'STRI PPI NG AND CLEANI NG COVPCSI TIONS FOR M CRCELECTRONI CS FI ELD OF THE
INVENTION 5 [0001] This invention relates to nethods and

al kal i ne-cont ai ni ng photoresist stripping and cl eaning conpositions for

cl eaning mcroel ectroni cs substrates, and particularly such conpositions
useful with and conpatible with netal electrode stacks used in the flat
panel display (FPD) markets. The conpositions of this io invention provide
enhanced protection of netal, i.e., inhibition of corrosion, when such

m croel ectroni c substrat es-rmppmgbmgt@_ym,@bgm se. BACKGROUD TO
THE I NVENTION i s [0002] Many photoresist strippers an‘glq'?aéé]l due renovers

have been proposed for use in tAQR MIEROELEE I68 field as downstream or
back end of the manufacturing I|ine cleaners. In the nmanufacturing process
athin filmof photoresist is deposited on a substrate material, and then
circuit design Is Imaged on the KIGLD @F FHE INVENGWMNg baki ng, the exposed
resist is pemoved with a photoresist devel oper. The resulting 20 |mage is
t hen transfserred to the underlying material, which is generally a
dielectric orI 00"t al , Vys imygninn raiatesdo mﬁh@a&%amiimmmhgmmma

sol utions. R
‘attack the phot r@;l st °ﬁ’%§rﬁ§t ect o%ﬁ@ﬁﬁegéﬂo?@%rﬂn&m qﬁgteg&é'ﬂgiég%r%?és Sﬁb of
t he pl asma etharticuigryrschseompositions cusedu! withl aptdcberpatinlee withl meta) -gleatadet s

opent nbs. on. chexs (e MR heP bisBlay  CRoY HEBIs, o Pha AeEsfids o s
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renmpved fromg hbﬁﬁéﬂ%@&?&@ﬁ&%ﬁa@& E é@é& a%%ae%%PHQﬁﬁ%t he next _proces's

operation can ta ace I'S”can conp Fasma ashing 30
step by the use of suitable pl asma ashi ng gases or wet chem cal strippers.

Finding - 1 BACKGROUD TO THE INVENTION

15 [0002] Many photoresist strippers and residue removers have been proposed
for use in the microelectronics field as downstream or back end of the manufacturing
line cleaners. In the manufacturing process a thin film of photoresist is deposited on a
substrate material, and then circuit design is imaged on the thin film. Following
baking, the exposed resist is removed with a photoresist developer. The resulting

20 Image is then transferred to the underlying materiai, which Is generally a dielectric or
metal, by way of plasma etch gases or chemical etchant solutions. The etchant gases
or chemical etchant solutions selectively attack the photoresist-unprotected area of the
substrate. As a result of the plasma etching process, photoresist and etched material
by-products are deposited as residues around or on the sidewall of the efched

25 openings on the substrate and the photoresist. ‘

[0003] Additionally‘. following the termination of the etching step, the resist
mask must be removed from the protected area of the substrate so that the next
process operation can take place. This can be accomplished in a plasma ashing
30 step by the use of suitable plasma ashing gases or wet chemical strippers. Finding




a suitable cleaning conposition for renoval of this resist mask nateri al

wi t hout adversely affecting, e.g., corroding, etching or dulling, the
netal circuitry has also proven problematic. s [0004] As mcroel ectronic
f-abrication integration | evels have increased and patterned

m croel ectroni ¢ devi ce di nensions have decreased, It has becone increasing
difficult to provide suitable photoresist stripping and cl eaning
conpositions that provide suitable stripping and cl eaning properties

W thout  pr odaiGuitgbl® toiningetdrhptiion! fof frém6Va - of | thist RBIskmRskOmatdrial withew!

di splay (FPD) io appljcations, particularly with the use of select netals
and all oys, t%efﬁeg’g?f&ﬁﬂﬁﬂv e-ﬂetcaFo@BQ-erE’i"B% op Gulling, tHeJnelabsirauitrshas glseng
and the wat erprbldiSsrobBmati§ever e drawback. [0005] Due to issues with

el ectrical performance and reliability in mass is production, a variety of
metal stacks are utilized for formng gate lines in FPD technol ogy.
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cl eani ng or \ﬁgﬁée#&'fq r?bgﬁs?ée%?e@gﬁgggég? 2'? éﬁ% eaorﬁﬁt&hﬂﬂg"?ﬁat R'@p'ﬁ%t@f:‘tﬁi nes,
whi ch i s tibe applitatioosnparticlddriycwittathe-BE2 of seleciometis afdh alloys)ivs iprobdem aff t he
cl eani ng sol utj i ts, behayi I.n ter plays,2s a key role in_causing
corrosion At %‘ggﬁﬁgﬂé‘ﬁ oq“ﬁ'ggsé{ﬁq?érﬁﬁ\%\rg@rfp@ngﬁBgatBBl WAL | 1% REVaRcl ude
pol ar organi cdrawbacknt s bl ended with organi c am nes and other solvating
agents. Am nes have been shown to increase the effectiveness of

phot oresi st renoval In solvent blends. However, the water rinse follow ng
this type off00@Sjover Rue torissues withtelectdtal pdrfoahamee andergliability! int nassand

that can l1§adpr3c§)uction. a variety of metal stacks are utilized for forming gate lines in FPD
technology. Multiple metal layers such as Mo/AINd/Mo, and especially double layers
such as Mo/AINd, AINd/Ti, and AINd/Cr are common for gate line metal stacks in
current manufacturing of FPD technologies. Howeirer. in stacks where the AINd
alloy is located beneath another metal, aluminum corrosion during the rinse step can

20 be a critical problem for electrical performance. This corrosion is commonly known
as overhang and can create voids that weaken the metal structure. Loss of
aluminum to corrosion during the chemical cleaning or water rinse steps can also
create notching in the metal lines, which is the most common defect at FPD
technology. The composition of the cleaning solution and its behavior in water plays

25 a key role in causing corrosion A typical photoresist remover for FPD applications
might include polar organic solvents blended with organic amines and other
solvating agents. Amines have been shown to increase the effectiveness of
photoresist removal in solvent blends. However, the water rinse following this type

of remover can create a strongly alkaline aqueous solution and that can lead to

30 considerable loss of metal from the patterned lines. This necessitales an




30 considerable loss of netal fromthe patterned Iines. This necessitates
an - 2 internediate rinse between the cleaning/stripping step and the
aqueous rinse. Such an Internmediate rinse, typically with isopropyl

al cohol , adds undesirable tine, safety concerns, environnental
iconsequences, and cost to the manufacturing process. 5 [0006] There is
therefore a need for an al kaline-contai'ning stripping and cleaning
cconpositions for photoresists that enable one to conpletely renove
photoresi sts émameﬁa:é riaﬁdbf@ﬂweaﬁ Ithe dsé:dug/sthpping tstupdaﬁdcrheehe@dlrsmﬁse. Substrate
yet not produ an cant ne corr.o n dur .Subsequen
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SUMVARY OF Tigendeivé: hiiedhnbeHIA Qonddrfientess ahd eosts M Masufadtiadd precesant ai ni ng
1 eaning conpositions for 15 cleaning mcroelectronic substrates,

‘particularly FPD m croel ectronic substrates, that are able to essentially

conpl et el ys dgggoeyuch StHagd hisittRérefons aonh@dalcrer %ﬁSQIBéIIrQLdothan Tmﬁp%lingcﬁﬁd! osion
‘of the nmetal el enments of . such_substrates. aP&entlon al so‘%&row
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‘i croel ect r ophgtofesists bAE Qfch 4tRNdri 45h!rasitive ﬁE’E thb Qﬁl%bl%‘éirélﬂa isGbsthate Yétaices
W t hout 20 produci ng any significant nmetal corrosion of the netal el enents

of the m cr SEdsice 2w significant matal comosion) dusing f SERIAAHPR, ‘T’F@}'e@l-’%dﬁ'?ﬁﬂétep’

conposi ti ons eghadidiyFor FEDY AilirbOBcFeHPElMRnisa) @ nucl eophilic am ne, (b) a
noderate to weak aCid having a strength expressed as a "pKa" for the

di ssoci at #®n constant I n aqueous solution of fromabout 1.2 to about 8,
preferably fromabout 1.3 to about 6, and nore preferabl y 25 from about 2.0
to about 6, and nost preferably of from about to about 5 (c) a conpound

sel ected froman aliphatic al cCBYYMARY QF T"fﬁ)l% BPNal i phatic glycol ether,

and (d) an organic co-solvent preferably having a solubility parameter of

fromabout 8 to about_15, obtained by taking the square root off the three
Hansen sol ub{¢%% The invention provides alkaline-Gontaining cleaning compositions for

15 cleaning microelectronic substrates, particularly FPD microelectronic substrates, that
are able to essentially completely clean such substrates and produce essentially no
meta!l corrosion of the metal elements of such substrates. The invention also
provides method of using such alkaline-containing cleaning compositions to clean
microelectronic substrates, particularly FPD microelectronic substrates, without

20 producing any significant metal corrosion of the metal elements of the
microelectronic substrate. The alkaline-containing cleaning compositions of this
invention comprise (a) a nucleophilic amine, (b) a moderate to weak acid having a
strength expressed as a “pKa" for the dissociation constant in aqueous solution of
from about 1.2 to about 8, preferably from about 1.3 to about 6, and more preferably

25 from about 2.0 to about 6, and most preferably of from about 2 to about 5 (¢) a
'compound selected from an aliphatic alcohol, diol, polyol or aliphatic glycol ether,
and (d) an organic co-solvent preferably having a solubility parameter of from about
8 to about 15, obtained by taking the square root off the three Hansen solubility
parameters (dispersive, polar and hydrogen bonding). The cleaning compositions of

30 this invention will have an amount of weak acid such that the equivaient mole ratio of




paranmeters (dispersive, polar and hydrogen bonding). The cl eaning
conpositions of 30 this invention wll have an anmount of weak acid such
that the equivalent nole ratio of 3 acid groups to am ne groups is
greater than .75 and may range up to and beyond a ratio of 1, such as for
exanple a ratio of 1.02 or nore. The pH of the al kaline- containing

cl eaning conpositions of this invention wll be fromabout pH 4.5 to 9.5,
preferably fromabout pH 6.5 to 9.5 and nost preferably from about pH 8.5

to 9.5. 5 [Oﬁeﬁ]qﬂm 1ol dinG GELUPSND GFelater Mk 76 anbiinsay RINGS ILUPAD ak@ehondised to
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substratesgcontaining alum num and especially those containing
al um nunt neodéom' um conponents w thout causin significant netal

an
corrosi on i n[@08lbseqddstcleafinsermppsitonsof this %WP“ MeCah Be YEpd Lq FigRR any

substrate. i gudeld\ highhdrictoRic” Eubdirdts, B &hVEMbEERIly ANSrltREEéfbdD FPD
EVMBODI MENTS [0009|] The al kal 1 ne-cont ai ni ng cl eani ngpcorrpom tions of this

i nventi on coffigpalectranie, sybstrate Alements andhare Aple to,fe 30 &ithael saYRiRgG BBY ani ne
can be enpl oxgdi t OfBzidni QRS aCfsubBddisel VS(?HOQQ' aMtss & th
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2= (2-am noet RyhilafP) Stk for 2eibaniAg’ FRB! MiboBledfoMEt N¥LBER containi
di et hanol am %e, t rﬁgt ﬁ‘gﬁg%%ﬂ;‘%’ﬂgﬂ he | _ihﬁe. The nEcheop_hi | c?otny :rg?gt he
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conponent without causing any significant metal corrosion in a subsequent aqueous wash step
of the microelectronic substrate.
15 ‘ :
DETAILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENTS

[0009] The alkaline-containing cleaning compositions of this invention contain
20 a nucleophilic amine. Any suitable nucleophilic amine can be empioyed in the
compositions of this invention. Examples of suitable nucleophilic amines include,
but are not limited to, 1-amino-2-propanol, 2-(2-aminoethoxy)ethanol, 2-
aminoethanol, 2-(2-aminosethylamino)ethanol, 2-(2-aminoethylamino)ethylamine,
diethanolamine, triethanolamine, and the like. The nucleophilicity of the amine
25 component should be high. The amount of the nucleophilic amine component
employed in the cleaning composition of this invention will generally be from about
1% to about 50%, preferably from about 10% to about 45%, and especially from
about 12% to about 25%, based on the total weight of the cleaning composition.

30 [0010] The alkaline-containing cleaning compositions of this invention contain




enpl oyed in the cleaning conposition of this invention will generally be
fromabout 1%to about 50% preferably from about 10%to about 45% and
especially from about 12%to about 25% based on the total weight of the
cl eani ng conposition. 30 (0010] The al kal i ne-contai ning cl eani ng
conpositions of this invention contain 4 an aliphatic alcohol, diol,
polyol or aliphatic glycol ether conponent. The aliphatic conponent of the
is preferably an al kyl or alkylene noiety containing fromabout 2 to about
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about 10% to about 80%, preferably from about 20% to about 60%, and especially

from about 25% to about 40%, based on the total weight of the cleaning
composition.

20 [0011] The alkaline-containing cleaning compositions of this invention will
have present any suitable organic co-solvent component, preferably an organic co-
solvent having a solubility parameter of from about 8 to about 15. The co-solvent
may be any one or more suitable co-solvents. Such suitable co-solvents include, but
are not limited to, 2-pyrrolidinone, 1-methyl-2-pyrrolidinone, 1-ethyl-2-pyrrolidinone,

25 1-propyt-2-pyrrolidinone, 1-hydroxyethyl-2-pyrrolidinone, sulfur oxides such as dialkyl
suifones, dimethyl sulfoxide, tetrahydrothipphene-1-,1-dioxide compounds such as
sulfolane, methyl sulfolane, ethylsulfolane, dimethylacetamide  and
dimethylformamide and the like. The amount of co-solvent component In the
cleaning compositions of this invention will generally be from about 20% to about

30 80%, preferably from about 25% to about 70%, and especially from about 30% to




&enot limted to, 2-pyrrolidinone, 1-nethyl-2-pyrrolidinone,
K ethyl-2-pyrrolidinone, 25 1 -propyl-2-pyrrolidinone,

-hydr oxyet hyl - 2- pyrrol i di none, sulfur oxides such as dial kyl sulfones,
¥ met hyl sul f oxi de, tetrahydrothi pphene-I-,1|-dioxide conpounds such as
qul f.ol ane, nethyl sulfolane, ethylsulfolane, dinethylacetam de and
dinet hyl formam de and the |ike. The anount of co-solvent conponent In the
@ieaning conpositions of this Invention will generally be from about 20%to
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about 35%, and most preferably from about 12% to about 25%, by weight of the

total components in the composition.

20 [0013) The alkaline-containing cleaning compositions of this invention can
also optionally contain other components, including but not limited to, corrosion
inhibitors, non-corrosive surfactants and similar non-corrosive components
employed in alkaline-containing microelectronic cleaner compositions.

25 [0014] The compositions on this invention, their use to clean microelectronic
substrates, especially FPD microeiectronic substrates and their non-metal corroding
properties is illustrated by, but not limited to, the following examples.

[0015] The following test procedure was employed in the following examples.
30 Test samples consisted of a glass substrate and a metal electrode composed of a




i'nhi bitors, non-corrosive surfactants and simnilar non-corrosive conponents
enpl oyed i n al kal i ne-containing mcroel ectroni c cl eaner conpositions. 25

[ 0014] The conpositions on this invention, their use to clean

m croel ectronic substrates, especially FPD m croel ectronic substrates and
their non-netal corroding properties Is illustrated by, but not limted
to, the foll ow ng exanples. [0015] The follow ng test procedure was
enployed in the followi ng exanples. 30 Test sanples consisted of a gl ass

substrate a I t FPRsRSmRIm gangd) (et BRittlaye8 an
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t hree mnut al s are etched in a nulti-step process such

that there ifellowsddyed)iarg bekingras aver J4n fon threg minutese T"@ﬁ)!‘@}a'%éfﬁpihég wer e
prepared by eleavh Tnﬁ.uﬁiestgﬁ gﬁ&eéggam ma%mérseseho'dmapg'mﬁé rniRdbndm2 Cne.

These sanpl €S mere c suspension in a test solltion at conditions
descri bed héayer.nafter in a snall stlrred bat h. For tests of cleaning
efficiency, sanples were next rinsed in flow ng deionized water for one
mnute. To better sinulate corrosion in rinse water, sanples cleaned at 70
C for three[9818ltes, Sa@npies avase arepnred rycelpgving the glags swibsiratgnshset iMe sane

cl-eani ng m@qaaelagg&%w' %eé@sarﬁaggwe?faemﬁﬁ@ Rspétthidn hQitest Atighes.  No

formul ati on est cause corroslon ayer, so only

corrosi on ofat Abnditionss desutibed thegeinaftes ing small |sﬂ§ed path. wier iastw ofi 6learirdned
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15 were placed directly in a 5 % solution of the same cleaning material composition in
deionized water at 30° C for 5 minutes. No formulations tested cause corrosion of
the molybdenum layer, so only corrosion of Al/Nd-is indicated. The water rinse pH
was aiso determined from a 5% solution concentration of the cleaning compositions.
Drying with N, Immediately followed either rinse step. Sample cleanliness and

20 corrosion were determined by scanning electron microscope analysis.

[0017] In the examples below, the following terms are used:
For “cleaning™ *“Clean” represents complete removal of all resist and
“Incomplete” indicates any amount of bulk resist not removed from the
25 metals.
For “Corrosion™ “None” indicates no loss of Al/Nd line material, "Slight”
indicated loss of fine edges of Al/Nd lines at the substrate interface, and
“Some" indicates limited corrosion of the bulk Al/Nd fine. '
“Molecular weight ratio” means the ratio of the molecular weight of the acid
30 componant to the amine component multiplied by the ratio of number of acid




(:0017] In the exanples below, the following terns are used: For "cleaning":

"Cl ean" represents conplete renoval of all resist and "inconplete*
i ndi cat es any anount of bulk resist not renoved fromthe 25 netals. For
"“Corrosion": 'None" indicates no loss of AI/Nd line material, "Slight"

i ndicated | oss of fine edges of AI/Nd lines at the substrate interface, and
"Some" indicates limted corrosion of the bulk Al/Nd Iine. "Ml ecular

wei ght ratio” neans the ratio of the nolecular weight of the add 30
conponent to the groups i GEPAGE Tompohéntib ithel nbimbénef amineogrelipsimiher ariheadd
7 groups in the acid conponent to the nunber of am ne groups in the am ne
conponent. 5 EXAI\/PE’EBO“T’G)OlS] Exanple 1: An initial solution conprised of
N- net hyl pyrrol i di none (about 44%, ethylene glycol (about 33%, and

nonoet hanol am ne (about 22% was prepared. To this solution was added

gl acial acetic acid to produce the test to solutions indicated bel ow.
Conposi tiog Equival ent pH 5% sot. C eaning AVNd corrosion (amount of acid)
nole ratio (3 mn. 70' C (5%sol. 30_ C) acid/ amne 14.3% acetic acid
0.765 9.4 Clean None 15.1 % acetic af LES 9. 29 O ean None 16.1% acetic
acid 0.88 9. Qfofdjean Neatnpld 7: 1 A A8 doluioh Codhngiked SENGHERMPMRGIRIGhE. 9%

acetic acid Cl ean None 1% aceti c aci ean
(about 44%), ethylene glycol (about 33%), and monoethanoclamine (about 22%) was
prepared. To this solution was added glacial acetic acid to produce the test

10 solutions indicated below.

Composition Equivalent pH 5% sol.  Cleaning  AlNd corrosion
(amount of acid)  mole ratio (3min. 70" C)} (5% sol. 30° C)
acldfamine
14.3% acetic acid 0.765 9.4 Clean None
15.1% acetic acid 0.82 9.29 Clean None
16.1% acetic acld 0.88 9.06 Clean None
17.1% acetic acld 0.84 8.65 Clean None
17.9% acetic acid 1 6.63 Clean None
18.1% acetic acid 1.02 6.34 Clean None

[0019] Example 2: An initial solution comprised of N-methylpyrrolidinone
15 (about 44%), ethylene glycol (about 33%), and monoethanolamine (about 22%) was
prepared. To this solution was added the acids indicated below.

Composition-addad adid Equivelent  pH&%sd. Cleaning  AlNdoomrosion
mole ratio @min70'C) (S%sd. 30" C)

adid/arine
13.8% hypophospharous acid 0a o Clean None
22.5% melonic acid 08 AT Clean Sorre
[0020] Example 3: Solutions were prepared with compositions of N-

20 methylpyrrolidinone (37%), monoethanolamine (19%), glacial acetic acid (15%), and
the remaining component (29%) as indicated below.




{0019] Exanple 2: An Initial solution conprised of N nethylpyrrolidinone
is (about 44%, ethylene glycol (about 33%, and nonoet hanol am ne (about
2299 was prepared. To this solution was added the acids indicated bel ow
Car posi ti orraddedadd Eqi val at pH5%ad. Ccai ng PUNdcorroslon nde redo (3 nk-
70 © (5%d. 30 C a Wne 13.8%ypophospha xsadd 0.8 921 C ean None
22S%nt cdcadd 0.8 4.77 Qeai Sane [0020] Exanple 3: Solutions were prepared
wi th conpositions of N 20 nethyl pyrrolidinone (37%, nonoet hanol am ne
(19%, glacial acetic acid (159, and the remaini ng conponent (29% as
I ndi cat ed bel ow. -8 Added conponent Equivalent nole pH 5% sol. C eaning
AVNd corrosion ratio addlamne (3 mn. 70 C (5% ad. 30 C propylene glycol
0.8 9.39 Cean sone 2-nethyt-2,4-pentanedid 0.8 9.37 O ean None glycerol
0.8 9. 38 O eafddRpFEPos® hyt et gje o Pi)S% s BWaW@W | sopropand 0.8
8.9 O ean None_ 2-(2-buto diapjneg 9.1 o B2l Rdh&% PRl s [0021]
Exanpl e 4: Solm P! epap d w t hg&bnpos zﬂons OfoneT@NOEL hanol an ne
(19%, gl aci aly,aet acrd (14. 3%, andgkfie refghNi Ng NBgr cent age
conprising N-gehdehpdbr ol i di nonga(NVP) apfl et hyidagne gl ¥l (EG indicated.
Conposi ti on Etuairspadoent pH 5% soba Cl eanigmg Cl e@@hng Al Ndi&é corrosi on
YNVP/ YEG nol e 242ahiogetiddyHri n. 70 @ (30 sed2 70 @Ben (5% soiwne 30 C)

stharol

5 [0021] Exampie 4. Solutions were prepared with compositions of
monoethanolamine (19%), glacial acetic acid (14.3%), and the remaining
percentage comprising N-methylpyrrolidinone (NMP) and ethylene giycol (EG)

indicated.
Composition Equivalent pH 5% saol. Cleaning Cileaning Al/Nd corrosion
%NMPI%EG mole ratio {3 min, 70* C) (30 sec. 70° C} (5% sol. 30° C)
. acid/amine
100%/0% 0.765 9.24 Clean Redepaosit None
57%143% 0.765 9.4 Clean Clean None
43%/53% 0.765 9.41 Clean Clean Slight
0% /1100% 0.765 9.43 Clean Redeposit Some
10 .
[0022] Comparative Example A: A solution comprising N-methylpyrrolidinone

{47%), ethylene glycol (35.3%), and glacial acetic acid (17.7%) was prepared.

Composition Equivalent pH 5% sol. Cleaning Al/Nd corrosion
mole ratio (3min. 70°C) (5% sol. 30°C)
acid/amine
No Amine N/A 2.48 incomplete None
1s [0023] Comparative Example B: This example was conducted by the same -

procedure as Example 1, except a solution comprising N-methylpyrrolidinone (30%),
monoethanclamine {10%), and 2-(2-Butoxyethoxy)ethanol (17%) was prepared.




aci d/ am ne 100% 0% 0. 765 9. 24 O ean Redeposit None 57%43%0.765 9.4 C ean
Clean None 43%53%0.765 9.41 Cean Cean Slight 0% 1100% 0. 765 9. 43
Cl ean Redeposit Sonme 10 [0022] Conparative Exanple A: A solution
conprising N-nethyl pyrrolidinone (47%, ethylene glycol (35.3%, and
gl acial acetic acid (17.7% was prepared. Conposition Equival ent pH 5%
sot. Cleaning AUNd corrosion nole ratio (3 mn. 70 O (5%sol. 30 O
acid/amne No Amine NV A 2.48 Inconpl ete None 1s [0023] Conparative Exanple
B: Thi s exanflhe expesorendmpeeafureywahZ0sanand theoexpdeure tae Bvasihres Minexcept a
solution co i.sin - et hyl pyrrol idjingne (309 nonget hapol am n 109 ,
and "2+ (2- Bt deee Ao aEraRladt' s SSuplela o o fydamindi® W6 QRN HRs Hpted
t enper at ure \wampkté corrasion ioh theexipibRUAENG iayer sach that dite moiytidesum oMedayer
conditions yiel deng’ a go%t eb clean. A five-minute, 5% solution rinse
showed conpMRSHNIBIUEEINSITERRON-he visible AI/Nd | ayer such that the
nol ybdenungyovertayer was undercut considerably. 5 [0024] Wile the
i nventi on ha een de i bed herejn with referepnce . to.the, specific
enbodi ment s tsm&ﬁof , ?‘&F‘Uﬁ fhe puention, has Qﬁ%d?ﬁ?&gefﬁaﬂé&“hrfﬁ?ﬁr?'?@atﬂ B and
vari at i ons C%aeaﬁ? egagddeetntwnEré&nawmAmaé%@aatieh&hgﬁﬁahggg?ﬂomﬁ?uten Qhﬂ% he
i nventive conge i scl ose ein, Accordingly, it is intended to enbrace
all such chagealions gaphe B B e a0RB 1o eLsnittcancrsgope of the IpMRNtYR; 1 ¢
and scope of chheeptRiRitdes hetet. MAccordih@ly, it is intended to embrace all such changes,

10 modification and variations that fall with the spirit and scope of the appended claims.
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| claim 1 A non-aqueous conposition for cleaning m croelectronic
substrates conprising the follow ng conponents: (a) a nucleophilic am ne,
(b) a noderate to weak acid having a strength expressed as a "pKa " for

t he di ssociation constant in aqueous solution of fromabout 1.2 to about

8, (c) a ?o%%ynd selected fromthe group consisting of an aliphatic

al cohol , '&&M: polyol or glycol ether in an anount of from about 20%to
about 60% by wei ght of the conposition, and (d) an organi c co-solvent, and
t he weak acid conponent (b) is present in the conposition in an anount
such that 1t he dqunemdaqueous| eomposiioof faci cleaninge micreglectrenict ishstrates and

the pH of the coHﬁ?osi.ti n f ﬁ from about%ﬁH, 4.5 to 9.5. 2. A conposition
according to cl®] rF'Qﬂ)ﬁﬁP PHES CUAPAIE: 1% t 0 about  50% conponent (a),
from about 25%4pa feldophfiteathineonponent (c), and from about 25%to about

70% of conponent’ (d), the percentages being weight % based on the fotal
wei ght of the dohpdacderate t@weakcaniphavindd & iexgrassed| a8 A Phaneldin

o' Soncr | ng 8 dEsoARPCE eSS sl R ey s

2-am noet hanol , 2g(2- ami noet hyl am no) et hanol ,
2- (2-am noet hyl am no) et hyl am ne di et hanol am ne and tri et anogag} Qﬁw 4. A
conposi tion acder @ ermpeund selectediemdhg areup saesisting pf g aliphatig alcahol

cthyl ene gl yool . SPbiRyFarePGRkaL e, Ao Siuck STRGR°AR: Jukolabou
gl ycol, 60% by weight of the composition, and
(d) an organic co-solvent,
and the weak acid component (b) is present in the composition in an
amount such that the equivalent mole ratio of acid/amine is greater than
.75 and the pH of the composition is from about pH 4.5 to 9.5.

2. A composition according to claim 1 comprising from about 1% to about
50% component (a), from about 25% to about 40% of component (c), and
from about 25% to about 70% of component (d), the percentages being
weight % based on the total weight of the composition.

3. A composition according to claim 1 wherein the nucleophilic amine
component is at least one amine selected from the group consisting of 1-
amino-2-propanol, 2-(2-aminoethoxy)ethanol, 2-aminoethanol, 2-(2-
aminoethylamino)ethanaol, 2-(2-aminoethylamino)ethylamine,

diethanolamine and triethanolamine.

4. A composition according to claim 1 wherein component (c) is at least one
compound selected from the group consisting of isopropanol, butanol,
ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol,
propylene glycol, dipropylene glycol, tripropylene glycol, 1,3-propanediol,
2-methyl-1,3-propanediol, 2-butene-1,4-diol, 2-methyl-2,4-pentanediol,
hexanediol, glycerol, ethylene glycol monomethy! ether diethylene glycol

11



propyl ene glycol, dipropylene glycol, tripropylene glycol, 1, 3-propanediol,
2-met hyl - 1, 3- propanedi ol , 2-butene-1,4-diol, 2-nethyl-2,4-pentanediol,
hexanedi ol , gl ycerol, ethylene glycol nmononethyl ether diethylene glycol

11 nononet hyl et her, propylene gl ycol di net hyl ether and

2- (2- but xyet hoxy) - et hapol A corrp Sltl 0 t (ﬁ i 1. wheyrein
t he organic con{%’r%ﬁthyl gth(grdgfopgl@ éﬁ’“ﬁg‘i %W’%t’ 'ﬁ%ﬁﬁ@f’é}’ of
from about 8 tgy t 15. 6. Aconp05|t|on according to claim5 wherein the

co-solvent is at least one conpound selected fromthe group consisting of
2-pyrro|idinone 1-nmet hyl - 2-pyrrolidinone, 1-ethyl-2-pyrrolidinone,

SOl Tone, & et dy PO PBRR ascomg i iAo whATS theorgaMie ydyotids o
di met hyl acet a%@ﬁ/eﬁﬂﬂavmg@&ambﬂwﬁﬁm r 8F frdmCcAAS fol abouaagor di ng to

Claim6 wherein the solv I's selected from the group consisting of
sul fol ane and 1-nethyl - 2- pyrroI|d| none, the nucleophl lic amne is selected

f th t t
conponent & oy Ao coRpReliBY ScosRBE GABEE WhdlBit e o 3PNaf iy B RARR e
propyl ene gl yceompbuiel é8lécted. florRané grasf Obn5|9tlmg:ef leyrmldmiz)aae1-]méthyl oI

i sopropanol and 2-(2- butoxyet hoxﬁet hanol . 8. A corrgy'étlon (ﬂccordl n
claim 1 wherei @- PW@'E&”@%onﬂoﬁ@N wyralidingne, | eAfropyle?-RyFrgli B90%g a pKa

I f f th
hei o component TYRTREt-ZpEndRAiNd 08 ARERYL Slicre, uRegl HUoRIde. D8P
10. A corrposi t itgmamyoﬂmmﬁa;mﬂaﬁmMeMerel ndmemrmetamlm)e corrprl and at

| east one acid selected fromthe group consisting of acetic acid, propanoic
dimethylformamide.

7. A composition according to Claim 6 wherein the solvent is selected from
the group consisting of sulfolane and 1-methyl-2-pyrrolidinone, the
nucleophilic amine is selected from the group consisting of
monoethanolamine and 1-amino-2-propanol, component (c) is selected
from the group consisting of ethylene glycol, propylene glycol, 2-methyl-
2,4-pentanediol, glycerol, 2-butene-1,4-diol, isopropanol and 2-(2-
butoxyethoxy)ethanol.

8. A composition according to claim 1 wherein the acid component (b) is at
least one acid having a pKa value of from 2 to 5.

9. A composition according to claim 7 wherein the acid component (b) is at
least one acid having a pKa value of from 2 to 5.

10. A composition according to claim 1 wherein component (b) comprises at
least one acid selected from the group consisting of acetic acid, propanoic
acid, malonic acid, phenylacetic acid and hypophosphorus acid.

11. A composition according to claim 7 wherein component (b) comprises at
least one acid selected from the group consisting of acetic acid, propanoic

acid, malonic acid, phenylacetic acid and hypophosphorus acid.
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acid, malonic acid, phenylacetic acid and hypophosphorus acid. 11. A
conposition according to claim7 wherein conponent (b) conprises at | east
one acid selected fromthe group consisting of acetic acid, propanoic
acid, malonic acid, phenylacetic acid and hypophosphorus acid. 12 12. A
conposition according to claim 1l wherein the nucleophilic amne conprises
nonoet hanol am ne, the co-sol vent conprises 1-nethyl-2- pyrrolidinone, the

conpound qb cOmY odiidn '&&?&M eRs @hineol WRErdifetheaGiudlstphipreniast (b)

Is acetic acid. A proces or “cleaning a mcroel ectronic substrate
W t hout producmg\mms mmhandamm.aliheommh&ﬂt conrisest riamethyi-2-

t hot t
conpri 5i ng conPEBIiBeRRe A BerPoER g oPmedhiN g By e gRi-BEERa the
conposi tion fopey éfé@nﬁgﬁémqby@aé&,ccdmn the substrate, wherein the
cl eani ng conposition conprises: (a) a nucl eoph| lic amne, (b) a noderate to

weak acid having a strength expressed as a "pKa" for the dissociation

el acted fom EhBeasythshertty AfAErBaRChpris sty Wingft prcayng RHUCTE
or glycol et hersub@taﬁﬂaﬁmtcd?fosidrﬂffhe@&bétrﬁ@%drﬂamh@phom%lbypw“@mm of

the conposition, and an organic co-solvent, andt Cld co onent
(b) is present maieflnlearaql édﬁﬁ??dygtbérﬁi%ﬁ’%ﬁ wmpﬁsmarpomfamm@

equi val ent nol =3 h@h out gcg@éﬁ@gtn%@ggh@ﬂt E{,& atéiaa stﬁc@HfiééhéleQﬁ' 9k the

conposition is from proceéss according to claim
13 wherein thesubeﬁalwgdmeipdhetde’amng:Oomposmenfmmrﬂasut 1 %to about 50%

component (@), Lt o ARaphiia aming,

(b) a moderate to weak acid having a strength expressed as a “pKa” for
the dissociation constant in agueous solution of from about 1.2 to about
8,

(c) a compound selected from the group consisting of an aliphatic alcohol,
diol, polyol or glycol ether in an amount of from about 20% to about
60% by weight of the composition, and

(d) an organic co-solvent,

and the weak acid component (b) is present in the cleaning composition in

an amount such that the equivalent mole ratio of acid/amine is greater

than .75 and the pH of the composition is from about pH 4.5 t0 9.5.

14. A process according to claim 13 wherein the cleaning composition
comprises from about 1% to about 50% component (a), from about 25% to
about 40% of component (c), and from about 25% to about 70%
component (d), the percentages being weight % based on the total weight
the composition.

15. A process according to claim 13 wherein the nucleophilic amine
component is at least one amine selected from the group consisting of 1-
amino-2-propanol, 2-(2-aminoethoxy)ethanol, 2-aminoethanol, 2-(2-
aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine,

diethanolamine and triethanolamine.
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about 40% of conponent (c), and from about 25%to about 70% conponent (d),
t he percentages being weight % based on the total weight the conposition.
15. A process according to claim 13 wherein the nucl eophilic am ne
conmponent is at |east one am ne selected fromthe group consisting of 1-
am no- 2- propanol , 2-(2-am noet hoxy) et hanol, 2-am noet hanol, 2-(2-

am noet hyl am no) et hanol , 2-(2-am noet hyl am no) et hyl am ne, di et hanol am ne
and triet h?nol s%?»aé&)rd{h PIOERR P@Qﬂ{éi‘émgoém éhéhmcjﬁsV\étere%bﬂone
conponent S at east one onpound sel ect ed fromt e ‘group consi sting
of i sopropanol comptmmdl seieetetylfm theygwiup doesiaiingrof igoprapandlr betampl.ene

o ene TR s AR o R e

2- but ene- 1, 4- dippbpyié n@‘tﬂ%ﬂl' MASHE M |t|prditﬁyl@'ﬁ€ $iydlol, 93ysrepahediol,
et hyl ene egcoI nononet et her dleth Iene nmononet hyl et her,
propyl ene gl yc@-mlh‘b&t"@'lpr@amdmlancﬂ DU'(GZTBbb x&@h hoRymethyl-R 4npentanedioh

ol ven: havi ng "2vabfafl AL AEDR SpeorindahiRi.SfeY inlee &gl
process accor dinfighdriethybiethet,/prapgletiergiytsl dimettnl ethvdr, aad 2-(2-batxyethoy)-
conpound sel ected fromthe group consisting of 2-pyrrolidinone, 1-nethyl-

2-pyrrolidi non@thanalet hyl - 2-pyrrolid i none, 1 -propyl-2-pyrrol id i none,
1- hydroxyet hyl - 2-pyrrolidinone, a dialkyl sulfone, dinethyl sulfoxide, a
t et r ahydr ot hi ophene-1-, 1-di oxi de, di nmet hyl acetam de and d

i met hyl f oriifam de prdcesslacuordiegstoaciaim didnwhereidlthe mrgaan-ebIVenhfs asatorent

|l ected f th t f fol
I1smsate h;e/lC S py:%g]!\ﬁe@?hg%{g!gua{) ﬁéggiltyspérn é)tercS)Hror%aab a8to about 15.

18. A process according to claim 17 wherein the co-solvent is at least one
compound selected from the group consisting of 2-pyrrolidinone, 1-methyl-
2-pyrrolidinone,  1-ethyl-2-pyrrolidinone,  1-propyl-2-pyrrolidinone,  1-
hydroxyethyl-2-pyrrolidinone, a dialkyl sulfone, dimethyl sulfoxide, a
tetrahydrothiophene-1-,1-dioxide, dimethylacetamide and
dimethylformamide.

19. A process according to Claim 18 wherein the solvent is selected from the
group consisting of sulfolane and 1-methyl-2-pyrrolidinone, the
nucleophilic amine is selected from the group consisting of
monoethanolamine and 1-amino-2-propanol, component (c) is selected
from the group consisting of ethylene glycol, propylene glycol, 2-methyl-
2,4-pentanediol, glycerol, 2-butene-1,4-diol, isopropanol and 2-(2-
butoxyethoxy)ethanol.

20. A process according to claim 13 wherein the acid component (b) is at least
one acid having a pKa value of from 2 to 5.

21. A process according to claim 19 wherein the acid component (b) is at least
one acid having a pKa value of from v 2 to 5.
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nucl eophilic amne is selected fromthe group consisting of

nonoet hanol am ne and 1-am no-2-propanol, conponent (c) is selected from
the group consisting of ethylene glycol, propylene glycol, 2-nethyl-

2, 4- pent anedi ol , glycerol, 2-butene-1,4-diol, isopropanol and 2-(2-

but oxyet hgxy) et hanol . 20. A process cording to clai 3 wherein. the acid
conponent C2)?b) &p@@eﬁéégﬁorctbﬁtoa@?t!" g“\)ﬁ"l'r‘ﬁfe B@Wﬁ?ﬂ&béfmmmfﬁeﬁ gtleast 5,
A process accobpnis ' MeeHBUR doPRistinl bfEREBE A, drBpandic dcid,east
one acid havi ngﬁg p'ag\?gcséedrg%ﬁjfroﬁv 9 to I5 94 22. A pr oc‘r'{ers%‘> according to
cl ai m 13 wher enmaloniczmicphany)acetioacicsasd hypophasphosuwsaaidi d sel ected from

the group consisting of acetic acid, propanoic acid, rmalonic acid,
phenyl acetic acid and hypophosphorus acid. 23. A process according to claim

19 wher ei h3coMPOpRItess BbcRIMY teaRimt 9l Wisrlein eopaAbat @A copigibesratibadte
group consisting of acetic acltd, propanoic acid, nmalonic acid, | )
phenyl aceti c aoné anid sklgstechfrophiheugroupi apnsisting of acetie asicRrepaneig aci.cl ai m

13 wherein the nucleophilic am o ' t m ne, the

co-sol vent conﬂ?#%@ 'Mhﬁﬂyigfggﬁﬂ%ﬁéwﬁgﬂgwgﬁ‘gp@%%@und of conponent
(c) is ethylene glycol and the acid of conponent (b) is acetic acid. 25. A
process according to claim 13 wherein the m croelectronic sybstrate, is a

 substrate2flor A progespaceording i eiim 48, wheisinthessucleephilic AgIine comarisess
wherein the su ] ) aye : AeREous
conposi tion fo?ﬁé:rfogéétt ?'ﬂgaﬂﬁ@?’oﬁ%gdrlg%gﬁg%% esSW-léTgF] |§2t—$¥1ﬁs&em‘slsent’i ally
of the follow mige cesmpoand sof component!€ppbi ethylems rgtycol and the acid of

component (b) is acetic acid.

25. A process according to claim 13 wherein the microelectronic substrate is a

substrate for a flat panel display.

26. A process according to claim 25 wherein the substrate has an
aluminum/neodymium layer.

27. A non-aqueous composition for cleaning microelectronic substrates
consisting essentially of the following components:

(a) a nucleophilic amine,

(b) a moderate to weak acid having a strength expressed as a “pKa " for
the dissociation constant in aqueous solution of from about 1.2 to about
8,

(c) a compound selected from the group consisting of an aliphatic alcohol,
diol, polyol or glycol ether in an amount of from about 20% to about
60% by weight of the composition,

(d) an organic co-solvent, and

(e) optionally other components selected from the group consisting of
corrosion inhibitors and non-corrosive surfactants,

and the weak acid component (b) is present in the composition in an

amount such that the equivalent mole ratio of acid/amine is greater than

.75 and the pH of the composition is from about pH 4.5 to 9.5.
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(b) a noderate to weak acid having a strength expressed as a "pKa " for

t he di ssociation constant in aqueous solution of fromabout 1.2 to about

8, (c) a compound selected fromthe group consisting of an aliphatic

al cohol, diol, polyol or glycol ether in an anount of from about 20%to
about 60% by wei ght of the conposition, (d) an organic co-solvent, and (e)
optionally other conponents selected fromthe group consisting of

cor r osi on dgnhi bh tRbSedt fbr9Eamifg 'PRiiiBefittoAf! Aitidtratd Witidie pﬁ@éﬁciﬁ?'dﬁy
conponent (b) is present in the conposition in an anount such that the
equi val ent ol esubstantiabimetal corsosionr, the substrate comtaining photafgsishpolymesic t he

conposition is fromaboyt pH 4.5 to 9.5 15 28, ssufo g a
o oel eesront dnatiel At Retal,the Sregass phering SRR i SypERe Wit
corrosion, the $ulsiaghsous Rleinind oS frt apmeneuffigientetbecleah thed a
metal, the process conprising contacting the substrate with a non-aqueous

cl eani ng conpossubistiate,owharein e Slganing sempasitiareaamprises augempgasitiony@fer ei n
t he cl eani ng COHBﬁ?btri on conprises a conposition of claim?27. 16
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