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COVPCSI TI ONS W TH | MPROVED SUBSTRATE COVPATI BI LI TY FIELD OF THE | NVENTI ON
5 This invention relates to ammoni a-free cl eani ng conpositions for cleaning
m croel ectronic substrates, and particularly to such cleaning conpositions
useful with and having inproved conpatibility with ni créfeBeptemket 2007
substrates characterized by sensitive |owK and high-K dielectrics and
copper netallization. The Invention to also relates to the use of such

cl eani ng conpositions for stripping photoresists, cleaning residues from

p| aom generat ed orguni ¢, AABRARRTE KGR MCBRLECTRBIR > *™
rechent <2l pel Exbig o PbsrANSr neRobl k8T bAaE GBREATE IR LU

resi due renovers have been proposed for wuse in the mcroelectronics field
as downstream or back end of d@?%%c | | ine cleaners. In the

manuf act uri ng process a thin ?lﬁm of p oI{NyrEehgiqu i s deposited on 20 a wafer
substrdte, and then circuit desi gn is imaged on the thin film Foll ow ng
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Sept enber 2007 finishing operation can
acconpl i sheterhanical patishingdEMR)gas well as an additive In planarization slurry residues.

15 BACKGROUND TO THE INVENTION

Many phoforesist strippers and residue removers have been proposed for
use in the microelsctronics field as downstream or back end of the manufacturing
line cleaners. In the manufacturing process a thin film of photoresist is deposited on

20 a wafer substrate, and then circuit design is imaged on the thin fim. Following
baking, the unpolymerized resist Is removed with a photoresist developer. The
resulting image is then transferred to the underlying material, which is generally a
dielectric or metal, by way of reactive plasma etch gases or chemical etchant
solutions. The etchant gases or chemical etchant solutions sslectively attack the

25 photoresist-unprotected area of the substrate. As a result of the plasma etching
process, photoresist, etching gas and etched material by-products are deposited as
resldues around or on the sidewall of the etched openings on the substrate.

Additionally, following the termination of the etching step, the resist
30 mask must be removed from the protected area of the wafer so that the final



step by the use of suitable plasma ashing gases or wet chem cal strippers.
Finding a suitable cleaning conposition for renoval of this resist mask
material w thout adversely affecting, e.g., corroding, dissolving or
dulling, the netal s circuitry has al so proven problematic. As

m croel ectronic fabrication integration |evels have i ncréhSeptember 2007
patterned m croel ectonl ¢ devi ce di nensi ons have decreased, it has becone

i ncreasingly conmon in the art to enploy copper netallizations, |owx and
high-ic 10 dielectrics. These material s have presented additional

chal | enges ftigishingbme&tnt & %keﬁﬂa%%ﬂerfhi&@dmE&éd?ﬁaighyawaydé%ﬁééshing
evel op or
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copper ° net gir?li"éﬁ ?%ﬁi‘-‘." REPYRN B’Hb&m%ny copper netallized/ lowic strippers
are not suitable for A netallized devices unless significant adjustnents
In the conpositions are nade. 20 Renoval of these etch and/or ash residues
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cause corrosion to the nmetal structures. The circuitry naterials are
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unaccept abl i ' ry. « h st.Li:ppers or
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di el eatsr i csstripper or residue remover compositions are successfully used for cleaning devices
with Al metallizations, but are practically unsuitable for those with copper
metallizations. Similarly, many copper metallized/ low-« strippers are not suitable for
Al metallized devices unless significant adjustments in the compositions are made.

20 Removal of these etch and/or ash residues following the etch and/or
ashing process has proved problematic. Failure to completely remove or neutralize
these residues can result in the absomption of moisture and the formation of
undesirable materials that can cause corrosion to the metal structures. The circuitry
materials are corroded by the undesirable materials and produce diseontinuances in

25 the circuitry wiring and undesirable increases in electrical resistance.

The current back end cleaners show a wide range of compatibility with
certain, sensitive dielectrics and metallizations, ranging from totally unacceptable to
marginally satisfactory. Many of the current strippers or residue cleaners are not
acceptable for advanced interconnect materials such as porous and low-¢ dielectrics



and/ or copper netallizations. Mreover, nmany of these al kaline cl eaning
conposi tions contain organic solvents that show poor product stability,
especially at 5 higher pH ranges and at higher process tenperatures. BRIEF
SUMVARY OF THE | NVENTI ON There is, therefore, a need for m.croelectronic
cl eaning conpositions 10 suitable for back end cl eani ng2®feptambae20A7 ch
conpositions are effective cleaners and are applicable for stripping

phot oresi sts, cleaning residues fromplasma process generated organic,
organonetal lic and Inorganic materials, and cl eaning residues from
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such as ammpni um hydr oxi de and ot her salts (NH4X, X= OH, carbonate, etc.)
are cd&pabl E‘gbf“ﬂ" eanges eAg af BIgheTIPRRSS WITRAMSIUSR:h as copper through conpl ex
formation. Thus they are poor choices to be used In sem conductor cl eani ng
formul ati ons when conpatibility of lowK dielectrics (i.e., a Kvalue of 3
or less) or high-K dielectrics val ue of 20 or greater) and

copper netallizations are rﬁﬁlﬁéﬁgmmggﬁﬁ*%mﬁﬂ%ﬂﬁ&”can gener ate anmoni a

t hrough equili brium process. Ammonia can form conplex with nmetals such as

o Powi ng- equat 1 ondnetlss e Y, B0 MiekoRRBAie Sdanii chpbdtiond?
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are added. |n the presence of oxygen, netals such as COP er ca
from planarization process steps, such as chemical mechanica Bollshing and the

like. This invention relates to compositions that are effective In stripping

15 photoresists, preparing/cleaning semiconductor surfaces and structures with good
compatibility with advanced interconnect materials such as porous and low-x and
high-¢ dielectrics and copper metallizations.

It has been discovered that ammonia (NH;) and 'ammonia-derived bases
20 such as ammonium hydroxide and other salts (NH,X, X= OH, carbonate, etc.) are
capable of dissolving /corroding metals such as copper through complex formation.
Thus they are poor choices to be used In semiconductor cleaning formulations when
compatibility of low-« dielectrics (i.e., a x value of 3 or less) or high- dielectrics (l.e.,
a x value of 20 or greater) and copper metallizations are required. | These
25 compounds can generate ammonia through equilibrium process. Ammonia can form
complex with metals such as copper and result in metal corrosion/dissolution as set

forth in the following equations. '

NH,X « NH; + HX  (Equation 1)
Cu +2 NH3 — [ Cu (NH3).]' — [ Cu (NHs)}F* (Equation 2)



s di ssol ved/ corroded through conplex formation with ammoni a, as descri bed
In Equation 2. Such conplex formation can further shift the equilibrium
(Equation 1) to the right, and provide nore amoni a, |eading to higher
metal di ssolution/corrosion. Generally, sensitive lowx dielectrics degrade
significantly under strong to alkaline conditions. A

derived bases al so show poor conpatibility with sensitive dielectrics,
such as hydrogen sil sesqui oxane (HSQ and nethyl sil sesquioxane (MSQ) .
Agai n, they can provide ammoni a and/ or ot her nucl eophiles, and thus |ead
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I mproved dielectric conpati rtial achieved due to the absence
of undesiredm @hﬁﬁ!’lddéfpﬂdﬂi gore ammmlae&@ptﬁgut@ higher meigbdissalidigpéaormesient y wit h
copper netallization |s achi eved by sel ective use of certain 25

copper - conpati bl e or "corrosion Inhibiting" solvents. These conmponents can
be fornulated into sem -aqueous to practically non-aqueous”

(or ganl c- sol vent bd&3engrallycsensitivadowad dielestics slegeadaraigniicantly updessiienghber
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conmposition"0 nveriti on rrse ~one or nore of ‘any Surtable
non- ammoni u nmpatltuldy mith sensiihvg dielsetrics) raueh as Ingdnogen sBeaqmbmrmnﬂHSQ) and

positively ¢ ed counter an ne, or nore of an sui t abl ent
P abl e underend et dVETRE Aaelcnah s frofe amihmieiye dnplos bl

i nhi bi ting. n&élébphnl@stzhﬂ thod eedito rRactveWdegradtion of densitige dieletriesnon- anmoni a
produci ng strong bases containing non-nucleophilic, positively charged

counter ions suitable for use in the

15 It has been discovered that non-ammonium producing. strong base
alkaline cleaning formulations containing non-nucleophilic, positively charged
counter ions (such as tetraalkylammonium) in solvents that contain at least one
corrosion inhibiting arm or molety show much improved compatibility with sensitive
porous or low-x dielectrics and/or copper metallization. The preferred solvent

20 matrices are resistant to strong alkaline conditions, due fo steric hindrance effects
and/or low or no reactivity to nucleophilic reactions (with respect to nucleophiles
such as hydroxide lons). The improved dielectric compatibility is partially achieved
due to the absence of undesireable nucleophiles in the compositions. Good
compatibility with copper metallization is achieved by selective use of certain

25 copper-compatible or “corrosion inhibiting” solvents. These components can be
formulated into semi-aqueous to practically non-aqueous (organic-sojvent based)
cleaning solutions or slurries.



cl eaning conpositions of this invention there may be nentioned to

t et raal kyl anmoni um hydroxi des or salts of the formula [(R)4N1 [ X-1, where
each R |s independently a substituted or unsubstituted al kyl, preferably
al kyl of from1l1l to 22, and nore preferably 1 to 6, carbon atonms (R* H);
and X=CH or a suitable salt anion, such as carbonate an2b Septéinber 200Znd
are equal and are integer of froml to 3. Suitable strong bases al so

i nclude KOH and NaOH. C eani ng conpositions is containing the non-ammoni um
producing strong bases containing non- nucleophilic positively charged
counter ions show muchpEf; g@mpﬂ b‘Ft'M-I RFIcYs and | owK
dielectrics and copper net a I zat 1 on. Ammoni a ee tet raal kyl amoni um
hydroxi des (TAAH) are very strong bases, yet they have been discovered to
provide surprisingihg novst baciienshelpaning ichinpgsition bf fiisr ousntianavill comerise
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i nhi bit on hav |nvo ved ref tr | 1] f pH and/ or
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that unexpect ed, %Q}‘: ficant jinprovenent in controlling. cropper netal
corrosi on c&ANtaHI "er G%‘aeQRb"‘PhBOQFIVéHrﬁW@QS’OWTt'P'?ﬁ@'-"t@b'ec for yse i gt i on
when one  ObeBRhG  EAPESHAHS | BRI Bhis! NGhvBREAENthere! apsol HidftofePound
that has at |eas sites capabl e conpl exi ng

enp| oyéd. 5tet@elks§@mrmmwn hydwxidepr asfaalte eﬂthasfotmwam [(E(}qh?’_bﬁ("ﬂ.ﬂvheﬁh ieath Rng
e an UESTRAIR S8t R S TR Bl b BTG 2270 0 1
R2) nl - X- [ ( Caid niste préfevdbly 1oto 6, cafbdn( €8A1. JR&ZH); and X=OH or a suitable salt
anion, such as carbonate and the like; p and q are equal and are integer of from 1 to
3. Suitable strong bases also include KOH and NaOH. Cleaning compositions
15 containing the non-ammonium producing strong bases containing non-nucleophilic,
positively charged counter ions show much improved compatibility with porous and
low-¢ dielectrics and copper metallization. Ammonia-free tetraalkylammonium
hydroxides (TAAH) are very sfrong bases, yet they have been discovered to provide
surprisingly improved compatibllity with porous and low-« dielectrics cornpared to

20 cleaning compositions with ammonium hydroxide. Especially preferred are
tetramethylammonium hydroxide, tetrabutylammonium hydroxide and choline
i hydroxide.

While previous attempts to control or inhibit metal corrosion have involved
25 careful controlling of pH andfor using corrosion Inhibiting compounds, such as
benzotriazole (BT), at relatively low concentrations of < 2% by welght, it has been
discovered that unexpected, significant improvement in controlling. copper metal
corrosion can be provided to the cleaning compositions of this invention when one
or more “corrosion Inhibiting solvent”, i.e., a solvent compound that has at least two

30 sites capable of complexing with metal is employed.



10 where Wand Y are each independently selected from=0, -OR -OC(O-R
-C(O-,-CO0-R-S,-5(0-R-SR-S-C(O-R-S(OCR-5(02,-N,-NHR -NR R2,
-NCO-R -NR-C(O-R2, -P(O, -P(O-ORand -P(O-(0OR)2; X is is alkylene,
cycl oal kyl ene or cycl oal kyl ene cont ai ni ng one or norel het ero atons
selected from0, S, N and P atoms, and aryl ene or aryl endb September@08fc or
nmore hetero atons selected from0O, S, N and P atons; each RR R and R2 are
each independently sel ected from hydrogen, al kyl, cycloal kyl or cycl oal kyl
containing one or nore hetero atons selected fromO, S, N and P atons, and
20 aryl or aryl containing one or nore hetero atons selected fromO, S, N
and P atons; each of nl and n2 is independently an integer of fromO to 6;

and z is an integeefired Adukhld siﬁlﬂqﬁhlB?tirggssé]b%%P@coﬁnbﬁh% texArigne or
arylene; and z is an_Integer of fromO to 5 when X Is cycloal kyl ene
cont ai ni ng WyfeoNorgsites isapable of somplexingvéditx @ metal @vd having oveefdhetvid ons or

aryl ene cong.al.ni nwe 25 hetero atons selected fromO, S, Nand P
atons; T isfo@%ﬂ@@%ﬁ@?&#éﬂ{r{] - ,e'-S, -N and -P; Z Is selected from hydrogen,

-OR5, -8\N(R5)2, and -SR5; each of R3, R4 and R5 are each independently

sel ected from hydrogen, al kyl al cygl oal kyl containing one or
nore hetero atons sel ected fr\yﬁﬁ?‘k&m'g}}f@fﬁ rAt®ms, and aryl or aryl

contai ning one or nore hetero atons selected fromO, S, Nand P 30 atons;
mis an int&jer of fromO0 to 6 andlh s :sln i nteger of froml to 6. In the
above definitions al kyl and al kyl € ﬁcgp%* rp'?bferably of froml to 6 6 26
Sept emdfer 2007 carbon atons, nore preferably of from!|l to 3 carbon atons,
cyci oal kyl and cycloal kyl ene preferably contain from3 to 6 carbon atons,

and’ aryl anavhargVéaed Yiarefeach indepepaentlyrselectad fraro w0, 30Rs -@CE&hrfbon at ons,
methyl et hyr(OF SROME 28, SHON R, SSReA-ERY. R S0 SIOR NN TV e o
propyl ene; aNfRiRi, s-NCEOPRADINRpBEMNR;, &(().erR(Q)sORpraeterR@KORIgNK &ne;
i o b BB M, BBt e or RO Bl P
selected from O, S, N and P atoms, and arylene or arylene containing one or
more hetero atoms selected from O, S, N and P atoms; each R, Ryand R; are
each independently selected from hydrogen, alkyl, cycloalkyl or cycloalkyl
contalning one or more hetero atoms selected from O, S, N and P atoms, and
20 aryl or aryl containing one or more hetero atoms selected from O, S, N and P
atoms; each of n1 and n2 Is independently an integer of from 0 to 6; and z is an
integer of from 1 to 6 when X is alkylene, cycloalkylene or arylene; and z is an
integer of from 0 to 5 when X is cycloalkylene containing one or more hetero
atoms selected from O, S, N and P atoms or arylene containing one or more
25 hetero atoms selected from O, S, N and P atoms; T is selected from -0, -S, -N
and -P; Z s selected from hydrogen, -OR;, -N{Rs);, and -SRs; each of R;, Ry and
Rs are each independently selected from hydrogen, alkyl, cycloalkyl or cycloalky!
containing one or more hetero atoms selected from O, 8, N and P atoms, and
aryl or aryl contalning one or more hetero atoms selected from O, S, N and P
30 atoms; m is an integer of from 0 to 6 and y Is an integer of from 1 to 6.

In the above definitions alkyl and alkylene are preferably of from 1 to 6



Some suitabl e exanples are of such corrosion inhibiting solvents include,
to for exanple, but are not limted to ethylene glycol, diethylene glycol,
gl ycerol, diethylene glycol dinmethyl ether, nobnoethanol am ne,

di et hanol am ne, triethanol am ne, N, N—dlnethylethanolanlne

1- (2- hydr oxyet hyl ) - 2- pyrrol i di none, 4- (2- hydroxyethyl)nﬁﬁﬁhwﬂemﬂb9T2007
2- (met hyl am no) et hanol, 2-am no-2-net hyl - 1- propanol, 1-am no-2-propanol,
2- (2- am noet hoxy) - et hanol , N-(2-hydroxyet hyl) acetanide, N is
(2-hydroxyethyl) succinimde and 3-(diethyl anino}1, 2-propanediol. The

cl eani ng cogaddht kdfifs, GhofebrefdralsNA REnCAMoas Nailorl BorfieleydhsBIRA &4

pr oduci ng stron%bbases can formulated I nto aqueous, sem - aqueous or

organi ¢ sol o¥sealkylenel prefaiablyi earéain froma tadhcathen afams, mnddenyi any asleneng 20
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used with orrosi'on In vents al one or tion w ot her
st abl e sol v8rtbs]0 carleireatoiisy Nkyl ¢s prafembhomethyhrefhyli ar ptdpyk_erallwtens lsst ant

to strong bas dt do cont ai n unhi ndered nucl eophj |l es, such as
i ot g1 s UPRUERY mENBe. et RhE dReroies & rﬁaepm?weﬁﬁrﬁeﬁw{o e he
cl egm ng c?ﬁmﬁeblyonprﬁk@:wleﬁesohewm-lenbéﬂmate% @}Hﬁgﬂyﬂ f@mmy i dioxygani c
acids, prefera weak, or JC or .l norganj c, aci ds nes,

hi nder ed al RERRIIRYFAS PYridhYY:aes betehganbsisiarehbls pr#%aﬂupgﬁ{ﬂn
conpositions can also contain other netal corrosion inhibitors, such as
benzotri azol e, and aryl conmpounds containing 2 or nore OH or CR gr oups,

wh R i | kyl

regr(raci no: Saﬁd %/he | kegdltal}]%%%gm%%epat%ﬁﬁ 24?%9318$ meqanwea?sg !;rlri)]gé'l tions

Hay a|1|80( (éofuraexalnmg) buti ambhet Baltédhdd taaﬁh;&er}es gtyb?jlashdﬂwieneleg@mgl @lyﬂ:ert?,t %!5)
exyno ur, - rane ec i 0 u no

pol gt etraf | & &‘(y&t"ﬁ @ﬁ?&@py? Ebai R0 %F—’&@} (dfﬁﬂﬂn and

the |ike. Stﬁénwnelamﬁ@l R Nrﬂhféthylétﬁaridl@rﬁinél |1|-(25Hy6 hw-ztr@ﬁdudimﬁehm-

conposi tiong of the Bresent i nvention. The silica es are r ef er abl
quat er nary xyethydmorrheling z'ﬁﬂﬂhylﬁ@iﬂoéﬁthﬂﬂsk% érPfPE%ﬂCg

(i ncluding hﬁﬁ{uﬁ’d‘-ﬁ-pr@ﬁ%oﬁ"i%mlnoemoxy)-ethanol, N- (2-hydroxyethyl) acetamide, N-
15 (2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

The cleaning compositions of this Invention containing the non-
ammonium producing strong bases can be formulated Into agueous, semi-aqueous
or organic solvent-based compositions. The non-ammonium producing, strong

20 bases containing non-nucleophilic, positively charged counter ions can be used with
corrosion inhibiting solvents alone or in combination with other staﬁle solvents,
preferably one or more polar organic solvents resistant to strong bases and that do
not contain unhindered nucleophiles, such as dimethyl sulfoxide (DMSO), sulfolane
(SFL), and dimethy! piperidone. The cleaning compositon may also optionally

25 contain organic or inorganic acids, preferably weak organic or Inorganic aclds,
hindered amines, hindered alkanolamines, and hindered hydroxylamines The
cleaning compositions can also contain other metal corrosion mhiblbors such as
benzotriazole, and aryl compounds containing 2 or more OH or OR groups, where R
is alkyl or aryl, such as for example, catechol, pyrogallol, resorcinol and the like.



cont ai ni ng al kyl groups generally of from1l to 4 carbon atons in the alkyl
or 10 al koxy group). The nost preferable netal ion-free silicate conponent
is tetranethyl ammoniumsilicate. Qther suitable nmetal lon-free silicate
sources for this invention may be generated in-situ by djssolving an% one
or more of the following materials in the highly al kal i #fSepiember 2007

Suitable nmetal ion-free materials useful for generating silicates in the
cleaner are solid silicon wafers, silicic acid, 15 colloidal silica, funed
silica or any other suitable formof silicon or silica. Metal silicates
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sui tabl e neF8H)ahektailikeg agents to ' increase the capacity of the
formulation to retain netals in solution and to enhance the dissol ution of
nmetal | isc residues on the wafer substrate. The chelating agent wl|
generally be present In the 25 conpositions in an amount of from about O to
5 w. % preferabl Ynyrsuiteble rnetabion-frfe sifoatermalyde ugedlinttbe 2ompositionsTohi cal

or gani o act € e SIRRALdT 18 Slioatd &% PreBrdfL Etifel B fob il ce, .
aci d (EDTA) silicatey, suidbartetnadiiyl rananonium siticate ({ritiuiing hydroxy- qu alkoxy-

o st B b R oS el "5 Y 3 g stoms, i rcitor

et _h)yl anpedi aaikaﬁi ﬁPrroaphorrh@n nfosRChidferalilBy frictay airhicka esiliodte nesthpandiat Is aceti c
acid (HEDTA , N, N, N - ethyl enediam net etra( et hyl enephosphoni c) acid

(EDTMP), - t zq’h@mgthé AmwePki RlsRls QU suitable dnetairiamyfree silicate sources for
L, 3. di-an noggs RhAY RaP BSgeheltbl h-shls teUisSa0RY! dnyAhé! of RETE bF the
, 0 etetraa d,

met hyl i m nodi acetic acl p pi‘/l enedi am aacetic aci
ni trol ot r i afellewingapaterigigiinfthe bighlyiatkkalioe ¢leanar. (Suitable mefationdragcmatetialsci d,

saccharic agidhy @ GeRbldiingGiflateiR'the cRehdr aRN58IRY diffociOSrerd Rl &oid,
15 colioidal silica, fumed silica or any other suitable form of silicon or silica. Metal
silicates such as sodium metasilicate may be used but are not recommended due
to the defrimental effects of metallic contamination on integrated t;ircuits. The
silicates may be present in the composition in an amount of from about 0 to 10

wt. %, preferably in an amount of from about 0.1 to about 5 wt. %.

20
The compositions of the present invention may also be formulated with
suitable metal chelating agents to increase the capacity of the formulation to
retain metals in solution and to enhance the dissolution of metallic residues on
the wafer substrate. The chelating agent will generally be present In the
25 compositions in an amount of from about O to 5 wt. %, preferably from an amount of

from about 0.1 to 2 wt. %. Typical examples of chelating agents useful for this
purpose are the following organic acids and their isomers and salts:
{ethylenedinitrilo)tetraacetic acid (EDTA), butylenediaminetetraacetic acid, (1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), diethylenstriaminepentaacetic



acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol,
gallic acid, propyl gallate, pyrogallol 8- hydr oxyqui nol i ne, and cystei ne.
Preferred chelatlng i 0 agents are an1nocarboxyllc aci ds such as EDTA, CyDTA
and am nophosphonic acids such as EDTMP. The cl eani ng conpositions

al so optionally contain fluoride conpounds in cleaning ZGﬁhw&enﬂumzogﬁch
as for exanple, tetranethylamonium is fluoride, tetrabutylamoni um
fluoride, and ammoni um fluoride. ther suitable fluorides include, for
exanpl e fl uoroborates, tetrabutyl anmoni um fl uoroborates, alum num

hexaf | uori degid anti rmngor.j-i-ppyl de and &@%d%wingﬁﬁa{,ﬁdﬁmﬂ,@e conpoggiats wll

be present in an anount of fromoO to g preferably fromabout 0.1 to

5 wt. % 20 (hydrexyethyhethylensdipmipetrigeeticessi agicbper atHFATAN and N.NMbd¥at ur es
can be use@tﬁ ,%f [GhLsE ?@%‘ﬁ%ﬁéﬂﬁbﬁﬂgmgﬁam ng phgfporesists (qump),pl asma

et ch/ ash re5| sacr | sorbing materials and
anti-refl ecttme;tbylenﬂlaﬁrmgmehmetmt aciths (T, f didrdiatiea-2dyeoxyprapans- t ype

formul ati on r rtlcu arIy effecti dean difficult s | es
whi ch Cont aﬂﬁ ‘\m)i Ct he|3r°"it r uéﬁgﬂ"ﬁ 'such"'aelf%!'ém'%ﬁi'ﬁ?ﬁ(ﬂéZS (%?
tantal u [n ni tpl"d»;fimdédralmméte{réaﬁli& adid] ﬁu&aro&imml@mmemmbe cuhemid‘,\Qartanc
conposi tions

his inventi nvml] enera ri se D.05 to
about 30 wt ac% S{UCP'Pi%aﬁtS’nSQ AP @ide BIB%’& %X a&ﬁggmgae thqu]: 6%8 %‘B@!& 0.5
to about 9943f Mand%&ﬁcl&lhﬁafd?ﬂid Qﬁuoﬁctté‘ﬁblb'éél@/@llé@él&eéﬁteﬁﬁﬁrpgﬁlmﬂheidfrom 9
26 September 2007 about O to abou wat er or ot her organic

co sol vent ; ProRyhDalse: P!GOQQJIQhCﬁ'hMﬁfUW@@“ﬂ@- ﬁ?%ﬁﬁtémean?me%FMﬁmgam nes
Ey}r oxyl %g/?ﬁ'ﬁsar NS carbo %%ldgfsuc%asoém' gﬂﬁ's uécl'ﬁzf ﬁ'Log ¢ about

met a corrosi o tor conpoun tri azoI e,
cat echol anacidbe‘»ubhl Re EDO TR about 0 to 5%w.%surfactant, 5 fromabout 0
to 10 wt. %silicates, fromabout O to 5 wt. %chelating agents, and from
about 0 to 10 wt, % fluoride compounds. In the follow ng portions of this
application the follow ng abbreviations are enployed to designate the

i ndi cat ed conponentthe IdledMig™ lcorhpositiohs OXegt aldo - gptiovamp! tetit&1e N flucride
compounds In cleaning composition, such as for example, tetramethylammonium
15 fluoride, tetrabutylammonium fluoride, and ammonium fluoride. Other suitable
fluorides include, for example fluorohorates, tetrabutylammonium ﬂuoréborates,
aluminum hexafiuorides, antimony flucride and the like. The fluoride components wili

be present in an amount of from 0 to 10 wt. %, preferably from about 0.1 fo 5 wt. %.

20 Thus, a wide range of processing/operating pH and temperatures can be
used in effectively removing and cleaning photoresists, post plasma eich/ash
residues, sacrifical light absorbing materials and anti-reflective coatings (ARC). 1t
has also found that some of this type formulations are particularly effective to clean
very difficult samples which contain tantalum in their structure, such as tantalum

25 (Ta) or tantalum nitride barrier layers and tantalum oxide.

The cleaning compositions of this invention will generally comprise from
about 0.05 to about 30 wt. % of the non-ammonium producing strong base; from
about 0.5 to about 99.95 wit. % of the corrosion inhibiting solvent component; from



TMAH= 25% t et r anet hyl anmoni um hydr oxi de BT=benzotri azol e :DMSO=di net hyl
sul foxi de TEA=triethanol am ne 15 CyDTA=trans-1, 2-cycl ohexanedi am ne
tetraacetic acid SFL=sul fol ane EG=et hyl ene gl ycol CAT=cat chol

EDTMP=et hyl enedi am ne tetra(nethyl ene phosphonic add) 20

DVPD=di net hyl pi peri done TMAF=25% t et r anet hyl anmonl um f | u28 September 2007
BSA=benzenesul foni ¢ acid TMAS=10% t et r anet hyl ammonl um si |l i cat e Exanpl es of
these types of formulations are set forth in the following 25 Tables 1A,
1B, and I1Cin which the amounts of the conponents are indicated in parts

by wei ght. ‘BBBUED iPabddtdB@BIvt W\Rater of Bther Brefie! @P&Vent (tbin abbMIIEA A A Q
DEESz HA HEP 90 90 H2O 7 8 32 16 12 8 IMAH 10.8 15 16 16 16 24 10 2.7

s BT 0.11 0W-f6 sigtisbinderedamines, akanglapinesoor hydroxpaminespaboig, 0Fo 49wt ¥ 16 24
24 40 10 EGrganic or Inorganic acids; about 0 to 40 wt. % metal corrosion inhibltor compounds
such as benzotriazole, catechol and the like; from about 0 to 5% wt.% surfactant,
5 from about 0 to 10 wt. % silicates, from about 0 to 5 wt. % chelating agents, and
from about 0 to 10 wt, % fluoride compounds.

In the following portions of this application the following abbreviations are
employed to designate the indicated components.
10 HEP=1-(2-hydroxyethyl)-2-pyrrolidinone
TMAH= 25% tetramethylammonium hydroxide
BT=benzotriazole
DMSO=dimethyl sulfoxide
TEA=tristhanolamine
15 CyDTA=trans-1,2-cyclohexanediamine tetraacstic acid
SFil.=sulfolane

EG=ethylene glycol

CAT=catchol

EDTMP=ethylenediamine tetra(methylene phosphonic acid)
20 DMPD=dimethylpiperidone

TMAF=25% fetramethylammonium flucride

BSA=benzenesulfonic acid
TMAS=10% tetramethylammonium silicate

Examples of these types of formulations are set forth in the following

25 Tables 1A, 1B, and 1C in which the amounts of the components are indicated in
parts by weight.
TABLE 1A
COMPOSITIONS
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CAT EDTMP DWPD }

15 TABLE 9B 20 COVPCSI TI ONS COVPONENT |

[ KL HEP

H20 54 54 32 32 TMAH 45 36 4 16 25 BT DMSO TEA 36 36 16 15 CyDTA 0.4
SFL 30 EG 54 54 48 CAT 6 EDTMP 0.36 0.36 0.4 DWD 16 35 In Table IC

there are described variations of Conpositions D and F of Table
addi ti onal

10

15

20

25

30

35

added opti onal

conponents.

1A with

TABLE IC 11 _ 26 Septenber 2007
COVPOSI TI ONS COVPOMENT M K- QP Q $ $ Conposition D 10026 Septembbo@007
Conposition F 100 100 100 s TMAF 2.5 2.5 '

COMPONENT A B € D E G H
HEP 90 90
H,0 7 8 32 16 8
TMAH 108 15 16 16 16 10 2.7
BT 0.11 0.1
DMSO 16
TEA 16 16 16 10
CyDTA 0.2 0.2
SFL 16 16 24 40
EG
CAT
EDTMP
DMPD
TABLE 1B
COMPOSITIONS
COMPONENT i Jd K L
HEP
H,0 54 54 32 32
TMAH 45 36 4 16
BT '
DMSO
TEA 3 36 16 15
CyDTA 0.4
SFL
EG 54 54 48
CAT 6
EDTMP 0.36 0.36 0.4
DMPD : 16

In Table 1C there are described variations of Compositions D and F of Table

1A with additional added optional componsents.

TABLE 1C

- 11 =



TMAH 2 2 2 H20 10 10 10 BSA 2 2 H2SO4 0.5 0.5 0.5 10 TMAS | The
interlayer dielectric (ILD) etch rates for Conpositions D and F of Table
1A and Conpositions Mthrough S of Table I C against various dielectrics
were evaluated by the followi ng test procedure. is The filmthickness of
the wafer pieces Is neasured using a Rudol ph Interferoneter. The wafer
pieces (with ILD material deposited on silicon wafers) 2&Septemibes2007n

t he desi gnated cl eaning conpositions at the indicated tenperature for 30
mnutes, followed by rinsing with de-ionized water and drying 20 under
nitrogen flow stream The thicknegpppositions™asured again following the
treatnent and the etch rates ver e then cal cuI at ed based on the change In
filmthi ckness COMN ‘ ‘ The results

are set forthpad n 2 4 5 TABLE 2 Diel ec cs' Etch rates
(AAmn) at 45 E% Qﬁ’lbgﬁ rrpggpt [ 393@8’% a@g b§ Ciqﬁx TECS FOx SIN
<l <1 <l F27 1 --- <1 30 TABLE 3

D anond_-16 D 2
Di el ect?ics Et l_gt es (Almn) aﬁ E;é OC (30mi rﬁ 12 26 Sgptenber 2007

Conposi tion ’ ck SILK Cor al TEGCS F% Si gl %rond
BSA 2
H,S0, 0.5 0.5 0.5
10 TMAS 1

The interlayer dielectric (ILD) etch rates for Compositions D and F of
Table 1A and Compositions M through S of Table 1C against various dielectrics
were evaluated by the following test procedure. '

15

The film thickness of the wafer pieces is measured using a Rudolph
Interferometer. The wafer pieces (with ILD material deposited on silicon wafers)
were immersed in the designated cleaning compositions at the indicated
temperature for 30 minutes, followed by rinsing with de-ionized water and drying
20 under nitrogen flow/stream. The thickness was then measured again following
the treatment and the etch rates were then calculated based on the change in
film thickness, which are produced by the indicated treatments. The results are
set forth in Tables 2, 3, 4 and 5.

25 TABLE 2
Dlelectrics Etch rates (A/min) at 45 °C (30min)

Composition | CDO | Black SiLK | Coral | FSG | TEOS |FOx | SiN
Diamond -16
D 2 7 <1 <1 o I B I e |
F 2 7 <1 <1 <1 (<1 —— | ]

30
TABLE 3
Dielectrics Etch rates {A/min) at 55 °C (30min)

- 12 -



D--- 29<16<11----- <l F22534<14----<1 s TABLE 4 Dielectrics
Etch rates (AAmn) at 65 oC (30m n) Conposition CDO Bl ack SILK Coral FSG
TECS FOx- SIN DI 16 D2 4259<11 ---- <1 F24058«<11----<1
TABLE 5 10 Dielectrics Etch rates (AAmn) at 70 C (30m n)- Conposition CDO
SILK Coral TEOS M5 <1 12 3 N5<1 143 042122 P<1<151 Q<1<
3<1 R2<12<1 S<1<1<131In Tables 2, 3,4 and 5 t26 Seiptemperi200Zr e

as follows. is CDO=carbon doped oxide; Bl ack D amond7ht =brand of carbon
doped oxi de; SILK =organic polyner; Coral'"=brand of carbon doped oxi de;
FSG=f | uori nat ed 5| i cate gI ass; 20 TECS=tetraet hyI orthosllicate;
E LOTh_T | Or BB FCDO PEIR")  [SILK | Tordl'| FSG | TEGS [FOX- | SN
silicon npitri Diamond 16
D - |29 <1 6 <1 1 e | <1
F 2 25 3 4 <1 14 - | <1
5 TABLE 4
Dielectrics Etch rates (A/min) at 65 °C {(30min)
Composition | CDO ; Black SiLK | Coral | FSG . TEOS | FOx- | SiN
Diamond 16
} D 2 42 5 9 <1 1 —— | <
F_ = 2 40 5 8 <1 1 — [ <1
TABLE 5
10 Dielectrics Etch rates (A/min) at 70 °C (30min)
Composition | CDO SiLK Coral TEOS
M 5 <1 12 3
N 5 <1 14 3
O 4 2 12 2
P <1 <1 5 1
Q <1 <1 3 <1
R 2 <1 2 <1
$ <1 <1 <1 3

In Tables 2, 3,4 and § the dielectric are as follows.

15 CDO=carbon doped oxide;

Black Diamond™=brand of carbon doped oxide;

SiLK™=organic polymer;

Coral™=brand of carbon doped oxide;

FSG=fluorinated silicate glass;
20 TEOS=tetraethylorthosllicate;

FOx-16™=flowable oxide (HSQ type); and

- 13 -



The follow ng exanples illustrate the excellent Cu conpatibility as
conpared to the relatively poor A conpatibility of the conpositions of
this 5 invention. The data is presented for Conpositions D and F of Table
1A and Conposition L of Tabl elB. The copper and al um numetch rate for

cl eani ng conpositions of this invention are denonstrated by the etch rate
data in the following Tables 6 and 7. 10 The etch rate 26Sepdember26807
utilizing the follow ng test procedure. Pieces of alum num or copper foil
of approximately 13 x 50 nmwere enployed. The weight of the foil pieces
was mneasur egiN=¥itceh rifigani ng the foil pieces with 2- propanol, distilled
wat er and acetone and the foil pieces are dried in a drying oven. The

cl eaned, dried foil pieces were then placed in | oosely capped bottles 15 of
preheat ed cl eani ng A | | O phac ' . uum
oven for a period Tg'? ”ﬁﬂg\'{\nﬁdgﬁgﬁnﬁfﬂ? \g/\gfr?llfé;;%ﬁgbé héc}(ﬁ:rg @&ét b?hg&??élé(}ilb@g %%

t enper at ur ecompatedota ribe tretadivaly npocandl cempatibility r ofirtieh eompesitiansl obdhis| es,

he cl d. fqil ' i ' distill t d
i ed n-a VS o B PR S Hiathneh R TeSHReRata Dot ookl “EAGRY: o oom
t enper at ur eCompasitiban. 4ffkabdét 20 rate determ ned based on weight | oss or

wei ght change. TABLE 6 Metal etch rates (A/mn) at 55 C (24 hours Study)
Conposition Cu Etch rates Al Etch Rates D <1 >1,000 F <1 >1,000 25 30

'SFQBLE 7 Metal et chThat@pperaAd AlurdihufSetsh (28 fﬂP%fe%nﬁPUéBfﬂ[?ositioﬁé of 4his
pt enber 2007 Conposition Cu Etch rates Al Etch Rates <1 >1,000 F <1

>1. 000 invention are demonstrated by the etch rate data in the foliowing Tables 6 and 7.

) 10 The etch rate was determined utilizing the following test procedufe. Pieces of

aluminum or copper foil of approximately 13 x 50 mm were employed. The

weight of the foil pieces was measured. After cleaning the foil pieces with 2-

propanol, distilled water and acetone and the foll pieces are dried in a drying

oven. The cleaned, dried foil pieces were then piaced in loosely capped bottles

15 of preheated cleaning compositions of the invention and placed in a vacuum oven

for a period of from two to twenty-four hours at the indicated temperature.

Following treatment and removal from the oven and bottles, the cleaned folls

were rinsed with copious amounts of distilled water and dried in a drying oven for

about 1 hour and then permitted to cool to room temperature, and then the etch

20 rate determined based on weight loss or weight change.
]
TABLE 6
Metal etch rates (A/min) at 55 °C (24 hours Study)

Composition Cu Etch rates Al Etch Rates
D <1 >1,000
F <1 >1,000

25

30 TABLE 7

Metal etch rates (A/min) at 65 °C (24 hours Study)

- 14 -



L 1 The advantage of having the corrosion inhibiting solvents of this

I nvention present in the conposition is denonstrated by the foll ow ng
exanples utilizing various corrosion inhibiting solvents, with conparable
data for two s conparison exanples with no corrosion inhibiting solvent
present. The Cu etch rate test was conducted in the sane manner as

descri bed herein before and the results are set forth i26 SeptemberRdBZE 8
io Cu etch rates Alhour at 70-75 C (oven temerature (24 hours test)
Conmposition Inhibitor. Identity Inhibitor wt % Cu Etch Oorrponents Rat e
Parts by Wi ht Athgomposition? NADEERh4dds JOAOE 116: 16

2- (et hyl am no) et hanol 30 <10 |25% MAH DVEQ (rret hyl am ro) et hanol
22:16:16 N, N-di net hpl et hanol am|ng 30 <10 [ N
di mret hyl et hanol am ne 22:16: 14 3-(Di et hyl am no) 1,2- 30 <] 10 25% T VAH-

propandi ol DVBO- 3fp(Dethyraming)- L, 2= T gqu\gmn

L 1

The advantage of having the corrosion inhibiting solvents of this
invention present in the composition is demonstrated by the following examples
utilizing various corrosion inhibiting solvents, with comparable data for two

Y5 comparison examples with no corrosion inhibiting solvent present. The Cu etch
rate test was conducted in the same manner as described herein before and the
results are set forth in Table 8.

TABLE 8

10 Cu etch rates (Alhour) at 70-75 °C (oven temperature) (24 hours test)

Composition Inhibitor Identity inhibitor wt % Cu Etch
Components Rate
Parts by Weight (A/hour)
22:32 None ¢ 220
25%TMAH-
DMSO
22:16:16 2-(methylamino)ethanol 30 <10
25%TMAH-
DMSO- 2-
} (methylamino)
ethanol
22:16:16 N,N-dimethylethanolamine {30 <10
25%TMAH-
DMSO- N,N-
dimethylethanol
amine
22:16:16 3-~(Diethylamino)-1,2- 30 <10
25%TMAH- propandiol
DMSO- 3-
(Diethylamino)-
1.2-propandiol

32:15:7 None 0 220

-~ 15 -




32:15:7 None 0 220 is 26 Septenber 2007 DWMSO 25% TMAH- H20 16:15:7:16
Tri et hanol am ne 30 <10 DMSO 25% TMAH- H20- tri et hanol am ne 16:15:7:16

D et hanol am ne 30 <10 DMSO 25% TMAH- H2O- di et hanol ani ne 16: 15:7: 16
Monoet hanol am ne 30 <10 DMSO- 25% TMAH- H20- nonoet hanol - am ne 16: 15:7: 16
HEP 30 <10 DVBO 25% TMAH H20- HEP 24:15:7:8 Tri et hanol am ne 15 <10

DVSO- 25% TMAH- H20- tri et hanol ani ne 24: 15:7: 8 Di et hanol a26 Septémbee 2007
DMSO- 25% TMAH- H2O-  di et hanol am ne

DMSO0-25%
TMAH-H,O
16:15:7:16 Triethanolamine 30 <10
DMSQ-25%
TMAH-H,0-
friethanolamine
16:15:7:16 Diethanolamine 30 <10
DMS0O-25%
TMAH-H,0-
diethanolamine
16:15:7:16 Monosthanolamine 30 <10
DMSO0-25%
TMAH-H,O-
) monoethanol-
amine
16:15:7:16 HEP 30 <10
DMS(0-25%
TMAH-H,0-
HEP
24:15:7:8 Triethanolamine 15 <10
DMS0-25%
TMAH-H,O-
triethanolamine
24:15:7:8 Diethanolamine 15 <10
DMSO0-25%
TMAH-H,0-
diethanolamine
24:15:7:8 Monoethanolamine 15 <10
DMSO-25%
TMAH-H;0O-
monoethanol-
amine
24:15:7:8 HEP 15 <10
DMSO0-25%
TMAR-H;0-
HEP

Similar Cu etch rates test were conducted with a formulation containing
TMAH, DMSO and H,0, with and without a corrosion Inhiblting solvent and the
etch rate data is presented in Table 9.

TABLE 9
Cu etch rates (A/hour) at 70-75 °C {oven temperature) (24 hours test)

- 18 -




24:15:7: 8 Monoet hanol am ne 15 <10 DVBO 25% TMAH- H2O- nonoet hanol - am ne
24:15:7:8 HEP 15 <10 DWVBO 25% TMAH- H2O- HEP Simlar Cu etch rates test
were conducted with a formnulation containing TMAH, DVSO and H2O with and
Wi thout a corrosion inhibiting solvent and the etch rate data is presented
in Table 9. 5 TABLE 9 Cu etch rates (Athour) at 70-75 C (oven tenperature)
(24 hours test) - 16 26 Septenber 2007 |nhibitor |den26 Septemberi2007w %
Cu Etch Rate A/hour None 0 140 2-am no-2-nethyl-1- 30 <10 propanol
l-amno-2- ro anol 30 <10 2-(2-am noet hoxy) 30 <10 ethanol Another

seri es of Cu jb&hﬁ'ﬁgﬁiﬁgﬁm’gw €S erfnﬁitﬁwgwttu o &u tcﬁ B Id[IO of SFL and

TMAH wi t h and rrosio ﬁg so tﬁﬁ present in the
1 Tha dat.a f ~r cuech + Aok -y
f ormul ati on. Nr—,on\éou &t of—SHerR—t .obl S—pt esented 14b |ag+'e_3?9_3— ABLE 10
2-amino-2-methyl-1- 30 <10
propanol
1-amino-2-propanol 30 <10
2-(2-aminoethoxy)- 30 <10
ethanol

Another series of Cu etch rate studies was conducted with a
formulation of SFL and TMAH with and without a corrosion inhibiting solvent
present in the formulation. The data for such test is presented in Table 10.

TABLE 10

Cu etch rates (Athour) at 70-75 °C (oven temperature) (24 hours test)
Parts by weight Inhibitor Identity | Inhibitor wt % | Cu Etch Rate
Composition (A/hour)
components
10:50 None 0 30
25%TMAH- SFL
10:40:10 TEA 17 <10
25%TMAHR- SFL-TEA

The foliowing example demonstrates the. superior compatibility of the
non-ammonium strong bases of this invention, e.g. TMAH, in comparison to the
ammonium bases, e.g. ammonium hydroxide (NH,OH), with sensitive low-x
dielectrics, such as hydrogen silsesquioxane (HSQ) type FOx-15™ flowable
oxide. The test procedure is as follows. Wafer samples coated with dielectric
films were immersed in a magnetically stirred wet chemical solution (stirring rate
300rpm), followed by isopropanol and distilled water rinses. The samples were
then dried with a nitrogen stream before IR analysis

Transmittance IR spectra were obtained with a Nicolet 740 FTIR
spectrometer using a deuterated triglycine sulfate (DTGS) detector. Spectra were

- 17 -




Cu etch rates Alhour at 70-75 C oven tenperature) 24 hours test) Parts by
wei ght Inhibitor Identity Inhibitor wt % Cu Etch Rate Conposition (A hour)
conmponents 10:50 None 0 30 25%MAH SFL 10:40:10 TEA 17 <10 25% NAH-

SFL- TEA 10 The foll owi ng exanpl e denonstrates the. superior conpatibility
of the non-ammoni um strong bases of this Invention, e.g. TMAH, in
conparison to the ammonium bases, e.g. amoni um hydr oxi 2@ Setdmber 2007h
sensitive lowx dielectrics, such as hydrogen sil sesqui oxane (HSQ type
FOx-15'rM fl owabl e is oxide. The test procedure is as follows. Wafer

sanpl es coa A Badi ot L LG s | | ' -
tiTrod wet Copliad Wil CLAE febbivtion i WEteEel BB 32 seofl. ERHAR raiitomt

| sopr opanol Iniraded {FSEIR) analysisprevides avey. of fimnitedngoihe strustuesl chémgesdiHSQ Wi th a
ni trogen stream befo LR anal ysis.20 Transmittance | R spectra.

bt i ned wi FRERITGR: o WG AbsoPUL bAPE FETERARE S PR AemoalEh Hoa
triglycine smid areeasfBlldwe) detector. Spectra were - 17 26 Septenber 2007
acquired with 4 cm' resolution and averaged over 32 scans. Fourier
Transférm Infrared (FTIR) analysis provides a way of nonitoring the

signent s oty grmigrinis 6 G ypialBalty FRQBIGRERL s Aol gnrent <

of I nfrared Abserptién Breqdendss @m™SQ Dj el eggl.{ t1on Frequengi es
(cm) Band Assignnent 2,250 Si- Hﬂgt retfch 1%%:@;]%%93 -OSi Stretch

2,250 Si-H Stretch
\ 1,060-1,150 Si-0-Si Stretch
' 830-875 H-8i-O hybrid vibration

The content of Si-H bonds In HSQ films can be determined by

measuring the peak areas of Si-H absorption bands at 2,250 cm™. The use of

10 the silicon wafer's inherent absorption at 650-525 cm™ (from Si-Si lattice bonds

and Si-C impurities) as the Internal standard/reference resuited in quantitative IR
analyses with good precision (relative standard deviation: 2-5 %).

TABLE 11
15 Compatibillty with FOx-15 HSQ Low-« Dlelectrics
Parts by weight % Si-H Remaining | % Film Thickness

Composition components | after Treatment (by | Remaining after
FTIR measurement) | treatment

90:8:1:0.11; HEP-H,O- 20 96
NH.OH-BT

90:8:2.66:0.11; HEP-H,O- |92.5 100
TMAH-BT

Original film thickness: 4,500 A,

The cleaning capability of compositions of this Invention Is illustrated in

20 the following tests in which a microelectronic structure that comprised a wafer of
the following via structure, namely photoresist/carbon doped oxide/silicon
nitride/copper with the silicon nitride punched through to expose copper, was

- 18 =



830-875 H Si-0O hybrid vibration The content of Si-H bonds in HSQ filnms can
be determ ned by neasuring the peak areas of Si-H absorption bands at
2,250 cm. The use of 10 the silicon wafer's inherent absorption at
650-525 cm' (fromSi-Si lattice bonds and SI-C inpurities) as the Internal
standard/reference resulted in quantitative IR analyses with good

preci sion (relative standard deviation: 2-5 % . TABLE 1126 Septepdicri2007t v
with FOx-15 HSQ Lowx Dielectrics Parts by weight % Si-H Renmaining % Film
Thi ckness Conposition conponents after Treatnent (by Renmaining after FTIR

measur enent

90: 8: 2. 66: o]rTT SR T ot satuts for e nditeg & i anpSatpbia wtﬁ%%eégsthe'h 500
A. The cl eamiatey rirmeahidried \andf thew g sleahningsdetbrmihéd byrSEMt ingpedtisn) | Thest r at ed
In 20 the fol k.ow n S I il.ch a mcroelectronic structure that

conpri sed armt&ar%geffyﬁé: tf“?'& 'Ng via structure, nanely

phot or esi st/ carbon doped oxide/silicon nitride/copper with the silicon

nitride punched through to expose copper, was 18 26 Septenber 2007
i nmerséd in cl eaning sol utions for the ivABERd tenperature and tine, were

t hen wat ef e WW

I nspecti on. gd gltmhggﬁq‘gﬂrg@e&se 0 hin e 12. s TABLE 12 Conposition
and Proces$ T If’b?lslo rTrEmn o %‘I’I:thL. T Igﬁfg diO" 0 Cl ean;
Renoved al | Wéﬁbﬁbm R angd har rqgcp gg%ﬁﬁg{&e. o &ﬂi%ﬁﬂ( Vieh

collar/t en{®omposition b, 75°C, | 100% Clean; Removed all the PR (bulk PR and

20min hardened, polymeric “via collarffence”)
) Composition B, 75°C, 100% Clean; Removed all the PR (bulk PR and
40min hardened, polymeric “via collarffence™)

The same cleaning test was conducted on a microelectronic substrate
that comprised a wafer of the following line structure, namely
photoresist/tantalum nitride/FSG/copper. Two prior art commercial cleaning

10 products were also tested for comparison purposes. The cleaning results are set
forth in Table 13,

TABLE 13

Composition and Cleaning Performance Substrate
Process Condition Compatibility
Composition F, 75°C, 100% Clean; Removed all 100% compatible
20min the PR (bulk PR and with TaN and FSG

hardened, polymeric “fence”)
EKC-265™, 75¢°C Not Clean; Removed bulk
20min PR, but hardened, polymeric

“fence” remained
ATMI ST-250, 30 °C, Not clean; nothing is

20min changed
(a fluoride-based
stripper)
15 A simiiar cleaning test was conducted on a microelectronic structure

that comprised a wafer of the following via structure, namely photoresist/carbon
doped oxide/silicon nitride/copper without the silicon nitride punched through to
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Conposition D, 75C, 100% C ean; Renoved all the PR (bulk PR and 20m n

har dened, polyneric "via collar/fence") Conposition B, 75C, 100% Cl ean;
Renoved all the PR (bulk PR and 40m n hardened, polyneric "via
collar/fence" The same cleaning test was conducted on a m croel ectronic
substrate that conprised a wafer of the followng Iine structure, nanely
phot oresi st/tantal um nitride/ FSE copper. Two prior art c26nSeptesiberi2887i ng
to products were also tested for conparison purposes. The cleaning results
are set forth in Table 13. TABLE 13 Conposition and C eani ng Performance

Substrate Ot 1 o oL kil sition F, 75C, 100% C ean;
Renoved al | Eﬁ%&s@g%gt Tﬁ% gégugg%%tlﬁ%&%w&ng and with TaN and FSG
har dened, polyneric "fence") EKC 265, 75C, Not C ean; Renobved bul k

20m n PR, but hardened, polyneric "fenc§. Eg_gérﬁgned ATM ST 250, 30 C, Not
dean; nothing is 20m n changed (a flu ﬁ sed stripper) 1s Asimlar

cl eani ng t esCompssitiendngt ed on Qledhirgy Pef@aianesl ¢ structure that cofprised
a wafer of [the @bgmjlﬂgnw a gtructure, narrely phot or esi st/ carbon foped

oxi de/sili¢ Y fough to
- 19 26 Se g:‘?%'B@?'h PYyUﬂ;pm éa o g | % h 1 h TABLE
14. TABLE 1 wv)_nCl t i oR—and anMﬂﬁr}G— #@n@gjari ence
5 A similar cleaning test was conducted on a microelectronic structure
that comprised a wafer of the following via structure, namely
) pTEOS/Coral/SiN/Coral/SiN/copper. The results are set forth in TABLE 15.
Table 15
Compoasition and Cleaning Performance | Substrate Compatibility

Process Condition
Composition B, 65°C, 20 | 100% Clean; Removed | Compatible with Cu metali,
min all the residues dielectrics and etch
stop/barrier layers.

1o

With the foregoing description of the invention, those skilled in the art
will appreciate that modifications may be made to the invention without departing
from the spirit and scope of thereof. Therefore, it is not intended that the scope of

15 the invention be limited to the specific embodiments illustrated and described.




Process Condition Conposition D, 70C, 100% Cl ean; Renoved all the PR (bul k
PR and 20m n hardened, polyneric "via collar/fence") s A simlar cleaning
test was conducted on a mcroelectronic structure that conprised a wafer
of the following via structure; nanely pTEGCS/ Coral/Si N Coral/Si N copper.
The results are set forth in TABLE 15. Tajjl e 15 Conposition and C eaning
Per f ormance Substrate Conpatibility Process Condition (ffSeptémirer20085C,
20 100% Cl ean; Renoved Conpatible with Cu netal, mn all the residues
dielectrics and etch stop/barrier layers. 10 Wth the foregoing
description of {Rlelmhvention, those skilled in the art will appreci ate
that nodifications may be nade to the invention wi thout departing fromthe
spirit and scope of thereof. Therefore, it is not Intended that the scope

of is the Inveiti orA Biganingicomposition fos clepalg miaodeduioaibstrates, sait cleaniny and
described. 20 21 2%%&6‘;3%"%9% .1 Cdaim 1.. A cleaning conpositioh
u

for.cleaning m croel ect'roni ¢ subst r%’t es, said cleaning conposition

conpri sing: s from about fromoaei 8.058040:30% by whighsf opaer sorerer-ammonimoni 4

produci ng strong ba L0 2 id L '

Bounter 1 one. " r om RARH e BoEhRORAbRop RS bbulily ofitiaed Slpter

corrosion- inhibitid@sol vent conmpounds, said corrosion |nhibiting solvent
] al s;

FomOun (%0 o, VAR RSO AT i
inhibiting solvent compounds, said corrosion inhiblting solvent compound
10 having at least two sites capable of complexing with metals; _
~ from about 0 to about £9.46% by weight water or other organic co-
solvent;
from shout 0 to 40% by welght a steric hindered amine 6r
alkanolamine; :
18 " from about 0 fo 40% by weight an organic or Inorganic acld; -
from about 0 to 40% by welght of an other metal corrosion inhibitor:
compounds; ‘
from about 0 to 5% by welght a surfactant; ,
from about 0 to 10% by welght of a metal lon free silicate compound;
20 from about 0 to 5% by weight of a metal chelating agent; and
" from about  to 10% by weight of a fluoride compound.

2. Acleaning composition of claim 1 whareln the non-ammonism a producing
strong base Is a tetraalkylammonium hydroxide or sait thereof,
25 .
3.  Adleaning composttion of clalm 2 wherein the tetraafiylammonium hydroxide
or salt is a compound of the formula
[{R)N':IX]
wherein each R is Independently a substitured or unsubstituted alkyl group; X
30 Is OH or a salt anion; and p and q are equal and are Integers of from 1.t0 3.




fromabout 0 to 40% by wei ght a steno hindered am ne or alkanoiamrie; is
fromabout 0 to 40%y wei ght an organic or Inorganic acid; fromabout O to
40% by wei ght of an other netal corrosion inhibitor conpounds; from about
0 to 5% by weight a surfactant; fromabout 0 to 10% by wei ght of a netal
ion free silicate conpound; 20 from about 0 to 5% by we26Reptémben208F
chel ating agent; and fromabout 0 to 10% by wei ght of a fluoride conpound.
2. A cleaning conposition of claiml Werein the non-amoniumg strong
base is a tetraal kyl ammonl um hydroxi de or salt thereof. 25 3. A cleaning
conposition of claim2 wherein the tetreaikyl anmoni um hydroxide or salt Is

subst | tuted of Lot PorBostibh of aih Sy iireh ™ b 45 Bl it SOERFRE TR, 2
p and q are egRzbrimdatams dndtXige®@B. of fromIito 3. 26 Septenber 2007 4. A

cl eaning conposition of claim3 wherein Ris an alkyl group containing 1 to
22 carbon atons and X is OH s 5. A cleaning conposition of claim4 wherein

Ris an & kyl Agtleaningicompesitibn lof chim dakhereirtRG8en eﬁkyl?r@du?@f‘fr&ﬁ £eygosition
of Claiml Wwherein the corrosion inhibiting solvent .0 ‘conpound is a
conpound sel eE?rBH“ YRPthe fornulae: W(CR R2)n,-X-[(CRL R2)n2-1]: is or
T-[(CRBR4) Mty where Wand Y are each independently selected fromthe group
consisting of 20 =0, -OR, -0-C(O-R -C(O-, -CCO-R -S, -S(OR, -SR
-S-C(O-R -S(0O2-R -S(O2r -N, -NHR -NRR2, -NC(O-R -NR-C(O-R2,

-P(O. - O - i8ifing composition of Claim 1 whereln the corrosion inhiblting solvent
i 10 compound is a compound selected from the formulae:

W-(CR{R2)h-X-[(CR R2)nr YL

1s ar

T-[{(CRsR()m-Z]y

where W and Y are each independently selected from the group consisting of
20 =0, -OR, -0-C{0)-R, -C(0O}-, -C(O)}-R, -8, -S(O}-R, -SR, -S-C(O}-R, -S(0)-R,
-8(0})s, -N, -NH-R, -NRR,, -N-C(O}-R, -NR-C(O)-R,, ~P(0), -P(0)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more hetero atoms
25 selected from O, S, N and P atoms; each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms
selected from O, S, N and P atoms; each of n1 and n2 is Independently an
30 integer of from 0 to 6; and z is an integer of from 1 to 6 when X is alkylens,
cycloalkylene or arylene; and z is an integer of from 0 to 5 when X is
cycloalkylene containing one or more hetero atoms selected from O, S, N and
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-P(O-(OR)2; Xis selected fromthe group consisting of alkyl ene,
cycl oal kyl ene or cycl oal kyl ene contai ning one or nore hetero atons
selected from0O, S, N and P atons, and aryl ene or aryl ene contai ning one
or nore hetero atons 25 selected fromO, 8 N and P atons; each R R and
R2 are each independently selected fromthe group consisting of hydrogen,
al kyl, cycloal kyl or cycloal kyl containing one or nore 268eptemaben2007
selected from0O, S, N and P atons, and aryl or aryl containing one or nore
hetero atons selected fromO, S, N and P atons; each of nl and n2 Is

| ndependent | y Bmt@fs onasderne cdntéining dheter oredhvate atormansdledted fromod, 8yom 1

to 6 when X | | | | f
from 0 to 5 wanG 8RR 38 3eRPIAE TSR dipip fgrastnap oot #Eeed &5 o
sel ected fromig,sefectdd fbeh the gl%up?&n%mﬁgasbﬁydragaﬁ -cER,,at N('Rs)Pfanar Brene

cont ai ni ng one or nore hetero atons sel ect ed P atons; T S
sel ected from®&af@ gf Bap FeoARd N Ate @ach ondepsndem*saﬁ@lecred irom &%@ﬂ@m ed

fromthe grou%&%ﬁﬁhétﬁ‘fﬁﬂgﬁgeﬁyglkggﬁ %afllgf{@ 8y§1| n&lztf]orﬁﬁ'iﬂm I or

R3, R4 and RS are ea nden S COI’ISI st| ng
of hydrogen, dhatgno atoinsl asigated from Oy 8| NearikhP atams.admd agfl onars{bmmainmg het er o

or ‘mor o het er o St el A0 ses o, & iend b Abie; L8R eBE, "¢ ¢
fromO to 6 andf from 8 taB andtyeigan infegér oifrimido 6. 10 7. A cl eaning

conposi tion of Caim2 wherein the corrosion Inhibiting solvent conpound
Is a conpound selected fromthe fornmulae: W(CRL RR)m X-1(CRL R2)nz-Y]z

15 pr 16 [ {CR3R%)cleafing caﬁpwﬁm oW@alﬁh ¥ \am@-emam bmdmbthrg %elveﬁtt ed

fromthe group consisting f) C(O
-S(0)-R, -SR togryungiga CDS(Pe)szRe!ectBQ(fmthe RIMUIRRL R - NRLR2, -N-C(O) R
-NR1-C(O-R2, -P(O, -P(O-OR and

W-{CRRn1-X-[CRR2)nz"Y:
15

or

T-{CRsRy}u-Zly

20 where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0O)-R, -C(0)-, -C(O}-R, -, -8(0)-R, -SR, -8-C(O)-R, -S(0)-R,
-5(0)z, -N, -NH-R, -NRyR;, -N-C(O}-R, -NR-C(0)-R;, -P(0), -P(0)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene contatnihg one or more hetero atoms selected from O, S, N

25 and P atoms, and arylene or arylene containing one or more hetero atoms
selected from O, S, N and P atoms, each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms

30 selected from O, 8, N and P atoms; each of n1 and n2 Is independently an
integer of from 0 to 6; and z is an Integer of from 1 to 6 when X is alkylens,
cycloalkylene or arylene; and z is an Integer of from 0 to 5 when X is
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P(O-(OR)2; X Is selected fromthe group consisting of aikyl ene,
cycl oal kyl ene or cycl oal kyl ene contai ning one or nore hetero atons
selected from0O, S, N 25 and P atons, and aryl ene or aryl ene contai ning one
or nore hetero atons selected fromO, S, N and P atons; each R Rl and R2
are each independently selected fromthe group consisting of hydrogen,

al kyl, cycloal kyl or cycloal kyl containing one or nore 26cSeptembeng007
selected from0O, 8, N and P atons, and aryl or aryl containing one or nore
hetero atons 30 selected fromO, S, N and P atons; each of nl and n2 Is

| ndependent | y cynloaikykeageontdinifig one or mr@heinrtdammssseimtbmfmg'eo Sf Nfanaim 1 to
6 when X is ai ene cl oa l.ene or arylene: and z |

Fromo to 5 wieHoRs or alens aidiui Bafios ot Gtern Homs selre B OB o ng
one or nore hel and Padton®s; Ted seibetdd fironmhe.gréup dbrewisting dft—orrESON aricy-Pe e

cont ai ni ng one or nore hetero at oms sel ecte fromO nd

P
i s sel ected fr‘%ﬁ?leﬁ@dgﬁ%p B AHOHR CPRgJsting ofphydregen, NQﬁﬁd 'N(:RSZa"Fis' é@l ect ed
fromthe groupgseRns (ﬁ R &Hd Wdél%gsﬁch I@E?end%@séé’lect%ﬂdfmlﬁ'?ﬁm écﬁ@Ch of

R3, R4 and R5 are each 1 ndepen entl m t he grou consi sting of

hydr ogen, al kydonsigijrg oéhkqmg@m. aipd] @mqamw ebnycaqamkytgmtmmog qmrcé mesgt er o
t I t t
o Tror e b e e Rt olt 08 Rarl S afind. ol By BOTEGRAR, ",

fromO to 6 arubeyrinsorarheterbedems sélettedifroin OpSEN andlP aﬂomé, mlie aniintgger
conposi tion of | m 3.wher ei n COlLOSI nhi biting sol vent conpound
Is a conpound °§EP§'C¢1%6F‘P§%%§ ﬁg%‘%ﬂ‘?ﬁﬂfgg fgo (CR, R2)n,-X-[(CR1L R2)"2-Y]:

or y-[10CR3R4)n Z],, 20 where Wand Y are each independently selected from
the roup, consj stin
L0 - 5k G O Rleadife; comegsionof Gialey gywherelnthe arraglon:inhigiig selvent

compound is a compound selected from the formulae:

15 | W-(CR1R2)ni=X-[(CR1R2)n-Y]:

or
T-{(CRRe)m-Zy
20
where W and Y are each independently selected from the group consisting of
=0, -OR, -O-C(O)-R, -C(O)-, -C(O)-R, -S, -S(O})-R, -SR, -8-C(O)-R, -S(0)R,
) -S(0)z, =N, -NH-R, -NRR;, -N-C(O}-R, -NR-C{O)-R,, ~P(0), -P(0}-OR and
| -P(O){ORY); X is selected from the group consisting of alkylene, cycloalkylene
25 or cycloalkylene contalning one or more hetero atoms selected from O, §, N
and P atoms, and arylene or arylene containing one or more hetero atoms
selected from O, S, N and P atoms; each R, Ry and R, are each
Independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
30 S, N and P atoms, and aryl or aryl containing one or more hetero atoms
selected from O, S, N and P atoms; each of n1 and n2 is independently an
integer of from 0 to 6; and z Is an integer of from 1 to 6 when X is alkylene,
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S(0 2,

-N,

“NHR -NRR, -NC(O-R -NR-C(O-R, -P(O, -P(O-OR and

-P(O(OR)2; Xis selected fromthe group consisting of alkyl ene,

cycl oal kyl ene 25 or cycl oal kyl ene contai ni ng one or
selected fromO, S, N and P atons,

are each

al kyl ,

| ndependent |y
6 when X is al

or nore heter
cont ai ning on

nore hetero atons

i's sel gcted frigmeleBfedifrempthe grelp doRSistily ofhydrégen NaRY N ndl BR;;
sel ected fromthe group cons%sr?i Elg ofshfdr og‘énr,gg?d?& -N(Eq %,a andR-ﬁSRS;

each of R3, RPaERPORBuaRe @xtiRsi Ade pach didapgndentl selgctadofrotm ghey genyp

rore hetero SohnespLafuGEn i, SRy B G RR CHARG SRR

ortetasp atome setectadirainddsS s andt R dtdmsrard] arg) oNagh doftaiaingns ;

et enS aflBfied fin B s, B4 Atomel 6% eltedir, o

cont ai ni ng

i's an integer on%oor(ﬁj;o
cl eani ng conposition

conpound is a of fropodtulé satgds ad integen dfifent Otoe) ae: 15 C W/ (CRL
R2)n1-X-[(CRL R2)n2-V7 Y Jz or T-[(CRBR4)ni Z]y 20

18

20

25

30

9.

A cleaning composition of Claim 4 wherein the corrosion inhibiting solvent
compound is a compound selected from the formulae:

W-(CR1R2)u-X(CRiR2)nz- Y]z

or

TH{(CRsR)w-Z)y

where W and Y are each independently selected from the group consisting of
=0, -OR, ~O-C(O}-R, -C(O}, -C(O)-R, -S, -S(0)-R, -SR, -S-C(O)-R, -S(0),-R,
-5(0)z -N, -NH-R, -NRyR;, -N-C{0)-R, -NR4-C{O)-R,, -P(QO), -P(0)-OR and
-P(O)-(OR); X is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more hetero atoms
selected from O, S, N and P atoms; each R, R; and R, are each
independently selected from the group consisting of hydrogen, alkyi,
cycloalky! or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms
selected from O, S, N and P atoms; each of n1 and n2 is independently an

- 25 -

and aryl ene or aryl ene containing one
or nore hetero atons selected from0O, S, N and P atons; each R, R and R2
| ndependent|ly sel ected fromthe group consi st i26)Septémbenge07
cycl oal kyl or cycl oal kyl containing one or nore hetero atons
selected from0O, 30 S, N and P atons, and aryl or aryl containing one or
nmore het ero ateyswalkylehecoranfiensn and g isNaariotegentofrfeomedci Sfwindn anib n2 i s

Fioalior8 Hopfini 38 dr biksg et aorns eeiBcel RARD. § N ne: °

and z is an iR etpms of arlfytem@ %br#tainﬁg\gmemrmdm hdet%rd ateis\setgtted fromad,eNg one
at sel ecte ro ) , an IOTTB I r en
N S Poatdisc T is SolabBmiom eaeup ppusisting &f -O. Ko eham £ Zrs: T



where Wand Y are each independently selected fromthe group consisting of
=0, -OR, -OC(OR -C(CG, -C(O-R -S, -S(O-R -SR -SCO-R -S(02-R
-S(02, -N, -NHR -NRIR2, -NC(O-R -NRL-C(O-R2, -P(O, -P(O-OR and 25
-P(O-(OR)2; X is selected fromthe group consisting of aikyiene,
cycl oal kyl ene or cycl oal kyl ene containing one or nore hetero atons
selected from0O, S, N and P atons, and aryl ene or aryi &6Septearabai 2§0%ne
or nore hetero atons selected fromO, S, Nand P atons; each R Rl and R2

are each independent|ly selected fromthe group consisting of hydrogen,
al kyl , 30 cyclintagerof fpomdy td 6a8md 2 is entiategemaf foore Toto Govhenhéiis alsylenens

sel ected from a Q nd aryl. or aryl contaipi oge. or nore
het ero at ons cgglpglgylgﬁlef%ﬁﬁ(be%%@rﬁ gn'g ?ﬁért‘tgﬂgf Ogﬁ 0 tﬁlgavﬂ%nnge‘ss

i ndependent | %/cgnloalkﬁlené&oﬁhjhmmgrbﬁe oﬁﬁlﬁie Pémt&elemmélelé?tﬁdw@m Q,6 Namd z i s
an integer o roml to en X.is a ene, .cycloa ene, or yl ene;
o 2 S an 1 BSOS lRnR CAIES e, o TS NetSTE RO S GO g one
or nore heter N ah®Praté@SET iLelbéRadm e bdeorn3isthg ey -0, -S-N &RE-P; Z
containing one or npre hetero atons selected fromO, S, s Nand P_atons; T

i s sel ected fibselestedgremphe greur cpAgstng ofohydregen, NORRsd -NERs).z andsSBs) ect ed
fromthe grou | Bt dsQg 1 [o P2 Y h of
R3, R4 and R5%gr6§q§a§ﬂ Bg egen eél'ftél ga%hellrgg gﬁd%ﬁg%ﬁgggrgﬁﬁﬁgoﬂ@?ﬂ ng of
hydr ogen, al kybnsisting obhydrbgen, alid) cyeldalilyl oooyckbdalkyl gootainiog omerar mdret er o
atons sel ecte t , r ro aryl L.hing to one
or nore heter g‘eg"{’@%&3%?8@%@%’5@05@“&%@%aﬁ%(S’n%?’ V?r'i %@Péﬁ‘t&h?‘gger of
f][o%g flot o GMe:rmdeprinmrerhe'teerns eéleﬁledrfloin OQSGIN and Phtmemiiggnmﬁegmsi ti onOI
o] aim5 erLein e.corrqsion . inhihiting solvent conpound is a conmpoun
sel ect ed fromqﬁBWé)m?HQY'? §"W‘?Q?E,°qﬁ?ﬂ1f59€-(c R R2)"rY]Z or 20
T-[ (CR3R4) n Z1ly

10. A cleaning composition of Claim 5 wherein the corrosion inhibiting solvent

compound is a compound selected from the formulae:

1&

W-(CR1R2)n1=X-[{(CRiR:)p- Y2

or
20 T-[(CRsR)-Zly

where W and Y are each independently selected from the group consisting of
_ =0, -OR, -0-C(0)-R, -C(O}-, -C{(O)-R, -8, -8{0O)}-R, -SR, -S-C(O)-R, -S(0)-R,
25 -8{0)z =N, -NH-R, -NRR;3, -N-C(O})-R, -NR;-C(0}-R;, -P(0), -P(O)}-OR and
-P(O)-(OR),; X Is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene contalning one or more hetero atoms
selected from O, S, N and P atoms; each R, R, and R, are each
30 independently selected from the group consisting of hydrogen, alkyl,
cycloaikyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms
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where Wand Y are each independently selected fromthe group consisting of
=0, -OR -O0CO-R -C(O-, -C(O-R -8, -S(O-R -SR, -S-C(O-R -502-R
25 -S(0)2, -N, -NHR -NRR2, -NC(O-R -NR-C(O-R2, -P(O, -P(COR and
-P(O-(OR)2; X 1Is selected fromthe group consisting of alkyl ene,
cycl oal kyl ene or cycl oal kyl ene containing one or nore hetero atons
selected from0O, S, N and P atons, and aryl ene or aryl @&Septembar 200Dne
or nore hetero atons selected from0O, S, N and P atons; each R, R and R2

are each 30 i ndependent sel ected fromthe group consisting of hydrogen,
B Ryt cyel oIHEbiToBy 01 SaNcand Eoptomanenth oho Gndv? is insbgenderties

sel ected from ry. | m)re
et oo atoms 3geeny AT eraRTE1s A @ ool € WHA X Ao

each of nl anctyn!@aikslehadmparylm‘m;lgnchz isl an dngtegerobfffrapmn@tbos whemnX s is an
integer of from

is an |nteger cgf:lof’;!{kglﬁ.ﬁgcg e@'%@ﬂe Rrﬁ'@ nE?@f%éd S t‘é@ﬁf’mﬁ %yhcﬂ‘i'g Oand ’

nore hetero atmawmnemmefdoﬂtmmn? Bne Nrcmsie heldrol=toims @elettad £ @@t ai ni ng
one or nore h (gatoms ecited romO, S, Nand P atons; T is 'sel ect ed

fromthe grou EiatemsgT &t selected om fhegreuin gonsjsting of <@} =B,t-Blepnd-Fikt he

group consi st Ité\ge@t:tehyﬁrﬁ%e oifReonsiSiigDhydiagkr, SBR;, - Rg;R4 and
RS are each |ndeﬁendently sel gercl'tgagdonrlo{r{]@t he géeorwp cor"?s”g?%% ?Rﬁy dr ogen,
i

al kyl, cycl oaléRgh &rReyBk Andk{Re areneaghiinsigpe aeie@tedofrmtmeogmuprrs

| ected f
>el cct ed 1 oM SinghbeinSaat 4Ry, QbaBilt b HodHith CSABART A or o e
to b and y i s haterb atwye selettedrfoom DS, N.anil P atdnd, endi argl oroarpbemttainmgof
Cl aim 10 wh t f R th 15 al,k h
from 1 to 6 coPBshhrg Retein sfime SBePeadinb” Kol dhdatorms Mis dn et ol ons.
12. A cl eani nof fromp®ti 8 and ydd airegerlof Wost £toe.t he corrosi on inhibiting

solvent is selected fromthe group consisting ofethylene glycol,
di et hyl ene gl ycol, glycerol, 20 diethylene glycol dinethyl ether,

monoet handl amanslearthgeédhastsitiiioR Elaim 10 wherein in the definition of R through Rs the
15 alkyl group has from 1 to 6 carbon atoms and the aryl group has from 3 to 14
carbon atoms.

12. A cleaning composition of Claim 1 wherein the corrosion inhibiting solvent is
selected from the group consisting ofethylene glycol, diethylene glycol, glycerol,
20 diethylene glycol dimethyl ether, monoethanclamine, diethanolamine,
triethanclamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyi)-2-pyrrolidinone,
4-(2-hydroxyethyl)morpholine,  2-(methylamino)ethanol, 2-amino-2-methy!l-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)
acetamide, N-(2-hydroxyethyl)  succinimide and 3-(diethylamino)-1,2-

25 propanediol,

13. A cleaning composition of Claim 2 wherein the corrosion inhibiting solvent Is
selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, diethanolamine,

30 triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
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tri et hanol am ne, N, N-di net hyl et hanol am ne,

1- (2- hydroxyet hyl)-2-pyrrolidi none, 4-(2-hydroxyethyl)norpholine,

2- (et hyl am no) et hanol , 2-am no-2-nethyl-1- propanol, |-am no-2-propanol,
2- (2- am noet hoxy) - et hanol , N-(2-hydroxyethyl) acetam de,

N- ( 2- hydr oxyet hyl ) succi nim de and 3-(diethylam no)-1,2- 25 propanedi ol .
13. A cl eaning conposition of Caim2 wherein the corro@été8eptémbet 2007
solvent Is selected fromthe group consisting of ethylene glycol,

di et hyl ene gl ycol, mgl ycerol, diethylene glycol dinethyl ether,
monoet hanol anifi@-h atydmanhaline, 302-(mefévlaaim)@thamm,, 2-amino-2-methyi-1-

N, N-di net hyl et J X 3 di o4 . 26
Sept enber 200#?&%?48 gn?ly%ml%&lgwgﬁo?%%wneﬂ%ﬁp’%ért‘é%ﬂé"l %@ﬁ*@?ﬁ%‘)

2- am no- 2- et lagetamidegyr opa(shydraxyethylio- Zupcinipddeol ,and  3-{diethylamino)-1,2-
2-(2-am noeth é{}% %g @nol, N- ( 2- hydroxyet hyl ) acetam de,

N-(2- hydr oxyet % Qtci ni mi de and 3- (di et hyl am no) -1, 2- propanediol. 5 14.
A cl eapi ng conposition of Caim3 wherein the corrosion inhibiting sol vent
sefected fromthe group consisting of ethylene glycol, diethylene

2 hanol i né dleaninl Eiboflin e Cifn.S aﬁ%%%ﬁwétoﬁﬁhapmﬁﬁﬁmé%%lveﬁ? 5
-(2- hydroxyetsbbebﬁedzrdnym@rbab mtmg@f éth?l@né'ﬁ%@xbf@&ﬂldn)efﬁhfd@»h hycB@,

- (met hyl am no) et hanol am no- ropanol , ~1-am ho- 2- propanol ,

-(2-am noet h |7Y|%19naﬁl¥90| Nd(f'zet'mldr@m%t er)oemé@iaaﬂn@e diethanclamine,
2- hyd | 15,
( oy e ihanckife nW%&Hﬂ\/\ﬁaﬁ&iéﬁh@K 18@ I?ya(})m on yﬂ?ﬂﬂﬂﬂl ng éol y

cl eani ng conposition of Gaim4 erel | vent
séfected fr(@rhvdixyethyimorpbelisiest |21@neihylﬁnh9)eélmogl y2eiminoi2anéthyiche

Chanot am ngroPeref o FRRRCEARBEKER, 2 2RbketeSifanch AR Bt

y

e

- ( 2- hydr oxy e@hgtamids, pyNF(@I-hydrowaﬂayl) 4 sgéirtimideox yarihy | 3-(diethiammin-1,2-

- (met hyl am ng E?‘ﬂg 2-am no-2-met hyl -1 20 propanol, 1-am no-2-propanol,
-(2-am noeth 03’% hol , N-(2-hydroxyethyl)

- wnm

MR aQ — B ZNNRaQ —

15 15. A cleaning composition of Claim 4 wherein the corrosion inhibiting solvent is
selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, disthanolamine,
triethanolamine, N,N-dimethylethanclamine, 1-(2-hydroxysthyl)-2-pyrrolidinone,
4~(2-hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-{2-hydroxyethyl)
acetamide, N-(2-hydroxyethyl) succinimide and  3-(diethylamino)-1,2-
propanediol.

16. A cleaning composition of Claim 5 wherein the corrosion inhibiting solvent is
selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, diethanclamine,
triethanclamine, N,N-dimethylethanolamine, 1-(2-hydroxysthyl)-2-pyrrolidinone,
4-(2-hydroxyethylimorpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)
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acetam de, N-(2-hydroxyethyl) succinimde and 3-(di ethyl am no}1, 2-
propanediol. 16. A cleaning conposition of Claim5 wherein the corrosion
inhibiting solvent is 25 selected fromthe group consisting of ethylene

gl ycol, diethylene glycol, glycerol, diethylene glycol dinethyl ether,
nonoet hanol am ne, di et hanol am ne, triethanol arni ne,

N, N- di met hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidi2é8eptember 2007

4- (2- hydr oxyet hyl ) nor phol i ne, 2- (et hyl am no) et hanol, 2-am no-2-nethyl - 1-
propanol, 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol, N-(2-hydroxyethyl)
28 26 Sept ermaeetagidy; Ac@Havdragethy)( 2 sbyanimideet harid  s3-dibthiylammiren)e (2

3-(di et hyl am ngc?p- 1 3 propanediol. 17. A cleaning conposition of claiml
conpri si ng waPEPagp '8|t | east one other organic $ co-solvent selected from
the group consisting of dinethyl sulfo)ide, sulfolane, and

di met hyi pi peri done. 18. A cleaning conposition of claim®6 conprising water

or at legst one,other co- solvent selected fromthe gro consi sti ng of

di net hyl Wi 1 gs&'%aé’,'”%%ﬂ"?ieﬂsi}?&"?&f?ﬂ" Tompr %@9 A &t Tkashene Qber arganiea n; ng
conpositi on oto@bRENt seledt@dMibivs thadgieBp Ronsistingt of @mathyP BEIFGEdE lsulfSIEREANT C
co-sol vent selected fromthe group consisting of diméthyl sulfoxide,

sui fol ane, an8n@dimathyPiperidonedone. is 20. A cl eaning conposition of claim
16 conprising water or at |east one other organic co-solvent selected from
the group consisting of dinethyl sulfoxide, suifolane, and

di met hyl pi_peri done. 20 21. A cleaning conposition of claiml| conprising
t et r anet A anfiodieaning gemegsiten of elaing rigingriuater or at least one other co-

traps-1, 2-cyc i np{(;}ﬁ cac i ifal a 22. A
cl eani ng corrpgg?ﬁi?%ﬁg%@c al rtrlﬁéibco C@é@%@?&lwgm %ﬁ’gﬁ%ﬁgﬁ% 3’/§f'c(l)xi de,
25 1-1®- hydr oslimeathigpiperiglopgs r ol i di none and wat er.

19. A cleaning composition of claim 11 comprising water or at least one other
organic co-solvent selected from the group consisting of dimethyl sulfoxide,
sulfolane, and dimethylpiperidone.

15

20. A dleaning composition of claim 16 comprising water or at least one other
organic co-solvent selected from the group consisting of dimethyl sulfoxide,
sulfolane, and dimethylpiperidone.

20 21. A cleaning composition of claim 1 comprising tetramethylammonium hydroxide,
triethanolamine, trans-1,2-cyclohexanediamine tetraacetic acid, sulfolane and
water.

22, A cleaning composition of claim 1 comprising tetramethylammonium hydroxide,
25 1-(2-hydroxyethyl)-2-pymolidinone and water.
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29 30 26 Septenber 2007 23. A cleaning conposition of claiml conprising
t et ranet hyl ammonl um hydr oxi de, di net hyl sul foxlde, triethanol am ne and
water. 24. A cleaning conposition of claim1 conprising tetranethyl anmoni um
hydraodde, 5 'tdethanol am ne, ethylene glycol, ethyl enedi am ne
tetra(net hyl ene phosphonic acid and watgy. 25. A process for cleaning a

m croel ectroni c substrate having at |east” one of a poro26 Sepéémbieri2007a

| ow-K or high-K dielectric and copper netallization, the 10 process
conprising contacting the substrate with a cl eaning conposition for a tine

Compr i ses: . 1 Fin; “apeaE ol I HE 1 fpfig e AR o,

produci ng strong basﬁﬂdUﬂSdkmkhmhhmmmMunhbmuﬁMﬁkk - posi tivel ychar ged
counter is lons; fromabout 0.6 to about 99.95% by wei ght of one or nore
corrosion Inhibiting sol vent conpounds, said corrosion Inhibiting sol vent
conpound having at |east two sites capable of conpiexing with netals; from

about Q to abou#4-99A¢e3ning camppsitionf eiainyd compasing teframethyarnm M"@Mmde-
from about 0 § o 40%umaneiabili, o GyR"EIRIBSLATHAE BialRkigARE) AR

fromabout O to 40%55%/’ wel ght an organfc or Tnorganic acid; from about 0 to
40% by wei ght of an corrosion Inhibitor 2s conpounds; from
about 0 to & % by weight a surfactant; fromabout 0 to 10% by wei ght of a
metal lon free silicate conpound; fromabout 0 to 5 % by weight of a netal

ggelzgt Isggt 2%&25200% NA agr e eanintgoa He lgctmnicggttibs%teahg&i#g ra't (iieasf ng%%ind
porous dielectric, a fow-c or high« dielectric and copper metallization, the
’ 10 process comprising contacting the subsirate with a cleaning composition for
time sul’ﬁdent to clsan the subsirate, wherein the cleaning composition
from about 0.05% to 30% by welght of one or more non-ammoniaq |
producing strong.base oontalning non-wcleophilic.»posiﬂveiy charged oounter
15 lons;
from abgut 0.6 to about 89.95% by weight of one or mors corrosion
inhibiting solvent compounds, said corrosion irhibiting solvent compound
having at least two sites capablé of complexing with metals;
from about 0 to about 99.45% by welght water or other organic co-
- 20 solvent;
from about 0t 40% by welght a steﬁc hindered amine or
aikanotamine.
from about 0 to 40% by weight an organic or inorganic acid;
from ebout O to 40% by welght of an other meta! corrosion Inhiblitor
28 compounds; '
from about O to 5 % by welght a surfactant;
from about 0 to 10% by welght of & metal lon free silicate compound;
from about 0 to § % by walght of a metal chelating agent; and
from about 0 to 10% by welght of a fluoride compound.




26. A process of claim 25wherein thenon-amoni a producing strong base Is a
tetra al kyl arrtnmoni um hydroxi de or salt thereof. s 27. A process of claim
26 wherein the tetraal kyl ammoni um hydroxide or salt is a .conmpound of the
formula f(R)4 N J(X1J wherein each R Is Independently a substituted

or' unsubstituted al kyl group; X is OH or 12 salt anion; and p and q are
equal and are Integers of fromlto 3. 28.a A process of 26&eptémberad0di7n; it
is an al kyl group containing | to 22 carbon atons and X Is OH or
carbonate. 29. A process. of claim27 wherein RIs an alkyl group of from!]
to 6 carbon 15 atons.' 30. A process of Claim25 wherein the corrosion

I nhi biting solvent conpound is a conpound selected fromthe formul ae: 20
W(CR R-X-((CRL Rz)-Y): or =-((CRIR4 ZJ 25 where V\andYare each

| ndependent | y %e| &b prpctssafclaine 25 yvhengin deamnianmatid = ﬂihgs@xﬁ(tﬁheﬁa

- ﬁ(R,O)Rz, - & 8% 0)R R, ﬁﬁﬁﬂ@?ﬁﬂﬂm"g@@ 95?@)”‘6@"?11(1 30 I-D(SO)Ch( OR) 2 )N(HI_SR

sel ected fromthe group consisting of al kyI ene,. cycl oal kyl ene-

cyci oal kyl ege gont %Pfdwss%‘aaﬂﬁ B iE R Mﬁmgﬁuﬁcﬁfﬂﬂ%ﬂ%} &:Infra

and P atons, and arylene or aryf ene cont al R ng ‘one ero atois 31
26 Septenber 2007 cerapaaideof the fommlla S, ‘N and P atons; each R, R and R2 are

each independently selected fromthe Fg;)ﬁmgsl sting of hydrogen, alkyl,
cycl oal kyl or cycl oal kyl containjng on hetero atons selected from

0, S, N and P at onwheraindeathyi ls)lndapdrhdmyta%uu§mtwer'Qﬁsdﬁis'tiﬁxtbﬁtaﬁe’yf’qa%hﬁ,“}?
is OH ora sait aplon; and p and q are equal and are integers of from 1 to 3.

) 10 - o : .
28. A process of claim 27 wherein R is an alkyl group containing 1 to 22 carbon
atoms and X Is OH or carbonate, '

28, A process. of claim 27 whersin R Is an alkyl group of from 1 to 6 carbon
atoms.-

30.  Aprocess of Claim 25 whereln the corrosion Inhibiting solvent compound is a
¢ompound selected from the formulae; - -

Wo(CRRJus-X-HCRR)z-Y]k

or

THCRR w2

~ where W and Y are each Independentiy selected from the group consisting of
=0, -QR. ~0-C(O}R, -C(O}-, -C(O)-R, -8, -8{0)-R, -SR, -S-C(0)-R, -S(0)+R,
=3(Q)a, <N, -NH-R, -NR; Ry, -N-C(O)-R, -NR-C{O)-R,, -P(0), -P(O}-OR and
-P(0)-{OR);; X Is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene contalning one or more hetero atoms |
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s selected fromO, S, N and P atons; each of nl and n2 is independently an
integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, cycl oal kyl ene or arylene; and z is an integer of fromO to 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from
0, S, Nand P atons or arylene containing one or nore hetero atons
selected from0O, S 3.0 Nand P atons; T |Is selected fr @6 Soptegnbep2007
consisting of -0, -S, -Nand -P; Z is selected fromthe group consisting
of hydrogen, -OR6, -N(R6)2, and -SR6; each of R3, R4 and R6 are each

i ndependent | y seteictadt dbni rom3,hdéN ganaul® atomsj stachgRof Rhyahdod®n ar@e@m

07N na peaRBoi, SR T, R Fouf Pl BeGed” i, O

at gms Isel ect e@yélbalkypor cf@cloblk?mbrﬁhénmgrlme o“ﬂrh@re&mterb]'gae%ﬁs se@‘ctéc{mfm'n(!)t 0 ﬁ

ana y IS an I er (0] rom to gcess o alm ereln thne
corrosion i nh| Eo"l’t%‘ﬁt apgransliAg 2 cggt%%&ﬁ‘ﬁdorsg}%%tr@gererhe

f or mul ge: 20 \ééreetéalfra% ong- Néﬁd?ﬁlat%r éé’&l?of A afd rﬂé[s(iﬁﬁéﬁéadam@bh wher e

Wand Y are each Indg)endentl y selected fromthe rog consi st n

=0, - OR, - 0- ¢( gjntegercpfdyom Odpdi-and Tjs an Myteger-affronsidp wheng(gglk n@o
-5(0)2, -N, gbgauﬁauk R Rer a i\éng( Qp;dRz .sﬁﬁi.rﬁé@sﬁ?mnf’(ool 5 B RRsand

-P(O-(OR) 2; Iect ed romt € group con I ng of kyI ene,
cycl oal kyl ene cyclogikylena caytainireg mmonahmrmgetemeatomsrmiemtetbfren‘boasonandeI ect ed

- 32 26 Sept o N and P at n I yl ene
cont ai ni ng on?%@hﬁ) raWﬁg?%Pg%g{"ingﬂggr &q@ﬁeﬁnﬁmﬁpggs{eﬁeﬁﬁrﬁ %ta%ms;
each B R a][l@lhﬁi;zd Bratomechis smlcﬁ@dafrdaﬂmtxglram emtsmlﬁng “E“?“& -NrandpP; Z
consisting o roge y cl oal ky o ta|n| .one or
rore het oo, albReedRE g boHID CoRS g o Aarsae e, Mk ghd GSRery)
contai ni ng on@aeh ¢ORE h?ta%HORﬁté?HBeach mdependent[y selected from the group

consisting of hydrogen, alkyl, cycloalkyl or cycloalky! containing one or more

hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing

15 one or more hetero atoms selected from O, S, N and P atoms; m is an integer
of from 0 to 6 and y is an integer of from 1 to0 6.

31. A process of Claim 26 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:

20

W-(CRR2)n-X-[(CR1Rg)ne-Y]:

or

25 T-[(CRsR4)mZ]y

where W and Y are each Independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(0)-, -C(O}R, -8, -8(0)-R, -SR, -S-C(0)-R, -S(0)-R,
30 -5(0)a, -N, -NH-R, -NRR,, -N-C(O}-R, -NR-C(0)-R,, -P(0), -P(0)-OR and
-P(O(OR);; X is selected from the group consisting of alkylene,
cycloalkylene or cycloalkylene containing one or more hetero atoms selected
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selected fromO, S, N and P atons; each of nl and n2 Is independently an
integer of fromO to 6; and z is an integer of froml1l to 6 when X is
al kyl ene, cycl oal kyl ene or arylene; and z is an integer of fromO to 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from
0, S, Nand 10 P atonms or arylene containing one or nore hetero atons
selected from0, S, Nand P atons; T is selected from t26:Sgptambeo280%t i ng
of -0, -S, -N and P, Z is selected fromthe group con3|st| ng of hydrogen,
and RS are | ndependent | y

- of
sol st en T ToRE QS andeB e B ervisit 95 GrIoH8 RYMBINGE, P8t TTor:

cycl oal kyl comefdrdidiéme BElebted TRING O, S, hﬁérﬁipa?érﬁgsea%ﬁ@qilﬁéhdm)ﬂ?ébacﬁ N and
P atons, and aryl or aryl contai ni ng_ one or nore hetero atons sel ected

fromo0, S, N ppnaera)tlvs seifictagd offomnthayegroups consdsting ©of byéiegsy. iakyhn
i nteger of ff%gngakgl&cgél%alk@ cEHn%@ga dik o%%cfa‘l?eé %ﬁ;%efew%ocﬁ?mﬁ' on

I nhi biting sol conpound sel ecte rom-t or n'ul ae:
W ( CR1IR2) 1- X- [§, QR P atwiré, ap8 aryl o+ pOCRIRIEGINING lonevere more\heterovatame each

ndependent | I o) h 0 O-R
| - OI)O ) yﬁ%%c%dt ﬁ%{»é? g N %ﬁgﬁ’ %8@% ggh E)g[\%aﬁg nZ3 %épg?;}en%?emtly %QC( R?
R St %?t@%f Totng of ol KyLene, cyCl oal Kyl n6 55 36 Sept bgber 2007
Tl oal kol BySOREHRe - visne: dng, s AL ITREeLPEREMLY & B HGR 6 o N
and P atons, géioﬂlkylbﬁéﬁoﬁt'émﬁ{@’bﬁé@r Ferd ﬁét@fd“ékoﬁi%%e%ctéﬂ)fr@mr@tsrﬂ amidons
sel ected from d P atons; each R R R2 are

| ndepéfdent | y Psaloats: afcaryienecontaining ape ob more newgo gtoms, ael@g@ﬁ frq;m 1S, 5
cycl oal kyl or neych palbmk. ‘F%”éeﬁ’é&é@ﬂoﬂﬁ’ﬁegﬁo@%sﬁ%ﬁw -0t @ENaﬁ-JdePt Qd from

0, S, Nand P atons, and ar or ar tdlning one or nore hetefo atons
sel ect ed from&)selectesl feord the graups consistingodf mytregen, n@Rs s-N(RdkpendetREy an

each of R;, R, and Rs are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl or cycloalkyl containing one or more
15 hetero atoms selected from O, S, N and P atoms, and aryl or aryl contalning
one or more hetero atoms selected from O, S, N and P atoms; m is an integer

of from O to 6 and y is an integer of from 1 to 6.

32. A process of Claim 27 whereln the corrosion inhibiting solvent compound is a
20 compound selected from the formulae:

W-(CR1R2)n1=X-[(CR1R2)nz-Y):

258 or

T-[(CRsR)m~Zly

where W and Y are each independently selected from the group consisting of
30 =0, -OR, -0-C(0)-R, -C(0O)-, -C(O}-R, -8, -S(O}-R, -SR, -S-C{O}-R, -S(0)R,

-8(0)z -N, -NH-R, -NR;R,, -N-C(O}R, -NR-C(O}-R,, -P(0), -P(0)-OR

-P(0)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene
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Integer of fromO to 6; and z Is an integer of from1l to 6 when X is

al kyl ene, cycloal kylene or arylene; and z is an integer of fromO to 5
when X I's 10 cycl oal kyl ene contai ning one or nore hetero atons sel ected
fromO, S, Nand P atons or arylene containing one or nore hetero atons
selected fromO, S, Nand P atons; T Is selected fromthe group consisting
of -0, -S, -Nand -P; Z is selected fromthe group con2&Septermbeh200Dgen,
-OR5, -N(R5)2, and -SR6; each of R3, R4 and R6 are each i ndependently
selected fromthe group 15 consisting of hydrogen, alkyl, cycloal kyl or

cycl oal kyl com&velpalgygne containingeone er siase dwetere ateins seledtad tomo), §, NN and P

t d het e | d f
3O W anc P AAbey SR RIS PR borTRG o AR 55 B SEREC L1
frlom 1 to 6. 26legfed Argmn 00psS, Of aﬁdalﬂnag&?nwh@aeﬂnla};hm ca:@fdro%,{/?mckéﬁunbu ting

nt IS .a oun el ecte romt or e. ,
SF‘\’g)x(la X_f?ggoﬁlrépgnq?nﬂy n?g#ed?— ) SFPHP y"%'@ﬁ?sqmeg 6)’%9&9’%‘ #Weach
I ndepeadentol y cﬁ@lbsmym %eramwmmwmhg oPEIbt intdreHbtéth atails sefaatedi@grﬁ@ Nﬁ R
- ﬁ(mo}Rz _ -C(N-)C(@-FN RE @POF Rpd aryl( oy g(ryl %ﬂp@}adnméamme orsmorQéhewpt@tﬁrm 2007
-P(0)- (R 2; &b&teﬂr&ﬁtgyﬂﬂoﬁﬂ& b%t&h@“@a&%ﬁhftdnﬁ%?[? iﬁ é{ér?c{é‘ﬁu 0 oot ed

cycloalkylene or cycl oal ne contal ni ng one
fromo0, S, N étege cfifrors 0 torfel andyz snan uﬂegarwfefmn ddnt@ivhengl isnalkgeneor e

et e 2t o BYGEK I e g M T, B Ry ot

cycl oabkyl or cyqoalbﬁbkqboniamﬂrm oHengr MoK memtem@ewmemm,sm Mengd from
0, S, Nand or _ar

sel ected f ronﬁoﬁog's % %ﬁ ngc é{‘@fﬂ@g @é‘lacﬂ'gﬁ{gr%bgggg afpgr?q 'P%@&%ﬁﬁ{§yat e
N and P atoms; T Is selected from the group consisting of -O, -S, -N and -P; Z
is selected from the group consisting of hydrogen, -ORs, -N(R;)., and -SR;;
each of R;, R, and Rs are each independently selected from the group
15 consisting of hydrogen, alkyl, cycloalkyl or cycloalkyl containing one or more
hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; m is an integer

of from 0 to 6 and y Is an integer of from 1 to 6.

20 33. A process of Claim 28 wherein the corrosion inhibiting solvent compound is a
compound selacted from the formulae:

W~(CR1R2)n1=X-{(CRR2)nz-Y]:
25
or

T-[(CF{SR‘l)m' ¥

30° where W and Y are each independently selected from the group consisting of
=0, -OR, -O-C(O)-R, -C(O)-, -C(O)-R, -8, -8(0)-R, -SR, -8-C(O)-R, -S(0)R,
~5(0)z -N, -NH-R, -NRR;, “N-C(O)}-R, -NR-C(0}-R,, -P(0), -P(0)-OR and
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integer of fromO to 6; and z Is an integer of froml to 6 when X Is

al kyl ene, to cycl oal kyl ene or arylene; and z is an integer of fromO to 5
when X is cycloal kyl ene containing one or nore hetero atons selected from
0, S, Nand P atons or arylene containing one or nore hetero atons
selected fromO, S, Nand P atons; T is selected fromthe group consisting
of -0, -S, -Nand -P; Z is selected fromthe group con2&Septpraben2006gen,
-OR5, -N(R5)2, and -SRS; 15 each of R3, R4 and R5 are each independently
selected fromthe group consisting of hydrogen, alkyl, cycloal kyl or

cyci oal kyl contR{}{E4R)eneX ois ramfeetechefremo the ogroupe ! comisisting r ofn alkyl8neN and P

0. S N and e Baidiee G GeRaRfe 3ithg BRe Gr Aibrs oM Ems GeRRled sor o
fS g Io\r;welnt t 806 O:ﬁbnﬁ;g 2. prama%atohscaag{arﬂenwraeﬂgn? b@mﬂég)%hérbrl mbiedi ting
W (CR R2)" rpx %R%@Wzaeﬂ)?% FO“Ta esefbg 9mse®a<z%r@r'31 hRe 2k 83 each

I g?eogn_e@deg g_ﬁdﬂ;ﬁ%ﬂ%ﬁty rﬁﬁsét@@ %munh&O%r%uEt 'cBHsIinng P hy&Bgen ﬂé@temer
2007 _S(O) 2, QYNOE‘*M-PWV qaikyhgontaimn@(qnﬁw mongrje! e}pcgtom selepteg) fromFQO) OR
and - P(O) - (O§ N 3?1 ?@n?é:ta‘?ﬂ élﬁ{fg’r%?ﬂ &fn?élﬂngoé?%' g Weq{et&loké’t'oﬁﬂse

cycl oal kyl ene Or cy I'éne co g one ero atons sel ected
fromO0, S, N selegtae ﬁ‘b[m@ Saiard ¥ atomsp eaah pf efieandon2 & indeperdentiprannor e

het ero st ome uiebef SEVER, SO B £in S 30BeS SRR 8BSy b BRRS, e
cyc) oabkyl or cyylobikglehg! onc@rylem'miai@ ane & ineger bﬁ'tfmh@ Rte B wirneXt gd from
0, S Nand %yg]toglrr(?fengr}:%n?a rY ing 8rr|e ga[ X'nlor ntte?cla Qtlon soerl]eectgcg from r8 ge’t\learno atoms
P atoms or arylene containing one or more hetero atoms selected from O, S,
N and P atoms; T is selected from the group consisting of -O, -S, -N and -P; Z
is selected from the group consisting of hydrogen, -OR;, -N(R;),, and -SR;;
15 each of R;, Ry and R; are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl or cycloalky! containing one or more
hetero atoms selected from O, S, N and P atoms, and ary! or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; m is an integer
of from O to 6 and y is an integer of from 1 to 6.

20
} 34. A process of Claim 29 wherein the corrosion inhibiting solvent compound is a
' compound selected from the formulae:

25 W-(CRiRe)n1-X-{(CR1R2)z- Y]

or

T-[(CRaR)m-Zly

30
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(O}, -C(O}R, -S, -S(0)-R, -SR, -§-C(O)}-R, -S(0)-R,
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selected fromO, S, N and P atons; each of nl and n2 is independently an to
integer of fromO to 6; and z is an integer of froml1l to 6 when X Is

al kyl ene, cycl oal kyl ene or arylene; and z is an Integer of fromO to 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from
0, S, Nand P atons or arylene containing one or nore hetero atons
selected fromO0, S, Nand P atons; T is selected from t26eSgptamben200%ti ng
of -0, -S, -Nand -P;, Zis is selected fromthe group consisting of
hydrogen, -OR5, -N(R5)2, and -SRS; each of R3, R4 and R5 are each

| ndependent | y _$¥0%¢ tid-NH-Bn-NRRgN 00 -Bo SR C{@BRaf-PIQ ) FRGFORaNky | |,

cycl oal kyl or y ne_or nore e o atons,sel ected from
0 s "N and p-EIGHEREYS S5Yb 8T i Re e, Fisin SR Ro IV at o
sel ect ed fromdd,cy8oaldyne daneetumn@ onmdrSnm hetéregstomslgtted from ©, BPN6 and y
IS an integer of agm 1to Réocess of .0l ai m 34 wherein from about

0 to 10% by wa@ght &ems, B4 YIPEHOr ARAES PoBIing epenohmRre haterar #i8Msabout 0
to 5% By wei ghfplefad ﬂmﬁab CQelr@tarﬁg P a§8fs; édbﬁ A, knlh AHOYD RS éé&m 1 st

6 carbon atons and the ary roup has from ' 25 3 t0 14 carbon atons.
process of C a‘ldﬂ%dﬁh’@f eSGHBQ r 8¢ ogrouphicensisting | NW;OQBB, §ék3é.ct ed
from the gro I ycerol ,
di et hyl ene 1‘53 ?l'ﬂg "lfﬁ aﬂég %Mhﬁ ﬁoggt gﬁériea%tﬁfgmfé ano mnr}geﬂ,)’

tri et hanol am &, NNmd B’Oatwmaatamyll aryvhanahdrgondgining one or more hetero atoms

nyar oxyet hy! ) RBIFGHEL TE, O, RLBRY Pt aefta a1 shd 12 o Bberidehy an

2- aym no- 2- met integér- off fograr®io 6; dndarishan htpganeffeom 1 to 6 when X Is alkylene,
2- (2- am noet hox %3 Et hanol , N-(2-h drox et hﬁ% ace mde
N (2 hydr oxyeEHIPSUIGRE; 91 AniRNes AdaZ (W a1 ipteash Rbjom 4 to Ghavnedi ¥ 1s s 37,

A process of GlabakgBnde8hiring b 6OMbRSh&EBrd aﬂahrm édréweéﬁbmecﬁtslﬁa%al ect ed
from the grou consi sting of ethylene glycol, diethylene glyco gl ycerol,

di et hyl ene foMsPaione CONtRINNG ABA OF MAKA Mear worme SeleRte TG S,
V(5 E?S?Li‘;“et T 40 AL RO Woum ponton o Qs 2
2- (nmetthyl am nig eetam@n from -theigrour consisting- of- ydopgar I-ORs, -N(Rs),, and -SR;
each of R;, R, and R; are each independently selected from the group
consisting of hydragen, alkyl, cycloalkyl or cycloalkyl containing one or more
hetero atoms selected from O, S, N and P atoms, and ary! or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; m Is an integer

20 of from O to 6 and y is an Integer of from 1 to 6.

35. A process of Claim 34 wherein from about 0 to 10% by weight of a metal ion
free silicate compound; and from about 0 to 5% by weight of a metal chelating
agent. the alkyl group has from 1 to 6 carbon atoms and the aryl group has from

25 3 to 14 carbon atoms.

36. A process of Claim 25 wherein the corrosion inhibiting solvent is selected from
the group conslsting of ethylene glycol, diethylene glycol, glycerol, diethylene
glycol dimethyl ether, monoethanolamine, digthanolamine, tristhanolamine, N,N-
30 dimethylethanolamine, 1-{2-hydroxyethyl)-2-pyrrolidinone, 4-(2-
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10 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol, N-(2-hydroxyethyl)
acetam de, N-(2-hydroxyethyl) succinimde and

3-(di ethyl am no) -1, 2-propanediol. 38. A process of Caim 27 wherein the
corrosion inhibiting solvent is selected from the group consisting of

et hyl ene glycol, diethylene glycol, glycerol, diethylene 15 glycol

di met hyl et her, nonoet hanol am ne, diethanol am ne, tri et [28%éptember 2007

di et hyl et hanol am ne, 1-(2-hydroxyethyl}2-pyrrolidinone, 4-(2-

hydr oxyet hyl ) nor phol i ne, 2- (et hyl anmi no) et hanol ,

2- am no- 2- net iytrokygthelimopholing] 24msthglaPrino) ethanoll 2-aﬁ11|6022matnﬁdt-¢mmﬂcﬁt hanol ,

5 (i of yl ann TofmiDo%E ﬁrtpﬁﬁ“aﬂe%&%am%e@@?)"eﬁﬁoﬂﬁ@3@3@% it n the

corrosion | nhiNafd-hyto mﬂ()rgucbﬁmﬁdg@,fd i&th(AEm BnédislSi sting of
et hyl ene gl ycol, dﬁgtfﬁtene glycol, gl :%%rofq d| et hy?@ge gl ycol di net hyl

et her, nonoet hanol am ne, di et hanol am ne, triethanol am ne, N, N-
di et hyI et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2 25
hydr oxget3W| ) #opipess bEClain (zmhﬂiarélﬁrthélebﬂbmmmbltmg solvent is selected from

g ?rzn ggnlznggt % l L&[ %&?ﬁ?ﬁ%l f(eﬂ'?Mln%}’lrﬁl’?Q)z(gﬁg,t algay%geeqim odycerol, diethylene
N-(2- hydroxye gm?b dIFieRs Bing, %@aﬂmaﬁokmnﬁ Qlléﬂ?éﬁom?hmé Jm&naﬁ&mn@dmh- 37

26 Septerrber 40. A process of Claim 29 wherein the corrosi on

i nhi biting soldveﬁhylewagahameed fromﬁ@r@%”ﬁ&!ﬁjhﬂbﬁwgﬂlidﬂwﬂm et hyl &6&

I |, diethy t ,
ronpet hanol ant FarexysinyifRbrpngine; 24 ety hficlihens, 2 Snifiee-riifii propsiiche”
di net hyl et handmtmnna-pmp@molhgdz-@wmeﬂwxy)—ahpmlr dl-(2ehiydooxyethyl) (aetamide,

2 arino- 2. et SRl ST S g -12eropancc

2- (2- am noet hoxy) - et hanol , N-(2-hydroxyet hyl) acetani de,
N ( 2- hydr oxyet hyI) succi ni m de and 3-(diethylam no)-1,2-propanediol. 41. A

10T oast Bne. B REress HERBR 2 rsfo 8 Slrs B bl R BRE s Rl

di et hyl  sul tl'm(gtdmp eaﬂsismhgrw,eﬂmedglm heithglepe rgiybol eglycéioi, diefhylsness of

clai m 29 wher e‘ycoltcp me&ngtﬂern %onog&gﬁélgﬁl?n% ﬁ%%nofcénﬁngﬁﬁe%anolamme, N,N-
dimethylethanolamine, 1-(2-hydroxyethyl)-2-pymrolidinone, 4-(2-
hydroxyethyl)morpholine, 2-{methylamino)ethanol, 2-amino-2-methyl-1-propanol,
1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide,
N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

. 20
39. A process of Claim 28 whereln the corrosion Inhibiting solvent is selected from
the group consisting of ethylene glycol, diethylene glycol, glycerol, diethylene
glycol dimethyl ether, monoethanolamine, diethanolamine, triethanolamine, N,N-
dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-
25 hydroxyethyl)morpholine, 2-{methylamino)ethanol, 2-amino-2-methyl~1-propanol,

1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide,
N-(2-hydroxyethyl} succinimide and 3-(diethylamino)-1,2-propanediol.
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| east one ot her co-solvent selected fromthe group consisting of dinethyl

I s sul foxide, sulfolane, and di nethyl piperidone. 43. A process of claim 35
wherein the cl eaning conposition conprises water or at |east one other
organi ¢ co-solvent selected fromthe group consisting of dinethyl

sul f oxi de, sul fol ane, and di net hyl piperidone. 20 44. A process of claim40
wherein the cl eaning conposition conprises water or at 288eptemben2D07Y
organi ¢ co-solvent selected fromthe group consisting of dinethyl

sul f oxi de, sul fol ane, and di nmet hyl piperidone. 2s 45. A process of claim25
wherein tHk cliepricags cb@lzini 29 whereiortbe icogresion drthibitingt soentissdlecteth frormoxi de,

trieth | am -1.2- dj am t ti I d | f ol
and vator. - 36 SRRCEINRGI SIS BV, PR 375 cbeos teins. ne
cl eani ng conmpedicol dimetigMettes afioricetiaroRiiye, ABTRANCIIMIAY JFiethaAGamine, N,N-

1- (2- hydr oxyet h I%\- 2-pyrrolidinone and water. s 47. A cleaning conposition
of claim 25 c&‘%@ etignelamingret hy| adri@hvdraxngthyibzinyeolidiegn®et hyl  stt{®oxi de,

tri et hanol am i bl ani ng
corrposf%t i on cgﬁgﬁ*g?ﬂr@%{”gp ?E’r?étéﬁ@:ém?@rgnﬂﬁbglf gﬁgwﬁ% h%ﬁ@f’gﬁrﬁg ne,
et hyl ene gl ycdraminp2-propgnen ddRaminnsthay)-athantlh N-@-wdshostiivh raestamide, and

water. 49. 39 N.(2-hydroxyethyl) succinimide and 3-{diethylamino)-1,2-propanediol.

41. A process of claim 25 wherein the cleaning composition comprises water or at
10 least one other organic co-solvent selected from the group consisting of dimethyl
sulfoxide, sulfolane, and dimethyl piperidone.

42. A process of claim 29 wherein the cleaning composition comprises water or at
least one other co-solvent selected from the group consisting of dimethyl
15 sulfoxide, sulfolane, and dimethyl piperidone.

43. A process of claim 35 whereln the cleaning composition comprises water or at
least one other organic co-solvent selected from the group consisting of dimethyl
sulfoxide, sulfolane, and dimethyl piperidone.

20

44. A process of claim 40 wherein the cleaning composition comprises water or at
least one other organic co-solvent selected from the group consisting of dimethy!
sulfoxide, sulfolane, and dimethyl! piperidone.

25 45. A process of claim 25 wherein the cleaning composition comprises
tetramethylammoniun hydroxide, triethanolamine, trans-1,2-cyclohexanediamine
tetraacetic acid, sulfolane and water.
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486.

47,

48.

49,

26 September 2007

A process of claim 25 wherein the cleaning composition comprises
tetramethylammoniun hydroxide, 1-(2-hydroxyethyl)-2-pyrrolidinone and water.

A cleaning composition of claim 25 comprising tetramethylammonium hydroxide,
dimethyl sulfoxide, triethanolamine and water.

A process of claim 25 wherein the cleaning composition comprising
tetramethylammonium  hydroxide, triethanolamine,  ethylene glycol,
ethylenediamine tetra{methylene phosphonic acid and water.
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