wavelength less than about 250 nm. Thus, polymers having significant transparency

to DUV include those polymers that are used as not only 193 nm photoresists, but also those
used as 248 nm photoresists and as 157 nm photoresists. Such DUV-transparent polymers
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[0063] O her exanpl es of photoresists/polyners

renovabl e by conpositions according to the invention
we@eamelsostdound, inter alia, in U S Patent Nos.PCT/US2005/039381

6, 610, 456; 6, 670, 095; 6,683,202; 6,692, 887;

6, 727,032; 6,730,452; 6,737,215; 6,749,989; 6,794,110,

and 6,818,377, as well as the foll ow ng publications:

N L. Brakensiek et al., "Wet-recess Process

il RSl S, SO ST 551, CReL L0080 v,
poly(a 1 é:lﬁédrgfate}? %la Jy(§é: '\@E&&ld%r at 1e¥st éﬁ?a@lx(nkutrﬁ‘iééﬂtsﬁlvﬁﬂhbreof

Materi als for
poly(aﬂdyhacﬁsghmmm)s@e at least gsptxaﬂy peuthdiged palts, therpeHpolyGbkaerylic acid)s or

at leaséf%p%lb{)%i?rs 18t T § f qf)rly(pggyﬁ?ﬂ(gcfryhc ac‘é(glst gﬂ least partially
neutraﬁi&i' saftethe RO, (%I hdéﬂﬁe) pﬁ& T &s, bBlyamkides/pBlyesters,

Li t hogr aphy,” roc t| cal Instrum Eng%

carbox¥ b3t pQjymers, Wga@&er-@thegketone)gggﬂy(mhmk@qong—ygtpnq:)ﬁﬁ@ tones,

poly(v%gc?%ajnaée)glr\ygq 1<§ SN gesp P&&Qm%dgﬁtp Mi{voﬂ%ﬂ% p?@%rethanes

polyurddsi b@ly@rreﬂqﬂiﬁ?@lrms, poEl(:m?yloﬁBhlE) and\the liken alemiigtires,aombikations,

and cogélygxers there\é'é vlgﬁ%gﬁg ef( nog ﬁ%%ﬁhomﬁ%ﬂ% ?’c}néu%deree %]Oas\tlﬁUV-

transpﬂ@ﬁt 1t phot! 9&%@5 %Eréé {lgg&gﬁﬁ ahen g%aiftés(,l[ﬁbl'gg go% g%g.?@:ﬁﬁoxyl)

in at lexktl qne\(co)ﬁ&lzlﬁlet ﬂepeéitumﬂ; d?\mnmpwﬁﬂl mlﬁﬂi@ﬁshﬁtﬁﬂﬁlﬁﬁh are. composed
PCT, USZOO /039381 % 2004;

largely g PRI GPPUS SRR mERKL SR Bb /o0 s dhose
dlsclosl.:éﬁ‘?ﬁ an 2fcle l?}hﬁir@sl{mtto' (GRH Y. FRh i, FR: 12 1%%@3 QO(B) tE)lS clontents of

Huang, "Via fill properties of organlc
which mmMppramddm referencey ypicalfpe@taingne or mome@f the enumerated
Sturt e ant ed.),
ﬁmcuoé’@ﬁﬁr,ougﬁﬂl %S%SX%%%{@W 698 ?poo léf‘?rrﬁepleaatt "B Resear ch i n
Bottom Anti-Reflective Coatings for Dual Danmascene

[0063]LOtHE axRblYs of ﬂ?fo@cﬁres@gpolyﬂ&m 1@1‘:1@0&11)16 aly coﬂnpsiltlbnm acktiding to the
2003, the contents of each are here

inventjonsap 56 feinsel g #/ish 8t Erie Baﬁeﬁt N% ép@l Ogtabi ?é??»og? o8 202;
6,692 M'é#ﬁ%‘zl §,730.4 4§b t@ﬂ‘f’éﬁ %7450 6% ﬂd 'alﬁﬂé,s;ls,wz as well as

’acé ventToh can be user
the folktwmg publlgiatlenm VNlig Bnaisteymek 8t a/h&Wdaecest Prooedsddptimization of a

Bt g2 S B SR A% ALY,

in Res&PYEUIERE P¥oc. Y18y SATBI(ESRrtant, 64.5,-200% ¢ 1. QesmReUn, dfNew BARC
possessing at |east one enunefated group (i.e

Materierfboting|65-nro Nddesay | 93-nint IritHographpd Rroe.oDIE: advt »]zplie@w Vgch. &

Proc. g&cﬁ%g?%é w ”Eﬁ%é%oguﬁ ;(?Setg{z]v ng’ré G gﬁrﬁ jén %citlae Coatings

(BAREH)%For 157- %ﬁﬁlhogt@hywrm@é | Solc OPRot8Iica] R, EREL, 2003; I.D.

i nvention can be used in methods according to the
Meador et al., “193-nm Multilayer Imaging Systems,” Proc. Soc. Photo-Optical Instrum.
Eng.,2003; I.D. Meador et al., “New Materials for 193-nm Trilayer Imaging,” Proc. SPIE:

Adv. in Resist Tech. & Proc. XII, v. 5376 (J. Sturtevant, ed.), 2004; M. Bhave ef al.,

“Developer-soluble Gap fill materials for patterning metal trenches in Via-first Dual

Damascene process,” Proc. SPIE: Adv. in Resist Tech. & Proc. XII, v. 5376 (J. Sturtevant,
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i nvention for renoving polynmer, renoving photoresi st
residue, or both froma substrate that can contain a

W@ 20wgloso3es dual damascene architecture and t hapChas2005/039381
features (such as vias or interconnects) created
using "via-first" and "trench-first" design
principles, which are discussed in nore detail in a
commonl y- assi gned, co- pendi ng patent appl i cati on,

o 21 W25, GEAEAN R IR Dy s

Proc. smé’hdzazyomcdal Emmun}stbhgt , 26¢RIR. &tmang, ‘\?Nﬁillfﬂ?opé[i'gg@é%ﬁﬁgamc
ate erence inits entire

BARCai§ B Damgesantapiication. . 8racSRHE: 4. o Berielelzch & Proc. XI1,v.

5376 (srl SiaAbngt CANPRRIA LKA %&taﬁ@“vggrhEl%lglgﬁgﬁF\éé@gﬁ% ff‘ﬂo‘tmm

ef fectively’clean resi'dues on
Anti- F@ﬂeeti‘@sCoatmgts ﬁthgll Diagmaseese Mﬁog‘apin’SPP&S Sbt. i FH@td-Optival

Instruig 1@ @@uﬁ’g $optgn f %ﬁ’ S vﬂ'@dlb ggg%/ogsor&%lg%g’e?@ce m

theireﬁﬁh@{'yed [ 0067] Anot her errbodl ment of the invention
provides a cl eaning conposition and cl eaning method

5&@& effectively clean post etch residues froma
[0064] IBBt%Udrﬁr ajterngjely o%ﬁsrqmmmnpemoasm 65116 3988 ion can be useful
aspect., of, the Invent

n st Rtncy e e PGS TET bl BB Rl et aCarofiy T Bencant
to the pxﬂyﬂam regkbéree, Butak hidh areszessinisddr (U@t, U6EcAIBN BSFaldifly, via

tI applied on this conbination of materials.
COmPIS‘&‘ 19“ bwébeﬂglﬁ%%@wseé%g #deast ae emymarpied groupH(ge., carbonyl,
carboxfy?@lith[ee Hﬁd‘fmlﬁg% oyhl?i g?rd HieAG W6 o I[a%(a%;)lf;ﬂsrte 8 cgos&lé%ers

accordance w t aspect o

such agglatdldehydheadipit nyidj succipicmeidjett.)i n order to address

t he probl em of dual damascene fabrication, such as
starts w

Thi '
R T T
invention mﬁémaﬁﬁhg$ol-3}ﬁ1&f refidViig ﬂ}fé‘ﬁlirgslﬁrres‘i’&ﬁeo BEbsth SRt b Eﬁlﬁiﬁrate that

materials, the two main naterials of "interest In
can conjgigAsingle of deal idamasrene hrChth,félub enhdthat has ketutssuph asfvias or

” h
B o T 5Bl SLSEEEE SHERA ey we

discusssdi ppootesdttidy insc esmminbgly-a8$i8edd; Gdil-pBih(ﬁﬁ &eiya gf)ﬁEMon entitled
m ssion el ectron m croscop

“PosT #T%éb'?AW%HP %@W@WQ%HO%E@R D&k DAGHSCEYE SYSTEM, filed
|
ATt L —

entiretyi. nt egr ati on of Si LK. [0070] In accordance with a

further ~aspect of the invention, an etch stop
he, dual damascene

the .bottom of
1001 SA3HEF oo RiPL ofloeifiGnitbileng olotbios compenponnd cleaning
procesmlmﬂ@ wikBffectively clean residues on both sidewalls and tops of vias, including

fences and crowns resulting from dual damascene processing and also removes polymeric

material used in the etching process after the via is etched.

[0067] Another embodiment of the invention provides a cleaning composition and cleaning

method that will effectively clean post etch residues from a via bottom.
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allows us to proceed to a better cleaning. In this
aspect of the invention, an integrated circuit

wo al6ios@s on process conprises formng a firstPSI/UBON039381
conpound etch stop | ayer over a copper conducting
line in the integrated circuit. A second silicon
conpound bulk dielectric is forned over the first
silicon conpound etch stop layer. The second silicon

C . j t LelaC . t ched t.0_expose t ch
(0068 TRAHBNCR iy oft BRE T e ihTerfof 1 ot el OB Pt Bl
traditiarial way bf cléhengtiehiual damdsasesstiustued cinact eficicatl¢ ¥HRA on this

b.%age cﬁgpperrgié)n[gggt ing lLine. Residues, photoresist,
combInaiion,od materialiy 4y 2 S5 S oh REpeess nendieiuged torashiexpihaagquiranent of
ULSI Bsuth ated circuit with conpositions according to

the present invention. [0071] In accordance with

anot her aspect of the invention, a first etch stop
[0069]; Ingeeradinse veiheanotiies aspect of thé tnventivrt, aingdw)cleningehehidtiyoin

10f . 1 al, . damasce strycture protecting the
provid@ et BaaidBTE BEHTart b ot Bt B Hsitar fih 4 tsmoh-first
processes e Thiswesrkishets GARDL idbhcrdeRind DT Y6 SH8 b didi &G dnlffitible with
emi.stries of the present invention. A first

chemj ! \ )
copper;aigl SilIs p& pthgr lovekoF peroya dislestriq meserialss the bwe maiiomaterials of
. ' i€ 3 e . ional first etch st .
s SSEof e AT 00 KL P 3 1) Fhis nw
cleanin@(hémhy 32 8vanETed ISR AR Rhctus e O wbadis $hififbrted by scanning
Ject |non%an|c gséﬁr (e.g., silicon ﬂltrlda? nﬁﬁ optionally
electrop miescopy (SEM), Tansnyssion elegtionariceserpyd(TEM) end simesof-flight

d88/58A thal MG RFS i
seondR O RE Nty SIS B il Ul A conoe
and by &tlelR andop(Vayeasuretiteat e dlenidtdgeation of $ildoat ed wit h

phot oresi st, lithographically patterned, and an

o LS B B L
bottomioTttiey duay 8imabicehesiuchize Brot&uRd the ﬂﬁhérl&iﬁﬁn&éf@orﬁl%ﬁtgd}g{)@%gmd

stop layer. A polmiqmsrl c material is applied t
allows yis {0 pIRCeRAdO & Rettersieaningd Is die awpect ofithe inagrtiony ae iegraied circuit
. ' -omye-1 h etched through the polyneric
fabnca‘c;fr%?]éfrélbgsrs %%%Fgg%hfoﬁ1lﬁgﬁ3§§t asb GO gpwo&f?tgfx Ston qaye¥ over a copper
conductihgline isths integrateicirogih A sBevnd sithok cotpund Bulk Hidéduie s
[ t he copper substrate or etched to the

formedonTe etcheq.to C
ormedoveithe firgf silicqp spmppyndgieh stemiaver. Thesserondssilieangpnipopnd bulk
. P o i ' etch: resi dues
i NS e 3985 S R D 5 e
circuit. dEhwoatdi sigp tayet isetghed awny td enpesd theopfed @daductin line. Residues,

photoreglgetgﬁfyﬁfﬁri tpé%'&%ﬂl? iate Qh%rg rr%ng%ogcgpn?ﬁ]etr %ieﬁg?gemggifc%it with
composiisHs AtcdIdinls 16 1 ﬂriasteﬂpﬂﬁ/émb\ﬁh i ncl udi ng conf or mal
ap

products to cover topogr y and planari zi ng products
to fill trenches and vias in dual damascene (DD)
[0071] {nepaspisienen,with arathersaspent of the invention,taofinstietth stop fihargariv éayer

(eg., siff @t ﬂi&ﬂief@tttﬁé B@étc?m (o? ﬁx%%su)al ge{ma%ggﬁefsitrlulcmre protecting the underlying

interconnect of copper may optionally be used over the copper but is unnecessary using the

chemistries of the present invention. A first interlayer dielectric made of low-k or ultra low-k

dielectric is formed on the optional first etch stop layer or directly over the copper line. A
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coating materials. Exanples of such coating materials
include, but are in no way |limted to, inter alia,
wo bws®sses d under the tradenanes DUV, ARC, i - QaN/UXidRs/039381

XHRi C, and | MBARC, which are commercially avail able

from Brewer Science, Inc.; those sold under the

tradenanmes DUO, ACCUFI LL, and ACCUFLQO, which are

commercially available from Honeywell Electronic

Materi al s; those sold under the tradename AR_ which
secondaateh stopriverganid layer (agaisilizbh aitfideymBoentionaliy he formed over the first

e e S L O R R e
forme PO HRIPEbEL/sBRInY Fesh sl’@’la?@:. mo@istédad 1@yer & cdated with photoresist,

stripping/renoval. Exenplary nodifications can )
lithograptitalenattismed sand angnispirapic &y eteh culsdiprough the surface for a time

.anpli.fication,. eni . ' ' tch
st T R SRS 0L e PE ARG 2 e seona
stop la?éthonll?ma(ic m@iterial iscapiptied iz, cteted ciongh alxbtheuneehedecbnd

aser ablation, or the_like, or

interlaypraheeiiTc s Shevi 2BEBE BeD 2o PSP 4068 B3 T4 ericgppgel through
litho gr\é%ﬁr}ggw aqa@@:hﬁg fph%?é.ins? ¥r IRGRYa }%dl’r]& mlafk.OEhd ¢ivefleltRtinid@ched to

I'on of conponents Ih e conpositions _
the coppet sulshiraty dretdhbeé td the dinstistop, layeméf applibabletyafitst stop layer is

remov gk e SR RS e S S ASERROE SER A vpa wit o
compdRfticdMcor@in3ab 1RPrbRRRIvERTRONENt S) act synergistically
to achieve their desired goal. For instance, U S

Patent No. 5,091, 103 discloses using a conposition )
[0072]nBhe phyteresistnolyoe M6 nsame embodimsnbnbe pssdag apgatireflective

coutn o8 £ o AR LS ETgPHBl SIS RAAE o o
cover {opbgfaphy el plasiroigspretuomioefill abddhes hutlreiatiaddiml Hamascene (DD)
solubility 1n the strippin

. Siti .
technckgsh Pty beET b PSS B HEksHUS FuAmEcR gl (RAR{S ofep-Sil
coatingo aﬁ%lfa:lslo %ﬁ?{yl%szo%.suéﬁ‘@oa ﬂg 2 i int QAL A% hR1n no way limited to,

ptimze t ative contributions “of
inter dlinethdié §odd ender tleangienamesDUY, AR CQN, XHRi, XHRIC, and

hot qr.esi st/ pol f bstrate, . wh t
IMB AR i aEH S CoRRIEN Perbe S REVEs i (ie: CRRioIg pader the
tradenB@Ss Béjl%%@k‘i@iﬁim, hih@R&tCEPLAbwhich¥rd ShmmbBRiAQHaRAHlE 66m

accordi gtothelnventlonthanln prior art .
Honeyraipdisctromn Matetals; those selt vpder thofradinpmeAR,oxleiel erei commercially

avaitafi en Rf & EEREE RO e S SR BIoK SRS Tk Blopion e
like. Water, and an optional organic solvent. [0075] On one

hand, choline salts are relatively strong bases, and

therefore, in the presence of photoresist/pol é r .
[0073 Bytkarninsgme grbodiprents, ficrhotepsistaolimermabeyng %’E@ prior to

strippi‘ﬁg}i‘ernof?al.C %&Qﬁé%ﬂ fhodifications can include, but are not limited to, chemical
amplification, chemical etching, deep ultraviolet (DUV) treatment, ion implantation, plasma
treatment, gamma- or x-ray irradiation, electron beam treatment, laser ablation, or the like, or

a combination thereof.
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acid group, they should theoretically interact with
the carboxylic acid group proton to create a

w@ a00box0skat e salt, ideally which has increasedPCT/US2005/039381
solubility in the conposition according to the
i nvention as conpared to the carboxylic acid group
itself. On another hand, hydroxylam ne conpounds are
relatively strong nucleophiles and therefore, in the
presence of photoresist/ ymer cont ai ni.ng. carbonyl

[0074] iWith@ut b@imybwmﬁ by theosy, dtris Eplgeveé that thegpmbingfion Rf cqmponents in

B )

the ox&a@ﬁﬁ@ﬁuﬁhﬁbﬁﬁi@ﬁnd@h ttl\iﬂ‘twatSr and éfetopaibhyl qngamd: sohedny (as Well as any
charﬁed site) to forma ety that al
other cgfipR cemPoRThaA! SRPIESKGR I Oshige e gosly Eafpmstance

U.S. PARA 6330 1 (WHidlodOLERY o BiBodii6 RRGSE $0lbk!dxbimhrdnium

conﬁ05| i'on according to the Invention as conpared
content 1 remeve photoresist fromax:prdltqt mqmltr’WJs'ebéard Fulpstriatert h atflafe-off

ot s WS e B2 B g ggsoin

compogi'{’iron) NGH BRS@ntAE), BlRAdEDDsitiohs HRI MBhbdd ¥f the instandirvstion utilize
onposi tion accordlng to the invention the noieties

the COI(G&pbbﬂlhmsaum:esobdnlyme sptimizewhs hativeegniibatipnsnédhy different

compopgH Qo s S0saroRd st At B oo,

photor@é?ﬁiﬁ%ﬂ&/r@ﬁﬂﬁé enffed boxtthe kibsadtd Haks @mneafsiilablyﬂhglmn ablubility in
organi c solvent, which can be chosen to pe a

the comperiien aeporling et b Iy RO, B3R FIHPTAPT/F gprnggitions. The ionization
solubﬂ? %togge ?*é&&&?@é’lﬁh 61# 26fe fng C}Pﬁ ﬁ%?ﬂtp)\é@lg]bgl c?lﬁtg{rh‘@ 4 &fdline

rease ces
salt, a h?drbkjdammh‘ confpupliovaere sndad putionakborganibadlvertmai n
unal tered by the action of the or gani ¢ ammoni um and

oxoa ni conp nds i oned .above. 76
(00751793 ne Patsh ShemeGRl s oCuaLy FRTTE CHE gpd IeRgfore At presence
of phoﬂﬁ‘@élﬁw %ﬁﬁ tcBﬁta‘hﬁﬁgaEdrH@nﬂ Qi @) aid/ef nig@erows, 4. }g" e8@arboxylic
ts in the conp03|t|ons according to the
acid glronpﬁthey shmﬂcbtlaom@ndbdlateeact wpﬂhdh@ eabpxailic/asist grapp groton to create a

carboxcyff1 %gﬂqu ﬁc% ﬂ§ w\ﬁé %has ?r\{\clir?r:agl?cz 30L18§2) 3\7321 ntlgg Eérrr%ﬁ%%oq{ accgﬁﬁ'ng to the

mventf‘o%rHs %Bin)pareﬂh@ 'ﬂﬁf@ﬂb Erﬁé pEl Er@RIpS tsBEY IOigaﬂoﬂie&h&ntE lhydﬂtolxglamme
nmol ecul ar i gh_crosslinking, and/or %h

compagids mtrd@fw@m @W&%@@O@h&@ﬁp ang thegpfore; Wéh%a%eéence 0

photor:a%F]t?énaf{z)rflelu égl’l?a%lé_}&lg g&r})onyleﬁﬁlﬂéj eanﬁ)%\f 'nﬂﬁ Waébﬁ’ﬁé 3 %l 35&5]%1 QBing a

on con

carboxy8is iadideorhcistbg ylagd gy e an b}@mpl@ nha}eéhlouhl thenrbmmiﬂy interact with
and/ or relatlvely hi gh content . of enunerat

the carbeny. carhagctherse e(vHhighiiapasipllydisitivsly dateed § 115&8 gg’%ﬁ&mﬂy that
is usu ﬁpqul eGSRl ﬁm}quﬁ ?11 ; es@/g%%lateté?@ups ahdRiehily Whith moiety

ot ores; of ue Im the conposition
has maemd dohbilitpin the compentlomancoshngitoaht: ageotien §s conypared to the

carbo rh?:aatmedr grglrl]pa 1tsetlp eF lellrjnli(l)rlel tﬁ% tert wﬁlch is extremely polar and exhibits

increased dipole moment, can thus serve to solublize (or increase the chances for solubility
of) in the composition according to the invention the moieties (and thus the polymers to

which they are linked) formed by the action of the organic ammonium and oxoammonium
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phot oresi st/ pol yner residue in the conposition w thout

any oxoammoni um conpound; 2) greater than the
wa@edoalosdses y of the photoresi st/ pol yner resi dueP¢Tusines/039381

conmposition without any organic ammoni um conpound; or

3) preferably both. In another enbodi nent, after

renmoval (e.g., by filtration) of insolubles, the

concentration of the photoresist/polymer resi due

di ssol ved in_the conposition according t
compaiRde enBpngdsabays-akt fhy-optipna osganis s Yﬁilﬁ “Whigle.can be chosen

o e SRR BRI o A5 PIELI B p PRATRL b e

solublizeqaninoreasenthe ochpwasn fbor s@nbiityeaf) elie pdrdond dfdhe photoresist/polymer

concentrati.on of the hot oresi st/ pol y resi due that
that et Qralier e 0P 9RO of the o eaBir gL OR AR ORBURTARym compounds
mentl&{eaaaBb&?e. amoni um conpound; or 3) preferably both.

[0077] Whatever the type of

hotoreS|st/ponner/reS|due on the substrate, i.e

[0076E6§ iptrespdt, ome ofrdiaryakill irbe @U@p@mmlp@l&%e ﬁ@crglatimgom@ts of each
e 03 il Ct i

of treld igBHERy Pl EPoB a8 R kel ot Bl Bl it

photoﬁm@@rp@yym@l having Zdétively B wbletilbyweighis@nd les‘s Bfdsslinking (e.g.,
conponents, the conpositions according to the

increagq,QuEARIE GRINAIRIIB £oBERR Phojeresists/ palyBgrigaving relatively high molecular
h r I

iSRS AP TR S Sl ol 56

oxoanﬁﬁﬁﬁm&%ﬁ%ﬁt) Pﬁé’ﬁdhﬂSﬁﬁ)ﬁﬁg e3&B&ly highiqnizationfcantent @.& angrease

bou ons to abqut. 5 mcrons, in

water pogign é§%§ue AYinge velylow dpitasioasorterbyid/erdrlefiuely digh content
of enu&ﬂégéte(h goufs géﬁg CkBRaS &%@m@ Eoltvc‘ﬁﬁ c@ﬁl‘éﬁf or Qéd SR é'tHdTherefore in

such “as used in wafer-level packagi ng’ and
one empaodinent, ﬂlersombthWOf thelphatodesisiipolyozer rrcmdl(een d¢he compmmsition
about cron 0Om c .pve
sccordig e vt g efidnay 7 SeRt Hn e BIGpify ST e
photoﬂ%Eh Iﬁﬂﬁﬁbﬁﬂeélﬂﬁé e Cbﬁ1p0§1h(ﬁl wn&u%g%ﬁbatﬁiﬁeﬂmﬂn@th@;sound 2)
her nol ecul ar wei ght it exhibits t hi cker

greatepﬂv@tl ébee%whﬂstlh%:fyh@phqt@r@met@lm@r resiftnsyini the Forspeséiéon without any

orgamgﬁlgcglgc;r Ham o ﬂ;égpﬁ&mar%?g}s)e?egglgeiy géﬁlnf@p%?tggglﬁﬁﬁmem BR& removal

(e.g., OxfmTion) effihsclablpy ticconodituation afhe @homr@kwpo@m féstdue
anmmonj um conpound content. EXAMPLES [0078] The
dissolyegh indlg eRINMOEHHAM assording tﬁ@sﬁnmv‘#ﬁwa iy a@\@nragp%sﬂy al)egrg%?ﬁethan

the coﬁgeﬂgr‘rifé% ?lt eg Eﬁqjﬁéc%ﬁ@?&lyrﬂef]}’eﬁf&k ﬂ‘glt WRald Wlséyiv‘{m%{ éﬁ]e?th o

e“not 1 ntended to encapsu
compgsitefnewitiemhit any exdanonomiaom conghobiyd;| %) grdatdrhiarsthe penc&ﬁtrnttcm of the

appended clai.ns .in an ) 079 Tabl es, 1-7
photo RNy HE TEgHEe Mﬁlﬁ}lﬁ%ﬁﬁ%&g 11 the ompRejiian pyithout gy organic

ammoRRME EShFERS bf@t&gferdbmygg{ﬁ ri ght hand colum are for
conmponent s fhat are thensel ves percentages. For

[0077] Whr;?elver the type of photoresist/polymer/residue on the substrate, i.e., positive or
negative, the compositions according to the invention can be broadly tailored for effective
and safe removal. Because of the aforementioned synergy and ionization solubility action of
the components, the compositions according to the invention can be effective in removing

photoresist/polymer/residue not only for thicknesses typical of integrated circuit/electronic
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for solution A9, there is 20% of a solution of 45%
choline hydroxide in water; 5% of a solution of 50%
why@eoz0am ne in water; and 70% addi ti onal WwaP@T/S2005/039381
Thus, the actual weight percentage of choline
hydroxide in solution A9 is about 9% (i.e., 0.20 x 45%
= 99, the actual weight percent age of hydroxyl am ne
in solution A9 is about 2.5%(i.e., 0.05 x 50%
2.5%, and about the remmining 88.5%is water [i.

chip mélﬁlfé’@une (&g%from ﬂﬁ)uﬂe 5xm@ te-alrpge micges Hogh cl@sss)@ut also for

photor@bs]t / 0503@}5(%@# 96§SS (%ne,@l:%gp ﬁ)yﬁ}erg?%ﬁgﬂu ddg'ﬁ?‘%her such
as used(MWa)felllQQel pﬁ@k% rﬂi@édlﬁrcﬁ@fv‘ﬂie B&4rd fabrication (e.g., from about
METHYL- 2- PYRI

(NMP) 50 A3
10 mlcmﬂsy@j abnuy éﬁth;mcrgnwnd Qymjbw%;el() HBpyause, generally, the thicker a
pho’coreﬁbsyE jus Ehe 1o c%gglﬁnlg '\égh/fg %d}églﬁr%&hﬁaﬁ% Rt eﬁg’blts

f'onic aci omati ¢ So ent
thicke ﬁﬁ&ﬁ)slt/ Brnm &ﬁ&ddlmﬂﬂwﬁmﬂlfca’l&s highet ﬁixo&ﬁlmdkﬁumfs%npound
i ne roxi de 100 Addltlo DIWO ..A7 45% Chol i ne
contentyydetsas EuDTED PhioESiY RpmEr 4sive Cprymliyaiesloph FRopmmonium

compo%(gl | on%%%hégorﬁﬁl tion DI'W 755&%135@? r%élels-%? oii de

(459 20 HYDROXYLAM NE FREEBASE (50% 5
EXAMPLES

[0078] The following Examples are meant merely to illustrate some aspects of the present
invention that may or may not be preferred. They are not intended to encapsulate the

preferred invention nor unduly limit the scope of the appended claims in any way.

[0079] Tables 1-7 summarize some exemplary compositions. Note that the percentages listed
in the right hand column are for components that are themselves percentages. For example,
for solution A9, there is 20% of a solution of 45% choline hydroxide in water; 5% of a
solution of 50% hydroxylamine in water; and 70% additional water. Thus, the actual weight
percentage of choline hydroxide in solution A9 is about 9% (i.e., 0.20 x 45% = 9%), the
actual weight percentage of hydroxylamine in solution A9 is about 2.5% (i.e., 0.05 x 50% =
2.5%), and about the remaining 88.5% is water [i.e. (0.20 x 55%) + (0.05 x 50%) + 70% =
88.5%].
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A10 Propyl ene d ycol

(PG 50 Choline Hydroxide (45%

48.8 hydroxylam ne sulfate 1.3 27 WO 2006/ 050323
wEOn683005/ 039381 Tabl e 2 Conpositions Bl Cheti/ns2005/039381
Hydr oxi de (45% 100 Addition DOWO B2 Choline
Hydr oxi de (45% 50 Addition DIW50 B3 Choline
Hydr oxi de (45% 25 Addition DIW75 B4 Choline

Hydr oxi de (45% 10 Addition DIW90 B5 Addition DI'W

64. 8 Choline Hydroxide (45% 34.9 HYDROXYLAM NE
SULFATE (HAS) 0.4 BbabgidiGommesitions 72. 4 Chol i ne

L A=OD

b

PRS00 Sopglneps O HYDROXTEAMNE FREEBASETV (a9
¥ SIS Byeplidgned NP ”Q';;”Zfd.“’:’ L on bild -c
A8l i ne Hhdieheokmine@aFA> ) HYDROXYL AM NE FREEBRASE
509 5 |BS-MEGHYIoPHRRODIDONEIMBM®Y dr oxi de (48% 3
HYBROXYL ANNNE deiBetbAGE-Rystlidofe (HER) Additi on D|W67.5
N-METHYL-2-PYRROLIDONE (NMP) 50
A4 Aromatic Solvent 85
Dodecylbenzenesulfonic acid 15
A5 Aromatic Solvent 60
Catechol 5
Dodecylbenzenesulfonic acid 35
A6 45% Choline Hydroxide 100
Addition DIW 0
A7 45% Choline Hydroxide 50
Propylene Glycol (PG) 50
A8 Choline Hydroxide (45%) 25
HYDROXYLAMINE FREEBASE (50%) 5
Addition DIW 70
A9 Addition DIW 75
Choline Hydroxide (45%) |20
HYDROXYLAMINE FREEBASE (50%) 5
Al0 Propylene Glycol (PG) 50
Choline Hydroxide (45%) 48.8
hydroxylamine sulfate 1.3
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Chol i ne Hydroxide (45% 30 HYDROXYLAM NE FREEBASE
(50% 2.5 Bl 1 Addition DIW65 Choline Hydroxide
w@ 48%05803 HYDROXYLAM NE FREEBASE (50% 5 Bl2r@nusions39381

DI W60 Choline Hydroxide (45% 30 HYDROXYLAM NE

FREEBASE (50% 10 B13 Addition DIW58 Choline

Hydr oxi de (45% 30 HYDROXYLAM NE FREEBASE (50% 12

B14 Addition DIW50 Choline Hydroxide (45% 30

HYDROXYLAM NE FREEBASE (50% 20 . 28 WD 2006/ 050323

PCT/ US2005/ 039381  Thdble2 §0@@ﬁﬂ8§¥19u ons C Addition

1 \A/J 21

PRyv 7L 5 7 HYDROXY [ NE
FREEBASE gééime*"ﬁ Mdﬁ@‘%ﬁ% e—BHW-65—Chotne L(1)/0W'
Hydr oxi de B IIW v DROXYLAM NEFREEBASE (56340 563
A\ddition DIW 60 Chaline Hydroxide (45% 30
HB2PROXYL AMChilimrEFBagEe (404) 10 C4 Addition DWW
Ammoni um FAdditioddI®0% ( AF) 4 Chol i ne Hydroxi dd Y45%
80 DI METHYLSULFOXI DE (DMVMSO) 10
B3 Choline Hydroxide (45%) 25
Addition DIW 75
B4 Choline Hydroxide (45%) 10
Addition DIW 90
B5 Addition DIW 64.8
Choline Hydroxide (45%) 34.9
HYDROXYLAMINE SULFATE (HAS) 0.4
B6 Addition DIW 72.4
Choline Hydroxide (45%) 22.6
HYDROXYLAMINE FREEBASE™ (50%) 5
B7 Addition DIW 63.4
Choline Hydroxide (45%) 31.6
HYDROXYLAMINE FREEBASE™ (50%) 5
B8 Addition DIW 75
Choline Hydroxide (45%) 20
HYDROXYLAMINE FREEBASE (50%) 5
B9 Addition DIW 70
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 0
B10 Addition DIW 67.5
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 2.5
Bi1 Addition DIW 65
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 5
B12 Addition DIW 60
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 10
B13 Addition DIW 58
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 12
B14 Addition DIW 50
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 20
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HYDROXYLAM NE FREEBASE (50% 5 C5 Addition DIW13

Chol i ne Hydroxide (45% 21.7 HYDROXYLAM NE FREEBASE
W@ 30%)505231  N- METHYL- 2- PYRROLI DONE ( NMP) 60. 87PCBUS2005/039381

Addition DIWO Choline Hydroxide (45% 25

DI METHYLSULFOXI DE (DMSO 70 HYDROXYLAM NE FREEBASE

(50% 5 C7 Addition DIW70 Choline Hydroxide (45% 25

HYDROXYLAM NE FREEBASE (50% 5 C8 Addition DIW75

Chol i ne Hydroxide (45% 20 HYDROXYLAM NE FREEBASE

(509 5 29 WO 2006/ 050323 PCT/ US2005/ 039381 Table 4

Conpositions D2 45% Chol i ne Hydr oxi de 25

HYDROXYLAM NE FREEBAB#bI¢ 5 (mpesitida$ETHYL- 2- PYRROL| DONE

) 70 PAgAR@W 1 ne Hydroxi de 2.2 DI W Added7122. 8
HYDROX YL ANCHE £ RS EARE (@S5 5 _ N METHYL- 2- PYRHGS, DONE
| INMP'_‘)OXZ{EW;“ SETV I(b:)U"/g S%W!S%Wg\}jﬁl) U?IULi 2 70
( i ne -}Oﬁm:()/; o~ 6’3’

1 Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 5
C3 Addition DIW 60
Choline Hydroxide (45%) 30
HYDROXYLAMINE FREEBASE (50%) 10
C4 Addition DIW 51
Ammonium Fluoride 40% (AF) 4
Choline Hydroxide (45%) 30
DIMETHYLSULFOXIDE (DMSO) 10
HYDROXYLAMINE FREEBASE (50%) 5
Cs Addition DIW 13
Choline Hydroxide (45%) 21.7
HYDROXYLAMINE FREEBASE (50%) 4.4
N-METHYL-2-PYRROLIDONE (NMP) 60.87
Cé6 Addition DIW 0
Choline Hydroxide (45%) 25
DIMETHYLSULFOXIDE (DMSO) 70
HYDROXYLAMINE FREEBASE (50%) 5
C7 Addition DIW 70
Choline Hydroxide (45%) 25
HYDROXYLAMINE FREEBASE (50%) 5
C8 Addition DIW 75
Choline Hydroxide (45%) 20
HYDROXYLAMINE FREEBASE (50%) 5

29



HYDROXYLAM NE FREEBASETM (50% 5 D9 Addition DI W75
Chol i ne Hydroxide (45% 20 HYDROXYLAM NE FREEBASETM

W@ 306332910 45% Chol i ne Hydroxide 47.5 50% PCT/US2005/039381
Hydroxyl ami ne 2.5 Hydroxylam ne Sulfate O

Propyl enegl ycol (PG 50 D11 45% Chol i ne Hydroxi de 24.4

50% Hydroxylam ne 5 DI WAdded 70 Hydroxyl am ne
Sul fate 0.63 D12 45% Chol i ne Hydroxi de 23.75 50%

dr oxyl am ne 6. 25
I|;>|yr~'r/uq)';rm';/ 039381 TEFJPIE ERAsKIoNg | ons El

Addi

ed 70, 30 WD 2006/ 050323

Lon. .

DWW 70  ChdbYafeholingdbydrepdde 4509 25  HYDROXYL AM
RREEBASET] XY IAMANGRRERBASE K§6bxi de 1 |5
HYDROXYL AVNNM HFAIREFBASEYRRCIAVONE (WMR)Added 94 ER) 45%
Cvd T ne HY dBoXCRSme A ihoxiy DROXYLAM NE FREEBASETAD
(150% 2.5 ]ijNAﬁg&pd 7475 E745% (,‘nol i ne Hydro _
§. 25 HYD v AMIGNE 1 T RTIETS A OF WA
89.25 N-METHYL, 2 PYRROLIDONE (NMP) 70
D6 CATECHOL 5
DIGLYCOLAMINE (DGA) 60
HYDROXYLAMINE FREEBASE™ (50%) 35
D8 Addition DIW 70
Choline Hydroxide (45%) 25
HYDROXYLAMINE FREEBASE™ (50%) 5
D9 Addition DIW 75
Choline Hydroxide (45%) 20
HYDROXYLAMINE FREEBASE™ (50%) 5
D10 45% Choline Hydroxide 47.5
50% Hydroxylamine 2.5
Hydroxylamine Sulfate 0
Propyleneglycol (PG) 50
D11 45% Choline Hydroxide 24.4
50% Hydroxylamine 5
DIW Added 70
Hydroxylamine Sulfate 0.63
D12 45% Choline Hydroxide 23.75
50% Hydroxylamine 6.25
DIW Added 70
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E9 45% Chol i ne Hydroxide 15.5 HYDROXYLAM NE
FREEBASETM (50% 5 D1W Added 79.5 E10 45% Chol i ne

wohaesozizde 8. 25 HYDROXYLAM NE FREEBASETM ( 50%CT/US2005/039381

DI W Added 84.25 ElIl 45% Chol i ne Hydroxi de 30
HYDROXYLAM NE FREEBASETM (50% 5 DI W Added 65 E12 45%
Chol i ne Hydroxide 15.5 HYDROXYLAM NE FREEBASETM (50%
10 DIWAdded 74.5 E13 45% Chol i ne Hydroxide 1
HYDROXYLAM NE FREEBASETM &50% 10 DI W Added 89 El14

45% Chol i ne Hydr oxi dkabBo5

PYDREFYESAM NE EREEBASETM

B50% 10 | AH¥iHAd@EW 60 E15 45% Chol i ne Hydroxi de€/922. 79
AYDROXYLAMChHidfeRE-BAGES AI%PY 7.5 DI W Added 2575 31
MO 2006/ OFETER GRVLUMAVE FR3ISRISETaB0%) 5 Conpdss t i ong
( tEwul Tue ASWEH&ﬁ‘l\@ﬂ&drd% 50 FZ Aromatic Sol ent 60
OO e LR OXY LA SH PREHEAREmAG0%) 2> 79 | 5

DIW Added —~ 7~ 94

ES5 45% Choline Hydroxide 22.75

HYDROXYLAMINE FREEBASE™ (50%) 2.5
DIW Added 74.75
E7 45% Choline Hydroxide 8.25
HYDROXYLAMINE FREEBASE™ (50%) 2.5
DIW Added 89.25
E9 45% Choline Hydroxide 15.5
HYDROXYLAMINE FREEBASE™ (50%) 5
DIW Added 79.5
E10 45% Choline Hydroxide 8.25
HYDROXYLAMINE FREEBASE™ (50%) 7.5
DIW Added 84.25
Ell 45% Choline Hydroxide 30
HYDROXYLAMINE FREEBASE™ (50%) 5
DIW Added 65
El12 45% Choline Hydroxide 15.5
HYDROXYLAMINE FREEBASE™ (50%) 10
DIW Added 74.5
E13 45% Choline Hydroxide 1
HYDROXYLAMINE FREEBASE™ (50%) 10
DIW Added 89
El4 45% Choline Hydroxide 30
HYDROXYLAMINE FREEBASE™ (50%) 10
DIW Added 60
E15 45% Choline Hydroxide 22.75
HYDROXYLAMINE FREEBASE™ (50%) 7.5
DIW Added 69.75
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Chol i ne Hydroxide (45% 50 F4 DI WAdded 71.4
A ycolic Acid (7099 5 HYDROXYLAM NE FREEBASE (50%

WA 2006/0508ENCETHANOLAM NE (MEA) 6 F5 Addition DI Rg70S2005/039381

Chol i ne Hydroxide (45% 25 HYDROXYLAM NE _FR_EEBASETM
(50%9 5 F6 DMSO 30 MEA 70 Table 6 Conpositions

I ngredi ent ML9 M24 50% Hydroxyl am ne 35 10 CATECHOL
5 4 Choline Bicarbonate 2 12 DI GLYCOLAM NE (DGA) 58
0 DIWAdded 0 1f,, E;mHé't\i%QY' ;{]Enﬁ%ﬁ _ 909.0\,,:
;;Fgggr;g;jfpmcg' 3‘ ?«Lﬁpnc. tions Ingredient M2 M3 M
Aeavonium ide 40%(AF) 2 5 2 5 2 5 45% Chdlithe
Hydr oxi de AtomaticiSplvemos Hydroxylanine 5 5 5 Di|\§OAdded
60 30 45 |Mgweholyl anine Sulfate 2.5 2.5 2.5 5
PROPYL ENE@¥dedylHeREgnebul Bhidkid Conpl et e - Conpl i35 -
Coppl et e | Propylene Glycol (PG) 50
Choline Hydroxide (45%) 50
F4 DIW Added 71.4
Glycolic Acid (70%) 5
HYDROXYLAMINE FREEBASE (50%) 17.6
MONOETHANOLAMINE (MEA) 6
F5 Addition DIW 70
Choline Hydroxide (45%) 25
HYDROXYLAMINE FREEBASE™ (50%)) 5
F6 DMSO 30
MEA 70
Table 6 Compositions
Ingredient M19 M24
50% Hydroxylamine 35 10
| CATECHOL 5 4
| Choline Bicarbonate 2 12
DIGLYCOLAMINE (DGA) 58 0
DIW Added 0 14
MONOETHANOLAMINE
(MEA) 0 60
Completely | Completely
Resist Removal Dissolved Dissolved
Table 7 Compositions
Ingredient M2 M3 M4
Ammonium Fluoride 40% (AF) 2.5 2.5 2.5
45% Choline Hydroxide 30 30 15
50% Hydroxylamine 5 5 5
DIW Added 60 30 45
Hydroxylamine Sulfate 2.5 2.5 2.5
PROPYLENEGLYCOL (PG) 0 30 30
Complete - | Complete - | Complete -
Resist Removal Dissolved | Lift Off Lift Off

IITA INANAEAN A
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Resi st Renoval Dissolved Lift Of Lift Of ,,,. 32 WO

2006/ 050323 PCT/ US2005/ 039381 Copper etch rates in
w@h@biomes23y dr oxi de sol uti ons with Hydroxyl am nBCT/US2005/039381

conmpounds [0080] Copper etch rates at various choline

hydr oxi de concentrations in water were evaluated at

35C for tines ranging from2 to 30 m nutes. The copper

t hi ckness | oss was determ ned by four-point probe

nmeasur enents of the change in sheet resistance of

bl anket sanples with time. The copper thicknesses

| ost versus process tines are listed in Table 2.

Coppellz'legclﬁrl%tgs 1%1%1?0111{%' Ig%ta%fx %lgﬂﬂfongw af‘oﬂy@aihm%%hﬁﬁﬁmds

exposure I ne so ns W th
ncentrati on 0
(o080l RHRBEe EhBun bl aRticnidate e AR O g
at 35°C ARIEhdsQRBIinY BOSUStd 30rmufu®ers ok lttbppmfshl_ailnesBl!bss Fiasrdetermined

Sol uti on Sol ution Sol ution Sal ution ? F
by fouppqigt puybgmeagirements oftheghangs in gheeg @S@éﬂnﬁ@ béﬂ?%a% es with
time. #f‘e C@égll‘ amkﬁ.é&esl%% ge@&s%?@ceééﬂx%ﬁ@%ﬂ#g%gg? adpletl ARt 5isa

€ or s sal to uti ons
plot of&‘oubpdram”bk@s’s Jost ayubtiss ekﬂmsurectnmaarSSéCc iChodine soliFdons with

concerep AR S APOR, L ByPH G i TS ‘%)%Pg%%t?m & {han

hal f the Cu thickness estinmated for, r.abl
solehlp 8 G trigkmessiass (fngatmoms) viersus 4 fﬁrggla ﬁh—
Figure 3. Table 9 - Qu thickness |oss é strorns)
ver sus t|iTimef pBolShont || iuties | Ssdwtian on NDatla Ti nme
t hi cknegqnlinssBéxt ragdZated | BM n) (AnB4trons) |from
Figure 52 48/ 88 5 71B475 1Mm9l11 119|180 141 305

5 73 64 77 16
10 64 96 124 29
20 85 167 228 32
30 127 262 298 45

[0081] The addition of hydroxylamine or its salts to choline solutions substantially lowers the
copper etch rate. For example, as shown in Table 3 and Figure 3, solution B5 with 0.35%
hydroxylamine sulfate (HAS) lost less than half the Cu thickness estimated for a comparable
solution without HAS based on extrapolated data from Figure 2.

Table 9 — Cu thickness loss (Angstroms) versus time for Solution B35

Solution B5-Cu | Data
Time | thickness loss extrapolated
(Min) | (Angstroms) from Figure 5

2 48 38
5 71 75
10 111 119
30 141 305

[0082] Similar reduction of copper etch was also observed with the addition of up to 20% of
hydroxylamine freebase (50% solution) to the choline hydroxide solutions. Table 4

illustrates the reduction of copper loss by adding 5% hydroxylamine freebase to various
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[0082] Simlar

observed with the addition of up to 20% of
why@eoz0skam ne freebase (50% sol ution) to the PtDUSIVE5/039381

hydr oxi de sol uti ons.
reducti on of copper

Tabl e 4

illustrates the
| oss by addi ng 5% hydr oxyl am ne

freebase to various 33 WO 2006/ 050323

PCT/ US2005/ 039381
(Sol utions B7 to B9)
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Bake

Sy T%e cfl

00 3000
m |

2.0

Lam nation Tenp 95
[ooss]cm 000,9WB2096, WEB30ao amdtWBﬁO(E]cme dryifiln phetoresistspprodueed by

%gmgnagszespthg 5

processing parameters used on these four types of photoresist prior to stripping the

photoresist. This processing included: (1) laminating the photoresist, (2) baking, (3)

exposing, (4) baking again, (5) developing, (6) baking again, (7) cleaning, (8) microetching,

(9) plating copper, and (10) plating tin.

Table 11 — Dry photoresist processing prior to stripping

Product Name wB wB wB WwB
1000 2000 3000 5000
Original Thickness 4.0 mil 2.0 mil 4.0 mil 2.0 mil
Number of Laminations 1 2 1 2
Lamination Temp 95C 95 C 95C 95 C
Lamination Speed 1.2 m/min 1.2 m/min 1.2 m/min 1.2 m/min
Oven Bake Temp 65C 65C 65 C 65C
Oven Bake Dwell 20 min 20 min 20 min 20 min
Exposure Energy (m])
Exposure Step Held (RST41) 23 23 23 23
Oven Bake Temp 86 C 86 C 86 C 86 C
Oven Bake Dwell 25 min 25 min 25 min 25 min
Development %BP 55% 55% 55% 55%
Development Temp 28C 28 C 28C 28C
Development Conc. % 0.85%NaCO3 | 0.85% NaCO3 | 0.85% NaCO3 | V5%
Oven Bake Temp 110C 110C 110C 110C
Oven Bake Dwell 10 min 10 min 10 min 10 min
Pre-Plate Cleaning
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Oven Bake Dwel |
Energy (mJ) Exposure Step Held (RST4 1) 23 23 23 23

20 mn 20 mMn 20 mn 20 mn

mn25 mMn 25 mn 25 mn

Devel opnent

Exposure

wo@n/0Bske Tenp 86 C 86 C 86 C 86 C Oven BakerOmweb1002639381
9BP 55% 55% 55%

55% Devel opnent Tenp 28 C 28 C 28 C 28 C Devel opnent
Conc. % 0. 85% NaCO3 0. 85% NaCO3 0. 85% NaC(O3 0. 85%
NaCO3 Oven Bake Tenp 110 C 110 C 110 C 110 C Oven
. Bake Dwell 10 min 10 min 10 mn 10 mn Pre-Plate
Microeteh eani ng 34 WD 2006/ 050323 PCT/ US2005/ 039381 :
Copper M croet ch Coppef M4mi nil 1 !@mi| 1. 0 HAmly o pil0mi,
Tin 3.0 mil 3.0 mll3%@ilni| 3 |¢0mil  NBNB-CmiNg Refll HmBake
and No Platipg Table 12 - Dry photaresist stripping
results for ENBNPFang NoRefley B%kevmhlﬁo ?b‘fﬂg'lﬂrre (mn)
Performance Al 85 20 Poor A2 85 20 Poor A3 85 20
Poor Al Talge 126 Iyqhotosgsist 30ippingesitlts fdaSaloBo=) Poor
Solution A4 90 20 Good AS gﬁn‘g Qﬁ’d?OOf A6 ﬁﬁneQ(quﬁioOd A7|55 20 Performance
Al 0d 85 20 Poor
A2 85 20 Poor
A3 85 20 Poor
Al 100 20 Poor
A2 100 20 Poor
A3 100 20 Poor
Ad 90 20 Good
As 90 20 Poor
A6 55 20 Good
A7 55 20 Good
A8 55 20 Excellent
A9 55 20 Excellent
Al10 55 20 Excellent

poor = < 95% removal, good = 95-98%, and excellent = > 98% removal.

[0084] Solutions A8-A10 perform the best to strip the resist and without attacking the metals.

Solutions A6 and A7 also strips the resist but residue remains on the substrate surface.

Solution A4 also demonstrates the capability to strip photoresist, however, it requires use at

higher temperature and will attack the solder materials due to its acidity from

dodecylbenzenesulfonic acid.

[0085] DuPont 9015 dry photoresist was also tested with solutions A8, A9, and A10. Table

13 describes exemplary processing for this photoresist prior to stripping.
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A8 55 20 Excell ent

A9 55 20 Excellent A1l0 55 20

Excell ent poor = < 95% renoval, good = 95-98% and
wez@elobsas = > 98% renoval . [0084] Sol uti ons ABCELS2005/039381
performthe best to strip the resist and w thout
attacking the netals.' Solutions A6 and A7 al so
strips the resist but residue remains on the substrate
surface. Solution A4 also dem)nst rat es the capability
trip phataresis owever, uires use at
Table ﬁl? gl é?°¥@ﬁ%§?r§§m°@t é‘?ﬁfwwﬁ Pl%&rtt%é%PP sol der
materials [due to its acidity from
Coppegodecy! berz PPIGHPETRi d. [ 0085] DuPont 9015 dry
photoresi Was atso tested W tir sotutions A8, A9, and
Copp@\foe Clrabl ¢ Stamiaub@nﬂltms—émqhmomb;@phmé)ssu ng for this
photoresist—prior—to—stripping—35WO—2006/050323
PCT/ US2005/S3381381l cofiditibes 13 Micieteshesdidocléanr aliiFdnmicroinches)
9015 resi St(optioro2) t o stri ppi ng Copper 1 oz copper
substrat-eCopper—Pre—Cean—Standard—econdi-tions br-ush
Laminggémb ( opt|imy -IPRSBt andard conditions - Mcrotech (Acid
cleanand 130 mcroinches)y—(option2)Lamnation Dry
HRL Speed |-Spked- M2 H/fify @g@gﬁl R eed) Pressure -
pke - 10'-% QSI am n:gf ??\efpﬂ me _Hold nnnel S
for 30 m rn medshfe 1 gbeXposur e/ devel opnent Exposure
Phot omask [type = PCh30 Mylar/d ass High intensity
exposure Ef‘e?u}"‘ atﬁPéo%S% (see bel ow) “Vacuum Del ay 30
sec Design ank exposure Devel opnent St andard
Lamin"-.;iﬁgl‘fl rhhOnS Holﬁ %ﬁig’f for %tnluﬁq:ﬁor E@é&)og—lﬁ%%{/é%ﬁhgn@ 0C
Exposure Photomask type =PC530  Mylar/Glass
High intensity exposure
Energy mJoules (see below)
Vacuum Delay 30 sec
Design - Blank exposure
Development Standard conditions — 55% BP
Optional Bake Temperature 80 C
Dwell Time 30 min
Pre Plate Clean NA
Copper Plating NA
Tin Plating NA
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Dwell Time 30 mn Pre Plate Cean NA Copper Plating
NA Tin Plating NA 36 WD 2006/ 050323 PCT/ US2005/ 039381

wa awb®3@43 - Addi ti onal processing for DuPont 9BQBUS2005/039381

resist prior to stripping Panel Copper Treatnent
Exposure Bake (mlliJoules) A Brush 100 Yes B Brush
100 No C Brush 150 Yes D Brush 150 No E Brush 200
Yes F Brush 200 No G Mcrotech 100 Yes H M crot ech

100 I Mcrotech 150 Yes _J Mcrofech 150 No
M a‘rab%eelflrr Additiomal Prpcaging GrdPopbE0 Notepisbasyr t%sm’}n@ns

318%15,% and ALB &l GelhiEdtY | EXPONGED alT tTrHepgkey film

sarrpl e pan A to 1£ ﬁﬁJo(&lés? | es§ than 5

N — 1 |
III Ilul CD Cll ‘-I-J v | _Y' rrrn

D =l
=1 festst—and- R %.sx erovai
Al:r om Qr\| rh:\r S04 prRe fa) YQQ:I rlnr [BIRT=CE M Af or o
T L~ == J T uun}J veAT C1T S
B [Q087] PCB and™idfer test <~A®;I es were cleiQed intog

Cpi eces approkBaghely 1 inchl8}uares (1in)YSSAhout 300
Dl of sol uti pBmisttl- C8 was pab@ed into 600 N¢ gl ass

E beakers and pBasad on tenpeoature-contrdYed

F hotplates. SaLBpjsﬁs were treaped at about (3% 60 C for
Ggabout 5-30 MiHb&sh TENP (§ho I e DI R NSges

H Microtech 100 No

I Microtech 150 Yes

J Microtech 150 No

K Microtech 200 Yes

L Microtech 200 No

[0086] Solutions A8, A9 and A10 effectively removed all the dry film 9015 sample panel A
to L at 55 °C in less than 5 minutes at 45°C.

Dry-Film Photoresist and Flux Removal From Solder-Bumped PCBs and Solder-
Bumped Wafers

[0087] PCB and wafer test samples were cleaved into pieces approximately 1 inch squares
(1in%).
on temperature-controlled hotplates. Samples were treated at about 35-60 °C for about 5-30

About 300 ml of solutions C1-C8 was poured into 600 ml glass beakers and placed

minutes.

Temp (°C) Time DI Rinse
(min) Cycles
35-60 5-30 5

[0088] A small amount of agitation was manually applied during the cleaning process. All
samples were directly rinsed in a beaker of non-CO,-sparged deionized (DI) water and a
running stream of DI water, where the beaker was emptied and filled five times. After
rinsing, each sample was dried with a pressurized stream of nitrogen. Lastly, each sample
was inspected with an optical microscope followed by inspection with a scanning electron

microscope (SEM).
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(mn) Cycles 35-60 5-30 5 [0088] A small anount of
agitation was manual |y applied during the cl eaning
w@e@e®ss23 Al 1 sanples were directly rinsed i nPEr/bsBak®039381
of non- CO2-sparged deionized (D) water and a running
streamof D water, where the beaker was enptied and
filled five tinmes. After rinsing, each sanple was
dried with a pressurized stream of nitrogen. Lastly,
i ith an tical mcroscope
Table £ 00 R a5 P ROBOBERS", dcanaing el ectron
mi cr osCOPe” (|SEemng Resylso 006/ 050323 PQT/ US2005/ 039381
Tabl e| @5. Dr|yClean, mogphdtoEésist oRfAnoval Resul ts G oup

8!ean [o73) Re'SL(i;pé&l,%pﬁﬂ‘bmistepﬂggotorfglnst ngr flux C2
ean; {10 toresi st or 4t ux;E3—€Cean,
phot o & cfpl ;t:}gl?n’zll)?ph?%rﬁ%%ﬂu’fm ph resist or flux

5 O g&h. ng Prebseebptoresintorflux  C6 d ean, no
phot oy €si st |dCledd, ws phGibrésiseanfluio photjor esi st or fl ux
C8 das, nd OB&E, W PhbBIresH of [0089] Figures 4A and
4B ar Cfxc..pl@%‘;x SE.v‘hi freges—of PEB—before and after
phot OF &ai st b BRPRECEHOE At i on O at 45C for 5
m nut €58 r edfdemn, welppotorssistipeBusA- 5D, |6A- 6D, and
7A-7D are exenplary SEM inmages of WLP wafers before
and after photoresist stripping with solution Cl at

[0089Bighrel QR ah@'@a:r@ieﬁb&hﬁﬁry §e11 bRkl SGEBBEY fhd ellfter photoresist

. Substrates, the dr i I'm photoresist was easily
stripping mibthesalupipn iGéras 487 G forc] mamitesgreapactivelyl FiguwesS SBICEA-6D, and

L A L e—
solutichgl1 &t45ACT fope 0L @ptése Fok Both!PFEE AP WP subeRRed, tId@SFilm

PCB and W.P stripping processes provide short process
photoregiffeéas gasifoipnisved gx smmersigieqleaningwith spluopst @ The dry film
i PRBR. Do U SADFLo A0S P PR TR i Boaion
being applied to the samples.

{0090] These PCB and WLP stripping processes provide short process times at low process
temperatures. This process is compatible with copper and the solder bumps. There is little or

no roughening of the metal surfaces.
Spin-On Photoresist and Flux Removal From Solder-Bumped Wafers

[0091] A seed metallurgy consisting of 100 nm Cu over 200 nm TiW was deposited on a
silicon wafer substrate. 50 microns of JSR THB-151N photoresist (with no wetting agent)
was spun on top of the seed metallurgy. The coated wafer was then softbaked at 120°C for
300 sec. The resist was exposed and the unexposed resist removed with a 2.38% TMAH
developer solution. A thin layer of Ni was electro-plated over the resist patterns and lead-free
solder materials consisting of Sn/Ag was deposited by electroplating to create the solder

bumps shown in Figures 9D-9E.
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Spi n-On Phot oresi st and Fl ux Renpval From

Sol der - Bunped Wafers [0091] A seed netall urgy
weonsiosisehg of 100 urn Cu over 200 nm Ti Wwas BPEpUSI008039381

on a silicon wafer substrate. 50 m crons of JSR

THB- 151N photoresist (with no wetting agent) was spun

on top of the seed netallurgy. The coated wafer was

then softbaked at 120C for 300 sec. The resist was

exposed and the unexposed resist removed with a 2.38%

[0092] Thepwateraves hspléern i5i91 PP, DR AelaiFEY 291 PRycesRed 10 3
temp erg L& Cé&n?roﬂl Piliider tdl?l?rtn[s fSb! T@%érk@és@ﬁlg %Bﬁdlltlﬁﬁéjaﬁcf 1%911ts for

der erl als consit s GDOSI t ed y

solutiofd BQLr]DDl atishigniatized @Al abld I‘Gameugmres 9BuPP snd ABAG. | hhe

photorgsixh¥23 camplelghy emaysd by sgivtigng

Fiigures 9D-9E. 38 V\é) 2006/, OSOﬁgs lJé’lga'qr‘pUSZOOS/ 039381
| es approxi mately

3cma _and processed in a . tenperature- ontr%gig eaker
unde ablefl@meStizea RepiseSippenesperys EORAHPIOHY BeRYSS

ICDUI ts f | bUI Ull U!Ib D2— DIz are ummari ged 1 n
Strippifigh| B (® afitndi gur |eBingd- 9C and |IH°O% | Time bRetwisesi st
Solution@s| conpl e(miny r enpSadtiy sol utli ons mleZ. Table 16

H—enrRestst—StHppthg—Progess—Congdit+ops—and _
D2 Resuwis Bisipping NONB Tine RRBe T L>?C) T| heoRpdand steip

Solution—{-m-n)—Selutenr—{m-—BH2—65—35NONERF5
D3 |Incogpleterstrip DIONE 15 NONERAT 5 I5ncorrp Btcemplaté girip

D6 75 30 P13 RT 5 | nconplete strip—H3 50-15-—NONERF5
D6 Resi#§ cohppetely | pggoved D9 510r15 INONE Rz obpddts btrip

conpletely renove D10 50 15 {NONE_RT 5 Resist
pg conpigtel yisrenovepnoNg 50 15 |NGNE RT° 5 ReSRskist

completely
removed
D9 50 |15 NONE RT |7 Resist
completely
removed
D10 s0 |15 NONE RT |° Resist
completely
removed
D11 50 |15 NONE RT |° Resist
completely
removed
D12 50 |15 NONE RT |° Resist
completely
removed

Post Etch Residue Removal

[0093] A wafer was cleaved into samples approximately 1-inch square and the samples were

then

processed individually. Solutions E1-E15 were heated in 200 m1 Pyrex beakers with

magnetic stirrers on temperature-controlled hot plates at the process conditions listed in Table
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conpletely renoved D12 50 15 NONE RT 5 Resi st

conpletely renoved Post Etch Residue Renoval [00931
wa\2wahsr323vas cl eaved i nto sanpl es approxi mat el pCL/USI0051039381

square and the sanples were then processed

i ndi vidually. Sol utions E1-E15 were heated in 200 mi

Pyrex beakers with nmagnetic stirrers on

tenperature controlled hot plates at the process

nditions listed jn Ta

Le 39 VD 2006/ 0503
17. e rrumioas precessed inppe OEQ‘E’HG Solpens- %’éé”seé’dthﬁﬁ rinsed with
3- cyleTﬁ V@iteﬂaﬁ‘ﬁ?tﬁo\ﬁl? W\kf@ﬁ‘ﬁltroggﬁ h‘xgx%eé’\@'él% JoRfhRed fonS8Rhate the

3-cycle DI “water and b with nitrogen.
Cleamﬁablhtva@f%clvmmp@mcm amdd)rowsev"alhmmdtst dre summeamdmg Figures 8A-

abilit h_conposi ti n r.0cess.
sN. SBbbo e SRy s ot Spct B RGRER sng P3RS perform
the beWih RerM@ih@te dtéH ﬂegau@%ltﬁbml attackiny tHeGyétde FytRoxylamine solution
hydr oxyl am ne perform the best 1n renoving the etch

alone eas@ptiigaone throeieh rpsidye Rompletehe netal . Hydr oxyl ami ne
solution alone cannot renove the etch residue
conpl et el y. Tablablg 17 — Resb¢tcletashiueesindvad rem)val

Raf o ca [ PRPaf nra Nope I_I f" O AN f‘nni- r nl

Referenpe (R (ESP’E) e None FIG SEGCHL 1ol q’:‘ﬂn@f’ﬁreﬁ El

Plcw C 10mn A G 8C CLEANI COMPLETELY _E4_35C 90s FI G

Refegpee(Befpran tNewg at t ackiing t K&Gc®Pper |IGaweroEs 35C 90s

Pictu¢)G. 8E Cl elan wit hout attacking the capper |ine

El 35°C 10min FIG. 8C CLEAN
COMPLETELY

E4 35°C 90s FI1G. 8D Clean without
attacking the copper
line

E5 35°C 90s FIG. 8E Clean without
attacking the copper
line

| E7 35°C 90s FIG. 8F Clean without

attacking the copper
line

E9 35°C 90s FIG. 8G Clean without
attacking the copper
line

E10 35°C 90s FI1G. 8H Clean without
attacking the copper
line

Ell 35°C 10min FIG. 81 CLEAN
COMPLETELY

E12 35°C 10min FIG. 8] CLEAN
COMPLETELY

El12 35°C 90s FIG. 8K Clean without
attacking the copper
line

E13 35°C 90s FIG. 8L Clean without
attacking the copper
line

El4 35°C 10min FIG. M CLEAN
COMPLETELY
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E7 35C 90s FIG 8F Cean wthout attacking the copper

line E9 35C 90s FIG 8G Clean wi thout attacking the
wa@op®s0323 i ne E10 35C 90s FIG 8H O ean wi t houPCT/US2005/039381

attacking the copper Iline El 1 35C 10mn FIG 81

CLEAN COWPLETELY E12 35C 10min FIG 8J CLEAN

COWPLETELY E12 35C 90s FIG 8K C ean w thout

attacking the copper Iline E13 35C 90s FIG 8L Cean

wi-t hout cking the copper lipne E14 35C-10m-n—F]

E15 gM CLEAN BPELY 4p WO BEDENd50325Clean ithout
PCT/ US2005/|039381 E15 B5C 90s FIG 8N @_jt%césmgmth%@epper
att acki ng tlhe copper |[ne Renpval of Ulséred

Phot oresi st from Cu Patterned Waf ers [ 0094]

Removasg Hﬁe‘{ ﬂhg&, fﬁﬁ)g %ﬁ%fﬁéﬁégg tsez Elgd4820m1af ers.

photoresi st fromHD M crosystem was patterned on top
[0094]0f5 hﬁkﬁoﬁ@lﬂ@l@ Eoppet 188 wibbaftdifedBOvares | F-mi@sn-fikitk polyimide

cure
photoresist (I-[D 4010 photoresist from HD Microsystem) was patterned on top of the copper

lines, but the photoresist was not cured.

[0095] A wafer was cleaved into samples approximately 1-inch square. The samples were
processed individually in chemistries that were heated in 200 ml Pyrex beakers with magnetic
stirrers on temperature-controlled hot plates. Table 18 lists the process conditions and results
for solutions F1-F6 in Table 5. The sample processed in F2 was rinsed in isopropyl alcohol
(IPA) before being rinsed in DI water. For the rest of the samples, after immersion in one of
the solutions, the samples were rinsed with 3-cycle DI water and blown dry with nitrogen.

To evaluate cleaning ability, the samples were inspected by optical microscope. SEM
inspection was then performed on the samples that showed “Fair” to “Good” cleaning
efficiency and solubility; see FIG. 10M-10R.
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[0095] A wafer was cl eaved into sanpl es approxi mately
1-inch square. The sanples were processed

WO p@eosdaal |y in chem stries that were heated PoT/ESB0ORN39381
Pyrex beakers with magnetic stirrers on
tenperature-controlled hot plates. Table 18 |lists the
process conditions and results for solutions F1 F6 in
Tabl e 5. The sanple processed in F2 was rinsed in

S coh | PA) before being rinsed in D

wnt LI B Bingred sbotosgeid raerdl roBEo onihmaR et
one of the 30| utiong, the fanpl €S were ringed wth
3-cycle DI watgr and|blown dry with pitrogen. To

eval uat e|cl eani|n ablllty, the sanpl g %gre i nspect ed
by, obt oyl EO0 i | RS PUR Ve
cl eani ng| ef fi dilneylahd selt¥itity-seeFG 10M 10R
41 WO 20085050328 pcrAUs2006F 830381 | Bobl e 18 -
Uncur ed phot or Jqu rrlQm\/aI Iﬁ?dnrpqm g—condifti ons and
results TEZp TilP8 d e36ing RBad due Solution C minutes
Performance Sol|{Biliiy0 70 IBodPoor FI 90 30 |Fair Poor
70 10 Ba@dFF2 9(Q 530 Bado 55 [1Goddoor FBB&H 30 |Good Bad
55 10 Bad F4 53530 Gpod Goo@Badb5 10 Poor F5(55 30 CGood
Good 70| 9 PoarssF6 980 30 FagkodFair | &&ad - (Majority
of pol yi m[de adfigses afger presessi ng| *Poor |- Sone

pol yi m depadher|@s ang;gonme | §,Jemovelggdqal 1 |- Shal
anount s of polyjijgide %6"' p&seNt 1 SOME areas on
the sanpl g¢ *G(_Lblc - o T TR FLTg pot Falllrl de—observed on
sanpl e

*Bad — Majority of polyimide adheres after processing

*Poor — Some polyimide adheres and some is removed

*Fair — Small amounts of polyimide still present in some areas on the sample

*Good — No remaining polyimide observed on sample

[0096] The most effective processes were solution F4, for 30 minutes at 55°C and solution
F5, for 30 minutes at 55°C. These two solutions dissolved the residue and cleaned the
substrate. SEM images showed some surface change in the copper exposed during processing
(i.e., exposed by preformed openings in the photoresist) for F4, but no change for F5. Thus,

solution F5 was the most preferred composition.
Removal of Photoresist from Wafer-Level Packaging

[0097] Compositions W1-W30 were evaluated for their ability to remove DuPont WB3000
dry film photoresists from WLP substrates, after exposure at 55°C for 10 minutes, as shown
below in Table 19.

Table 19 — Photoresist Removal from Wafer-Level Packaging

Process condition: 55°C/10 minutes

Comp.| HDA |HAS |DEHA| COH |Water| DMSO/ | pH [Resist Strip of WB3000
(100%) (100%) other Not baked, plated
W1 20 11.25 |68.75 >12 O Complete
remove
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[ 0096] The nost effective processes were sol ution F4,

for 30 mnutes at 55C and solution F5, for 30 m nutes
W@r006HE323hese two sol utions di ssol ved t he resPdresang0393s1

cl eaned the substrate. SEM inages showed sone surface

change in the copper exposed during processing (i.

e., exposed by prefornmed openings in the photoresist)

for F4, but no change for F5. Thus, solution F5 was
the nost preferred conposition Rem f DPhotoresist
W2 flr ok Waf er {Level | Fd2bagi’BgS[0097] Coﬁﬂ@si@on\pwpm
were eValuated fopr theilr abijlity to| renoyve DulPF&RiIOVE
w3 YB3000| xry fil nphasonesizsts from \WF7 syt r életsremove
after expogure at 55C flor 10 m nutep, as own _bel ow
w4 I[n Tabl ejgl9. Tabl e11155 4 7876t or esi st | Rero Q f rdoh remove
\W\af er - Levell| Pack@gi ng [Process condjtion] 55C/10
W5 M nut e xXrp. HDA HAS DRERSCOH Wat ef >DIZSQPyp H|Gesiptate
$trip of \/\%53000 (100%| (10Q0% ot hef Not ketrenvat ed
W—20TH 25 0879 i PgRORNIETE FeBve |z= omplete
w6 2006/053)35 PCT/ JS%O%S/ ggg g1 W2 1p 11. :2@78.%{;“ P
Coml nt ~n r v a WP 2Q 1114 o o 7L =2 N n
ot C—T oy T \ . J- OO0 TI |~ I | Cl1y,
W7 {0 11. b5 74. 729 < Nob |ORI0d VB 2. b it 2086 98MRIe G
onplele ramve |Ws 0 8 11.25 88 25! >12 @ ConpCHYC
W8 rlenove| W 20 101, 25116235 7158987 O Conp| ét'@ |@roleompeteo
11.25 8.7 >12 O Conpllete rlenbve W9 2.5 11. AS8NEH/EQ5
w9 312 O Conplletxs | 11.25 |86.25 >12 (@) Complete
remove
W10 0.5 11.25 | 88.25 >12 O Complete
remove
Wil 20 1 79 <7 @ Not remove
w12 10 1 89 <7 @ Not remove
w13 2.5 1 96.5 <7 @ Not remove
1 W14 0.5 1 98.5 <7 ® Not remove
W15 | 2.5 4.5 8 85 7<>12 Partial remove
Comp.| HDA {HAS |DEHA| COH |Water| DMSO/ | pH |Resist Strip of WB3000
(100%) (100%) other Not baked, plated
Wi6 | 2.5 11.25 |16.25 70 >12 o Complete
remove
W17 | 25 11.25 [36.25 50 >12 o Complete
remove
W18 | 2.5 11.25 |56.25 30 >12 O Complete
remove
W19 | 25 11.25 [71.25 15 >12 o Complete
remove
W20 | 10 225 |77.75 10 |7<>12 Partial remove
sorbitol
W21 | 25 15 82.5 >12 o Complete
remove
W22 | 25 20 77.5 >12 @) Complete
remove
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renove WLO 0.5 11.25 88.25 >12 O Conplete renove WI
20 1 79 <7 Not renove W2 10 1 89 <7 Not renove W3

wa 2605083 5 <7 Not renmove W4 0.5 1 98.5 <7 NeCT/USI00DYE39381
W5 2.5 4.5 8 85 7<>12 Partial renove Conp. HDA HAS
DEHA COH Water DVMBO' pH Resist Strip of WB3000 (100%
(100% other Not baked, plated W6 2.5 11.25 16.25 70
>12 O Conplete renove W7 2.5 11.25 36.25 50 >12 O

Comlete rempve W8 2. 5 11 25 56 25 30 =12 0
W23 Gordpf ef e rdmove |W2P 257213 |25 71. 25 >12 3O o |€amplatee
remove| W20 {10 2. P25 77. 45 10(7<>12 Parti all remyjgaove
W24 qor$ t ol W21 2.5 116CB3.%.512 0 Conpl efe noydot iapove
4.5 20|77.83 >12 0 Conpllete |renmpove #3 WD| 20064050323
W25 PCT.8JS2005/[{03938110¢%F3 | R®B5345 72.5 p1&70 npliNoEeremove
rlenpve| W4 2.5 1 CC 96.5 47 Not renove 512.5 10
W26 CCI2.87|5 <71 Not |erGB@ | 96.5 <7 @ Not remove
W27 | 25 10CBC| 87.5 >12 O Complete
remove
W28 | 2.5 1 96.5 7<>12 ®) Partial remove
trisCOH .
W29 | 25 10 87.5 >12 o Complete
trisCOH remove
W30 | 20 18 42 20 >12 O Complete
remove
W31 2.5 12.25 12 7§£Mi§) >12
. EE
trisCOH 0.25 MDEA
COH = choline hydroxide
CBC = choline bicarbonate 7 <> 12 =between 7 and 12
CCl1 = choline chloride
trisCOH = tris-choline hydroxide @ Not remove
HDA = hydroxylamine Partial remove
|HAS = hydroxylamine sulfate o
AEEA = N-(2-aminoethyl)ethanolamine Complete remove
MDEA = methyldiethanolamine

[0098] The most effective compositions for removing WLP photoresist were those that
exhibited a balance of the amounts of the organic ammonium compound and the
oxoammonium compound so as to yield a pH of at least about 12. The compositions with pH
between about 7 and about 12 were less complete in their removal of the photoresist at about
55°C and about 10 minutes contact time, but may have better performance at higher

temperatures and/or at longer contact times.
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W6 2.5 1 CBC 96.5 <7 O Not
87.5 >12 0 Conpl ete renove
WE@006/050323 enove
tri sCOH renove

renmove
W8 2.5 1 96.5 7<>12 p
trisCOH W29 2.5 10 87.5 >12 OrCDUIploes/a39381
WB0 20 18 42 20 >12 0 Conpl ete renove

W2

7 2.5 10 CBC

WB1 2.5 12.25 12 70 DVMBO >12 trisCOH 3 AEEA 0.25 MDEA
CC]—| =chol i ne hydroxi de CBC = choline bicarbonate 7 012

between 7 and 12 CCl= choline chloride Not

renove

trl SCOH = tris-choline hédrom de HDA = hydroxyl am ne

Compaxisqn ef Coppgy\(corrpgign/Et

N- (2- am noet hyl ) et hanol ami ne 0 Conpl ete renove

LAWNS W0 28l Abe fcﬁ@ﬁeﬁr &rf R 4R, or etch rate, of

WLP photoresist were't

[0099] ’@&d@%

ShRaks

sitions

renovi ng

HyBABRyl ami ne sul fate AEEA =

VDEA =

hose

coppeﬂrhaal aﬂmmmovdobfa)mmmwﬁ dshflna photntesistsf frath VLP substrates,

anmoni um

| east about 12. The

and about 12

t he phot or esi st
tact time, but

t enper at ures

WO 2006/ 050323

um conpound and the oxo
aSShO% eQéoto yield a pH of at
COMposi t| ons with we out 7
Table 26 &) @@@%&t@pﬁﬂ@ (mé Ve %fé agl?/%ﬂor@f
Tim& | T Cu | Tl ERY TR RIT €S, CO
(min' 3 ﬁl@ﬁﬁ%ss ?fnhg{ess; G oS QA lj’flflﬁiekr@sts hgRREs
ndg (L)J@ cont aCt| Rérhdif | 4d,
PCT/ 00%/ 039381 Conpari €n aof Coppe
5 Raless 9336082 050,571 S08/B86 gnch ¥4.6
10" 34d‘|‘?5d4 5321.873|970.631 T 97659 |~ 2.38" 5
20 3380.081(3261.127| 118.954 | 96.481 3.52
30 3371.516]3189.327{ 182.189 | 94.596 5.40
Time | Initial Cu | Final Cu |Thickness |Normalized %
(min) |Thickness|Thickness| Loss (&) | Thickness | Thickness
A) A) Rer?j;;ung Loss
5 3349.17 | 3319.02 | 30.15 99.10 0.90
10 3333.26 | 3272.00 | 61.26 98.16 1.84
20 3364.01 | 3258.61 [ 105.40 | 96.87 3.13
30 3359.31 | 3249.55 | 109.76 | 96.73 3.27

r Corrosion/Etch
wer e eval uat ed
, of

[0100] Composition W20, which includes the sugar alcohol sorbitol, exhibited significantly

higher copper corrosion than composition W16, upon contact with the wafer-level packaging

substrate. The reduced corrosion rate of copper is especially key in wafer-level packaging

operations. Although defects/problems with surfaces, such as corrosion, are issues in both

damascene-type architecture (e.g., individual chip layer structural fabrication) operations and

in later operations (e.g., WLP/PCB applications), the impact of such defects/problems is

much more critical in the latter, as more steps have been accomplished to get to the

WLP/PCB stage than in particularly the early layers of damascene-type architecture.

[0101] With regard to the corrosion/etch rates, it is interesting to note that composition W20

is similar to those compositions disclosed in U.S. Patent No. 5,846,695 to Iwata as being non-

corrosive to aluminum metal substrate layers; however, compositions containing sugar

alcohols, such as W20 and those in Iwata, exhibit reduced inhibition of corrosion when in
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copper netal, after renoval of DuPont WB3000 dry film
phot oresi sts from WP substrates, as shown below in
waaimsB323 Table 20 - Cu Corrosion Rate of W20PCT/08005/039381
vs. W6 (bottom). Tine Initial Cu Final Cu Thickness
Normal i zed % (m n) Thickness Thi ckness Loss (A)
Thi ckness Thi ckness (A) (A) Remaining Loss (% 5
3386. 405 3336.827 49.578 98.536 1.46 10 3401.504
3321.873 79.631 97.659 2.34 20 3380.081, 3261.127
contach wih geppey meta) fayprs at leags a3 gqpared tazqqgmposstions gocordigg to the
. Q4. Time Initial Cu Final Cu Thickness
]nvmuﬁéfﬁéﬁfged Y% (mn) Thickness Thickness Loss (A)
Thi ckness Thi ckness (A) (A) Remaining Loss (% 5
3349.17 3319.02 30.15 99.10 0.90 10 3333.26 3272.00
61.26 98.16 1.84 20 3364.01 3258.61 105.40 96.87 3.13
[0102]3Dhe3BEothk deddpthm, IR PupsO6f eiplahafian,[Had B8dn described with
Conposi tion W20, which includes the sygar al coho
referenge, o esific elpadineRis Soyeren B lysyratiyy gRetssioap gapve are not
intend PR A {98 8r FPIRATAE nPEht}0h 18 the RO RS Glscitsdd) Mk
waf er -1 evel packaging substrate. The reduced
modifications shé mani@tions efe mspiplerin ivievesiibe nbdveteiayngsn The embodiments
fer-level. packagi n operatigns.. Al t hough . . .
wero cfregapd A POMOFL 1 et R AR DESHERPIS X v Berion apddis
practidaf’%iﬁ%aﬁ&hs%ttﬁeregﬁéﬁa‘b%e&ﬁe& ¥RBle@ i the afGb BER ufifiz@the invention
i ndi'vi dual " chip layer structural fabrication)
and vapipus embetimentsdvith varioas syodifjsetions asrase guted.to theymy tegiar use
¢ aH%Iacations), the i npact of such defects/problens is
contegitimore critical in the latter, as nore steps have
been acconplished to get to the WP/ PCB stage than in
particularly the early |layers of damascene-type
architecture. [0101] Wth regard to the corrosion/etch
rates, it is interesting to note that conposition W20
is simlar to those conpositions disclosed in U S.
Patent No. 5,846,695 to Iwata as bei ng non- corrosive
to alum num netal substrate |ayers; however,
conposi tions contai ni ng sugar
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al cohol's, such as W20 and those in Iwata, exhibit
reduced i nhibition of corrosion when in 45 WO
wQe@6/08B823 PCT/ US2005/ 039381 contact wi th cp@pes2005/039381
nmetal |ayers, at |east as conpared to conpositions
according to the invention, such as W16. [0102] The
foregoi ng description, for purpose of explanation, has
been described with reference to specific
enbodi nents. However, the illustrative di scussions
above are not intended to be exhaustive or to limt
the invention to the prdchABMBorns di scl osed. Many
nodi fications and variations are possible in view of
.t he. abave teachings. The enbodi nents were chosen and
What1%|gl %‘%i & in order to best expl ain the principles of

the invention and its practi.ca ldqcat i -0
1. A comgpuBy B vt P u o, PR G 3 Patffhtion thereof
from aWa&‘érllé@elﬁ)Hﬁgafk;ﬁl\g%bstﬁd’ﬂe, frsnela peihied ¢ircwibouti farttosh, wintwhich a
~various noditications as are suited to the particul ar
circuit g5 @ pOrtion & Agiraib s, PraEniNY PG BNEOGEE CPBPIISE 005/ 039381

CLALMS. at i ' .S osition for
ragr%é\/{ll%ﬁcgdr:g?’?irre@ &LI@}%‘%[ﬁlgrﬂgzrlngélée ggl ﬁﬁfesi due, or a

conbi nation thereof froma wafer-|evel packaging
substrate, froma printe ‘iiorcu?ﬁt board, or both, on
which a circuit or a portiosa of a circuit is present,
whi ch conposition conp 'EE_N;gﬁRérganic anmmoni um
conmpound having the for Aa RA X RB/NR R

\A@%rglhn: X is hydroxide, “sul fate, hydrogen sulfate,
phosphat e, hydrogen phosphate, dihydrogen phosphat e,

ni t r atX is lydeanibepsylfabehydaogealsiifate, paspiote thydraggn pbesphate,

EraosahosT UGS g Te RO PR e SRS Aponate
;o bt REImBILAGh thetdoh an organi c epoxy, and

R; is an alkyl group or a group derived from the reaction of a tertiary amine

with an organic epoxy, and

R», R3, and Ry are each not hydrogen and are independently alkyl, benzyl,
hydroxyalkyl, phenyl, a group derived from the reaction of a tertiary amine with an
organic epoxy, or another group contained in a tertiary amine;

more than about 2% by weight of an oxoammonium compound having the formula

wherein:
I 11
Rt Ry X
N—O—R \ 4
/ 5 H——N——O0—Rs
Re Re/

X is hydroxide, sulfate, hydrogen sulfate, phosphate, hydrogen phosphate,
dihydrogen phosphate, nitrate, a carboxylate, a halide, carbonate, hydrogen carbonate,
bifluoride, or a combination thereof,

each Rs is independently hydrogen, a substituted C;-Cs straight, branched, or
cyclic alkyl, alkenyl, or alkynyl group, a substituted acyl group, straight or branched
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R2, R3, and R4 are each not hydrogen and are

i ndependently al kyl, benzyl, hydroxyal kyl, phenyl, a
w@e@ap3@es i ved fromthe reaction of a terti ar yPeniuamo5/039381

with an organi c epoxy, or another group contained in

atertiary amne; nore than about 2% by wei ght of an

oxoanmmoni um conpound having the fornmula wherein: R7 |

-1l RT XNORS + HNO-R5 R( R6 X is hydroxide,

sul fat e, hydr en sul fate, phosphate, hydrogen

}%ﬂ@‘ﬂg errbgKysgen, alkopyalkyl group, alkylamino group,

o ?Sﬁéﬁn%ie,%og? s e i
L?gﬁggﬁg%@nbétymh&gwgm;p@ﬁ & sdtsdri detiv st eGher€6f, ahd ai ght ,

| k | y
a subs?qch%é‘a 5% 2 m&?Rﬁ‘j‘Bentbt I?@F‘g%n% %)P%?Pg}ll}lég%&g %{i‘&lﬁ%‘ted
K
T a
g%]mum straﬂhkw mﬂ%ﬁ?wﬂsio?vm# amidyligfoop; carbaiyd gyrupuplkoxyalkyl
en subs en r

ook et Gty iy g B, oP iitRis a4 oyl Syt group,
t ﬁﬁ)ﬁ@tﬂfed phegy1e26tp, B/ 1 tpRZuHsﬁtu'téi‘lda?ﬂ%thdr)ﬁ shlY df agemtive

a hydroxyl group, a’su ituted C1 st’rai ght,

bthareofieid or cyclic al kyl, alkenyl, or al kynyl group,

a substituted acyl group, straight or branched al koxy
gF8%Sh, amidyl group, carboxyl group, al koxyal kyl

%ﬁét@m tBe koythpositich 1§ lcaptble @ﬂﬂeuiosuigftn@yélymb@upe etoli res1due the ash
sul fonic acid group, phenyl group substi tuted pheny

residugyrog tle ccgm@pat@ndhgeog@%tthq mbg@atg,r\ylpﬂegm@lg@lmgg the g)grafbﬂlty of
the cu@%ﬁ_g)ggb#ﬁ)h'tﬂ&eof Q&B@?{Gd g@ﬁ{jth@@ﬁl%ﬁat wher ein the

Ion I's tapa renovi ng the pol ymer, the
etch residue, the ash residue, or the conbi nation

2. Th%g‘gagé)ﬁfl qfn[(gﬁm tlfrlllelt b@r ,rcgltalS{lSI\rllg:aL g{ﬁan?licgp allr%lgglgmc ttlllat is miscible
with vAg§0ci ated with the substrate.

3. The composition of claim 2, wherein the organic polar solvent comprises N-methyl-
pyrrolidone, dimethylsulfoxide, diglycolamine, monoethanolamine, propylene glycol, or a

mixture thereof.
4. The composition of claim 1, which is substantially free from solvents.

5. The composition of claim 1, which is substantially free from one or more of chelators,
corrosion inhibitors, film-forming agents, surfactants, abrasive particles, alkanolamines,
fluoride-containing compounds, oxidizing agents, reducing agents other than the
oxoammonium compound, and pH adjusting agents comprising alkali metals,
unfunctionalized trialkylammonium compounds, and unfunctionalized tetraalkylammonium

compounds.
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2. The conposition of claim1, further conprising an
organi c polar solvent that is mscible wth water. 3.
wab@eosmsposi tion of claim2, wherein the organPCr/pstoas/0393s1

sol vent conprises N-nethyl- pyrrolidone,
di met hyl sul f oxi de, di gl ycol am ne, nonoet hanol am ne,
propyl ene glycol, or a mxture thereof. 4. The
conposition of claiml1l, which is substantially free
fromsolvents. 5. The conposition of claim1, whjch_ is

6. Themuwaanpn af thim Bewhich dnsubsiantalnisplion osrer atogs ef chelators,

orromglel }éhéot@% th %E:Intg%lra\sggn uFf' t?ﬁt';n ﬁ)g:ilszxgs néhtrﬁcles alkanolamines,

fluoridélcbRtainiies &Qﬁﬁ@!nﬂé, l’(bﬂuﬁﬁﬂ% g redusingiagems oﬂ@eﬂiaﬂ the
reduci ng agents ot her than the oxoanm)nlalﬁm coppound,

oxoammalwqap il Bl edivstingrgsrissrrprismeaalieals
0 ' YRGB A

unfumH %‘ﬁ%%{ll on ze% ftﬁ‘éraﬁﬁ?‘i angm um con%ggﬁg% X puivm
compoﬁﬁ)&bG/ 050323 PCT/ US2005/ 039381 6. The conposition of

claim3, which is substantially free fromone or nore

of chelators, corrosion inhibitors, filmformng
7. Theﬁ&?oﬁtmﬁ%ft:ﬁ% Qn%ﬁlchqphﬁ)%taﬁﬁalﬁaﬁéé ﬁbﬁlsone or more of chelators,

am nes l'uori de-contai’ni ng conpounds,

corrosion iimtiitsitorg, ﬁigefurmmg@duks; svgfagigetst shresiviepartiplgs, alksaolamines,

e GSSATEE SRR A0, B AL S5 o
oxoambdonlr ¥bR N\l ﬁﬂﬁﬁﬁgﬁ%ag&&%oﬁfﬁrﬂﬁ@dlmbﬁﬁﬂ

t et raal kyl ammoni um conpounds. The conposition of
unfunc@baalmed triadksylemmogivy bempenrids) gng Lmﬁ@@tlpn@meé faragikyjagpgonium
chelators, corrosion inhibitors, filmform ng
Compogﬁ%snts surfactants, abrasive particles,
al kanol am nes, fl uori de- cont ai ni ng conpounds,
oxi di zi ng agents, reducing agents other than t

8. Thmmqﬁmnmﬁcka@ﬁg@ wherelhihg OBSANKAHEPNIHE %Rjjél?ﬂ@d 1s present in an
amoun? ﬁ’gﬁ‘{ é(b%lufl P, 3L Kbt 3884 %{ﬁ/g S‘gh’cJ Qﬂ%&ﬂe# ﬁﬁééeﬁ?ﬁ{ an amount from about

I"ainmoni um conp ’and un tionalized
15% td ﬂ:tduaail%)ﬂyammgm therorgamixppel acw]vedt is frescobimposintduohfrof about

s S B o

more t t 1s present in an amount from about
g %@Vot a%out 94g/lcl>iby wei ght, the organic polar sol vent

IS present in an anount from about 25%to about 85%
9. Theg% ﬂht cﬁ%{fl qmt 1h Whoreds a{HT%o yl“rlrrlre]r%grq}f)%ges acrﬁat@ rrgﬁegpﬁni{s?

methacrylate repeat units, or both.

10. The composition of claim 9, wherein the wherein the polymer is significantly transparent
to deep ultraviolet radiation and wherein said composition chemically interacts with the

carboxyl group of said polymer.

11. The composition of claim 1, wherein said composition is compatible with said circuit,

said circuit comprising copper and at least one low-K dielectric material.

49



nore than about 10% by weight. 9. The conposition of
claim1l, wherein the polyner conprises acryl ate repeat
WaQIRib®3503231et hacryl ate repeat units, or both. 1BCT/TE®05/039381
conposition of claim9, wherein the wherein the
polymer is significantly transparent to deep
ultraviolet radiation and wherein said conposition
chemcally interacts with the carboxyl group of said
polymer. 11. The conposition of claim]1, wherein said
12. Theeappssitivnf tlsing Snyhereisl the PHtoR thesgognpasitioniis abovebgut 7.
circuit conprising copper and at | east one | owK
dielectric material. 49 WO 2006/ 050323
13. ThRGCHYS#BBRO3RER Y, wherein thepHATHRs¢InsuRitivh i€ blbdvabout 12.
wherein the pH of the conposition is above about 7.
13. The conposition of claim9, wherein the pH of the
14. A%%ﬁg@ﬁ% fegl{(hx)ﬁge@c?%gré %Qﬁgéslué%éash]r%ﬁdr % g,l'&gf’?lb%%'hgn thereof
from acwifirileadlipackdgivey arbbtraté,rfoom a prafedrciceit bbalpiacﬂdagh,r@ which a
substrate, froma,printed.circ %t board, or

circuity giagprion ef 4 eigfuit, isgyresgnip ShishgRegpd SoEpiss cprapLnE the Waer-

{ or BOMR! Feth itADcdmiSosMdInTclaim 1,
levelpﬁéﬁgﬂéggg g‘?ﬁ%é%%g(??lg%ﬁ%aﬁg rr| nted ci r%lﬂﬁfb Sboar claim
ata temperhmrdland/sﬁor  tifteesuionpn $o tem;wedhe pélginer, the ctal residue, the ash

e and for

i G e B S LIS ke TR, e

circuit ®8 EFG' S dtRwhiNemeRtaidin Eﬁetdﬁ)@ra\blﬂftg of tRV@IcuR asRetidtdthereof,
substrate, the printed circuit board, or both, while

aSSOCIamiﬂilﬁm\’\nﬂhg the operability of the circuit, or portion
t hereof, associated therewith. 15. The mst hod of
claim 14, wherein the tenperature is fromabout 35C to

15. TiRAoethod 60&laim dpdviidrein @Hlﬂefnbératdrais fremfaboun 350ub adut 100°C,
seconds to about 45 m nutes. 16. The nethod of claim

and whesein fectiap is from abepildrsseands to abqut 4mmiBBigs: 45C to about
75C, and wherein the time is fromabout 5 mnutes to
about 30 mnutes. 17. The nethod of claim 14, further

16. Theangthod bfigjaimm 16,wglaereia tlpmﬂempeﬂutre énfromizhout 45°Qite @bdnit&5°C, and

wih, water. 18. e et ho claim17, wherein the
Whefelart%%\ﬂline l%gP@raJ[’QBﬁ é/rg’l’ﬁlut ?‘étegé) nﬁglshyl - pyrrolidone,
di met hyl sul f oxi de, di gl ycol am ne, nonoet hanol ani ne,
propyl ene glycol, or a mxture thereof. 19. The
17. Theenéthod of cleinail i furthengoimphising asogananpolar sojvent ghat ismaiseible with

sol vent s.
water.

18. The method of claim 17, wherein the organic polar solvent comprises N-methyl-
pyrrolidone, dimethylsulfoxide, diglycolamine, monoethanolamine, propylene glycol, or a
mixture thereof. ‘

19. The method of claim 14, which is substantially free from solvents.

20. The method of claim 14, which is substantially free from one or more of chelators,

corrosion inhibitors, film-forming agents, surfactants, abrasive particles, alkanolamines,
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20. The nethod of claim 14, which is substantially
free fromone or nore of chelators, corrosion
WO pdvslostses s, fil mform ng agents, surfactants, Pebussnyes9ssi

particles, al kanol am nes, 50 WO 2006/ 050323

PCT/ US2005/ 039381 fl uori de-cont ai ni ng conpounds,

oxi di zi ng agents, reducing agents other than the

oxoamoni um conpound, and pH adjusting agents

conprising alkali netals, unfunctionalized
fluoride-pertidpingrmompioundss oxidizingiagentsntedueing agetoathes thay the

tetr.aal kyl a Ni_UWMyy C oun claim
oxoanygonf PR R FRIRY Ees Comptife TRA LRl O
unfunéficlaliz€d Sialkyt@hmesiuencdnifbulds, ahd unfunttiorfatized wReaslgglainsnonium
surfactants, abrasive particles, alkanol am nes,
comppyngsy i de- cont ai ni ng conpounds, oxi di zi ng agents,
reduci ng agents other than the oxoammoni um conpound,
and pH adjusting agents conprising al kali netals,
21. Thenetodd efieddiinzled] whidhaik kytstamislity free fronpaneratsnorad chelators,

unfuncgt.ionalized tetraal kyl anmbni um . co d 22. .
comost i MRGRIAGH - DI 2B BT ai’ﬁﬂﬁé‘f%%?ﬁ?%?% _511??@@“1163’
ﬂuoﬁ?%—?ﬁt:?ﬁgﬁll%%on%ﬁﬁdgfoxﬁl'fﬁh?ﬁg%hﬁs; red86ihE Qg8 ofhePilah HRS S,

ng agents, surfactants, abrasive particles,
oxoarainkaiuol eompremd, arfd pkd adjdstingmgents somgrisingplatiasstals,

oxi di.zi ng. nts, reducin ents_pther than th .
untungfenaeed sl amponht: Smertpiran defiioud Rl ek tammontum
compb@R! i sing al kali nmetals, unfunctionalized

trial kyl ammoni um conpounds, and unfunctionalized
t et raal kyl ammoni um conpounds. 23. The nethod of claim

7 erein.th 1 i o) [ r
22, TS SR SR R SRR B8 S,
corrodibe inkélifis, ifdmploea it agefits Anrfactants] abirisiva pHbtacles, allafiolmines,
about 94% by wei ght, . the organic pol ar solvent is
fluorige-gamipining oR MREs: SKidiF B8P SeHb FeduoBgAEENTs T thaBdhgy
[ e | in an
oxounffEloHthn o Bfou o R AT TR L ATRAMB oing allaf by
unfinctbimdidedfriathydimmdajumnbengiunds, ad pofuncéonadiaeg tatreelkylammonium
acrylate repeat units, nethacrylate repeat units, or
COmPBB‘E‘%: 51 WD 2006/ 050323 PCT/ US2005/ 039381 25. The
nmet hod of claim 24, wherein the polyner is

significantly transparent to deep ) )
23. The method of claim 17, wherein the organic ammonium compound is present in an

amount from about 1% to about 30% by weight, the water is present in an amount from about
15% to about 94% by weight, the organic polar solvent is present in an amount from about
25% to about 85% by weight, and the oxoammonium compound is present in an amount not

more than about 10% by weight.

24. The method of claim 23, wherein the polymer comprises acrylate repeat units,

methacrylate repeat units, or both.
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ultraviolet radiation and wherein said conposition
chemcally interacts with the carboxyl group of said
wW@eiogsr323 26. The net hod of claim 14, wherei n B@i/ts2005/039381
conposition is conpatible with said circuit, said
circuit conprising copper and at |east one | owK
dielectric material. 27. The nmethod of claim 14,
wherein the pH of the conposition is above about 7.
28. The nethod of claim 14, wherein the pH of the
25. THeQARRGd 6f Q& |g4, alteyein dequelyrie is ﬁﬁﬁfmﬁnﬁwﬁwpﬁe@h’wf@ﬁp
renoving a polyner proxinmate t N .a Circuit. . or
ultraviest TAiAHOB And WHETEHL G COmROHOUBERtEAIEHols RS e dpior!
' . an organi c amoni um conpound havi ng the
group GEGR Py,

X R3 NRL R wherein: X is hydroxide,
sul fate, hydrogen sul fate, phosphate, hydrogen

hosphat g¢,. . di hydr ogen .phosphat.e, . ni . : cq e o
25, TRgBRTbEven LIRS BB IFBRAT B i B gt i
circuitRbidpHiSink d6ppc? and aCieiddonaldvaK diblecteioimatéiali s an al kyl

g

roup of a group derived fromthe reaction of a
tertiary amne wth an organic epoxy, and R2, R3, and

2. Sl DR St

the reaction of a tertiary amne with an organic
epoxy, or another group contained in a tertiar ine;
28. Tisomylbpdebeus4sheen hepdos] Sitifg igaRays PRt
2% by wei ght of an oxoanmoni um conpound havi ng the
formula wherein: X is hydroxide, sulfate, hydrogen,
29. Azohfpatition firasmbeing a pojinageoxiplatestp vdtieh a cigety @F 8 geriion of a
phosphate, nitrate,.a carbaxylate, a halide,

circuitg rispogsde WHISHFOGRATIOOBRESS:  bi fl uori de, or a

c gaﬁkiaﬁﬁndﬂ?&h%efnpoﬁ&ma fhs foraglgpendent | y
hydr

gen, a substituted Cl- strai ght, branched, or

cyclic al kyl, alkenyl, or RaI kyné{l- group, a substituted
acyl group, straight or br &nche

+
Rg——N—R

/

Rz
wherein:

X is hydroxide, sulfate, hydrogen sulfate, phosphate, hydrogen phosphate,
dihydrogen phosphate, nitrate, a carboxylate, a halide, carbonate, hydrogen carbonate,
bifluoride, or a combination thereof,

R; is an alkyl group or a group derived from the reaction of a tertiary amine
with an organic epoxy, and

R,, Rs, and Ry are each not hydrogen and are independently alkyl, benzyl,
hydroxyalkyl, phenyl, a group derived from the reaction of a tertiary amine with an

organic epoxy, or another group contained in a tertiary amine;
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al koxy group, am dyl group, carboxyl group,

al koxyal kyl group, al kylam no group, alkylsulfonyl
w@e@a303e3 sul fonic acid group, phenyl group, PCT/US2005/039381

substituted phenyl group, aryl group, substituted

aryl group, or a salt or derivative thereof, and each

R6 and R7 is independently hydrogen, a hydroxyl group,

a substituted Cl1-C6 straight, branched, or cyclic

al kyl, al kenyl, or al kynyl group,_ a substltuted acyl

gnoregharsaboat Ztbyoveiphtaafehadoammeniing eerapoundhayipg the formula

QW@ , _carboxyl group, al koxyal kyl group, alkylam no

ﬂg‘ al kyl sul fonyl group, or sulfonic acid group,

phenyl X g¢ RpPRoxidé waFhte! Wideskaphartide, giosplmte,drysitoggn phpsphate,
substituted aryl group, or a salt qr derivative

tdibydsogen phesphiis aitrate. ararteprlait @ H3s, satbopgphydsRgen parbonate,
Cb%lﬁc%‘é’é ofTQl: ‘%fmaﬁorrfﬁlref%%fyl noi ety, a nitrile moiety,

a conbi nation thereof; and
Wh er e I éhch fR@ 1s:mﬂﬂmlﬂbmtl;¢rﬂ1ycho geapabibstibted @by stnajghth branched, or

Caieb bRy ABHeBYl oF S s o4ry & SHOT BRGA St erquiy b gpmched
O£ 6&;1‘69}?@51{1?}9 Sug, t&%rb%?irl’ groWfiali@x§RicHt %bﬁ![b kil &Bino group,

oper e Clrcul or ort| on thereo
paliylsulfidrgy] giwp,e«brcsulfémc adidngrotp thfsmsrl gr@xmwhfﬁghﬁeqoma}aubgroup,

risin car,bonyl noie ar box a R7
| argfpgrpuﬁfglks 1tNe6a% groun, RF %}/dlﬁ_.\%r cﬁaﬂgatﬁeytheﬂg?fr", ?foéf
NDi et YeachR 4ol B iRIdEpShdely Bycﬁ@géihl paydroRyl grenp:@f substituted
proximate to which a circuit, or porti.on

cCr-€ |stra1gh‘q,; brginelinds exicyolipiabyl, r@gngg Of élmylggup, a substltuted acyl

e

t %ﬁrﬁkj&éﬁlr@@oﬁm alkeyldull foRylSgtbiip, o elliifom@acnélgml@ phanyl group,
pol y by interaction with the car m)le t he
carb@bwd nhgméltg}ouna pevligreums pebshpiied 31y P’l Hidga fror aérivative
I8l ¥-an@r the combination thereof, mhlle mai nt ai ni ng
e opferabl ity of the circuit, or portion thereof,
pfzv@termat e thereto.

wherein the polymer comprises a carbonyl moiety, a carboxyl moiety, a nitrile moiety, an
imide moiety, or a combination thereof; and

wherein the composition is capable of removing the polymer by interaction with the carbonyl
moiety, the carboxyl moiety, the nitrile moiety, the imide moiety, or the combination thereof,

while maintaining the operability of the circuit, or portion thereof, proximate thereto.

30. A method for removing a polymer comprising a carbonyl moiety, a carboxyl moiety, a

I II
Ry Ry -
N—O—R \ .
J/ 5 H—N—O—Rs5
Re Rs/

nitrile moiety, an imide moiety, or a combination thereof, proximate to which a circuit, or a

portion of a circuit, is disposed, which method comprises contacting the polymer with the
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31. The nethod of claim 30, wherein the polynmer is a
photoresist that is significantly transparent to deep
wakdocanized et radi ation. 32. The net hod of cl ai PCBLUS2005/039381

wherein the photoresist is a 193 nm photoresist. 33.

The nethod of claim 30, wherein the polymer conprises
acrylate repeat units, nethacrylate repeat units, or
both. 34. The nethod of clai m 33, mherein t he pol yner
conprises an antireflective coating The net hod of

compesitigmeataimdfe pied iemperateg end fonpdlime é‘f‘fﬁé’fen%té’l 1gmeye {hegrolymer by
ie
1ntera5t§o(§1r(?%I elc%%b%c gfé%ﬁe tfe @Y&éfgpqmﬁ% rll@zllte ?%owty, the imide
mo1et32,hﬂ' thea@Imighaivnribereof) e&mle whdintainirg the operehlﬂltgeanﬁ the ciweuit, or portion
npl antation, plasma treatnent, gamma- or x-ray
thereqf RTQYRLg ‘@ﬁreo el ectron beam treat ment, |aser ablation,
or a conbination thereof. 54

31. The method of claim 30, wherein the polymer is a photoresist that is significantly

transparent to deep ultraviolet radiation.
32. The method of claim 31, wherein the photoresist is a 193 nm photoresist.

33. The method of claim 30, wherein the polymer comprises acrylate repeat units,
methacrylate repeat units, or both.

34. The method of claim 33, wherein the polymer comprises an antireflective coating.

35. The method of claim 30, wherein at least a portion of said polymer is modified prior to
removal, wherein said modification comprises chemical amplification, chemical etching,
deep ultraviolet treatment, ion implantation, plasma treatment, gamma- or x-ray irradiation,

electron beam treatment, laser ablation, or a combination thereof.
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