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ON SURFACES BACKGROUND 1. Field of the Disclosure [0001] The present

di sclosure relates to a novel cleaning conposition for sem conductor
substrates and a nethod of cleaning sem conductor substrates. Mre 10
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t he substrates and the reanaI of residues left on the substrate after a
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are used as an intermedi ate mask for transferring the original mask pattem
of areticle onto the wafer substrate by neans of a series of

phot ol i t hography and plasma etching 20 steps. One of the essential steps in
the integrated circuit device nanufacturing Erocess is the renoval of the
patterned photoresist filns from bstrate. In general, this step
is caried out by one of two nethods. [0003)One nethod involves a wet
stripping step in which the ph éor sjst-_25 covered substrate is brought
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order to bumthe resist fllntfrontthe substrate in a process known as
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sem conduct or substrates. However, recent reports have raised concerns
toward t 003} e us@n@fmemgemvolvas a wet stripping step in which the photoresist-

25 covered substrate is brought into contact with a photoresist stripper solution that

consists primarily of an organic solvent and an amine. However, stripper solutions
cannot completely and reliably remove the photoresist fims, especially if the
photoresist films have been exposed to UV radiation and plasma treatments during
fabrication. Some photoresist fiilms become highly crosslinked by such treatments

30 and are mare difficult to dissolve in the stripper solution. In addition, the chemicals
used in these conventional wet-stripping methods are sometimes ineffective for
removing inorganic or organometallic residual materials formed during the plasma
etching of metal or oxide layers with halogen-containing gases.



materials and as a result there is a push by the sem conductor industry to
repl ace 20 hydroxyl am ne type conponents. Hence there is a need for nore
environnmental ly friendly nmaterials. 100071Therefore, the cleaning solution
nmust be effective for renpving the plasma etch residues and nust al so be
non- cor r osWRE0e80ES¥ exposed substrate 25 materials. TRETVEBAWTG1§16? 0 cl ean
the broad range of residues encountered, and be non- corrosive to exposed
substrate materials is achieved by using the cleaning conposition of the
present disclosure. The cl eaning conposition of the present disclosure
effectively cleans a sem conductor substrate w thout corroding netals
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corrosi daining car groups. [.0010] Anot her
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| east. one water sol ubl e hydrazi nocarboxylic acid ester selected 20 from t he
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non-corrosi ve cl eani ng conposition
[0007] Therefore, the cleaning solution must be effective for removing the
plasma etch residues and must also be non-corrosive to all exposed substrate
25  materials. The ability to clean the broad range of residues encountered, and be non-
corrosive to exposed substrate materials is achieved by using the cleaning
composition of the present disclosure. The cleaning composition of the present
disclosure effectively cleans a semiconductor substrate without corroding metals
contained thereon because of its weak acidic formulation, and due to the presence of
30 combinations of water soluble organic compounds which act to enhance residue
cleaning performance via oxidation and reduction mechanisms, and also whose
presence performs the dual function of corrosion iphibition and trace metal chelation.



30 conprises: water; about 0.01 wt%to about 15 wt % of at | east one water
sol ubl e hydrazi nocarboxylic acid ester, about 0.01 wt%to about 20 wt % of
at | east one water sol uble carboxylic acid; about 0.0005 wt%to about 5 wt %
of at |east one water WO 2008/ 005354PCT/ US2007/ 015169 sol ubl e

fl uori de- con2ananosag4 mat eri al ; and optionally, at | east PERESHOVIZEP on

i nhi bitor not containing carboxyl groups. [0012] The present disclosure also
provi des a nethod of cleaning residues 5 froma sem conductor substrate.
The nethod conprising the steps of: providing a sem conductor substrate;
contacting said sem conductor substrate with a cleaning conposition, said
cl eani ng conposition conpSUMMARYXDETHEADISGEOSURE hydr azi nocar boxylic
acid ester, at |east one water soluble carboxylic acid, optionally, at
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t ert - butpgbosy rbaz@Q,erﬁdelh@hI!bf ttmamdr&zm:vamebamtcmmmtbejl ubl e

car boxyl i C aC| el ected fromt ou i %aﬁp@xyl iC

aci ds wiRAsSEH& ‘%FEQ?I”{? Bﬂ'é‘lp“f‘?ﬁgﬁ‘ge %‘ﬁggt eg‘%h/f% seg’g%tsw%\?tz‘ﬁgt WO Of nore
addi t i ongid bstga.rmlxeasnode peltycsolbbleydarnoxylic dsidwoptionallyi el lgastions WlRHs; at

| east. one uble. f1u aC Nt ibA&R t he

ar o o e EoBinL e B B e e

f 1 uori denadrcontainiey hgthexigroapsoni um fl uori de, -at | east one
hydrazi nocar boxylic acid ester, and optionally, at 30 | east one corrosion

i nhi bitor not containing a car boxyl group. WO 2008/ 005354PC‘§/ US2007/ 015169
DETA! LECIODESTRI PTIADtEr erpipodientRidhe navsces aiverciepaning cREORPEfChed her ei n

uni ess oldibiicscwatlresh loabl orROWAERA sBlIbFo RYRHHEMBESDORAIM abid eston delestedod {0

be percentages by wel ght the total wej gh he cl eanjn sition.
A " S8 veipm QQWW“BE 0311'37/'3%’{? g@qbgga{engih)?gar&) g 'Ph tg‘ gasrggvegt he
conponenksy 8én eaﬁ‘:ﬂaea@ BOIRSTDNS Wat@rsohible ghitexylid acip(selﬂctechfmttirlhESs

th t t t f i. . 6 d
about " 270G PBLisB of RonAEARBIE gos AL SdalrdlioBfia RERoEbyic ) O1

to a nonagias mﬁltwe of Inesrei ugiitiomap igaridso angd ipolyeaidoxylic a¢ids uﬁtbraddémal ng

| asma et ch and/.0 Ias U t strate
Corpr s IANGEAg apre PRE? SPI b IFSHMLET N fabiM SABqLal@im My ol T
aci thest gn'o,up(oﬁhsatxng efidetramethylaremonising Bueﬂ%ﬁﬁwwnﬁﬁ?wuwr‘(j@ or
opt i onal h—%n%tﬁ'yleth%f% i r?aCHJo?ﬁlaOQndl Bpt.&ﬁah@r BhsiGHY @irfisiéh MhibftoEABHOXY |

gr oup. ani ng nposition is etmeen about 2 to about 6.
[ 0017] Theomtammcarﬁcsﬁlgmwi% corrpr i ses as a key conponent at |east one
wat er sol ubl e hydrazi nocarboxylic acid ester (also known as carbazic acid
ester or ) -
[0011] A third embodiment of the non-carrosive cleaning composition
30 comprises: water; about 0.01 wi% to about 15 wt% of at least one water soluble
hydrazinocarboxylic acid ester; about 0.01 wt% to about 20 wt% of at least one water

soluble carboxylic acid; about 0.0005 wt% to about 5 wt% of at least one water



carbazate), which is thought to function as a selective oxidation/reduction
agent to 20 inprove the dissolution rate of a broad range of otherw se
relatively insoluble plasma etch residues. The hydrazi nocarboxyli C acid
ester facilitates the renoval of plasma etch residues and is non-corrosive
to met al s.WORY8wnsss5nocar boxyl i c acid esters enpl oyed iRCHHRIGIOEAM ng
conpositions of the present disclosure are described by fornmula (I): 25 - -
CO-NH - NH2 in which lIzti is an optionally substituted, straight-chain or
branched C -C20 al kyl group, an optionally substituted C3-C20 cycl oal kyl
group, or an optionally substituted 30 C6-Cl4 aryl group. Exanples of al
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iso-prdﬁ?ﬁ?“gyﬂwgﬁ%5%ﬁﬁqgﬁw@ﬁtyl, i so-butyl, tert-butyl, sec-butyl,
cycl obutyl, pentyl, 1- hydroxypentyl, iso-pentyl, neo-pentyl, cyclopentyl,
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tett- buﬁ?@,'él%‘é'&’-g{ﬂﬂf’i}L?tr%tﬁcl obutyl, pentyl, iso-pentyl, neo- pentyl,
cycl opentyl, cycl ohexyl and benzyl. Mst preferably RL is a nethyl, ethyl,
tell- b or benzyl ﬂ%é?,!t ' , ' HsEdrRGCar boxylic
aci & esw‘t’]i ncl uﬁ%g 58%%'%?%‘“&’8‘ no %?ﬁ{n?@?ﬂ)own%%ﬂ% (?%égbazat e, ethyl
car baz asemiqundugtorsabbtiatet the ethodraopyprising the-steps of providigg@pazat e,
tert-butyl. dQ.@(cF, ! W nfEStuctH SBERER wiRta CRER
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carbaza car bazat e, carbazat e phenm car bazat ? and 2-
composition; rinsing said semiconductor substrate with a suitable rinse solvent; an

optionally, drying said semiconductor by any means that removes the rinse solvent

20 and does not compromise the integrity of said semiconductor substrate. The
cleaning composition of this second embodiment comprises: water; at least one
water soluble hydrazinocarboxylic acid ester selected from the group consisting of:
methyl carbazate, ethyl carbazate, tert-butyl carbazate, and benzyl carbazate; at
least one water scluble carboxylic acid selected from the group consisting of:

25 monocarboxylic acids with one additional ligand, monocarboxyiic acids with two or
more additional ligands, and polycarboxylic acids with additional ligands; at least one
water soluble ﬂuoride-containiﬁg material selected from the group consisting of:
tetramethylammonium fluoride, tetrabutylammonium flucride or trimethylethyt
ammonium fluoride, at least one hydrazinocarboxylic acid ester, and optionally, at

30 least one corrosion inhibitor not containing a carboxyl group.



hydr oxyet hyl carbazate. Preferred exanples of hydrazinocarboxylic acid
esters include, but are not limted to. nmethyl carbazate, ethyl carbazate,
propyl carbazate, 25 iso-propyl carbazate, butyl carbazate, terf-butyl
carbazate, pentyl carbazate, decyl carbazate, 2-hydroxyethyl carbazate, and
benzyl carwazatsosssbre preferred exanpl es of hydrazi noRGRBBRYFGIEIGHCI d
esters include, but are not limted to, nethyl carbazate, ethyl carbazate,
propyl carbazate, iso-propyl carbazate, butyl carbazate, tert-butyl
carbazate, pentyl carbazate and benzyl carbazate. Methyl carbazate, ethyl
30 carbazate, terf-butyl carbazate and benzyl car bazate are the nost
preferred hydrpefANLED DESCRIPHONIOESTHE PRERERREDF MEIHANIENGE US2007/ 015169
[ 0021] The hydrazi nocarboxylic acid esters may be a blend of two or nore
hydrazi nocarboxylic acid esters. If such is the case, then the
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R!1— 0 - CO-NH —NH: )

in which R' is an optionally substituted, straight-chain or branched Ci-Cao alkyl
group, an optionaily substituted C3-Czo cycloalkyl group, or an optionally substituted
30 Ce-Cis aryl group. Examples of R' groups include, but are not fimited to, methyl,
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WD 2008/ 005354PCT/ US2007/ 015169 as Uganda. If the ligand is conposed of
several atons, the one responsible for the basic or nucleophilic nature of
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hydrazinoccarboxylic acid esters.



di carboxylic acid with two or nore additional |igands. Exanples of this
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[ 0038] The preferred classes of the at | east one water sol uble carboxylic
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[0028] In another embodiment of the cleaning composition of the present

disclosure the at least one water soluble carboxylic acid comprises at least one
monocarboxylic acid with two or more additional ligands. Examples of this subclass
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present disclosure may, optionally, include one or nore corrosion
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branched C1-010 al kyl group or optionally substitut ed C3-C10 cycl oal ty
group; [0033} in another embodiment of the cleaning composition of the presen

30 disclosure the at ieast one water soluble carboxylic acid comprises at least one
polycarboxylic acid with additional ligands. Examples of this subclass of carboxylic
acid include, but are not limited to, citric acid, agaric acid and mixtures thereof.



(c) about 0.05 W% to about 15 wt% of at |east one water sol uble carboxylic
acid 25 selected from nonocarboxylic acid with one additional |igand,
nonocar boxylic acid with two or nore additional |igands, dicarboxylic acid
wi t hout additional |igands, dicarboxylic acid with one additional |igand,
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30 [0053]5"?1&1 agg‘ﬁl%j . dditives such as, pH adjusting agents, surfactants,

chel ati ng agents not containing a car boxyl group, de-foam ng agents, and
bi oci des jagas I a_?e i NG uHEMeRerABbdiRTEMt cfoiNeosieahing colBiposition of the present
54P

g?gg{zggﬁp@cp@y}eugﬁ) ?71%?3,3?3 0a 2 ]sT{&%IeC LS bt GRS nbhSSs at &8 gHesent
dicarboxylic acid or polycarboxylic acid each having at ieast one nitrogen moiety.
Examples of this subclass of carboxylic acid include, but are not limited to,
ethylenediaminetetraacetic acid, N-(Z—hydroxyethyl)ethylenediamine-N,N‘.N'-triacetic
acid, SH-diethylenetriaminepentaacetic  acid, 1-Amina-cis-cyclopentane-1,3-

25 dicarboxylic acid and mixtures thereof.

[0036] In another embodiment of the cleaning composition of the present
disclosure the at least one water soluble carboxylic acid comprises at least one
monocarboxylic acid with at least one sulfur moiety. Examples of this subclass of
30 carboxylic acid include, but are not limited to, thiolactic, thiophenecarboxylic,
mercaptopropionic mercaptopyruvic, sulfosuccinic, mercaptosuccinic, thiodiglycolic
acid and mixtures thereof. Preferred examples of this subclass of carboxylic acid are
sulfosuccinic, mercaptosuccinic, thiodiglycolic acid and mixtures thereof. More

10



i ncl ude one or nore pH adjusting agents. The pH adjusting agent is enpl oyed
if necessary to adjust the conposition to fall within a pH range from about
2 to about 6. 5 A preferred pHrange is fromabout 2 to about 5. A nore
preferred pHrange is fromabout 2 to about 4. The nost preferred range of
pH i s fronW&290R003B52 t 0 about 3.5. Exanpl es of cl assesPeFURNHIPEtI ng
agents useful for the present disclosure include, but are not limted to,
hydr oxyl am nes, al kanol am nes, al kyl am nes and al kyl ammoni um hydr oxi des.
Exanpl es of suitable pH adjusting agents include, but are 10 not limted
to, hydroxyl am ne, diethyl hydroxylam ne, npnoethanol am ne, di et hano] am ne,
tri et hambefamede exampleasy 08 nthig ysubrlass nel qarbpedicyasidy g Jageapiasuccnie,
mononet RyibaigrRelic SciPY mBakres thdrkbflet hyl am ne, nonoet hyl am ne,

di et hyl am ne,” et hyl net hyl am ne, i sopropyl am ne, diisopropyl an ne,

mono- n- propyl am ne, nonon-butyl am ne, cycl ohexyl am ne, N, N-di nethyl-1

, 3- popaneesAT ne, 1\ dwotidr dinbRbimertysl aiee¥ldanifig)eomositioh yofattien present

t et ramet hyl ammoni um hydr oxi de, tet rﬁﬁhyl at?mm i umJ;ydroxj de,  tri r{et hé/l

hy r Sxy SHSRISHFRGNE #h epat ORe diater FolBIR TP Ak COPRSPS AtiBrT N

hlydr oXi GfionddAebSiviic sicid am? aﬂteaﬁﬁanéilsﬂlmrgﬂoi@m andat least and nidmgenmaoibty.

cl eani ng. 20 conposi.tion t he _present disc u . Q0. en

wet 11 ng PTG SL IS GRS ot SRR a5t BRMAR L5t AR ot s WA ST

et chi ng aci irmsoalistedo laokd, oystaine, thiazolidinef carbroxylis anidvi hamocxstaine.seystine at e.
These syrfact WelpY] LOd G LARLS, j ik QUL e O
anphot e%ng %ﬁﬁpéeé gﬁet?%&grﬁ%%ﬁr glga'ﬁﬁ%‘rbe%ﬂ‘ ﬁ“i’%&? Fé]rggﬁlofé’éisr%? z'a‘%?a?ri](fsa ’ or the
predént aysteineysibiazolidine ¢astnokylic aiaid,ohomeeysteing, egstingpand mixtireszthergalhpl e i s
an al kyl ' e OGS i iaet ant, avail abl e
from Ar Jﬁﬁ %ﬁglr'ﬁ @%fés/%an%%%hﬁerfqt e%?%gggﬁgam%lg Is; degg,e' t he surfactant
is present in the cleaning conposition of the present disclosure up to

about 0.rgo¥470 (50%&&%{#&%&& bﬂ%-atﬁéﬁt%@k&brtﬁmm@&éﬂ%&gwa@& t he

present "disclosure 1s in_the cleaning conposition from about, K 0,0005 w % (5
PPt 0 SABIVENARrPOXYIC FCiR wb@@emﬂwt!on%ﬂgam-é?e?%f?? if@c] MR WA 0F of

E fllg 18 ﬁ)&ﬁ&fet @Htt)cﬁﬁdt»r%g l!i?ﬁn&lss; diéf(;%%b@lié |a%ﬁfﬂ_r_i€§bl.€t@mfﬂnb} ngaﬁq;-pmfhm;;ndh@@l W %

to about Q. % . S referre r a

concgﬁt th oRe; ﬂdq'ﬂg’%w n§ Ft3d ‘%ﬂ‘t"ﬁ ohnpore adaftiondf i§Hhas,
2008100&&%&%&#%88@&% O.ilzﬂi:ﬁﬂ/ %umamppf lltﬂjaadg,gagly;?ﬁﬂmxbm \aeieh witiho addiiori:) 1 W]E %
10 . to . about 0. % (. rl)- eanl ng. {Ll.qn O
the br eligafe: BeneSrpaiAcd il oastopgdmeosarh oforiaad SOl el o'

reduce forgulyoprbdstylie meidoyithl at kst amd nitrogen mooietyent nay be enpl oyed up to
abo 20 wt % of the total surfactant concentration. Exanples of defoaners,
whi may be suitable, include, but are not limted to, DeFoanmer WB 500
(avai | aHP@39} om T&dte Serepraferryd classennf therat leastaneawater splblesarbordis,

Technol are $REN é)aggé;g;ﬁ- W ‘GB?"") vl with
(avail a(bl‘[fbga farr%-m Aidr:- (] ug%c?wétﬁgé%:zgi\?gﬁa e df'_rrﬁ?‘nﬁéosi Sxféigfaglafl S,
Inc.), dwe Rivamregadgiional digestse disarhrrdice acih)witheis additignal é‘&ﬁ?‘ﬁﬁ
coNposi tdigtoBkylich Gcidl ¥ANGnE! | sdditRsial qighih, Wicbbyib UaEId Akt Eaer ePindre

addi ti veésqﬂ(e. g.,, bactericides, algicides o, fungici dgs). ExarTBI e Ofi' 15
ant i29i crasisiitignal Jigands. \Reyrarkogwic g‘é'de ] iqnat |ligahds ind Tep ﬁ%’?’oﬁ'ﬁi ted
to, Kat hayid Wih dfaédoneitrdgertmdiddzOLONE 950 Bactericide (available from
Rohm and Haas), nethylisothiazolinone, and the AQUCAR series of products

(avail able from Dow Chemi cal). If enployed in the cleaning conmposition, the
typi cal poeaQp of chimcernist ptefemedtiasses of theodt lebsiagenwater sotitbie cérbonyligbout

0.0001 wt % to about 0,5 AT . . i re.qh S usef ul
SNt e g?ce@ gre Crp%%ﬁrbaﬁi’llgcave&@ with 308 SrdRichaf hBér‘?cferﬂBngéaﬁ'%QﬁM &eid with
30 two or more additional ligands, dicarboxylic acid without additional ligands,
polycarboxylic acid with additional figands and monocarboxylic acid with at least one

nitrogen moiety.
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manuf act uri ng processes, care nmust be taken to provide cleaning
conpositions with low netallic inpurities. Preferably, the cleaning
conpositions of the present 25 disclosure should not exceed total netal ion
contam nation |evels of 10 ppm Mre preferred are cl eani ng conpositions

t hat have wetxadso®isal 1 on contam nation |evels of 5 ppPeUUSHENISI6NDST
preferred are cleaning conpositions that have total netal ion contam nation
| evel s not exceeding 1 ppm 30 [0059] An exanple of a cleaning conposition
of the present disclosure conprises (a) water; (b) about 0.1 wt%to about
7.5 Wm % of methyl carbazate; and WD 2008/ 005354PCT/ US2007/ 015169 (c) about
0.1 wt %[oo4apout Thewéateoolubl: darbbxylicracihgddes ththegileaning comaesoRa @

ot oo P tsetali SRS Han 58 T End b G oD SarbBRARSIGED I Qlaki Baner esent

bout 5 wt% o
nmet hyl ocamam@ghe(ca)rb@mmac@d may e blendedin apy watia p ta aboyt §9.5 W% 06
wei ght nfad tith Y bc;m(ggtwl(% 01 W %
to aboutg%ecv\ﬂ% g‘s%%? aC| igbég%r%rllot helr.elge}égar:r]pl e olﬂrl'iH {(? aéa n ’
conpdsi t dfornep@cittheA mcuemtefem bipsnt eidwiepvewd contain g to @b %?;"S’)‘g%&;t 0.1

w%to Qi:%ft% e bibylit Stewta Jtteacand
et h(;/l cgé)'géla%gtaeﬁ %ﬁ‘ﬂ&%f&é& %Hgﬁe%%dlﬁb?%&m/gof glltlrl .ac d ;nd (d)

about 10agim Woa teompsn higher srixire iheacarkarylicoacid Wl e of

a cl eani apgsi tion of the present disclosure conprises (a) vvat er, (b)
about O. wt% to about 10 wt % of ethyl carbazate; (c) about 0.05 wt%to
about 15 wt% of lactic acid; and 25(d) a sufficient anount of

t et r ggret [poa2moni urRepelisent disclosups fisriertidompprides fwatee Preferably, the water
is de-ionized and ultra-pure, containing no organic contaminants. Preferably, the
water has a minimum resistivity of about 4 to about 17 mega Ohms. Mare preferably,
the resistivity of the water is at least 17 mega Ohms.

15 {0043] The present disclosure comprises the mixture resulting from blending
(A) water; (B) at least one water soluble hydrazinocarboxylic acid ester; (C) at least
one water soluble carboxylic acid; and (D) optionally at least one corrosion inhibitor
not containing a carboxyl group.

20 [0D44] The water soluble hydrazinocarboxylic acid ester is present in the
cleaning composition of the present disclosure in the range from between about 0.01
wi% to about 15 wit%. Preferably, there is about 0.05 wt% to about 10 wt% of the
hydrazinocarboxylic acid ester in the cleaning composition. More preferably, the
hydrazinocarboxylic acid ester is added to the cleaning composition in the amount of

25 0.1 wt% to 7.5 wt%. The most preferred range for the hydrazinocarboxylic acid e;ter
is from about 0.1 wt% to about 5 wt%.

[0045) The wéter soluble carboxylic acid is added in an amount between
about 0.01 wi% to about 20 wt% in the cleaning composition of the present

30 disclosure. Preferably, about 0.05 wt% to about 15 wt%, and more preferably about
.0.1 wi% to about 10 wt% of the water soluble carboxylic acid is included in the
cleaning composition. The most preferred concentration range of the carboxylic acid
in the cleaning composition is between about 0.1 wt% and 6 wt%.
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conposition to be in the range fromabout 2 to about 5. [0063] Anot her
exanpl e of a cleaning conposition of the present disclosure conprises 30(a)
water; (b) about 0.1 wt%to about 5 wt % of tert-butyl carbazate; (c) about
0.1 Mt%to about 6 wt% of a 1:3 m xture by weight of citric acid and lactic
aci d; and wWoR0BAOB3005354PCT/ 11S2007/ 015169 (d) a suf f PET/ESRO0TAMMPENt Of

t et ranet hyl ammoni um hydr oxi de to adjust the pH of the conposition to be in
the range fromabout 2.2 to about 3.5. [0064] Anot her exanple of a cl eaning
conposition of the present disclosure 5 conprises (a) water; (b) about 0.01
wt% to about 15 wt % of nethyl carbazate; (c) about 0.01 wt%to about 20 wt %
of a 4:1 mixture by weight of citric acid and D-gluconic acid; and 10(d)

opt i onalelhm bout 'lq’\eoeléamn#é&ﬁm?@ﬁﬂén P t%%zraeéﬁl easbméﬁ@zma@ oﬁﬁénéﬁy.

suffici unt of tetra ammoni um hydr oxi de to_adjust t H of the
conposi tingHde onge oF NMoFRe qoaﬁg@nf inbihitero fot ?Q“E?'ﬁ'ﬂau?a"@m‘* 0FBHPTh E?%anl ng

conpoSi tddphsitin IABIBFLESN be UdtfelABURE cbﬁaﬁa@tnoﬁna%au@@hha inkbitlesrrgnerd t o
renove photore3| st films from sem con crctor sybstra es t.her the cI eani ng

conpdsi tafdRrresed Haels) !%’@l’ﬁ op; the| gtiFenquetefede it Y Inyin., SRRPEL ¢
residue aﬂlfoyerofrtﬂayyImaatdﬁeadma&@r@pated)ynaaﬁr Where \we wbrmpmanysmetlrhod

fromthe sem conductor sybst e. .2 00661 Theref.o t hod
of the pilickAibess QBT"S‘QHF@S aé‘i g‘? m@rgﬁ'il’yo%?% @d@'&' b@gg cﬁﬂgﬁ'ﬂ' %Pdsspgth [i ppi ng
plr ocess. théﬁ)taﬂ:wxya@rloepdr sucht as, mt@dﬂg(yp maeﬁhma méreaptoe dnd icationyt grgupe o o
pl asma ashjn one se r eat UQK i e ot
gas treaﬁ"}fie ﬁ‘e(%éé%r Pg ?jg‘q%ﬂrg Ré) 315'&9%& @'%Vg%r % %ﬁﬂerelrﬁ by

r ef excenqroperties andrpreventythe famuationeofinétel oxidesdiihe iagditionyof ODRRE MAre 94|

O 9311 © R LSl BB 0R S AInEARBSUAGA K8t ResShagn Skilled i1

the art he pre erre I ppl ng process use I nation with the
cl eaning nethod of the present disclosure is a dry stripping process.

Prefer abllr tl s dr doﬁ&s{u‘:rgpihﬂ% Q%?Scérﬁaﬁhﬁ QArthd,af NGroapd| ddkrlr fEafe. This

process es nost o ot or esi st omthe sem conduct Qr substrate
by appl wqrgp@ﬁltum:@i W@@rﬁygehdlaﬁlﬁswﬁhwda b} apapeldimiteh i b fllowing:
(typjcal é%co?éﬁcsc;at vsamwrn@o%u | Slftgnd | gidis, beh@étiazole, aAgidte, rmyeewé s are

oxi di zed i's %r ocess an

are renov t he oces
Chi s pr oEudazaReR BHbRer bTIE. HAPTROTLRS SrYANIRTAPFRONE SO 1 or
the sem gopdutbtammals tHyirazind M%Qﬂ@ﬂ‘atl%ﬁaﬁhtﬂﬂ as{ réthyl, ethyl, propyl,

hydroxymethyl, hydroxyethyl, hydroxypropyl, dihydroxyethyl, methoxy, maleic and
phenyt hydrazine, oximes such as acetone oxime, salicylaldoxime and butanone
20 oxime, readily oxidized aromatic compounds and oxidation inhibitars, such as,
hydroquinone, pyrogallol, hydroxytoluene, 4-methoxyphenyl, and 4-
hydroxymethylphenol, thiols such as mercaptoethanol, 2-propene-1-thiol,
thiogtycerol, 1H-1,2,4-triazole-3-thiol, mercaptomethylimidazole, mercaptothiazoline,
2-mercapto4 [3H] quinazoline and 2-thiobarbituric acid, aldehydes and derivatives
25 thereof, such as salicylaldehyde, and 4-hydroxybenzaldehyde, glycol aldehyde
dialkyt acetals, particularly glycol aldehyde diethyl acetal and mixtures thereof.

[0048] if employed in the cleaning composition of the present disclosure, the
corrosion inhibitors, are added from about 0.001 wt% to about 15 wt%. A more

30 preferred coﬁcentration range of the corrosion inhibitors is from about 0.005 wit% to
about 10 wt%, and more preferably about 0.01 wi% to about 8 wi%. The most
preferred concentration range of the corrosion inhibitor is between about 0.01 wt% to
about 6 wt% in the present disclosure.
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WO 20081005354PCMS2007/ 015169 sem conductor substrate with the cl eaning
conposition of the present disclosure is necessary to renove those

resi dues. [0068] One enbodi nent of the present disclosure is the nethod of
cl eaning 5 residues froma sem conductor substrate conprising the steps of:
(a) provi diwogosesssi conduct or substrate contai ni ng posRCEUSMTAMTLDr post
ash residues; (b) contacting said sem conductor substrate with a cl eaning
conposition conprising: water, at |east one water sol uble

hydr azi nocarboxylic acid ester, at 10l east one water sol uble carboxylic
acid, and, optionally, at |east one corrosion inhibitor not containing a
car boxyl group; (c) rinsing said sem conductor substrate with a suitable
rinse s t; ' gﬁﬁgﬁﬁ strate
by any %@1@ t hat F’t%%?g'&mhﬁgg{r\{i cﬁgeég ?seqﬁmsegaé?o%éﬁﬁaﬁconpr o%ss‘tgﬁfhe

i nt egri thyr refnovirigiplasmiacdichl aodior pkBsubashing eesiussdormed eRd seBisondyior

cl eanin S sed in step (b) of the nethod of t he present
disclosﬁwggggﬁ‘%%hﬁgngiIy contain additional additives, such as pH
adjusting @evater; surfactants, chelating agents not containing a car boxyl

group, &.9 fbge Cgaqa % St 2860l O ARB, LPOZO]Bhet Sewe coathictsoruble

subst rat es eaned In this method contain, or r]hgTa or nonﬁt allic

resi dues, andwdeaginacereaxylic acid sster of foraia (Wkiny Fe8f

r elm)ved Semssagﬁiu@dor sﬁaiaat-esaas 6rymrgaértaakacacscpnamwucgredppfo:sldnattson 25
silicon germani um -V conmpounds |i ke n

t her eof . gThe Ssléﬁi'fétﬁ‘i’d&bt%zo §W§?W¢@§°%y°ﬁd’m‘??é§€f Isl"és@t%etd;%% };ng
|ntel@rat dem t structures such as mtgrconnlect features |i ke netal

| i nes an ielectric et a S

i nt er connetq) about Bioés“r’ri%} i‘i’ aggllt %(Sﬁﬁ%%f éﬁg ast OfP Mg agé'l &?ﬁab u%qlr)ié’%c alc'cI

al l oyed wit h gpper, copper titanium tantalum cobalt, and 30 sili con

titanium n'@fpgp%. aha Q*opg Ve @&tittstwi@stﬂtdéei She BTGB WHHSHor

substrate S con: oxl ITrcon nitride,

si licon car birde cangirdag bo:arhtn)gdzdrcmn i con oxides.. WD
20081005354PCT1US2007/ 015169 [0071] The sem conduct or substrate can be
contacted with the cl eaning conposition .by any suitable method, such as by
pl aci ng [OREOLI eanilnga quefesesd ieprbddimenty of dAx RIREEItHEFIOSHEP: dRE/ geaning

SUbITeT 01 finbdhici flr 48 ﬁ%oéiaéHi%S&{cﬁtmmrnﬁiasmea&h@ RigIGUEDfRARDLGIDA,

sprayi ng cleani n Iti1on onto the sem conductor substrate,
st r eani ngerpisenducions tf@tﬁrﬁ@i‘i’ﬂﬁ@ﬁn onto the sem conductor substrate, or any
conbi nat i opg) fdefeof . Preferabl y, the sem conduct or subst rates are inmersed

into the cl eani n co osition. 072] The ¢ g,c 05| ti é lhlﬁg

pres#ht di §@) WeheflPe 5 e‘%nt?g tl togﬁp O Cabout

38 g I\P/tr)eferﬂdi‘amﬁ@@rﬁbﬁﬁi&l aadceai@a%ftfoaﬁuias(ws.adwhrcurrRébsuan mtiowalty about
re prefera nin i Li

tenperature rSHRglt Li??%m Q’B[ﬂi\t—c OB%EEFC’5 T ‘° @d%ﬁ?% gib@iorr\]aily

c]Ic;aani[ ng f:orrpgmdgummag-fc,t,{chpammudt scl osure |s thai tLiey glay be t

ef fectively use Y iaB@ tinmes

can vary o¥ g}sg%%td%ggg%e@ %%pen Q{E(?zat‘??%s{gg% ;ﬁ}ml leacrfiiirn )&(i’}rrgtal hod

enpl pyed. Weseletted fiamy mcmmrbomfbc aicignvith ooe adgditienal ligands m°£'°§ﬁm°éﬂfce

range is, f Ora&éw ?BP ntitgreaQ@digo@ I@aﬂH§ e&carﬁoﬂi{'!ﬁf Qéiﬂaﬂtﬁdimgﬁdﬁ%aﬁ

batch type process 1s from about to abou tes re 20

preferred rantgandss digathaxylic agigavith 9@@§§|dlt'§“P‘r|tSl%"9b6\9Pr‘?§’ ﬁ?‘gé‘" hMhout
30 minutes. AgitePRARREAATIEATES SOl oRtoBRIE Nadi DRSS RABAAToRAI ORERTS] S
fromabout 3 mnutes to
polycarboxytic acid with additional ligands, monocarboxylic acid with at least
30 ' one nitrogen moiety, and dicarboxylic acid or polycarboxytic acid with at least
one nitrogen moiety; and
(d) optionally, about 0.005 to about 10% of at ieast one corrosion inhibitor not

containing a carboxyl group.
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[0074] Cl eaning times for a single wafer process may range from about 10 25
seconds to about 5 mnutes. A preferred cleaning tinme for a single wafer
process may range from about 15 seconds to about 4 minutes. A nore
preferred cleaning tinme for a single wafer process nay range from about 15
seconds t owalmoesiooBsan nutes. A nost preferred cl eani ng pCTrES2H0M01316%5i ngl e
waf er process may range from about 20 seconds to about 2 m nutes. 30

[ 0075] To further pronote the cleaning ability of the cleaning conposition
of the present disclosure, nechanical agitation neans may be enpl oyed.
Exanpl es of suitable agitation neans include circulation of the cleaning
conposi tion over the WO 2008/ 005354PCT/ US2007/ 015169 substrate, stream ng

h | I
megacon D08 (ot | WRETPR G ERANPBRRLRL of 8 B Mcdos BB nt ddRl| © O
sem condwotpsitombior remevingl plasme tch ehd/ogmbastia ashingeregidugn formes en a
Hor i Zonts@mt%n%’lfcﬁfs%gtrgfew ns are preferred. 5 [0076] The cl eaning

conposi t1Tons 0 resen osure can be used in conventional cleaning
tool §, sucl@)asatehe Owtrak Systems DSS, SEZ single wafer spray rinse system

Verteq si ”gi)%b%i €b.1 J%O{Hﬁc aﬁebtdfr BOYtes, S%f’ﬂ hPOieaM Hn%" watetr Relupteraf er

spray rinse’systens, er toolsets. As ficant advantage of the 10

conposi‘tion dwdrawqﬂaéiwﬂrc ariscesterefdor @U'Plféﬁ “1 Y"h|°§' Boﬁ"rﬂ pleaightsghainePht j vel y

non-t oxi c, ”Qi?aﬁ&{erd@lE@al@f‘érdﬁ?'brr(%@{bﬁﬁ‘oeﬂw&@@ts in whol e and in part,

wherebythe corrp05|t|on IS stabl e in w de ran ratures
and pr ocest) @00 é@rﬁhﬁﬁgt1pd?¢/ﬁpflaﬁéeﬂﬁt€§'8n‘f’at8f§e @LPQ? rﬁ-ﬁ’ffcal ly
conpati bl e Wsielbdeécaﬁbmcmblgfoab lcoﬁﬁkﬁﬂg af mouseakbbewma m:mtorfe)@cmitiml and

bt o1 <l eani HGePROmPApEBRYiccAta W W of B el Sadios, Ayl ' "' ©

substrate is acidgstH one hdmtlsmltl@bhd, dicadgmxytid aekit witlo twa lmpuhore adstitioreéd up to

ol vent s 1 nolgaeY =t By hERH: ANt 3HBERAR I, )\ ol e 0 © 11O
met hanol , ¢&d)ogptiohally, samubp;m M%ctbcﬂh_ouk\lﬂnm%;df;a}rleaﬁti afiencoregsion inhibitor
ganmg- butyrol %8%&}.9{? Q%B?ggg@y Xi de, ethyl lactate and propyl ene glycol

nonorret hyl er ace exanpl es of rinse solvents include, but
are not Ilnlted to, D water, nethanol et hanol and i sopropyl al cohol. More

preferr 052 S€ SQhVERR fackh Do.@'rerv@& mBEmie O RSO R ﬁémoa-scﬂi&ﬁenﬁﬁé

preferr se solvent i1s 25 water. The sol vent be aﬁg i ed u5| ng
means sﬁi‘i—‘ﬂ""&ﬁgt@mmﬁ“ﬂbé@r Femaypoy PlagMen etch @&Hf%gp'é‘ﬁ%ﬁ?oﬁ‘?‘ rfesigygs

cl eani nqoﬁﬁg@%légaﬂ,cmu&aygum% E6MPKEEs:f rom t he sem conductor substrate
prior to the start of the rinsing step or it may still be in contact with

t he 2eni cofRWWA8F substrate at the start of the rinsi ng step. Preferably,
the tenper g)utoue Mol Py ed% stdebsan S6@HNdoR 74 RAst 0078] @attéronsdllile t he

sem conduct or substrat t he dr| uita in wn in
the art may H&9E ﬁox@g gateg 0 g‘lﬂ‘f"ﬂ%l@’ VFW& Fﬂ%&n%%%ﬁ&ﬁe

drying, flowgrg dry gas across the sem conductor substrate, or heatl ng
WO 2008/ 00535 ) 0 e or ating
moans such(@ ”bﬁ%ﬁ%@ A e N i
dryiasg, | PA oseléctgd ofroam;theogtnumatqoomstlngeoédﬁonmqrbn@ﬂlcl mslsml lpae
Jependent on 414G Gigbhd, M@Qrb%gﬂt&é% Wm W &Y iR ddrBRal fifaresder  Of
30 seconds up tO seve ‘m nut e resent disclosure s also
directed to aantbpelyearboxyliceagidswiticepditiona llgands and

{d) optionally, about 0.01 wt% to about 6 wt% of at teast one corrosion inhibitor
not containing a carboxyl group.
30
{0053] In addition, additives such as, pH adjusting agents, surfactants,
chelating agents not containing a carboxyl group, de-foaming agents, and biocides
may be included as optional components.
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cl eaning met hod useful for renmoving slurry and netallic particul ates and

ot her residual organic and netal oxide residues on copper and | ow k

di el ectric substrates which have been subjected to chem cal nechani cal
polishing. Any suitable chem cal 10 nechanical polishing process may be
enpl oyed. woaomslessof suitabl e chem cal nechani cal pol PEHUSIQTIIPEELSS can be
found in US Patent Nos. 6083840, 6517413, 6524950, 6447693, and 6443814,
herein incorporated by reference in their entireties, and references

t herein. 15 [0080] Bet ween t he chem cal mechani cal polishing and the
cleaning step, there may be optional steps in which the polished substrate
may be pre-cleaned with a buffing step such as disclosed in US Patent Nos.

6455432 64368 t
entiret a3l T4 iﬁl 5 Iﬁga(f&nb&qtﬂ:fnogf Qﬁ@%r@ierfte&@élgﬁﬁ% Byl BBtiGnally,

nt- wth or wthout an agitation msaas to
remove rrclidigneserumope i ediusting agents. nthe pbinedinstinghegents exppiayed I of

sui t abl thdecoisp h§éhehsabdiit@ ki 8t € may
be dri eg‘eﬁg%ér?g??ﬁ?m?{n neansdégiarf)@ggi\gﬁtmnl ?gg r:%i? 1grr‘ca:::%%ﬁaned 0081] One

enbodi rréhpreé«prredw@!-lmaeserﬁ framsabeist & to akoytii AR fange s

sem CO”%%PQ té%%hi at ?ﬁe%&éﬂ?r&fé?&do%e%H RSTroMESHOLAIIN G labgut B16. St eps
of : provi d a sem conductor substrat ntainin si dues;
(2) cont mes 9%11:'65%%5@“(}?%69&58?9 ageRtsusel! i?fttﬁeé”%?%ﬁﬁ%g’s%%y t on
conpri suﬁgl antllrit | lirdited €@Sth s$obmbzhaadmmsazalawaaﬂm)dncb attod d
ester, at |east on er t

| east orAEVEBRIAY hY qx b| quﬂllgg.cg’ ﬁaé’ﬁ%sgwgo%m%ﬁ“&dpﬁ ?{é

ri nqiong mdti diimitadl C ot uc hgdrosylasiinat e d&emylhgdmxylaa'bhe. r imeroatbanalamineand (4)

the 71 naseapobiine H il fisy i ingy (BRaSERAbiBlazifeoY os

sem Condmmmnemvlamlna.t dimefiglaping/ nﬁﬁaammwsmowmge'{ dizghylamine,
A RSSO EOTRANIERIRG, HRBAAISHS, ERinchphdifdiRicRo thatlo- | { e

pr esent ure can o I tional additives, such as pH

adj usti ngbafglanmsg. sur bm@ohmséammel at iIY-dgeid-TadrPoperRdipming a d:MNoxyl
gr oyR, ?r{ cﬂ\%xgﬁf}{i aRgh IQH:H@S k&t thoRimrkdMufes| dﬂﬂr@ﬂﬂﬁ.a' ns
uaI S t “be om t he

resi slurry, enployed in the chenical

mechani detragibyiasHnagiupy dws@x'd%-uémma@vbm%m@ mmanium - Jydroxide “0d
resi dual aﬁ'ﬁ‘ﬁ”& cﬁoimfgn%ﬁmnﬁ Rgdrdideace of the sem conductor 10
ose substrates

substrate may contain nmetal interconnects such as copper
lines inlayed in a | ow dielectric constant material or nultiple |ayer

stacks %1 oﬂ@]ﬂcondwtb@@aaeﬁtarﬂms I lal@@ wp@mid.ﬁuyratr&tucwds mSlﬂmél cipahibg
oxi de, Sili c?n car bi de, |b oped s | i co'% e&g gg%?ltﬁe
pol )?ﬁersco“@&ﬁ'ﬁﬂ othe. preRaitodise Hs'é"eﬂl oﬁso RER P 8 are not
limted ¢egmicbiduwdtof Noviate usnd @irml:e Dherrpndeit&:fl tm@:ﬁm Letauagmemdue
| i ed, Mat I A '
(AopL L eCabEcad 2l ve RS ob Y LORGERBLLEP Y btrdt i sfidifE con
i ncl ude, béouoniomic, neatidniayi amdntozwmmmwyembgteéﬁeswwf@ﬁe‘?ﬁ Axtyres
pol yary! tﬂ@feo‘?t ?ﬁé@ér&%&'& R ms%rég&ﬁﬂlédoﬁ?é halé 'ﬁw(r fveshembatic) -

Sur f ace ot her ne sem conduct or terials such as Ta, TaN, Ti N,
Ti W25r ioweitiessfal Ekamold de ans @llyirhenob poiglycidal rether iWReAf a2 RPN so be

present. FF% @ﬁpaﬁéulaﬁmeﬁﬁm& SRYmMRSIEIC] 1Rl theRRRie Rimé ST If akibied,

mat eri al . cl eanin osition of the present cl osure be
br ought ihﬁt%"f?GFﬂnid% PRt ﬂm@%g§§ﬂmat@'@@%’b?‘£@ﬁeﬂeﬁﬁ"%§i IQSHEHR

MANNer  Suhitag.50Wt% s‘bbbaﬂané &R rRAIRA). Pfeféﬁab@arthambrmlrarheofdwel pmsedt to
the substrate throu nozzl es, hoses |va

To assi sHiseloauif ﬁg‘"gtﬁﬁcﬂ*\%?ﬂ'ﬁﬁlc"g@?qs&ﬂ“ g’a&ﬁ@%“’é(f’p&?@@ Q%ﬁaes of
sui t ! ep 291 8k (2Z00TBEMY. UBF bfbfeﬁblﬁﬂh@lﬁhﬂﬂctﬁﬁt@ﬂlh&mesent@gﬁldm:reus irace,
stream n or. sprayi eane ace [ 8L (JEFRSONI C
agi tati o e glpa Pﬂéﬂ’ﬂ@os'ﬁm B‘é‘r\tdgﬂgé) “510/?'51:(16 é’é’"?)ap %%oa&cm Wt (

ppm). The most preferred surfactant concentration in the cleaning composition of the
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30 are preferred. The orientation of the substrate relative to the ground
may be at any angle. Horizontal or vertical orientations are preferred.
Contact time may be from about 15 seconds to about 120 seconds Preferred
contact tinmes are from about 15 seconds to about 60 seconds. The

t enper at urwoaboswhidssh cl eani ng takes place is not WD PCT/US2007/015169
20081005354PCT/ US2007/ 015169 critical, although cleaning results may vary
with tenperature. The preferred tenperature range is fromabout 16C to
about 27 C. [0085] Subsequent to exposure to the cleaning conposition of the
present 5 disclosure, the substrate may be rinsed wwth a suitable rinse

sol vent greseralfisdlosiurs és betiedro abboti0.0030wte (b0 Rpm) tohabeut- BRI £1Q at i on
means. Exanples of suitable rinse solvents include, but are not limted to,
DI wat ePPet hanol , et hanol , i sopropyl al cohol, and propyl ene gl ycol
nmononet hyl ether acetate. Preferred exanples of rinse solvents include, but

are not (bbght od !t GneRedtilhorBL RN nepRABRI d.saesu@qaapmﬂhemn@t@hol

More pr d rinse so |sopropy | cohol . Ee nost
pref &rr a!!dmvnsdhemmﬁsw!edjo westuse foaming. i ff<amp ev%nthemt uNING A9EBY usi ng
means sifh ﬁlﬂgéd Ltgﬁ%' Bb&RP 120! A% tf hkeaRhn guFaB@AS idohoentrakion.

cl eani ng s%l ut| v

e been renpved fromth? ubstrate {I ort t.o, t he
start ofExamples rf-lffl ‘i'%‘foéﬂ!"éﬁi gwhich may ke jsuitablg. ji 'd‘i?t \adalli tnﬁ dimited Vst r at e

at the %éﬁéarﬁérw?sboqavmbﬁ &om Mech suteé @0, § WNoFozent1ed (avaliable Hem
substrate is rinsed w thout previousl V|n t he Clgﬁ"st?b; % %m@ % i on
for abouPit 1@‘%’865%‘?@"9"293’%8'@90350% T&%d Et’tﬂeaf@?‘t“ag ans Yy wed by
ri nsigng (ao4ilatie flor? NiSPRRIEs) SABOID (Hdiilsbleofrdm QS| MBpdcialtied, eihc(),nanéans

Theterrperature the r ing step nay be any tenperature suitable for the
pr ocessi MR ﬁ%ﬂ?%@%f@ﬁ@*ﬁwﬁ Skg point the rinse solvent. Preferably,

the 20 terrperature enpl oyed is between 16 C and 27 C. [0086] The substrate

Exanpt edO0B7E i o HPOTRG RO B Tos B nk Aidchiuut imdfP st AndlRe 0y 00
acr oss tdvstinsigloblal cadditives tegt.l big:temmds&;balgrcai@ wrtfhngtmﬁéalu r@‘mﬂ% C§ uch as
25 ot tm%ro%rql'agiah@\ﬁ LgﬂﬁE ﬁ (?% oye % biieaeNot iNitelns, kawea W | |

be pen SpeCi i uf are typically on the or der

of 30 seCGnbsthan €6 isear@rl&EQmNE 850 qmnqm@veﬂewammw apd bteap
resi due &amengwgm%@ré éf’r&oiﬁé HESCHR abhes doslodat@h(Aaline fehi D@w

processes s on etch or ashing process e Io d as %fell as the
t ypes of Cheménalal s fegpadexed oint Iﬁ’@%ecbﬁﬁﬁ’@s%’ﬁ‘m’?ﬁ 7788 19fon may

have 1o O debhfibs &f faﬂttﬁa?crréﬁbna%eﬁtcweﬁmoﬁe LY ﬂb’_@utOU nDbS.trtP/atce abodi®.5
2008/ 005354PCT/ U52007/ 015169 [ 0088] Anot her enbodi nent of the present

di sc?Q)squ/o therefore, is a non- corrosive fluoride-containing cleaning
conposition primarily useful for rem)vi ng plasma etching and/ or plasm

ashing resi dues from en co btrat5co r B

atS : egst %@um;t erR%o&\?;lpéemﬁ § z‘%b%xﬁsfa@'l ad} d" glf‘itﬁagfé e‘%st E)n)e
wat er s ojrizpuachirirgopnpcbsseas :cdre (ridst bb thlesrsto p:rwld,eattleamaglo@m;@smons with

fl d t t 20 S i on

b bi £ ciov gretalie, SR, * reBen” sl ity \ondtsildiacts ARE FRECAS

f1 uozs dea:somsarmsmadmamugectmpbmettaionnmntmmebw doveln oD 19 prawdderes. 10

[ 0089] Co (?Qﬁ&tl %réa‘ciegnin lco?ﬂgostltib%sc’tp%{ RAE 1otk *@@b@é&t&ﬂiﬁa@éh@éﬁl@&f bi t or

- not cont Imrng a ca oyed In this enmbodl nent are
descri bef prvovs lesed Mast prefgerﬁd ara qlwmg wmn?élteaﬁttaﬁhh%% tﬂt@a{HP% lon

conposi tb8&ahﬂn§|§3?ﬂ@ﬂél§%&§?§eéﬁnéj@ﬁfn‘l bed above. 15 [0090] Thi s enbodi nment

of the present sclosure further” conprises at | east

30 [0059] An example of a cleaning conﬁposition of the present disclosure
comprises
(a) water,
(b) about 0.1 wt% to about 7.5 wt% of methyl carbazate; and
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one water soluble fluoride-containing material. The presence of this
fluoride- containing material in the fluoride-containing cleaning
conposition is essential for the renoval of sonme types of post ash or post
etch residue fromthe substrate. This type 20 of post ash or post etch

resi due tywiocadsigsssncl udes a conpl ex mixture of rel ati VelYSPHEFEHI e net al
oxides or netal silicates. It has been found that in order to achi eve good
resi due dissolution within a short process tinme w ndow, the presence of a
conponent capabl e of dissociating a free fluoride anion in the range of 100
to 10000 ppmis advantageous in the fluoride-containi }ng% cl egni ng. d
conposi t i ofe) abouh@. 1pwishdatatmmt d0swi% i 3e3: 1| Mg By weidht g citc agid and
fluoride-contaligy materials useful in the present disclosure include, but
are not lim tea to, amonium salts such as ammoni um fl uoride, al kyl anmoni um
fluoride or fluoride salts of aliphatic primary, secondary, and 30 tertiary
am nes f[ﬁaﬁéfd Witk obifer SRirpleSH 4 SleanRly esmposiiiorony tie iprédent idisclasuce,
barium fluoride, tin (I1) fluoride or alum num (I111) fluoride, fluoroborate
conpdundeMis@sof | uoric acid and m xtures thereof. Preferably, these

fluori de- cpfjty@dtgh,ng nmaterials are netal ion free. Mre preferred
fluoride-containin erials, ar 8/ 00 4PCT/ US2007/ 015169 amoni um
fluoride akk)absutd I‘ﬂn&%’éﬁ‘rﬁgﬂ\"hﬁf"&?ﬁ%?ﬁlg@ ag%?r%'st preferred

f1 uori de- ced)tationt B WA%EId absutas avitinstibst:i trobdutet bt weightyaf e mcihand

fluori des. [qogg Ex(? Icgs of fluoride-containing materials are anmmoni um
fluoride, 5 tBFHCAR ;%))T moni um fl uori de, tetraethyl ammoni um fl uori de,

t et r gput yl adipaplionaily, labout 061 wish hy Bhowidhwitmasceidic 8eld- di net hyl anmoni um
fluoride, trinmethylethyl amonium fluoride, triethanol anmoni um fl uoride,

et hanol anmoni um f | uori de. net hanol anmoni um fl uoride,, trinmethgnal gnmoni um

f | uori de[0068] hy| diAndthenEsamole of mdleaning gempaslip) & ﬁnﬁfﬁﬁ?fﬁ] ‘?‘P‘ﬁiﬁ‘f'ﬁe,
ammoni un%&_g fyglr ogen difluoride, ammoni umtetrafluoroborate, sodium
tetraflu roBorate, antinmony (I1INl) fluoride, bariumfluoride, tin (1)
fluoride orfapwalerinum (111) fluoride. Preferred exanpl es of

fluoy s de- CQH#&S&UW@AW&&% k@ Sbait €7 8NWIBI oimaf Hitomisieire t ey vesighthpf avetbyli um
fluoride, tetraethyl anmonium f] uoride, tetrabutylanmoni um fl uori de,

met hyl ammoni ueaTPezdeiane ethiviRaBg¥ 3 oni um f1 uori de, trinmethyl ethyl 15
amoni um f | pahalf.0.1 Wigkbbbotit henabasheiicuatid; landr i de, tri et hanol ammoni um

fl uori de, et hanol a ni unf | i de. net han p.unfl uoride,

trimet hanol(g_hﬂ?)?ﬂtﬁmo?‘?'ﬂ ?i%&,’) AR H?T’éﬂ"é‘?%ano %‘J‘ntfmni um f | uori de,

di grycol ammoni um fl uori de, amoni um hydrogen di fl uoride or anmoni um
tetraflu rate. ,More pref e A } sshidikglogaieeri al s
are 29 aWum f Iﬁﬁ?ﬁhﬁé,exsgﬁléa%gt é?g}ﬁnhgzﬁoﬁinggfélnﬂ ?ggfé:?g raet hyl ammoni um
fl uori de cotrprisedut yl anmoni um fl uoride or trimethylethyl ammonium fluoride,
or trinmet hy@im@é}ol ammoni um fl uori de. Exanples of the nost preferred
fluoride-contarnihg materials are tetranethyl anmoni um fl uori de,

t et r aet hyl afimyehoutd.0b wd%s twcabautt10mte of %Wb%lﬁwa?tﬁuori de or trinethylethyl

ammoni um f '%??Bgﬁtd%és[\ﬁ%?ﬁi Jsutwas @ees oPladti acil] and i de- cont ai ni ng nateri al
e

is conveniehtly added in an anmount between about 0.0 O

about255. 0 W@(W%@tpﬁiﬁ?‘:‘“‘WféFE?@SBVFaWBUF"bHng\#%(%'%[%'?‘8 Bﬁo@f e
3.0 wt % ( 3000@oRipBkitionRE bedh ehe Farig fadthababbRito BbGdt vt % (100 ppm) to about
2.0 W™ % (20000 ppm of the fluoride- 30 containing material is included in
t he fluoride-containing cleaning conposition. The nost preferred

concent r ghpea} I ang@Andindrhexampleréfde cleaning compositior of dhe ipfesand disclosure

fl uori de-contai ning cleaning conposition is between about 0.05 wt % (500
ppm and SPEPRES, (15000 ppn). WO 20081005354PCT1US2007/ 015169 [ 0094] The
presemnt di sd)asatee conprises the mkture resulting fromblending (A water;

(B) at Ieasgq)%&%gy\@;lﬁglgé%%bﬁt I@g«?%a:gi)tagﬁa\%g?%éﬂézﬁté}dd ester; (C at |east

one water s I'C ac er soluble fluoride-co taidni ng
material ; 5(craboubPt1 si%d toy abpw) 6% &f 8 1:grmixerer By WeIEht i e A9 80
containing a Gak oa%{&. pup. [0095] I n one enmbodi ment of the present

di scl osure, the uori de-containi ng cleaning conposition for renoving

pl asma etch and/ or plasma ashing resi du_FBs




formed on a sem conductor substrate conprises: 10(a) water; (b) about 0.01
W% to about 15 wt % of at | east one water soluble hydrazi nocarboxylic acid
ester of fornmula (1) in which RL is an optionally substituted,

strai ght-chain or branched Cl1-C20 al kyl group,. optionally substituted

C3- C20 cyciwoaobsylosags oup, or optionally substituted C6-BtHUSogA0118Yr oup; (cC)
about 0.01 wt% to about 20 wt % of at | east one water soluble carboxylic
acid; (d) about 0.0005 wt%to about 5 wt% of the fluoride-containing
material; and (e) optionally, about 0.001 w%to about 15 wt % of at | east
one corrosion inhibitor not containing a carboxyl group. 20 [0096]In a
preferred @iosifficiant arhotmteofietesmethytBramiooium bydrokidefto agjust ghe pdmafdhei ng

cl eani ng_compask A @lhe'if TRY iR Tbett 512 BRI g asma_ashi ng resi dues

formed on a senicon e conprises: (a) water, 25(b) about 0.05
w%to about 10 wt % of at |east one water soluble h¥drazi nocar boxylic acid
ester of[0P6Ahul a (Another exsireple Rf a Sleaning compasitign ofi the pregasy disclosure

strai htéé}ﬁﬁ#i#-ksor branched C -Cm al kyl group or optionally substituted

C3- CI0 cycloal kyl group; (c) about 0.05 wt%to about 15 wt % of at | east one
wat er sol ukdevalgfiboxyl i c aci d 30sel ected from nonocarboxylic acid with one

addi ti onal (hy 9 0.0T0REE 8 BeS 15owRG ol nvdthl davsazake;nor € addi tional |igands,
di carboxylic acid w thout additional |i gahf?s di c%box lic a@'ﬁd \1& t h, one
addi ti onal (®)iahawh 0-Qff wikde,apout 20 wige @f i1 aixkire by Meidhf pf FEISH9Y pR%nds,
pol ycar boxyl iwidf@adﬁqﬂd addi tional ligands, WO

2008/ 005354PCT/ US2007/ 01 .palycarboxylic acid with additional |igands,
nmonodr box )I?P‘QF?EQV-\ﬂbPH?éB%I'gg&yg%ﬂ%a‘ﬁiﬁ‘ﬁ%m%‘f@gfazg‘ﬁd di car boxylic
acid or pol(u)c@gbmwht amaoh?bmﬁtraﬁuhwagmom hydtoxideeto aujmatlttye pq-gc)f tl(ae;)ut
0.005 wt % to about .3 % 0O e ugride- t.ai_ni material; and 5(e

- optionally, awo%t}%\'% qeo'"ébgﬁ?nq?)ﬁ)/?%&é@?Petgsat%ogﬁ%' corrosion inhibitor

not containing a carboxyl group. [0097]In a nore preferred enbodi ment of
t he presf@o65ili scl othe cleaning ddrapositien of the present disclosure is not specifically

15 designed to remove photoresist films from semiconductor substrates. Rather the
cleaning composition of the present disclosure is designed to remove plasma etch
residue after removing the photoresist by a dry or wet stripping method from the
semiconductor substrate.

20 [0066] Therefore, the cleaning method of the present disclosure is preferably
preceded by a photoresist stripping process. Any suitable dry stripping process can
be used, including Oz plasma ashing, ozone gas phase-treatment, fluorine plasma
treatment, hot Hy gas treatment (described in US Patent No. 5691117 incorporated
herein by reference in its entirety), and the like. In addition any conventional organic

25  wet stripping solution can be used known to a person skilled in the art.

[0067] The preferred stripping process used in combination with the cleaning
method of the present disclosure is a dry stripping process. Preferably this dry
stripping process is the O; plasma ashing process. This process removes most of
30 the photoresist from the semiconductor substrate by applying a reactive-oxygen
atmosphere at elevated temperatures (typically 260°C} at vacuum conditions (i.e. 1
torr). Organic materials are oxidized by this process and are removed with the
process gas. However, this process does not remove inorganic or organometallic
contamination for the semiconductor substrate. A subsequent cleaning of the

19



cont ai ni ng cl eaning conposition for renoving plasnma etch and/or plasma
ashing 10 residues fornmed on a sem conductor substrate conprises: (a)
water; (b) about 0.1 wt%to about 7.5 wt % of at | east one water sol uble
hydr azi nocarboxylic acid ester of formula (1) in which al is a

st rai ght - ctvai 200805384 anched Cl- 05 al kyl group or C3-05 pyrUssaéiniiegr oup;
15(c) about 0.1 wt%to about 10 w % of at | east one water sol uble
carboxylic acid selected fromthe group consisting of nonocarboxylic acid
wi th one additional |igand, nonocarboxylic acid with two or nore additional
| i gands, dicarboxylic acid wth one additional |igand, dicarboxylic acid

wi t h t wsenriconduetardslitistrateawithi thardiearin poinpositibn)ofithe mesad disddsuazidd t i onal
| i gands; 20%%3 zbout 0. % W (g%itg about 2 wt % of the fluoride-containing

mat er i al"®*g§ Q’ ?r%rB?Y% SF'J 3 Bt 0.01 w%to about 8 wt%of at |east one
corrosion inhibitor not containing a carboxyl group. [0098]1n the nost

Pl et nd0088DOC TRitle Bhbblffndiicarei feséritifistibsurt)I€ the ol Ay 1 19
cl eani ng " Cofposition Tor renoving pllasnma etch and/ or plasma ashing resi dues
formdd dasidusefrooomdamienndugtes sebsteate somprising the stgpp) ofhat er ; (b) about
0.1 W % t o, abqult,. % ot WodSHiai I' Sl lic
aci d est er(agf &‘ngzrd ?r}ﬁ,\% %%!%%hd\g\ﬁ??ﬁug%ts a rtr?eltﬁ ﬁ{?lu B%? gﬁbﬁyf‘ﬁégg?gﬁggﬁc)
about 0.1 mesidues; about 6 wt % of at | east one water sol uble carboxylic acid
sel ect ed fgtgmcbh@caﬁgueaeeom&émc% IRRSFREDUI £ @Eanlg WebMpesion WO
2008/ 005354PCT1US20071015169 addi tional |igand, nonocar box I|_§ agl ds, with
two or nor €OERASINGOWater) Al laast CRRIVPIST pelpP M'?E'HQEPH@XMF fcid &9 Ghal

|i gaygds;  teast one (WateRROWbIO cAfbod/fe beidaRPdl optibnaltyoatfieddteone corrosion

fl uoride-containin terial; and ~ (e) optionally, about 0.01 wt%to
about 6 M%h&‘t°ép°?gﬁ?'%agﬁ?q°&\$ﬂ”9nhi bi tor 5not containing a carboxyl
group. [ 00@9rihsmgfdaid s&mhfconditivr Bubstrate evithi nguitabigdase solventBndhe present

di scl osure optional l.y, include one,o ' ' S, one

or nore squ)a%qqg%?g* %H@go?a'ﬁlﬁ%'“?%ﬁﬂcf%a%{ﬁsﬁaégég rﬂ?‘g @%ﬁ%&ﬁ%ﬁgﬁ%ﬁ@%r e

anti m cr obtrad rinsislisbiveat and|doesf ndtOcoshpromise ¢hel adegritycaf sdid\semi¢@docioAs t he

pres§nt di g@%sﬁ'satfre is useful inintegrated circuit device manufacturing
sses, e

proc Rust be taken to provi de fl uori de-contai ni ng cl eani ng
conpositions with lownetallic inpurities. Preferably, the

fluorid ai'ni AN gm | i e
shoul d ﬁ%’tﬁ egiceedqgcﬁqgﬁ%% &tllég_ﬁ& ont a#nqsﬁ% ‘gér]e.cf @\?Sgleé?g?ml%.'@pﬁ%hgﬁ/blb?e
pr ef er r eteapresentistisalesirencan mnatigralhe sontain caddidenali additivesat syehvas tRit al

o e LGHI i
met a 'Oékggﬁ%éggé%@gd&m&%mam?mr% Ho?%%nt%ﬁ%; PERbBLYIQflods, Ve

fl uoride-con ani ng conposi‘tions that have total netal ion
cont%hi nRaMing pgessanthbicgideSedi ng 1 ppm 20 [0101] An exanpl e of a
fl uori de-contai ni ng cl eaning conposition of the present disclosure

OO b oy i el Gbarees B BESHbeae b el e g
of ci trierganictarhdrdamometaki€ irdsidues, and additionally, a range of metal oxides that
need to be removed. Semiconductor substrates typically are constructed of silicon,
25 siticon germanium, Group -V compounds like GaAs, or any combination thereof.
The semiconductor substrates may additionally contain exposed integrated circuit
structures such as interconnect features like metal lines and dielectric materials.
Metals and metal alloys used for interconnect features include, but are not limited to,
aluminum, aluminum alloyed with copper, copper, titanium, tantalum, cobait, and
30 silicon, titanium nitride, tantalum nitride, and tungsten. Said semiconductor substrate
may also contain layers of silicon oxide, silicon nitride, silicon carbide and carbon
doped silicon oxides.

20



(d) about 0.001 wt%to about 3 wt % of tetranethyl ammoni um fluoride; and

[ 0102] Anot her exanpl e of a fluoride-containing cleaning conposition of the

30 present disclosure conprises (a) water; (b) about 0.1 wMt%to about 5 wt %

of nethyl carbazate; WD 2008/ 005354PCT/ US2007/015169 (c) about 0.1 W% to

about 6 wt%toahosmoedssd m xture by weight of citric aci d eemusaeriigieaci d; (d)

about 0.001 wt%to about 3 wt % of anmmoni um fluoride; and (e) optionally,

about 0.01 W% to about 6 wt % ascorbic acid. 5 [0103] Anot her exanpl e of a

fl uori de-contai ning cleaning conposition of the present disclosure

conpri ses (a) water; (b) about 0.1 Wt%to about 7.5 wt%

of a 1:1[06i74] ur e Fhevsegiicorafuctrt bybstiie acamza contattest (with dhe belearing

(c) abou f 0.01
we oo to agpostlr bl P itatd rbbd, st bk fybiing the clpaning CaeB3lH 0,01

10 ppm tipta gdanippnd immerging @wmmglngﬂbe[wmwmwbéwml'@t°df'9a

f1 uor | decianhs! Sl in yeynG TaskebARgLorBoss PoARS 1l selriediidhtor

conpri ses o about % of t}ll car bazat e;
(c). aﬁoouﬁut@tl@se vﬁtmmmﬁmle@sm ogrppositien Peth@PoFerme?'aeuca%%H Qft % to

about 2 &\ﬁg( COMbirRitibAS ThONEOR PRI By, HHE Idefificoriidtdr Substrateisl arel mhemunt of
a

tetrameth mroni um hydroxi de to adjust the pH of the fluoride-containing
cl eani ngt M?‘E‘?’%CP@PB@“PH the range from about 2 to about 5. 25
[ 0105] Anot her exarrpl e of a fluoride-containing cleaning conposition of the

oreset o) O3 i Bph R Rpmpositons dribe JRSEIR obosti iy Sl o0
a 1:fp m ysed aply awergbéranﬁrecot abouta@l dCaRtefRPhtsig! the cleaming composition is
used from about 16 °C to about 70 °C. More preferably the cleaning compaosition is
employed in the temperature range from about 18 °C to about 50 °C. An advantage
of the cleaning compositions of the present disclosure is that they may be effectively
used at ambient temperature.
15
[0073] | Similarly, cleaning times can vary over a wide range depending on the
particular cleaning method employed. When cleaning in an immersion batch type
process, a suitable range is, for example, up to about 60 minutes. A preferred range
for a batch type process is from about 2 minutes to about 40 minutes. A more
20 preferred range for a batch type process is from about 3 minutes to about 30
minutes. A most preferred range for a batch type cleaning process is from about 3
minutes to about 20 minutes.

[0074] Cleaning times for a single wafer process may raﬁge from about 10
25 seconds to about 5 minutes. A preferred cleaning time for a single wafer process
may range from about 15 seconds to about 4 minutes. A more preferred cleaning
time for a single wafer process may range from about 15 seconds to about 3
minutes. A most preferred cleaning time for a single wafer process may range from
about 20 seconds to about 2 minuies.
30
[0075] To further promote the cleaning ability of the cleaning composition of
the present disclosure, mechanical agitation means may be employed. Examples of
suitable. agitation means include circulation of the cleaning composition over the
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(d) about 0.001 wt%to about 3 wt% of tetraethyl anmonium fluoride; and WO

2008/ 005354PCT/ U52007/ 015169 (e) a sufficient anount of tetranethyl amoni um
hydr oxi de to adjust the pH of the fluoride-containing cleaning conmposition

to be in the range from about 22 to about 3.5. 5 [0106] Anot her exanple of a
fl uori de- cwot2aisminssgs cl eani ng conposition of the presenPCHUSH0TESTI6R

conpri ses ~(a) water; (b) about 0.01 wt%to about 15 wt % of net hyl

car bazat e; (c) about 0.01 W% to about 20 wt% of a 4:1 m xture by
wei ght of citric acid and 10D gl uconic add; (d) about 0.001 wt%to about 3

w%of a 1:1 nolar m xture of tetranethylammoni um hydroxi de and HF; and

(e) opt isabatrate, strbaming) 00@prayirg the alesninglempasivien ever HyalFubstiate. and

0107] The fl uor i de- i Ni_AGa 0 L f .
i scl bs AREPTEIR B FEBBEORL Aothus) BBMAb< AERAR, brovsd THODBHAREROr e
sem condeaticonductrt sultstrate Relating ta the gloyodi may denataany ppoter slgrzartal or

conposi ;R)}F%a%”ém“%%% of osure is designed to renove plasnma etch

and/ or asma ashing residues after renmoving the photoresist by a dry or
wet $Stripping nethod fromthe sem conductor 20 substrate. [0108] Therefore,

~ the cl e?ﬂbﬁﬂ met hggheOflehMiRgPEciREEYiticHsSE diellpfasent BRI loan e aseledn by a
phot or esi st “stri ppi ng procgs

[ ) S. Suitable stri ps(%n%%r §S§E? ar 8 .as .

descri be@nygatienal piegning ddsobudr agis FPRER Iyt f8$° s8Rt UPLEI WG es i s
t Ee rr;at %ga,?hngé ;g@gietﬁq_ \g@%@ gRigld Wareramegatarie gu:wmf:gew Be?ﬂt_abl_em'llenmm si tngh

e steps of: (a) "providing a sem conducior su rate cqn etc
and or |SUle yetior By e SV{anS. oK Aot 179 k- AU CoR R BT ST e, ¢
wi t Ihoa fddhﬂjdditﬂ:rﬁ@ﬂiﬁéi ﬂﬁ%@nﬁh&erﬂsp@ fEothab i it comprisegr bfsfetsyiv(e(ypt)ommlx&; (B)
at | east one water soluble razi nocar boxyl i [ ; st one
wat er  sdlABFYTRSIYE 04 i'l?"ér(ﬂ%ﬁ"? Iﬁ)on}f@g? %r YAS c‘)'fh 1?0?'% eéi.fqeﬁé)ﬁ{aét é-‘g%%rtagY r?ﬁ%g
mat er i alconapakitidn isdpghlp stbly in awide estgemfdemperatdiesrandprosesolimast The
cont ai ni hg_a carbo r - 0) insi ng
cai d sorfCUMATTLH i drpidfty el o msnaall! coltpdiit ki Sascicaly, ol
opt i onalhateriaisy used dai ebrsémict enistiog cands ateRosed esayicangueian vafemeeanipgpy es
t he rd ns V. QUEP il he integrity of said
sem'lcson 'ugf'%érs g’&[)ssﬁ?g?{e&%ﬁ&%%] I'n gglgléﬁngh, t he fluoride-containing
cl eaning conposition used in step (b) of the nethod of the present

di scl 0S YoB7FRn 0Pt QRAGuEntRNhdl dlectiil, the Bamicsidliucioratibsia!is amsedwith
adj usti ng agﬁ&;s,_ surfact ant Sb chel at rqg a%etgta?borh(%ts %q?%t%ls%phgorawﬁﬁ&ﬁoxyl
group, deSH misggERivent foR @bgrbei sReends ¢
agitation means. Examples of suitable rinse soivents include, but are not limited to,
20 deionized (D1) water, methanol, ethanol, isopropyl alcohol, N-methylpyrrolidinone,
gamma-butyrolactone, dimethyl sulfoxide, ethyl lactate and propylene glycol
monomethyt ether acetate. Preferred examples of rinse solvents include, but are not
limited to, DI water, methano!, ethanol and isopropyl alcohol. More preferred finse
solvents are DI water and isopropyl alcohol. The most preferred rinse solvent is Dl
25 water. The solvent may be applied using means similar to that used in applying the
cleaning composition. The cleaning composition may have been removed from the
semiconductor substrate prior to the start of the rinsing step or it may still be in
contact with the semiconductor substrate at the start of the rinsing step. Preferably,
‘the temperature employed is between 16°C and 27°C.
30
[0078] Optionally, the semiconductor substrate is then.dried. Any suitable
drying means known in the art may be employed. Examples of suitable drying means
inctude spin drying, flowing a dry gas across the semiconductor substrate, or heating
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[0111] The sem conductor substrates to be cleaned in this nethod may contain
organi c and organonetal lic residues, and additionally, a range of netal

oxi des that need to be renpved. Sem conductor substrates typically are
constructed of silicon, silicon germanium G oup II11-V conpounds |ike GaAs,
or any conbioaednosss45 t hereof . The sem conduct or subst PET/ES2007015169
additionally contain exposed integrated circuit structures such as

i nterconnect features like netal lines and dielectric materials. Metals and
nmetal alloys used for interconnect features include, but are not limted
to, copper, titanium tantalum _cobalt, silicon, titaniumnitride, tantalum
nitride, thehsemicrpduear subsiatecwit onherting maans: susheatrdy hatplate @5iplaied| ayer s
of sili cpim@Xidfagot? &yrzhg,ce&aabmr HAfing, SIPA 88/Ing it barfle capbinatibRe thekped
silicon %des, [0112] The processing |n,1§te|%§?' c, and d are as ?ESCI‘I bed
above. [ BDfng Fmesyill bederandenben tae seediic mefiodemplpyed by gis bypically on

non- cor r sl ardeponio 86cddds W Rosuvegalminord. useful for renoving slurry and
metal Lic particulates and other residual organic and netal oxide residues
on copper and |l ow k dielectric substrates which have been subjected to
chemi cal [ooF@)ani calhe résdnt rdisclGsurbab s Hiratted| tone tbardotmisiveopaost ITME

rocess iacludin optianal buffin t ep,. hot . . e
oot due, Bl b 3REA e SR sHrBP a0 ibsdlif ARtcilt8ralldnen o
t he pr esessiduhl Dogadc asd insetahoxidetrisidues ool ceppiengnd dow dodidiectrior suhsbratasat es
cont ai ni pg. " I S ; : : ;
2008/ 005%1?38%"6%6{7%%%@ ® %ﬁ?%‘%&?‘% i ng'%‘. g%"iﬁo% d“u“g%o"_r’tag EhE1eare
cont &9 ni mgchasicalCpplishing queeess My beremployed. Expmhplasiot suilaieocheroigal r at e
with a f%ﬁé%zﬁwkﬁfr@op%&kﬁ%h% %UF@%' PS%&HW&?B@QQBMEW&%} (B)
at | east one water so e hydrazi nocarboxylic acid ester, (C) at |east one

wat er soPBBIIE0: aPHHIE93. c andi §443814.5herginencomargies thyy seterrncoiRatheing

mat er i al gnfrafle EBndaBtdrenééd therd@h, | east one corrosion inhibitor not
contai ning a carboxyl group; (3) rinsing said sem conductor substrate with.

a suitable rinse solvent; and (4) optionally, drying said sem conduct or
substys at ppgBpjany nBéweenhtie CABRNGS mBéhdrics epsighingnhinantledeleaningt step,

' t i nt i t f said.sel duct 10substrat e. 115]1

adl 1 onthermvax U PRl sfies i HhicE P o RGet SHBBLRE DY REEe PN (1)
of the mattuffingbtephsugir as aidclokeslCinod8rRateat Nost 6452432 and 8436832de¢hereonal
cont ai ni Aty T65beRael dhOiRBhER R blire o Fltdbie SORe Aty of WRRGG: "
[ 0116] Suanhahjitationbeieaas e eardoye gesideaingiurny parioles2and ather spniapninadty. 4 are

d ' : JO1-17] The: ' InSe | ted
B e o L i R A
i | | ust r amayebepdnigrbeding ardryingoneans ot proseed daeeibete keclepned.i ng t he scope of
the present disclosure. Any percentages listed are by weight 25 (w%

unl ess otherw se specified. Controlled stirring during testing was done
with a sf998%ar at Opeembpdimentatthginiesentsiisdpiiusg is the method of Cleaning

semiconductor substrates containing post CMP residues comprising the steps of:
25 (1) providing a semiconductor substrate containing post CMP residues;
(2) contacting said semiconductor substrate with a cleaning composition
comprising: water, at least one water soluble hydrazinocarboxylic acid ester, at
least one water soluble carboxylic acid, and, optionally, at least one corrosion
inhibitor not containing a carboxyl group;
30 (3} rinsing said semiconductor substrate with a suitable rinse soivent; and
(4) optionally, drying said semiconductor substrate by any means that removes
the rinse solvent and does not compromise the integrity of said semiconductor
substrate.
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GENERAL PROCEDURE 1 Fornul ati on bl ending 30 [0118] 1000 g of the cleaning
conpositions were prepared by first fully dissolving the carboxylic acid(s)
into ultra pure deionized water (DI water). Then the oxidizi ng/reducing
agents (i.e. hydrazinocarboxylic acid ester, hydroxyamoni um WO
2008100535wiBGidsuol 7/ 015169 sul fate and optional corrBEi/osR¢7¥IY t Or ) were
added and fully dissolved. At this point the pH adjusting agent, if used,
was added and fully dissolved. Any other additives, if used, were added

| ast. The pH neasurenents were taken at anbient tenperature after al
conponents were fully dissolved. A ? conponents used were commercially 5
avai |l abl e and of high purity. CGENERAL PROCEDURE 2 Fornul ati on bl ending 10

Py, i S88R0F ng T 2BP, i aeaip REpRbh Rd B S (A Mod P (o
wat er) . fhikepresest alisatistire géare dptionallyagentain (add@tloﬂaycﬁd&’zti\ﬂ%caubbx% it aci d
added ariilogEy SRS o fettirid cheflianRocsll ot SORGRIPE SPILH! Bfup, 18 2 e
and fsul | fpadhirg apends, arthkiocidee. noni oni ¢ 15 surfactant (OHS) was added and

fully dissolved. At this point the pH adjusting agent, if used; was added
and ful Iﬂ;(/mdl ssol ved. The pH neasurenents were taken at anbient te erature

after 83hponerflast MR residug contains vesiduats left Bahypd drana thg CMRys

conmmer ci 6841306 h RSB B ire fes,
El ectroc ﬁhb%gé?‘%wggésjﬁﬁee@n%ﬁlt ﬁfechéﬁ}kﬂalp%t!gitsrgtgh%r% cal ngt ‘% %ﬁ“ee obtpgﬂlr(lzeeds usi ng
o

an ERG Fnreelb@sargsiduahmatarizly gainpyed sirem . the, SUERER ¢ sefigonductor oo |
had 159 S Oditistibs. ;’mc?slﬁesduﬁstraésaﬁﬁytoo}ﬁ&d tn%etaAEdtefceahﬁtg sueh asacasppad linas
mai ntaining controlled . sfirgring an e ure setti
el ectr oc'ﬁlé\gﬁeealn taeé?wc@'PfeCH&(?%‘a’s% u'?"nP B Q| Gele e%g? r?é%kg | 8E1%3e
hiavi ng Sccmmeﬂhg aier;gﬁlﬁﬂlé&omﬁmsh@ mamnels}; sught de HRMR rakide) THOBogdicon
El ectro an at.l num count e r i er
subst r at ‘é@"’@g "?F?rhé'a Bg? h%'?cognot‘@f rggllg#a %ﬁm{a %%%%%t%gga%
Si / Si 02/ dopedllsiliGsh driffes mclume, bt ard nbtnlirsitedt to, Garal (Nayelius)nBiack. Eba@ﬁﬂdn dt h
5 n | net al
£71 okt B0 ot DlariOt A OERLE MR PAtrorS (A 36 Intofmatibhall, dHd GrEH
surface {faiton lhddstries)i Examplesodf qgahsamlymem vsechas low kgliglgeksics inavder. 5 pm
The wor k a 0 I th
200810 OSE%ﬁ%%géﬁﬂ%ﬂoﬁfa%gﬁénMaoﬁﬂﬁng (D& chéhical), pdRarylene ethers
(FLARE from Allied Signal), and SiLK (Dow Chemical). Surfaces of other metals and
semiconductor materials such as Ta, TaN, TiN, TiW, or other metallic oxide, silicide,
20 and nitride materials may aiso be present. The copper components may be entirely
copper or copper alloy material.

[o084] " The cleaning composition of the present disclosure may be brought
into contact with the substrate to be cleaned in any suitable manner such as by
25  spray, immersion, or stream and may be delivered to the substrate through nozzles,
hoses, pipes, brushes or equivalent means. To assist cleaning, mechanical agitation
means may be employed. Examples of suitable agitation means include circulation
of cleaner over the surface, streaming or spraying the cleaner over the surface,
ultrasonic or megasonic agitation, or brushing. Brushing and megasonic agitation
30 are preferred. The orientation of the substrate relative to the ground may be at any
angle. Horizontal or vertical orientations are preferred. Contact time may be from
about 15 seconds to about 120 seconds. Preferred contact times are from about 15
seconds to about 60 seconds. The temperature at which cleaning takes place is not
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The copper and al um num test coupons were pretreated using a dilute acidic
solution dip for about 30 seconds followed by a brief DI water rinse prior
to testing to renove any native oxides, |leaving a bare netal test surface.
Al'l test coupon areas were masked from exposure to the test solution except
for the woWwlJotgseetrode area, and 5 a dry frontsi de pet/as20elagi?i cal
contact point. The test coupons were imersed vertically into the test
solutions so that the working el ectrode area was fully exposed to the test
solution, while the upper portion of the test coupon renmained in air as a
dry electrical contact. Tests were conducted by neasuring sanples using a
sequencgriiitall) aliRRABNC clctinirg PREENS | Mby Meayu withe temperatsteabllhe hpeferid ity at
rest 10 potenti al zEcor , linear. pql arizaji on sweep at +/- 20 mV from
rest pot'@APERtuLg ra 9?i'§<f§é“’§%%?|"tr1§t g.‘{ma‘#f?uﬁ?%T fel polarization at +/ - 250
nv fromrest potential at 5 nV/sec scan rate. Copper and al um num etch
rates | cul @t ed _usi F Sl nsitE 8 tfe eyt
densi tﬁﬁigﬁnﬂ) %Eﬁﬂ%wqgoegk‘?g%ﬁ??ﬁeﬁgté%%g%y eqlijgﬁ on usipng t he
Taf els s|diggssurpatiandubstiatet ey e sinsedwitna rsyitableatinge sRiyent fofdabgit 55
wor ki ng el ectrode, sur o8 Wile 136t5h Mebins ERénipleEloPstitatdieni cal
Pol ari zastchﬁ?sg%glf’%’gl"f%fcgﬁ%’g Ivé(a:.[ rB%%‘ﬁn}‘?Q 'Soci et%/, Vol .p104,_ #1, {an
1957, p.riree. sdiverds inatindeyi it aretnet limited donbt watere hathang), etyapel. [UWORY ¢ h
bot h phygi ' A FErIISSthy etROh AL, PRALFEH ¥RafmpleR| oTdinEE asma
Sty ] by lsRB ) i

(1 CP) neasure rrosion_ranking of cleanin osi tigns was

co
done on soiventy innludes buttarelmotiimited fa sl Wétfrefflﬁﬁh"i‘%'egth@ﬂgbﬁﬁ PPN or

equa40 t Oalgolglmaré"ﬁe%ﬁéﬁ PRde LoRentPhRMDEwater, Aid RopRipss alkbhble Thetnast or
equal to mn at were consi dered %ood. Etch rates of | §§s than or equal
to 0.5 Apieferedriese salyeabiscll waten [Thnsg:RoMens ey beg7Prs! kli'ﬁll'b& Ri tion.
25 Tabl egiilaf Ry et us8d ﬁaagb@ﬁwd%fei A4Ning cBrhpesitibns ihe clelinirignol@iorCmay osi on
QRS Bg } 88555%%@@@%%%@% suABstrgt;gﬁc())r to tﬁé tsta\zrt gf geﬂhs?né st%f: & 'rpm;y VO

still be in contact with the substrate at the start of the rinsing step. In a prefered

15 embodiment, the substrate is rinsed without previously removing the cleaning
composition for about 10 seconds to about 30 seconds with agitation means,
followed by rinsing for about 20 seconds to about 90 seconds without agitation
means. The temperature of the rinsing step may be any temperature suitable for the
processing equipment below the boiting point the rinse solvent. Preferably, the

20 temperature employed is between 16 °C and 27 °C.

{0086] The substrate is then dried. Any suitable drying means known in the art
may be employed. Examples of suitable drying means include spin drying, flowing a
dry gas across the substrate, or heating the substrate with a heating means such as

25 a hotplate or infrared lamp, or combinations thereof. Drying times will be dependent
on the specific method employed but are typically on the order of 30 seconds up to
several minutes.

[oo87] The chemical make-up of the residue on semiconductor substrates

30 after post etch and/or ashing processes depends on the etch or ashing process
employed as well as the types of materials exposed to those processes. The
cleaning composition may have to be tailored to certain species of residue or
substrate.
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8 >0.5 - </=1 9 <1=0.5 10 Exanples 1-4 and Conparative Exanples 1-3 5
[0122] Exanpl es 1-4 and Conparative Exanples 1-3 were prepared using Ceneral
Procedure 1 with cleaning conpositions as listed in Table 2. Table 2:
Conposition and pH of Exanples 1-4 and Conparative Exanples 9-3 Exanples 1

-4 Conpar atwio/modeassi | es 1-3 Sol ution Conponent El E2 EGT/HA20C01689C3 Citric
Acid 40g 409g-

[oo88] Ancther embodiment of the present disclosure, therefore, is a non-
corrosive fluoride-containing cleaning composition primarily useful for removing
plasma etching and/or plasma ashing residues from a semiconductor substrate
5 comprising: (A) water; (B) at least one water soluble hydrazinocarboxylic acid ester,
(C) at least one water soluble carboxylic acid; (D) at least one water soluble fluoride- -
containing material; and, optionally, (E) at least one corrosion inhibitor not containing
a carboxyl group. The pH of the fluoride-containing cleaning composition is between

about 2 to about 6.

10
[0089] Components A, B, C, and the optional at least one corrosion inhibitor
not containing a carboxyl group employed in this embodiment are as described
above and are present in the fluoride-containing cleaning composition in
concentrations as described above.

15

[0090] This embodiment of the present disclosure further comprises at least
one water soluble fluoride-containing material. The presence of this fluoride-
containing material in the fluoride-containing cleaning composition is essential for the
removal of some types of post ash or post etch residue from the substrate. This type
‘20 of post ash or post etch residue typically includes a complex mixture of relatively
insoluble metal oxides or metal silicates. It has been found that in order to achieve
good residue dissolution within a short process time window, the presence of a
component capable of dissociating a free fluoride anion in the range of 100 to 10000
ppm is advantageous in the fluoride-containing cleaning composition of the present
25 disclosure.

[0091) Typical water soluble fluoride-containing materials useful in the present
disclosure include, but are not limited to, ammonium salts such as ammonium
fluoride, alkylammonium fiuoride or fluoride salts of aliphatic primary, secondary, and
30 ftertiary amines reacted with HF, metal salts such as antimony (ili/V1) fluoride, barium
fluoride, tin (I} fluoride or aluminum (ltl) fluoride, fluoroborate compounds,
hydrofiuoric acid and mixtures thereof. Preferably, these fluoride-containing
materials are metal ion free. More preferred fluoride-containing materials are
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10 g 10 g 40qgq 40q 10 g Lactic Acid 11.1 g 11.1 q 11.1 g 11.1 g 11.1 11.19
11.1 g Me-Carb 10 g 10 g 10 ¢ Et-Carb 10 g HAS |
WO 2008/003354 PCT/US2007/015169

ammonium fluoride and tetraalkylammonium fluorides. The most preferred fluoride-
containing materials are unsubstituted tetraalkylammonium fluorides.

[0092] Examples of fluoride-containing materials are ammonium fluoride,

5 tetramethylammonium fluoride, tetraethylammonium fluoride, tetrabutylammonium
fluoride, methylammonium fluoride, dimethylammoniurmn fluoride, trimethylethyl
ammonium fluoride, triethanolammonium fluoride, ethanolammonium fluoride.
methanolammonium fluoride, trimethanolammonium fluoride,
methyidiethanolammonium  fluoride, diglycolammonium  fluoride, ammonium

10 hydrogen difluoride, ammonium tetrafluoroborate, sodium tetrafluoroborate,
antimony (I1/VI) fluoride, barium fluoride, tin (1l) fluoride or aluminum (1) fluoride.
Preferred examples of fluoride-containing materials are ammonium fluoride,
tetramethylammonium fluoride, tetraethylammonium fluoride, tetrabutylammonium
fluoride, methylammonium fluoride, dimethylammonium fluoride, trimethylethyl

15 ammonium fluoride, trimethylethanclammonium fluoride, triethanolammonium
fluoride, ethanolammonium fluoride, methanolammonium fluoride,
trimethanolammonium ~  fluoride, methyldiethanolammonium fluoride,
digrycolammonium fluoride, ammonium hydrogen difluoride or ammonium
tetrafluoroborate. More preferred examples of fluoride-containing materials are

20 ammonium fluoride, tetramethylammonium fluoride, tetraethylammonium fluoride,
tetrabutylammonium ~ fluoride or trimethylethyl  ammonium fluoride, or
trimethylethanolammonium fluoride. Examples of the most preferred fluoride-
containing materials are tetramethylammonium fluoride, tetraethylammonium
fiuoride, tetrabutylammonium fluoride or trimethylethyl ammonium fluoride

25
[0093] The water soluble fluoride-containing material is conveniently added in
an amount between about 0.0005 wi% (5 ppm) to about 5.0 wit% (50000 ppm).
Preferably, about 0.005 wt% (50 ppm) to about 3.0 wt% (30000 ppm), and more
preferably about 0.01 wt% (100 ppm) to about 2.0 wit% (20000 ppm) of the fluoride-

30 containing material is included in the fluoride-containing cleaning composition. The
most preferred concentration range of the fluoride-containing material in the fluoride-
containing cleaning composition is between about 0.05 wt% (500 ppm) and 1.5 wt%
(15000 ppm).
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[0094] The present disclosure comprises the mixture resulting from blending

(A) water; (B) at least one water soluble hydrazinocarboxylic acid ester; (C) at least

one water soluble carboxylic acid; (D) a water soluble fluoride-containing material;
5 and, optionally, (E) at least one corrosion inhibitor not containing a carboxyl group.

[0095] In one embodiment of the present disclosure, the fluoride-containing
cleaning composition for removing plasma etch and/or plasma ashing residues
formed on a semiconductor substrate comprises:

10 (a) water,

(b) about 0.01 wt% to about 15 wt% of at least one water soluble
hydrazinocarboxylic acid ester of formula (1} in which R! is an optionally
substituted, straight-chain or branched C¢Cg alkyl group, optionally
substituted Ca-Cag cycloalkyl group, or optionally substituted Cg-Cs aryl

15 group,;

(¢) about 0.01 wt% to about 20 wt% of at least one water sotuble carboxylic acid;

(d) about 0.0005 wt% to about 5 wi% of the fluoride-containing material; and

(ej optionally, about 0.001 wt% to about 15 wi% of at least one corrosion inhibitor
not containing a carboxyl group.

20
[0096] In a preferred embodiment of the present disclosure, the fluoride-
containing cleaning composition for removing plasma etch and/or plasma ashing
residues formed on a semiconductor substrate comprises:
(a) water;
25 (b)about 0.05 wit% to about 10 wi% of at least one water soluble

hydrazinocarboxylic acid ester of formula (1) in which R! is an optionally
substituted, straight-chain or branched Cs-Cio alkyl group or optionally
substituted C3-Cyp cycloalkyl group;
(c) about 0.05 wit% to about 15 wit% of at least one water soluble carboxylic acid
30 selected from monocarboxylic acid with one additional ligand, monocarboxylic
acid with two or more additional ligands, dicarboxylic acid without additionat
ligands, dicarboxylic acid with one additional ligand, dicarboxylic acid with two
or more additional ligands, polycarboxylic acid without additionat ligands,
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DI water 938.9 q 928.9 g 958.9 q 958.9 g 946.5 g 934.7 q 966.6 g PHto 18
C 211 2.68 3.19 3.18.. 2.00 _... 2.12 . 2.20 Note 1: Me-Carb = Methyl
Carbazate; t- arb Ethyl Carbazate; HAS - Hyctroxyl anmonlums, 10TMAH =
Tet r amet hyl anmoni um Hydr oxi de; OHS = a nonionic surfactant available from
Arch Chemi walmostonsss4 DI water = high purity deionized pel/es20dausie®: Lactic
Aci d was about 90 wt % active; TMAH (pH adjusting agent) was added as a 25
wt % aqueous sol ution. 15 [0123] Copper corrosion rates were neasured by
el ectrochem cal testing according to General Procedure 3 with the cl eaning
conposition held at a constant tenperature setting of 50C and a |inear
E)ol) ar ic(z)at i on paiycarbatylic abid2with/additionah iganstsk immnoshdsylie acidawitvet ast oupon
a). pper cQrr A | L Qe r@ngIl' [ tests
wer e conduct e°3{eu’§ﬁ%§5§ ﬁ?‘?’a@é‘g dioaﬁ%‘g’g’g% %8‘-52@ | e‘!ﬁ:eact ri c‘e]a%ﬂ:.I G0l
one nitrogen molety,;
(d) about 0.005 wt% to about 3 wt% of the fluoride-containing material; and
5 (e) optionally, about 0.005 to about 10% of at least one corrosion inhibitor not

containing a carboxyl group.

[0097] tn a more preferred embodiment of the present disclosure, the fluoride-
containing cleaning composition for removing plasma etch and/or plasma ashing

10  residues formed on a semiconductor substrate comprises:

(2) water,

(b)about 0.1 wit% to about 7.5 wi% of at least one water soluble
hydrazinocarboxylic acid ester of formula (1) in which R'is a straight-chain or
branched C4-Cs alkyl group or C,-Cs cycioalkyl group;

15 (c) about 0.1 wt% to about 10 wt% of at [east one water soluble carboxylic acid
selected from the group consisting of monocarboxylic acid with one additional
ligand, monocarboxylic acid with two or more additional ligands, dicarboxylic
acid with one additional ligand, dicarboxylic acid with two or more additional
ligand and polycarboxylic acids with additional ligands;

20 (d) about 0.01 wt% to about 2 wt% of the fluoride-containing material; and

(e) optionally, about 0.01 wt% to about 8 wt% of at least one corrosion inhibitor
not containing a carbaxyl group.

[o098] In the most preferred embodiment of the present disclosure, the
25 fluoride-containing cleaning composition for removing plasma etch and/or plasma
ashing residues formed on a semiconductor substrate comprises:
(a) water;
(b)about 0.1 wit% to about 5 wt% of at least one water soluble
hydrazinocarboxylic acid ester of formula (1) in which R' is a methyl or ethyl
30 group; .
(c) about 0.1 wt% to about 6 wt% of at least one water soluble carboxylic acid
selected from the group consisting of monocarboxylic acids with one
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via array stack with exposed copper, porous low k material, TECS and Ti N
| ayers. The stack al so contained residue resulting froma
fluoride-containing etch process and an oxygen plasma bul k resi st renoval
process. 25 WD 20081005354PCT1US20071015169 (0125] The wafers were
initially eweymssshpy optical microscopy, and then di cedriuster/@pps oxi mately
1 x 1 cnR square test coupons for the cleaning tests. The 1 x 1 cn2 coupons
were held using 4" long plastic | ocking tweezers, whereby the coupon coul d
then be suspended into a 250 m volune plastic beaker containing 5
approximately 100 m of the cleaning conpositions of the present
di scl osur e. Radditioniab ligamdr siooncarboxylie acidpovith twe or teors edéitienaldiaapdsi ti on,
t he conpositi t I tion tenperature of 50C wi t h
Y g(@gca?q\.g,gﬁ% il w;p gfiGibr IEBRAL:

controlled stirr en carried out by placing
t he coupon (dihatwiut G5 wWish do B?OUh‘bSp‘vfé’es of thetfinoddecontaining matenialand

composi 11 ot} iyl LRI ol b S GBS A8k dsiradord ntiier cOupON

faced the e coupon was t static in the cleaning conposition

for & period mtcgntqlmog Xwb OFOHP-conposi ti on was kept at the test

tenperature under controlled stirring. Once the coupon was exposed in the

corrp05|t| on for the duration of the test, the cou entI renoved
baf fisopreep) s

from t hel®98hni ng Tenfnsgide-epntaining pigaring jcampositie ¢ Beaker

filled wrah, dbticHaRyontRBbYne &5&10% pH adlusig agests, aﬁbloenﬁorb@mmﬁrwe (-17
C with controlled stirring. was | eft fWater

for appr®H& REMArG foam Jedug ag&ﬁtﬁ ?W@O”aaﬁprwwsmwmawﬁ Eﬁ é'x%%ﬂ

secord 2&Bicklargldastribedstedey. al so filled with approximately 150 m of DI
wat er at anbient tenperature with controlled stirring. The coupon was | eft

in the second rinse beaker for 60 seconds, and then renoved. 20 Upon
renmoval , [0106] COupPQRs hE ipm&htatjidc;osﬂx@oseabseﬁl nint rintggratediscisguite sieviceom a

i face TERBRETPORTELH, S SR O KRR o 1BHEE RoBtng cbaHRg"
coupon dewmpesitions witk Jow aidtallic imputifies. ﬂ?ra&lrabiy.tthg glynﬂdﬁ'ﬁpn@l@ﬁ@ pleaning
COUDPY ESEGERIRY 4f P! Bttt ighidoIRP 7860 OhiTeBlaPaSe it Oich

covered Tc carrier evi ce SI short term storage
no great emntammt@l)oweis g6 U0s pPTheMipEss tPf%fﬁtrﬁé n%"ev\ﬂ'#‘é"Q%@PFtﬁ"QT& cleaping: ed

with a EQm@BQiﬁBﬁ@ma? @E% tofH Fhe@l .&Paéﬁtsrrm@bﬁaha&my raf @?&nmaas Ndost
m Cr oscopy

el ectron I mages were_ collected fo

r eat uges op t he
cl eaned P@ﬁ?""%lﬂﬁ%rﬂ'{?@ﬂ?é@’%@ﬂmﬁcE'eam"'@aﬁ?'HBO?'E%’l‘J?r t"éata ave g metal By e 3.

30 Tabl ecgntafrst®n |§@;§g§tgfcé@ﬁﬁ§1 ppadl residue cleaning results Test
Reference Cu etch rate (A/mn] Cu Corrosion Ranking* C ean Ranking**.

Over#?! Ranking*** El 0.6 9 10 9.5 WD 2008/ 005354PCT/ US2007/ 015169 E2
[0101] An example of a fluoride-containing cleaning composition of the

present disclosure comprises:
{a) water;
(b) about 0.1 wit% to about 7.5 wt% of methyl carbazate;
25 {c) about 0.1 wt% to about 10 wt% of a 3:1 mixture by weight of citric acid and
lactic acid.
(d) about 0.001 wt% to about 3 wt% of tetramethylammonium fluoride; and

[0102] Another example of a fluoride-containing cleaning composition of the
30 present disclosure comprises
(a) water;
(b) about 0.1 wi% to about 5 wt% of methyl carbazate;
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(c) about 0.1 wt% to about 68 wt% of a 1:1 mixture by weight of citric acid and
lactic acid;

(d) about 0.001 wt% to about 3 wt% of ammonium fluoride; and

(e) optionally, about 0.01 wi% to about 6 wt% ascorbic acid.

[0103] Another example of a flucride-containing cleaning composition of the
present disclosure comprises

(a) water,

(b) about 0.1 wi% to about 7.5 wt% of a 1:1 mixture by weight of methyl

10 carbazate and ethyi carbazate;

{c) about 0.1 wi% to about 10 wt% of citric acid;

(d) about 0.01 wt% to about 2 wt% of tetramethylammonium fiuoride; and

(e) about 10 ppm to 1000 ppm non-ionic surfactant.

15 [0104] Another example of a fluoride-containing cleaning compaosition of the
present disclosure comprises
(a) water;
(b} about 0.05 wt% to about 10 wt% of ethyl carbazate;
(c) about 0.05 wt% to about 15 wt% of lactic acid;
20 (d) about 0.01 wt% to about 2 wt% of tetramethylammonium fluoride; and
(e) a sufficient amount of tetramethylammonium hydroxide to adjust the pH of the
fluoride-containing cleaning composition to be in the range from about 2 to
about 5.

25 [0105) Another example of a fluoride-containing cleaning composition of the
present disclosure comprises
(a) water,
({b) about 0.1 wi% to about 5 wt% of tert-butyl carbazate;
(c) about 0.1 wt% to about 6 wt% of a 1:3 mixture by weight of citric acid and
30 lactic acid; ‘ ’
{d) about 0.001 wt% to about 3 wt% of tetraethylammonium fluoride; and
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See Ceneral Procedure 2 for definition. ** Clean ratings were done on a
scale form1l -10 with 10 being the best. Clead results were based on

resi due renoval efficiency as observed on SEMs. *** Qverall ratings are the
average of copper corrosion ranking and clean ranking. 5 [0126] As can be
seen from Wabl0e8/®35354l | cl eani ng conposi tions that cont BCHES087Ha¥6hazat e
conponent (Exanples 1-4) clearly out perforned the other conpositions
(Conparative Exanples 1-3) in both substrate cl eaning and copper corrosion
rates. 1O0Exanples 5-6 and Conparative Exanples 4-5 [0127] Exanpl es 5-6 and
Conpar ative Exanples 4-5 were prepared using General Procedure 1 with

cl eani ng cdeposifficientameunt f tetrametindammanium bydeide o adigsibe ipH efithend pH
of Exanp es 54, J@Qrc%@ﬁ‘iﬁgtdlé(&iﬁg%gmg%&ﬁéhﬁo befXARR r8Rgd (OntapRRIBD iy e
Exanpl es 4-5 Sol ution Conponent E5 E6 C4 C5 Citric Acid 40q - 40g 40q 40g
Lactic Acid 18bout§d.%1.1 g 11.1 q 11.1 g

5 [0106] Another example of a fluoride-containing cleaning composition of the
present disclosure comprises
(a) water; _
{b) about 0.01 wi% to about 15 wt% of methyl carbazate;
{(c) about 0.01 wi% to about 20 wt% of a 4:1 mixture by weight of citric acid and
10 D-gluconic acid;
(dyabout 0.001 wt% to about 3 wi% of a 1:1 molar mixture of
tet'ramethy!ammoniuni hydroxide and HF; and
(e) optionally, about 0.001 wt% to about 15 wt% maleic hydrazine.

15 [0107] The fluoride-containing cleaning composition of the present disclosure
is not specifically designed to remove photoresist films from semiconductor
substrates. Rather the fluoride-containing cleaning composition of the present
disclosure is designed to remove plasma etch and/or plasma ashing residues after
removing the photoresist by a dry or wet stripping method from the semiconductor

20 substrate.

[0108] Therefore, the cleaning method of the present disclosure is preferably
preceded by a photoresist stripping process. Suitable stripping processes are as
described above.

25
[0109] Another embodiment of the present disclosures is the method of
cleaning residues from a semiconductor substrate comprising the steps of:
(a) providing a semiconductor substrate containing post etch and/or post ash
residues;
30 (b) contacting said semiconductor substrate with a fluoride-containing cleaning

composition comprising: (A) water; (B) at least one water soluble
hydrazinocarboxylic acid ester; (C) at least one water soluble carboxylic acid; (D)
a water soluble fluoride-containing material; and (E) optionally, at least one
corrosion inhibitor not containing a carboxyl group.
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Me-Carb 10 ¢ Et-Carb 10 g HAS 10 g DI water 938.9 q 938.9 q 948.9
g 938.9 q pH ((c) 18 C 2.73 2.64 1.86 1.94 See notes 1 and 2 from Table 2
[0128] Bot h copper and al um num corrosion rates were nmeasured using

el ectrochem cal testing according to General Procedure 3 with a constant 20
t enper at urwosebsideseg4 of 50 C and a |inear polarization BCENS20etEsS1G 2

nv/ sec. The working el ectrode was wafer coupon (a) for the copper corrosion
rate and (b) for the alum numcorrosion rate. Copper and al um num corrosion

rates are listed in Table 5.
(c) rinsing said semiconductor substrate with a suitable rinse solvent; and
(d) optionally, drying said semiconductor substrate by any means that removes
the rinse solvent and does not compromise the integrity of said semiconductor

substrate.
5 .
[0110] | In addition, the fluoride-containing cleaning composition used in step
(b) of the method of the present disclosure can optionally contain additiona
additives, such as pH adjusting agents, surfactants, chelating agents not containing
a carboxyi group, de-foaming agents, and biocides.
10

[0111)] - The semiconductor substrates to be cleaned in this method may
contain organic and organometallic residues, and additionally, a range of metal
oxides that need to be removed. Semiconductor substrates typically are constructed
of silicon, silicon germanium, Group 1lI-V compounds like GaAs, or any combination
15 thereof. The semiconductor substrates may additionally contain exposed integrated
circuit structures such as interconnect features like metal lines and dielectric
materials. Metals and metal alloys used for interconnect features include, but are not
limited to, copper, titanium, tantalum, cobalt, silicon, titanium nitride, tantalum nitride,
and tungsten. Said semiconductor substrate may also contain layers of silicon oxide,
20 silicon nitride, silicon carbide and carbon doped silicon oxides.

[0112] The processing in steps b, ¢, and d are as described above.

[0113] The present disclosure is also directed to another non-corrosive post
25 CMP cleaning method useful for removing slurry and metallic particulates and other
residual organic and metal oxide residues on copper and low k dielectric substrates
which have been subjected to chemical mechanical polishing. Suitable chemical
mechanical polishing process inciuding an optional buffing step, both preceding the
post CMP residue, cleaning, are as described above.
30
[o114] Another embodiment of the present disclosure is the method of
cleaning semiconductor substrates containing post CMP residues comprising the
steps of:
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WO 2008/ 005354PCT1U520071015169 [0129] O eaning tests were conducted using
substrates containing a dielectric stack with exposed Al -0. 5VoCu |ines as
well as TIN, Ti and TEOCS | ayers. The stack al so contained residue resulting
froma fluoride-containing etch process and an oxygen plasma bul k resi st
renmoval prwoesmwosshe testing process was simlar to 5 BEXEWEIEHIIN and
Conpar ative Exanples 1-3. The test condition tenperature was held at 60 C
Al 'um num residue cleaning results are listed in Table 5. Table 5: Corrosion
rates, and residue cleaning results Test Reference Al etch rate [A/mn] Cu
etch rate [A/Amn O ean Ranking** E5 0.002 0.6 7 E6 0.002 0.8 10 C4 0. 002
2.1 (1) providing a semiconductor substrate containing post CMP residues,

(2) contacting said semiconductor substrate with a flucride-containing cleaning

composition comprising: (A) water; (B) at least one water soluble

hydrazinocarboxylic acid ester; (C) at least one water soluble carboxylic acid; (D)

5 a water soluble fluoride-containing material; and (E) optionally, at least one

corrosion inhibitor not containing a carboxyl group;

(3) rinsing said semiconductor substrate with a suitable rinse solvent; and

(4) optionally, drying said semiconductor substrate by any means that removes

the rinse soivent and does not compromise the integrity of said semiconductor
10 substrate.

[0115]) In addition, the fluoride-containing cleaning composition used in step

(b) of the method of the present disclosure can optionally contain additional

additives, such as pH adjusting agents, surfactants, chelating agents not containing
15 a carboxyl group, de-foaming agents, and biocides.

{0116] Suitable substrates and processing in steps 2, 3 and optionally 4 are as
described above.

20 EXAMPLES

[0171 7] The present disclosure is illustrated in more detail with reference fo the
following examples, which are for illustrative purposes and should not be construed
as limiting the scope of the present disclosure. Any percentages listed are by weight

25  (wi%) unless otherwise specified. Controlled stirmring during testing was done with a
stir bar at 200 rpm unless otherwise noted.

GENERAIL PROCEDURE 1
Formulation blending
30
[0118] 1000 g of the cleaning compositions were prepared by first fully
dissolving the carboxylic acid(s) into ultra pure deionized water (Di water). Then the
oxidizing/reducing agents (i.e. hydrazinocarboxylic acid ester, hydroxyammonium
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4 C5 0.006 7.2 10 * see notes to table 2 10 [0130] Et hyl carbazate and HAS
were highly effective in renoving residue fromthe al um num substrates. Al
measured al um num corrosion rates were very |ow. However, only fornul ations
cont ai ning the carbazate conponent can be enpl oyed as cl eani ng conpositions
for both alwodosmsanszaed copper technol ogies with 15 | ow BObsset@sE®r r 0Si on
rates. Exanples 7-11 and Conparative Exanples 6-8 [0131] Exanples 7-11 and
Conpar ati ve Exanpl es 6-8 were prepared using 20 General Procedure 2 with

fl uori de-containing cleaning conpositions as listed in Table 6. Copper
corrosion rates were neasured using electrochem cal testing according to
Gener al diifateednd epﬁforvail tchrrasioariahibitdr) twerp erdatedrandsfelly idisgolvbd 64t thistpoink C and

Tabl o6 8 P RESC Cadiof ubRhjudl pitacita bl i sl hiy Biferiabitvpe i 1 |
and Conmuasest, weze Eaddeﬂ“ast ghe pN@W@@ﬁ&M@@TﬁM@EC&)HMG&%”@M@

Corrponenéftelf,l aIIEJ;AmEgné;&Q wﬁalré fSﬁy g’%s&@e&i Hl ic%nﬁﬂn@nfémsed were commerciatly

5 available and of high purity.

GENERAL PROCEDURE 2
Formulation blending

10 [0119] Fluoride-containing cleaning compositions were prepared by first fully
dissolving the carboxylic acid(s) into ultra pure deionized water (DI water). Then the
oxidizing/reducing agents (i.e. hydrazinocarboxytic acid ester, hydrolxyammonium
sulfate and optional corrosion inhibitor) were added and fully dissolved. Then the
fluoride-containing material was added and fully dissoived. Then the nonionic

15 surfactant (OHS) was added and fully dissolved. At this point the pH adjusting agent,
if used, was added and fully dissolved. The pH measuremenis were taken at
ambient temperature after all components were fully dissolved. Al components used
were commercially available and of high purity.

20 GENERAL PROCEDURE 3
Eleétrochemical Measurement

[0120] Elec:trochemical data were obtained using an EG&G PARC 263A
potentiostat/galvanostat. The electrochemical test cell had a solution volume of
25 about 120 mi. All testing was carried out maintaining controlled stiring and
temperature setting. The electrochemical test cell used a saturated calomel
reference electrode having a potential of +242 mV with respect to the Standard
Hydrogen Electrode (SHE), and a platinum counter elecirode. 200 mm silicon wafer
substrates containing either an (a) SifSiO2/Ta/Cu thin film stack or (b) Si/SiO./Ti/Al-
30 4%Cu alloy thin film stack were diced into 1.5 cm width by 5 cm length test coupons
using a diamond scribe. The Cu or Al-4%Cu metal fiilms which were exposed to the
test solutions as the working electrode surface had a film thickness of at least 1 um,
but no greater than 1.5 ym. The working electrode area was 0.33 cm? for all tests.
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30 30 30 30 30 30 40 40 90% Lactic Acid sot. (
. (9) 33.33 33.33 33.33 33.
33.33 33.33 11.11 11.11 Me-Carbazate KO 10 2.5 10 10 10 0 0 O HAS (Q) 830

WO 2008/005354 PCT/US2007/015169

The copper and aluminum test coupons were pretreated using a dilute acidic solution

dip for about 30 seconds followed by a brief Di water rinse prior to testing to remove

any native oxides, leaving a bare metal test surface. All test coupon areas were

masked from exposure to the test solution except for the working electrode area, and

5 a dry frontside metal electrical contact point. The test coupons were immersed

vertically into the test solutions so that the working electrode area was fully exposed

to the test solution, while the upper portion of the test coupon remained in air as a

dry electrical contact. Tests were conducted by measuring samples using a

sequence of 1) open circuit potentiai measurement io establish stability at rest

10  potential (Econr), 2) linear polarization sweep at +/- 20 mV from rest potential at a

fixed scan rate, and 3) Tafel polarization at +/- 250 mV from rest potential at 5

mV/sec scan rate. Copper and aluminum etch rates were calculated using Faraday's

law from the corrosion current density (pA/em?) as calculated from the Stern-Geary

equation using the Tafel siopes (Ba and pc). the polarization resistance (Rp), and the

15 working electrode surface area (see M. Stern and A.L. Geary, Electrochemical

Polarization, Journal of the Electrochemical Society, Vvol. 104, #1, Jan 1957, p.56).

Electrochemical etch rates were accurately correlated with both physical weight loss
measurements, and also Inductive Coupled Piasma (ICP) measurements.

20 [0121)]) Corrosion ranking of cleaning compositions was done on a 1-10 scale
with 10 being best. Cu etch rates of greater than or equal to 5 A/min were deemed
unacceptable. Cu etch rates of less than or equél to 1 A/min at were considered
good. Etch rates of less than or equal to 0.5 A/min were considered excellent. See
Table 1 for ranking definition.

25

Table 1: Corrosion Ranking Definition

Cu etch rate | Cu
{A/min] Corrosion

Ranking

>5

>4 -</=5
»>3.5-</=4
>30-</=35
>2.5-</=3.0
>2.0-</=25
»>1.5-«</=20

~lH o] RGN =
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0000.102.320bTMAF (g) 2.5 2.52.52.52.52.52.5 10 25 % TMAH (Q)
0 110.92 0 110.92 0 112.6 0 OHS ((!1) 0.1 0.1 0.1 0.01 0.01
WO 2008/005354 PCT/US2007/015169
>f-<f=15 8
>0.5-</=1 )
</=0.5 10

10

15

20

25

Examples 1-4 and Comparative Examples 1-3

[0122] Examples 1-4 and Comparative Examples 1-3 were prepared using
General Procedure 1 with cleaning compositions as listed in Table 2.

Table 2: Composition and pH of Examples 1-4 and Comparative Exampies 1-3

Examples 1 -4 Comparative Examples 1-3
Solution E1 E2 E3 E4 Cc1 cz2 C3
Component
Citric Acid 40 g 409 : i0g 10g 4049 40¢ 10g
Lactic Acid 11.1g |11.1g 1114 iiig {11149 119 1119
Me-Carb 10g 109 10g
Et-Carb 10g
HAS 23g 234 23g
Ascorbic Acid 10 g 10¢g 10g i0g 10 g
TMAH 19¢g

" OHS a4.1g 0014

D} water 938949 9289¢g 95899 g589g 946569 |834749g 966.6 g
pH (@ 18 °C) 2.71 2.68 -3.18 3.18 2.00 212 2.20

Note 1: Me-Carb = Methyl Carbazate; Et-Carb = Ethyl Carbazate; HAS = Hydroxylammonium sulfate;
TMAH = Tetramethylammonium Hydroxide; OHS = a nonionic surfactant available from Arch
Chemicals Inc.; DI water = high purity deionized water

Note 2: Lactic Acid was about 90 wi% active; TMAH (pH adjusting agent) was added as a 25 wi%
agueous solution.

[0123] Copper corrosion rates were measured by electrochemical testing
according to General Procedure 3 with the cleaning composition heid at a constant
temperature setting of 50°C and a linear polarization scan rate of 2 mV/sec. The
working electrode was wafer coupon (a). Copper corrosion rates are listed in Table
3.

[0124] Cleaning tests were conducted using substrates containing a dielectric
via array stack with exposed copper, porous low k material, TEOS and TiN layers.
The stack also contained residue resulting from a flucride-containing etch process
and an oxygen plasma bulk resist removal process.
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0.1 0.01 0.01 D water (g) 924.07 931.57 813.15 924.16 813.24 933.97 833.78
936. 58 pH and copper etch rates of fluoride-containing cleaning
conpositions pHa 18 C 2.7 2.2 4.02.7 4.0 2.04.0 2.2 Cu Corrosion a 60
C(AAmn) 1.01.0 2.02.01 1.8 1.21.5 _...- 3.8 Note 1: Me-Carbazate =

Met hyl Car RazabséosddAS = Hydr oxyl anmoni um su a e, PCT/US2007/015169

[0125]
diced into approximately 1 x 1 cm? square test coupons for the cleaning tests. The 1

The wafers were initially surveyed by optical microscopy, and then

x 1 cm? coupons were held using 4" long plastic locking tweezers, whereby the

coupon could then be suspended into a 250 ml volume plastic beaker containing

5  approximately 100 ml of the cleaning compositions of the present disclosure. Prior to

immersion of the coupon into the cleaning composition, the composition was pre-

heated to the test condition temperature of 50°C with controlied stirring. The cleaning

tests were then carried out by placing the coupon which was held by the plastic

tweezers into the heated composition in such a way that the residue containing side

10 of the coupon faced the stir bar. The coupon was left static in the cleaning

composition for a period of 2 minutes while the composition was kept at the test

temperature under controlled stirring. Once the coupon was exposed in the

composition for the durat:on of the test, the coupon was gently removed from the

cleaning composition and placed in a second 250 ml plastic beaker filled with

15 approximately 150 ml of DI water at ambient temperature (~17 °C) with controlled

stirring. The coupon was left in the beaker of DI water for approximately 20 seconds,

and then gently removed, and placed into a second 250 mi plastic beaker also filled

with approximately 150 ml of DI water at ambient temperature with controlied stirring.

The coupon was left in the second rinse beaker for 60 seconds, and then removed.

20 Upon removal, the coupon was immediately exposed to nitrogen gas stream from a

nand held nitrogen blowing gun which caused any droplets on the coupon surface ta

be blown off the coupon, and further to compietely dry the coupon device surface.

Following this final nitrogen drying step, the coupon was removed from the plastic

tweezers holder and placed into a covered plastic carrier with the device side up for

25 short term storage no greater than about 2 hours. The test coupons were then lightly

coated with a ~30 Angstrom thick layer of sputtered platinum, and scanning electran

microscopy (SEM) images were collected for key features on the cleaned test
coupon device surface. Cleaning results are listed in Table 3.

30 Table 3: Copper corrosion rates, and residue cleaning results

Test Cuetchrate| Cu Clean Overall
Reference {A/min] Corrosion | Ranking*™* Ranking***
Ranking*

E1 0.6 9 10 9.5
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Tet r amet hyl anmoni um Fl uori de; TMAH = Tet r anmet hyl ammoni um Hydr oxi de; OHS
noni oni ¢ surfactant available from Arch Chemcals Inc.; D water hi gh
purity deionized water 5 101321Cl eani ng tests were conducted using copper

t echnol ogy based full 200 or 300 mm substrates containing dual danmascene

st ruct ur esw JobsiRxgeesed copper wiring. The un-cl eaned gewusmosuisfence
features of these substrates contained a significant anmount of speckle type
residue. The substrates were initially surveyed by optical mcroscopy, and
then diced into approximately 1 x 1 cnR square test coupons 10 for the
cleaning tests. The 1 x 1 cnR coupons were placed device surface "up" on

t he bottom{of agg00 ni| plagfsc j af condai nijng ap@roxi mat el y 9190 nl| of a
fluoride- ¢ontaigy ng cf eanigyg conpositgon. [Prior g¢o | rsi og of tlhe coupon
into the flfuorT gg conf al nigyg cl epni ngoconposi t1em, thej il uorg de- cjont ai ni ng
cl eani ng c@nNpoSigq on WES .piegheai d togthe [test @onditijon tesgperatjure
(typically[40Cigp 7/0C)fwtheh a 1Ip shaker/wWater Igath sef at 3approxfi mtely
80 oscil |l afTonsicgecond] Tor gpntro|Ted ol utfion agtati opn. Theg cl eani ng

t est s wer e+T ' *a GeaérallFestetit 21y dpfintoh.Ng t he coupon "face up” into the heated
f1 uori de- cOntCleaniragoeveadomepncoeple fmilotf Wi&iri@ bpveathiﬂ hesttHea‘ceufione®n t he

a

f1 uori de- copRegdionres U%'le@a};gl c‘%’é? %‘?W@ﬁ’\msm P aﬁé]qnt alg( tatl on for the
t est 5cgnd| tio 0 "efza\o f'r‘fstiﬁﬂds t FEPEF P 5™ t Goupon was N
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HAS 109

DI water 938.9 g 8938.9g 048.9 g 938.9q¢g

pH (@ 18 °C) 273 2.64 1.86 1.94

See notes 1 and 2 from Table 2

[0128] Both copper and aluminum corrosion rates were measured using

electrochemical testing according to General Procedure 3 with a constant
20 temperature setting of 50 °C and a linear polarization scan rate of 2 mV/sec. The

working electrode was wafer coupon (a) for the copper corrosion rate and (b) for the

aluminum corrosion rate. Copper and aluminum corrosion rates are listed in Table 5.
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Ranking Clean rating (2 mn imersion a 50 "C) Cean rating (4 mn
imrersion a 50 C) Cean rating- (2 mn imersion @60 O Overal | Ranki ng
E7 9 4 10 10 6.5 ES 9 4 10 10 6.5 E9 7 3 10

WO 2008/005354 PCT/US2007/015169

{0129] Cleaning tests were conducted using substrates containing a dielectric
stack with exposed AI-0.5%Cu lines as well as TiN, Ti and TEOS layers. The stack
also contained residue resulting from a fluoride-containing etch process and an
oxygen plasma bulk resist removal process. The testing process was similar to

5 Examples 1-4 and Comparative Examples 1-3. The test condition temperature was
held at 60 °C. Aluminum residue cleaning results are Iisted in Table 5.

Table 5: Corrosion rates, and residue cleaning results

Testi Al etch Cu Clean
Reference rate etch Ranking™™*
[A/min] rate

[Aimin
ES 0.002 0.6 7
E6 0.002 0.8 10
C4 0.002 | 2.1 4
Cs 0.006 7.2 10

** see notes to table 2
10
[0130] Ethyl carbazate and HAS were highly effective in removing residue
from the aluminum substrates. Al measured aluminum corrosion rates were very
jow. However, only formulations containing the carbazate component can be
employed as cleaning compositions for both aluminum and copper technologies with
15 low substrate corrosion rates. |

Examples 7-11 and Comparative Examples 6-8

[0131) Examples 7-11 and Comparative Examples 6-8 were prepared using
20 General Procedure 2 with fluoride-containing cleaning compositions as listed in
Table 6. Copper corrosion rates were measured using electrochemical testing
according to General Procedure 3 with a constant temperature setting of 60 °C +/- 2
°C and a linear polarization scan rate of 0.16 mV/sec. Results are also listed in Table
6
25
Table 6: Composition, pH and Copper Corrosion of Examples 7-11 and
Comparative Examples 6-8
L ! | ]
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6 5.0 E10 9 10 9.5 EIl 7 8 7.5 C 8 7 10 10 7.5 C7 8 2 5.0 C8 3 10

WO 2008/005354 PCT/U82007/015169
Cleaner E7 EB E9 E10 E11 cé Cc7 C8
Component .

Citric Acid (g) | 30 30 30 30 30 30 40 40
90% Lactic 3333 | 3333 [3333 [3333 [3333 [3333 | 1111 11.14
Acid sol. {g) :
Me-Carbazate 10 25 10 10 10 0 0 0

| (9)
HAS (g) 0 0 0 0 o 0.1 0 23
20% TMAF (g} | 2.5 2.5 2.5 25 2.5 2.5 2.5 10
25% TMAH({g) i 0 0 11092 { 0 110982 1 0 1126 {0
OHS (g) 0.1 0.1 0.1 0.01 0.01 0.1 0.01 0.01
Dl water {g) 924.07 | 931.57 | 813.15 [ 924.16 | 813.24 | 933.97 | 833.78_| 936.58

pH and copper etch rates of fluoride.containing cleaning compositions

pH@ 18 °C 2.7 2.2 4.0 2.7 140 2.0 4.0 2.2
Cu Corrosion 1.0 1.0 20 1.0 18 1.2 1.5 38

| @ 60 °C(A/min)

Nole 1: Me-Carbazate = Methyl Carbazate; HAS = Hydroxylammonium suifate; TMAF =
Tetramethylammonium Fluoride; TMAH = Tetramethylammonium Hydroxide; CHS = a nonionic
surfactant available from Arch Chemicals Inc.; Di water = high purity deionized water

s [0132] ‘Cleaning tests were conducted using copper technology based full 200
or 300 mm substrates containing dual damascene structures with exposed copper
wiring. The un-cleaned device surface features of these substrates contained a
significant amount of speckle type residue. The substratés were initially surveyed by
optical microscopy, and then diced into approximately 1 x 1 cm? square test coupons

10 for the cleaning tests. The 1 x 1 cm® coupons were placed device surface “up” on the
bottom of a 200 m! plastic jar containing approximately 100 mi of a fluoride-
containing cleaning composition. Priar to immersion of the coupon into the fluoride-
containing cleaning composition, the fluoride-containing cleaning composition was
pre-heated to the test condition temperature (typically 40°C to 70°C) within a

15 shakerfwater bath set at approximately 80 oscillations/second for controlled solution
agitation. The cleaning tests were then carried out by placing the coupon “face up”
into the heated fluoride-containing cleaning composition, and leaving the coupon in
the fluoride-containing cleaning composition with constant agitation for the test
condition time (typically 2 to 10 minutes). Once the coupon was exposed in the

20 fluoride-containing cleaning composition far the duration of the test condition, the
coupon was quickly removed from the test solution with a pair of plastic “locking”
tweezers, and placed in a second 250 ml plastic beaker filled with approximately 200
mis of ultra pure deionized water at ambient temperature (approximately 17°C). The
coupon was feft in the beaker of deionized water for approximately 10 -15 seconds
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6.5 See CGeneral Procedure 3 for definition.
a scale form1l - 0 with 10 being the best. Cean results were based on
resi due renoval efficiency as observed on SEMs. 20*** Overall ratings are
t he average of copper corrosion ranking and dean ranking for 2 mnute

I mrer si on (&) 200608354 [ 013311t has been shown that hydrarPChusmoisosisti c aci d
esters (carbazates) are an effective replacenent for hydroxylam ne type
conmpounds in acidic fluoride- 25 containing cleaning conpositions.

Met hyl carbazate in conbination with TMAF successfully cl eaned the speckle
type residue at |ow tenperature and short processing tinmes while keeping
copper aith ewildoagitatiun, Find thete removed rindgplacedrintega seyond 250 mi plastic

2008100 PCT/ U8 /0. t

orofor r dipaker i, Tird. WY Ao GRHRISY A0 InisOb A S deipdAd SAEERLLE
HAS contanhientteompgratire. |ﬁmcoma%bﬁlieﬁli@bamr@fn%?ﬁ@'ﬁ'%a'@@aﬁ?ﬁpﬁés 9- 10
[0134) nfifs, diEatBnRAd WP RALYAE o eCodlipRatad imiristBudipner a

Pr ocedure uot cont al n| eani ng MPOSI tions as |lis
Tabl & 8.expusedito initregerxgay friom: achg k‘ylﬂurutr'a%rubw'"wadﬂ'a% cayse PU)Sru de

(9) OIS (hitdh tie Bodiibn Yifsde tobe MbwRctPite dolipohfafisfurther to completely

dry the coupon device surface and backside. Following this final nitrogen drying step,
the coupon was removed from the plastic tweezers holder and placed into a covered
plastic carmier with the device side up for short term storage no greater than about 2
10 hours. The test coupons were then lightly coated with an approximately 30 - 50
Angstrom thick layer of sputtered gold, and scanning electron microscopy (SEM)
images were collected for key features on the cleaned test coupon device surface.

** (Clean ratings were done on

Process conditions and results are listed in Table 7.

15 Table 7: Cleaning Resuits and Fluoride-Containing Cleaning Composition
Ranking for Examples 7-11 and Comparative Examples 6-8

Example Cu Clean rating Cioan rating Clean rating Overall
Corrosion {2 min {4 min {2 min Ranking
Ranking immersion immersion immersion
@ 50 °C) @ 50 °C) @ 60 °C)
E7 9 4 10 10 6.5
E8 9 4 10 i0 6.5
E9 7 3 10 5] 50
E10 9 10 9.5
E11 7 8 7.5
Cé 8 7 10 10 1.5
C7 8 2 5.0
[ 3 10 8.5

*  See General Procedure 3 for definition.
+ Clean ratings were done on a scale formn 1 -10 with 10 being the best. Clean results were based
on residue removal efficiency as observed on SEMs.
20  ** Overall ratings are the average of copper corrosion ranking and clean ranking for 2 minute
immersion @ 50 °C.

[0133]
are an effective replacement for hydroxylamine type compounds in acidic fluoride-

It has been shown that hydrazinocarboxylic acid esters (carbazates)
25 containing cleaning compositions. Methylcarbazate in combination with TMAF

successfully cleaned the speckle type residue at low temperature and short
processing times while keeping copper corrosion fow. Fluoride-containing cleaning
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LA (33,3) MC (10.0) NH4F (1.2) (5.0) none (920.4) 2.7 E13 MA (30.0) DTPA
(0.5) MC (5.0) EC (5.0) NH, (1.2) (5.0) none (953.3) 2.4 E14 MA (30.0)

G yc.

(10) EC (10.0) TMAF (2.5) (5.0) none (942.5) 2.4 E15 MA (30.0)

dycine (10) EC (10.0) NH4F (1.2) (5.0)

10

15

20

WO 2008/005354 PCT/US2007/015169

compositions formulated with carbazates are preferred as they are safer to use and
more environmentally friendly than HAS containing compositions.

Examples 12-19 and Comparative Examples 9-10

[0134} Examples 12-20 and Comparative Example 9 were prepared using
General Procedure 2 with fiuoride-containing cleaning compositions as listed in
Table 8.
Table 8. Fluoride-Containing Cleaning Compositions
Example | Carhoxylic Carbazate | Fluoride OHS Additive (g) Water | pH@
# acid {(g) (o) 1(:)] {g) {9) 22°C
E12 CA (30.0) MC (10.0) [ NHF(1.2) | (5.0) | none (920.4) | 2.7
LA (33,3) :
€13 MA (30.0) MC (5.0) NHF (1.2) | (5.0) none (953.3) ] 24
DTPA (0.5) EC (5.0) '
El4 MA (30.0) EC (10.0) | TMAF (2.5) | (5.0) |none (942.5) | 24
Glye. (10)
E15 MA (30.0) EC (10.0) NH.F (1.2) | {(5.0) none (943.8) | 2.4
Glycine (10)
E16 MA (30.0) EC (10.0) NH.F (0.6) [ (5.0) | Ascorb.(10.0) |(938.1)]24
TMAF (1.3) TMAH (5.0)
E17 GA (63.2) MC (5.0) NH.F (1.2) [ (5.0) | none (910.4)] 3.2
Malic (10.0) EC (5.0)
| DTPA (C.5)
£18 CA (30.0) MC (10.0) | TMAF {2.5) | (5.0) | none {2096) | 2.7
. GilycA (42.9)
E19 CA (30.0) MC (10.0) TMAF (2.5) | (5.0) none {(919.2) | 2.75
: LA (33.3) _
Cc8 CA (30.0}) MC (10.0) none (5.0) none {(921.7) ] 2.7
LA (33.3) -
c10 CA (50.0) none none none | TEA (600.0) (100} 115
_ DMSO (250.0)
Note: MC = Methyl Carbazate; EC = Ethyl Carbazate; CA = Citric Acid; LA = a0% Lactic acid; MA =
Malenic Acid; DTPA = Diethylenetriaminepentaacetic Acid; Malic = Malic Acid; Ascorb. = Ascorbic
Acid: GA = Gluconic Acid; GlycA = Glycolic Acid: NH,F = 40.6% Ammonium Fluoride; TMAF = 20%
Tetramethylammonium Fluoride; TMAH = 25% Tetramethylammonium Hydroxide; OHS = 0.2%
nonionic surfactant available from Arch Chemicals Inc.;
{0135] Cleaning tests were conducted using copper technology based full 200
mm substrates containing via test structures. The stack contained Si, SiOa, SiC,
Black Diamond 1l and TiN hardmask layers as well as residues form a bulk resist
removal (plasma ash) process. The un-cleaned device surface features of these

substrates contained a significant amount of sidewall polymer type residue. The
testing process was similar to Examples 7-11 and Comparative Examples 6-8. The
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none (943.8) 2.4 E16 MA (30.0) EC (10.0) NR F (0.6) TMAF (1.3) (5.0)
Ascorb. (10.0) TMAH (5.0) (938.1) 2.4 Eli GA (63.2) Mlic (10.0) DTPA (0.5)
MC (5.0) EC (5.0) NH4F (1.2) (5.0) none (910.1) 32 E18 CA (30.0) dycA
(42.9) MC (10.0) TMAF (2.5) (5.0) none (909.6) 2.7 E19

WO 2008/005354 PCT/US2007/015169

fluoride-containing cleaning compositions were held at a constant temperature of 70
°C while the coupon coupons were immersed into the fluoride-containing cleaning
compossitions for 10 minutes. SEMs were evaluated for how much sidewall residue
was removed and over etch of the hardmask. Process conditions and results are

5 listed in Table 9.

Table 7: Cleaning Results and Fluoride-Containing Cleaning Composition

Ranking
Example pH Cleaning Rank Qver etch of hardmask

Ei2 , 2.7 i0 Slight

E13 2.4 -7 Very Slight

El4 2.4 10 Very Slight

El5 2.4 10 Very Slight

El6 2.4 9 None

E17 3.1 9 Slight

E18 2.7 9 None

E19 2.7 10 None

C9 2.7 0 None

Cl10 11.5 0 None

' Rank:
10 10 [best]  Represents complete removal of sidewall residue
and 100% reveal of hardmask/dielectric interface.
5 [middle] Represents ~50% sidewall residue removal and
reveal of hardmask/dielectric interface.
0[worst] Represents 0% sidewall residue removal and no
15 visible hardmask/dielectric interface.
[0136}] The addition of fluoride clearly improved the ability to remove the

sidewall residue of the fluoride-containing cleaning composition of the present
disclosure. This was accomplished without degrading the dielectric or the hardmask
20 significantly.

[0137] While the present disclosure has been described herein with reference
to the specific embodiments thereof, it will be appreciated that changes, modification
and variations can be made without departing from the spirit and scope of the

25  inventive concept disclosed herein. Accordingly, it is intended to embrace all such
changes, modification and variations that fall with the spirit and scope of the
appended claims.



CA (30.0) LA (33.3) MC (10.0) TMAF (2.5) (5.0) none (919.2) 215

C9 CA

(30.0) LA (33,3) MC (10.0) none (5.0) none (921.7) 2.7 C10 CA (50.0) none

none none TEA (600.0) DMVSO (250.0) (100) 11.5 Note: MC = Met hyt
EC = Ethyl Carbazate; cA - uitnc sac; t.n- Malonic Acid; DTPA =

Car bazat e;

Di et hyl enetri am nepentaacetic Acid Mac = Mell o Acid; Ascorb. Ascorbic Acid,;
GA = duconic Acid; dycA = dycolic Acid; NH4F = 40. 6% Amoni um Fl uori de;
TMAF = 20% Tet r amet hyl ammoni um Fl uori de; TMAH = 25% Tet r anet hyl amoni um

Hydr oXictieangslS = 0. 2% 15noni oni ¢ surfactant available from Arch

Chemi cal s

Inc.; [0135]C eaning tests were conducted using copper technol ogy based
full 200 mm substrates containing via test structures. The stack contai ned

Si, 5102, SilC, BhAadtanibignompdsition eerapriing:har dmask | ayers as wel |
forma bul kwrage%i st

at least one water soluble hydrazinocarboxylic acid ester;

at least one water soluble carboxylic acid;

optionally, at least one water soluble fluoride-containing material; and

optionally, at least one corrosion inhibitor not containing carboxyl groups.

as residues

2. The cleaning composition of claim 1, wherein the pH of the cleaning composition

is between about 2 and about 6.

3. The cleaning composition of claim 1, further comprising an additive selected from

a group consisting of: surfactants, de-foaming agents, biocides, and any combinations thereof.

4. The cleaning composition of claim 1, wherein said water soluble

hydrazinocarboxylic acid ester has the following formula (D):
R!-0-CO-NH-NH, 1)

wherein, R' is a straight-chain or branched C;-Cyp alkyl group, a C3-Cy cycloalkyl group,

or a C¢-Cy4 aryl group.

5. The cleaning composition of claim 4, where R is selected from a group

consisting of: methyl, trifluoromethyl, ethyl, 2,2, 2-trifluoroethyl, 2,2,2- trichloroethyl,

hydroxyethyl, propyl, iso-propyl, cyclopropyl, n-butyl, iso-butyl, tertbutyl, sec-butyl, cyclobutyl,

pentyl, 1-hydroxypentyl, iso-pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl,

cyclohexylmethyl, cycloheptyl, 2-cyclohexylethyl, octyl, decyl, pentadecyl, eicosyl, benzyl,

phenyl, or and any combinations thereof.

6. The cleaning composition of claim 4, where R'isa straight-chain C-C,¢ alkyl

group, branched C;-Cy¢ alkyl group, or Cs-Cyo cycloalkyl group.
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20 renmoval (plasma ash) process. The un-cl eaned device surface features of
these substrates contained a significant amunt of sidewall polyner type
residue. The testing process was simlar to Exanples 7-11 and Conparative
Exanpl es 6-8. The WO 2008/ 005354PCT/ U52007/ 015169 fl uori de-cont ai ni ng

cl eaning conpositions were held at a constant tenperature of 70 C while the
coupon coupons were imrersed into the fluoride-containing cleaning
conpositions for 10 minutes. SEMs were evaluated for how nuch sidewal |

resi due was,r GWE%IW%)F‘{@OSEISQaEPM$ WREANRRY wakh 981@51% condi tions and

results are 5I e /7 (Ueaning Results and
Fl uor i Hedrtindcatboixpiic (dl@esnerngatﬂ:caspam teleoted Reomk the groupcangistingsi mapthani ng Rank'

Over etch of sk E12 2.7 ht E.13,2 ; 1 4 2.4 10
Very SF’?rg?ﬁateEi ylgcnab @e,\gpg)lyl jb E%Gprgpyi carbazaée butyY@irﬁaz% ﬂ:@tt bIE}l
carbazate, pentyl carbazate, decyl carbazate, pentadecyl carbazate, eicosyl carbazate, benzyl

carbazate, phenyl carbazate and 2-hydroxyethyl carbazate.

8. The cleaning composition of claim 7, wherein said water soluble
hydrazinocarboxylic acid ester is at least one selected from the group consisting of: methyl

carbazate, ethyl carbazate, tert-butyl carbazate, and benzyl carbazate.

9. The cleaning composition of claim 1, wherein said water soluble
hydrazinocarboxylic acid ester is present in an amount from about 0.01 wt% to about 15 wt% of

the cleaning composition.

10.  The cleaning composition of claim 9, wherein the water soluble
hydrazinocarboxylic acid ester is present in an amount from about 0.1 wi% to about 5 wt% of the

cleaning composition.

11.  The cleaning composition of claim 1, wherein the water soluble
hydrazinocarboxylic acid ester is a binary mixture of two water soluble hydrazinocarboxylic acid
esters, blended in a ratio of up to 99 wi% of one of said water soluble hydrazinocarboxylic acid

esters.

12.  The cleaning composition of claim 11, wherein said binary mixture of two water
soluble hydrazinocarboxylic acid esters is blended in a ratio of up to 95 wt% of one of said water

soluble hydrazinocarboxylic acid esters.
13.  The cleaning composition of claim 12, wherein said binary mixture of two water

soluble hydrazinocarboxylic acid esters is blended in a ratio of up to 75 wi% of one of said water

soluble hydrazinocarboxylic acid esters.
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9 None E. 17 3.1 9 Slight E18 2.7 9 None E19 2.7 10 None C9 2.7 O None C10
11.5 0 None Rank: 1010 [best] Represents conpl ete renoval of sidewall
resi due and 100% reveal of hardnask/dielectric interface. 5 [m ddl e]
Represents -50% si dewal | residue renoval and reveal of hardmask/dielectric
I nterface. O [worst] Represents 0% sidewal | residue
renoval and no 15vi si bl e hardmask/dielectric interface. [0136] The addition
of fluoride clearly inproved the ability to renove the si dewal | residue
of the fluoride-containing cleaning conposition of the present disclosure.
This was acconplished wi thout degrading the dielectric or the hardmask
20si gni fi cang] y. ThOdBahindidnepositien pf elaim 1 3,diistdin said binagsmbxéien ofisacwatke d
herein with reference . ) ; . . .

soluble hydrazinocarboxylic acid esters is blended in a ratio of up to 50 wt% of one of said

water soluble hydrazinocarboxylic acid esters.

15.  The cleaning composition of claim 1, wherein said water soluble carboxylic acid
is at least one selected from the group consisting of: monocarboxylic acids with one additional
ligand, monocarboxylic acids with two or more additional ligands, dicarboxylic acids with one
additional ligand, dicarboxylic acids with two or more additional ligands, and polycarboxylic

acids with additional ligands.

16.  The cleaning composition of claim 15, wherein said water soluble carboxylic acid
is at least one selected from the group consisting of: monocarboxylic acids with one additional
ligand, monocarboxylic acids with two or more additional ligands, and polycarboxylic acids with

additional ligands.

17.  The cleaning composition of claim I, wherein said water soluble carboxylic acid

is present in an amount from about 0.01 wt% to about 20 wt% of the composition.

18.  The cleaning composition of claim 17, wherein said water soluble carboxylic acid

is present in an amount from about 0.1 wt% to about 6 wt% of the composition.

19.  The cleaning composition of claim 1, wherein said corrosion inhibitor not
containing carboxyl groups is present in an amount from about 0.001 wt% to about 15 wi% of

the composition.
20.  The cleaning composition of claim 19, wherein said corrosion inhibitor not

containing carboxyl groups is present in an amount from about 0.01 wt% to about 6 wt% of the

composition.

47



to the specific enbodinments thereof, it wll be appreciated that changes,
nodi fi cation and variations can be nmade w thout departing fromthe spirit
and scope of the 25. inventive concept disclosed herein. Accordingly, it is
intended to enbrace all such changes, nodification and variations that fal
with the spirit and scope of the appended clains. CLAINMS: 1. A

cl eani ng conposition conprising: water; at |east one water sol uble

hydr azi nocar boxylic acid ester; at |east one water sol uble carboxylic acid,
optionally, ,at | east. one water. sql e fluoride- i i qrial; and
obt1 onai 15, 28 1| SAStiete ABRELRE ! e by VEPLHGHINR 0B ABLAELS

gr OUPS containing rdaterTdGs el e@fedifitgn GRBpaH donsittingf of ciramonitn foeidej n t he pH of the
cl eaning composition i s between about 2 agf aBoutzg. .3. Jhe cl eaning
conpos itquﬂyﬂm@pgmﬁmﬂuom?,ttmeﬂ}y&%p?rgm ugrde defrabptylanppripndiiondeds o

gr oup I St . Srim@ern faaabRGnRARM Suofieoci des, and any
conbing@@§%2&¥ﬁg?g%¥PﬁmHﬁaﬁkﬁngThegg?ganiﬁb conposition of claim1, wherein
sai d wat er sol ubl e hydrazi nocarboxylic acid ester has the follow ng fornula

(1): R - - - NH - NH2( | .. A, i aht ~chain or
branched C ?go rarPl? Slﬁ?lmég éou%?osgm&%@’c‘f’}o% lbéftﬁgﬁd té%%’?ﬁg% fgllagg?cm aryl
gr oup. containingdmatéhal iCsebrddrepnt theppsipt donsistirig «ft actramkthyldneneniiin flueridel ect ed
froma q;oug{consLstﬁfg_gf: net ., trifluoro tQ&%, et hyl ,

2, 2, 2- feapptylanyaemym tuprige or W&B}‘W‘,‘mﬁs‘ﬂ? yethyl , propyl,

i so-propyl, cyclopropyl, n-butyl, iso-butyl, tertbutyl, sec-butyl,

cycl obutyl, pentyl, 1-hydroxypentyl, iso-pentyl, neo-pentyl, cyclopentyl,
hexyl, cycl 8RexyiThe plepriyg ‘;Omwitbﬁé»fylaﬁ@tlth?fe’)é/Véﬂd%ﬁ‘tS?P%bYe fluoride-

2-cycl ghexyl et hyl .. e I 1 , o nyl, or
and anfm&tgf%}%%ﬁe%%ig%%gng&aﬁﬂmoxﬁ?@?&%‘ﬁgﬁ(th.%@gﬁﬁg@’ﬂg S Rp&g%/gﬁp%g claim4,
wher e Rbmipssidomt r ai ght -chai n C1-C10 al kyl group, branched Ci-Cl10 al kyl
group, or C3-Cl0 cycloallcyl group. 7. The cl eaning conposition of
claim4, wherein said water sol ubl e hydrazi nocarboxylic acid ester is at

| east one select qfle ble@iths BEANBIRIHA TR 28] WHerbin saidBldwt sokbldfmaiie, et hyl
carbazate, propyl carbazate, iso-propyl carbazate, butyl carbazate,

t er t - bieoytaining waterialds prseent ifl ancamanas e abgwldPS whe L5y dfdbe y |
carbaz%tog1 ﬁh@gsyl carbazate, benzyl carbazate, phenyl carbazate and
2-hydroxyg? yI' “car bazat e. 8. The cl eaning conposition of claim?7,
wherein said water sol ubl e hydrazi nocarboxylic acid ester is at |east one
sel ected frg§1the 8rou consiilin of .. nethyl carbazate, ethyl carbazate,
tert-butyl &arbaZafE Mg PHROTION CPHESY St €. 9. The cl eani ng
conposi tion yafiercl @i m 1, wherein said water sol uble hydrazi nocarboxylic acid
ester is present in an anmount frqn1about_0.0% mﬂ@b@gFﬁ out 15 wt % of the
cl eani ng corplsastiongmater soluble hydrazinacagpoxyhe Agd E8RHS The @FoiPm 9,

wher ei : Y. i Wty h ' 8 chbesent in an
anDuntq?%%%f od%dgﬂf%%,gﬁﬁggﬁgﬁpgéﬁﬁﬁgg%ébfﬁgﬁ%ﬁggﬁpﬁg 8§npositfon

11. The cl eanieast onerates s¢lible catboxylwi avidiselegted feninnthe igeoupanoasisting aib| e

hydr azi nocar boxyli c. aci.d ester..i s a bina i . ol ubl e
v ag MROCRPRERY T BB EXearoiy fefh HoneiSodhe sl W WWEbEgoRTog of “one
of sai chddfonsl 1fahds) kel Foliasixpie adidoxith baditaiatlligailer s. 12. The

cl eaning conposition of claim1l, wherejn said binary. m xture of two water
Sol Ubl & hy drah el ws sk g Ble Jbi0E e ou BB naierish SRE T e Pk §FOUR FonS5URS, o5
W % of ang b eRdafniRheh N8idDErabt AR IRER TROXY, hed RFhdh@&h@tamonium  13.
The cl eaning cohposition of claim 12, wherein said binary mxture of two
wat er sfblogideeandydr azi nocar boxylic acid esters is blended in a ratio of up
to 75 wt % of _ane .of said water solubl. Js ' cid esters.

14. The cl edh lﬂ’éalfcg"o?‘}%%ass? Ton n{%s lggIlﬁailm)r%?ofg%ggﬁgdr@?%gégwg%o(réllggy m xt ure of
two water sol ubl e hydrazinocarboxylic acid esters is blended in a ratio of
up to 50 wmt % of one of said water soluble hydrazi nocarboxylic acid esters.
15. The cl eaning conposition of claiml1l, wherein said water sol uble
carboxylic acid is at | east one selected fromthe group consisting of:
nonocar boxylic acids with one additional |igand, nonocarboxylic acids with
two or nore additional |igands, dicarbgxylic acids with one additional

| i gand, dicarboxylic acids with two or nore additional |igands, and

pol ycarboxylic acids with additional I|igands. 16. The cl eaning
conposition of claim15, wherein said water soluble carboxylic acid is at

| east one selected fromthe group consisting of: nonocarboxylic acids with
one additional |igand, nonocarboxylic acids with two or nore additional

| i gands, and pol ycarboxylic acids with additional |igands. 17. The
cl eaning conposition of claim1, wherein said water soluble carboxylic acid

T . ~ o~ A Y. Y e I ~NN . 2 N7 r



18. The cl eaning conposition of claim17, wherein said water soluble
carboxylic acid is present in an anmount from about 0.1 W% to about 6 W %

of the conposition. 19. The cl eaning conposition of claim1, wherein
said corrosion inhibitor not containing carboxyl groups is present in an
amount from about 0.001 W% to about 15 wt % of the conposition. 20.

The cl eaning conposition of claim19, wherein said corrosion inhibitor not
cont ai ni ng carboxyl groups is present in an anmount from about 0.01 w%to
about 6 wt %.,Qf t 21. The cl eaning conposition of
claim1, V\,hoe;rgel n%sa{igagﬁp erpogl?)lf) clomppfln%rl de-containing material is

sel ect ed fr emdrhe group consisting of: amoni um fl uori de,

tetranet hyl a mf uorlde | ammoni u
Lot r abuty aghemh Yot abaaC o b PREIRST SRRl s baelicgeid

trimet Rydegt hanol anmoni um f 1 uori de. 22. The cl eani ng conposition of
claim 21, 'wherein said water soluble fluoride-containing material is

sel ect ed fr ehout®dlgrdufe e&)@h%?%w%gf%iﬂe%t ene e sublasaptexihs adidor i de,
tetrabutyl anppRio r f ?ﬁm 23.
The cl eani ng corrpLﬂc?)?glfjtv‘lH gnljoo OLRS%% ?&%ﬁ%@ﬁa&% &Etﬁl&Onggﬁlg 8

fl uori deatertddtzdni ng mat eri al |s pr esent in an ampunt from about 0.0005 wt %
to about 5 Wt % o ositi cl ea conposi tion of
e m 93, - whBharlys eSO EPbY PR ibibiter ok Rt bE RN gorRR or | ar | &
present in an anmount from about 0.05 W% to about 1.5 wt%of t he

conposi tion. . A cleaning conposition, conprising: _ water at
| east one wafler Jbp ebﬂ@nawmtmd&ﬂm% ‘éfh%rémcfa@s‘:p@wgwé&l@an?tr om t he

group %?M%%%&b@g{% ?re%@l{t bRzRkGourd @3}“ iRt 808G %R td Mduf IP%F%% of

car baz zate; ast one water sol

car boxyth¢ congmisitiogel ect ed from the group consi sting of: nonocarboxylic acids
wi th one additional |igand, nonocarboxylic acids with two or nore

addi tional |igands, and polycarboxylic acids with additional |igands;

at | east onegwat & ms@bd bl eeddindichidgescfoith ais@hiRgndRtce silitrateeihe eiegitbdf rom t he
group consisting of: tetranethyl amonium fluoride, tetrabutylamoni um

f1 uori cempaEpasth WWI et hyl ammoni um fl uori de; and optionally, at |east
one corrosi ‘hgﬁ] RistBlcof®ictdr SMsRiafdi Ng car boxyl groups. 26. A

cl eani ng co(r)‘rj*g%sm on, conprising: water; about 0.01 wt%to about 15 wt % of
at | east on@owactarg@:dlsgmlcemﬂwmmbmwhbnylmnacom@m@ saidplganing®. 01 Wt %

to about 20 % of at ne.wat er §a% bo i out

0: 0005 PR oRAR S Pk AR PR Bl R PP UBRAAT RS b Bl ng

mat er i ane v@ﬂﬁl s@llﬁb]e@@fblokyhc Rid, bpaciallp)a leet dnesvandr sblablelfliopide-boitaiaingt ai ni ng

car boxyl I?Jlijﬁz 27. The cl eani ng Iﬁurrg) sition of cl aLm iG, wher ein

sai d cGPPBeIRh N PHPES: #IEAStYUIRCArRMAR IWHIon RYY colaitipg2 FADHHELEWP i n an

amount - f r om fRAL kA BfkolidadrautiRaidwiliva WilibRiridsb Sol6aAIPRR! L ON. 28. A

met hod of cleanrng residues froma sem conductor substrate, the nethod

conpri sing tapomalkypdryig: saidrsemiaginderter byeamy cemnsithebiemouesthe sings solvent and

contactjn i ani ng conposition, said

cl eani ndé’%J St%o oﬁﬁg@gg%fgér&&0§%§%J@?&£Mcﬁogggbt8&%§e wat er sol ubl e

hydr azi nocar boxyl ic acid ester, at | east one water sol uble carboxylic acid,

optionally, at st one bI e fluoride-contajning compound, .and,

optional |y, Qgt i& (\L’Q‘%i s?g ‘FrﬁlﬁlsﬂﬁdtSS’F“Ct‘?Bfl“%?f ah t’f"i’lt‘?@ng“r%é’roﬁt&

group; @ngga%eg[dﬁgsm conductor substrate with a suitable rinse solvent;
and optionally, drying said sem conductor by any means that renoves

the rinse solvent and does not conprom se the integrity of sal d

sem conduct su r gect aid

sem conduct %: sutgﬁ{erng%ﬂg()dcogr? aéllnég Wi(gés}tgmet clng%%1 }d&ét&‘g@%ﬁ%t resi cf;&Sts

30. Theahmidabnhedfmhhpahsﬂﬁgmshhem n said sem conduct or substrate contains

post - chem cal nechani cal polishing residues.
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31. The nethod of claim 28, wherein the method of cleaning is conducted at
a tenperature of about 16C to about 70C. 32. A nethod of cleaning
resi dues froma sem conductor substrate, the nmethod conprising the steps
of : providing a sem conductor substrate; contacting said sem conductor
substrate with a cleaning conposition; rinsing said sem conductor substrate
with a suitable rinse solvent; and optionally, drying said

sem conductor by any neans that renoves the rinse solvent and does not
comprom se e | Thefleltiol oPLiafit o6, LR MAES ofHRIAL EondiliBa &l ) SA

cl eani ng conposition conprises: water, at | east "one water sol uble

hydr aziterapastheoflabeutd 6i°d teabeut 78E8Cect ed from t he group consi sting of:

met hyl carbazate, ethyl carbazate, tert-butyl carbazate, and benzyl

car bazat e; at | east one water sol uble carboxylic acid selected from
the group cgpsi sia Mehed of (IRMAGEAEHANNS! fidin Aséhisondittdr ORtraddhé hethdl | 1 gand,
nmonocar boxylic acids with two or nore additional |igands, and

pol ycarchorysing thesteps ofii t h addi ti onal |i gands; at | east one water

sol ubl e flugkkgﬁﬁgggé %&&ﬂgtggﬁgﬁggl selected fromthe group consisting of:
t et ramet hyl ammonium Tl uori de, tetrabutyl ammoni um fl uori de and

tri met hyl et hyhtactmgsaidisemidondudtatespbsirat: with 2 oleakihy coraposit®ast one corrosi on

i nhi bitor not .cont.ginin ar hoxy| oup.. . 33. A cl.eani ng conposition
conprising:”ﬂ&?gF?gé?nwggﬁ?&ﬁﬁ@”ﬂ%?éﬁﬁg%ﬁﬁ%?%rW@%%i%?ﬁ@Sﬂrboxylic acid
ester; at | @pfibnalREIryiE@hidsehitbh@ictrbhoxy heana@httemavesliBasiscBoRciaher

sol ubl e fluoride-caontaining materijial; and optionally, at |east one

cor r osid9fs RAtPHPIOFHSeHE inkegitty phaaithscausangRsier Ybskds. ~ 34. A cl eani ng
conmposi ti on ({aNmri-si Elgam% cdn?;%%ﬁioﬁ%Bﬁ&Pﬁé%@: w % of water; at |east one water
oxylTc aci ;

sol ubl e hydrazi nocar este at | east one water sol uble
carboxylic aatat; optionally, at |east one water sol uble fluoride-containing
e _coprrosion inhi bi.t or,not contai ni ng

gg? g(r) ;(3 : ! g?glglﬁgﬁtoing Qf%lelr Xdlul:?l% hlygr%zslgoc%r oxylic acid ester se ect'eg from the group

consisting of: methyl carbazate, ethyl carbazate, tert-butyl carbazate, and benzyl carbazate;

at least one water soluble carboxylic acid selected from the group consisting of:
monocarboxylic acids with one additional ligand, monocarboxylic acids with two or more
additional ligands, and polycarboxylic acids with additional ligands;

at least one water soluble fluoride-containing material selected from the group consisting
of: tetramethylammonium fluoride, tetrabutylammonium fluoride and trimethylethyl ammonium
fluoride, and

optionally, at least one corrosion inhibitor not containing a carboxyl group.

33. A cleaning composition comprising:

water;

at least one water soluble hydrazinocarboxylic acid ester;
at least one water soluble carboxylic acid;

at least one water soluble fluoride-containing material; and

optionally, at least one corrosion inhibitor not containing carboxyl groups.
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34. A cleaning composition comprising:

at least about 45 wt% of water;

at least one water soluble hydrazinocarboxylic acid ester;

at least one water soluble carboxylic acid;

optionally, at least one water soluble fluoride-containing material; and

optionally, at least one corrosion inhibitor not containing carboxyl groups.
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