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invention relates to cleaners for use in the 10 m croel ectronics
i ndustry for <cleaning integrated circuit substrates, nore particularly
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peroxide half-lives of |ess than one hour at [err]. The hydrogen peroxide
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The cleaning of integrated circuit (IC) substrates,
such as silicon wafers, with metal-free alkaline solutions to
remove organic and metal contamination is widely practiced. One

20 commonly used alkaline solution of this type is known as SC-1 or
RCA-1 and comprises an aqueous mixture of ammonium hydroxide,
hydrogen peroxide, and water (1:1:5 of 30% H,0,, 28% NH,OH and
H,0). Various cleaning tasks can be accomplished with Sc-1,
among these, the cleaning of silicon wafers immediately after

25 their fabrication, the cleaning of such wafers immediately prior
to gate oxide growth, the removal of oxide etch residues later
in the IC processing sequence, and selective etching and resist
particulate removal. The purpose of the hydrogen peroxide is to
protect the silicon metal from exposure to strong acids or bases

30 by continuously forming a protective oxide layer in order to
prevent etching or roughening of the silicon surface.

However, the presence of hydrogen peroxide in ScC-1

formulations imparts an inherent instability to these solutions.

35 Such solutions typically exhibit peroxide half-lives of less than
one hour at 70°C. The hydrogen peroxide in the SC-1 solution in

the presence of certain metals, particularly copper and iron,
becomes ‘unstable and decomposes in rapid exothermic fashion



-2¢ leading to patentially dangerous conditions. The hydrogen peroxide
has a | ow tol erance for ‘netal contam nation. Additionally, the deconposed
hydr ogen peroxi de drops the concentration of the hydrogen peroxide |eading
to the possibility 5 of silicon etching producing wafers that are not
acceptable for 1 C manufacture. Thus, the2deconposed hydrogen peroxi de needs
to be replenished and this changes the solution conposition thereby varying

the cleaning pro fd. of 't tion. . 1n addition,.. | nhergnt | Lgh
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remai ns exposed to process f e protected simlarly to
.the initial polished silicon surface. This silicon etching and resulting
‘surface damage may be prevEydsuyenypermdiddifged Idr ogestrateocletning sbkutions
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hydroxides have_been reported in Japanese Patent Pub%:.cat:.on No.
15 63-114132 and in U.S. Patent 5,259,888. Oxide etch residue
removal with such solutions has also been disclosed in EP Patent
Publication 540,261 and Japanese Patent Publication No. 05-
259066. However, as disclosed in U.S. Patents 4,113,551 and
4,339,340, such solutions etch (poly)silicon and single crystal
20 silicon wafers resulting in rough surfaces that may be unsuitable
for further processing. During the later stages of IC wafer
fabrication, the original polished silicon surface has been
covered with various oxide and metal layers. However, the
backside of the wafer remains exposed to process fluids and must
25 be protected similarly to the initial polished silicon surface.
This silicon etching and resulting surface damage may be
prevented by including hydrogen peroxide in the alkaline cleaning
formulation as disclosed in Japanese Patent Publication No. 3-
93229 and U.S. ‘Patents 4,239,661 and 4,339,340. Other agents
30 that reportedly suppress silicon etching include hydrazine as
disclosed in Japanese Patent Publication No. 64-14924 and a
certain nonionic surfactant, polyoxyethylene nonylphenol, as
disclosed in U.S. Patents 4,239,661 and 4,339,340. However,
polyoxyethylene nonylphenol has recently been implicated as an

35 environmental estrogen mimic. '

It is therefore desirable that an alkaline cleaner
solution be available which does not require the presence of



30 that reportedly suppress silicon etching include hydrazine as

di scl osed in Japanese Patent Publication No. 64-14924 and a certain

noni oni ¢ surfactant, polyoxyethyl ene nonyl phenol, as disclosed in U S
‘Patents 4,239,661 and 4, 339, 340. However, pol yoxyethyl ene nonyl phenol has

recently been inplicated as an 35 envi ronental estrogen mimc. It is
therefore desirable that an al kaline cl eaner sol ution be avail abl e which
does not require the presence of - -3- hydrogen peroxide, that is, a
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etching residue, i.e. residual ash and organic and inorganic
contaminants. A still further object of this invention is to
provide such alkaline cleaning compositions for cleaning wafers
15 and producing a roughness of less than about 25 Angstroms as the
average distance in the 7z direction between wafer peak heights

and valleys.

BRIEF SUMMARY OF THE INVENTION
20 .
Alkaline cleaner compositions of this invention are
provided by alkaline compositions containing aqueous metal ion
free bases, a nonionic surfactant and a sufficient amount of a
component to control or reduce the pH of the resulting cleaning
25 solutions to a pH within the range of from about pH 8 to about
PH 10. It haé been discovered that all three components are
required to produce an alkaline cleaner composition having
effective wafer cleaning action without producing undesirable
wafer surface roughness. As the data in the following examples
30 demonstrates, cleaner compositions containing only the base
alone, or the base combined with only the nonionic surfactant,
or the base combined with only the pH control component, are
unable to produce alkaline cleaning compositions producing
effective cleaning action as well as not producing undue wafer
35 surface roughness, i.e. a Z-range roughness of less than 25
Angstroms. In further embodiments of this invention, the
alkaline cleaning compositions may additionally contain metal
chelating agents and/or oxidizing agents and the like.



Al kal i ne cl eaner conpositions of this invention are provided by al kaline
conposi tions containing aqueous netal ion free bases, a nonionic surfactant
and a sufficient anount of a conmponent to control or reduce the pH of the
resul ting cleaning 25 solutions to a pHw thin the range of from about
pH 8 to about pH 10. It has been discovered that™ all three conponents are
required to produce an al kaline cl eaner conposition having effective wafer
cl eaning action w thout producing undesirable wafer surface roughness. As

the data in the follow ng exaErAESES DESCRUSTIVN OFA IrRE , INCENEIUN

conposi tions containing only the base alone, .or the base conmbined with only
the nonionic surfactant, or the_ base conbined with only the pH contr ol
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remalnlng balance of the cleaner composition belng made up of
water, preferably high purity deionized water.

15
Any suitable alkaline component may be used in the
cleaner compositions of this invention. The alkaline components
of these cleaners are preferably quaternary ammonium hydroxides,
such as tetraalkyl ammonium hydroxides (including hydroxy- and
20 alkoxy-containing alkyl groups generally of from 1 to 4 carbon
atoms in the alkyl or alkoxy group). The most preferable of
these alkaline materials are tetramethyl ammonium hydroxide and
trimethyl-2-hydroxyethyl ammonium hydroxide (choline). Examples
of other ' usable quaternary ammonium hydroxides include:
25 trimethyl-3-~-hydroxypropyl ammonium hydroxide, trimethyl-3-~
hydroxybutyl ammonium  hydroxide, trimethyl-4-hydroxybutyl
ammonium Hydroxide, triethyl-z—hydroxyethyl ammonium hydroxide,
tripropyl-2~hydroxyethyl ammonium hydroxide, tributyl-2-~
hydroxyethyl ammonium hydroxide, dimethylethyl-2-hydroxyethyl
30 ammonium hydroxide, dimethyldi (2-hydroxyethyl) ammonium
hydroxide, monomethyltri(2-hydroxyethyl) ammonium hydroxide,
tetraethyl ammonium hydroxide, tetrapropyl ammonium hydroxide,
tetrabutyl ammonium hydroxide, monomethyltriethyl ammonium
hydroxide, monomethyltripopyl ammonium hydroxide,
35 monomethyltributyl ammonium  hydroxide, monoethyltrimethyl
ammonium hydroxide, monoethyltributyl ammonium hydroxide,
dimethyldiethyl ammonium hydroxide, dimethyldibutyl ammonium
hydroxide, and the like ‘and mixtures thereof.



‘range of fromabout 0.1 to about 10% and preferably fromabout 0.5 to 2% by
wei ght of the total cleaner conposition, the renaining bal ance of the
cl.eaner conposition being made up of water, preferably high purity

dei oni zed .water. 15 Any suitabl e al kaline conponent may be used in the

cl eaner conpositions of this invention. The & kal i ne conponents of these

cl eaners are preferably quaternary amoni um hydroxi des, such as tetraal kyl
anmoni um hydr oxi des (i ncl udi ng hydroxy- and 20 al koxy- cont ai ni ng al kyl
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hydroxi de, and tBentdif amd &hrdap1es noRebRDE . surfactant. Among the various
suitable nonionic surfactant useful in the cleaner compositions
15 of this invention there may be mentioned, for example, low
foaming nonionic surfactants such as alkynol surfactants,
fluorinated surfactants such as fluorinated alkyl alkoxylates
such as Fluorad FC-171, fluorinated alkylesters such as FC-430
and FC-431 and fluorinated polyoxyethylene alkanols such as
20 Fluorad FC-170C, aliphatic acid esters of polyhydric alcohols,
polyoxyethylene monoalkyl ethers, polyoxyethylene diols, siloxane
type surfactants and alkylene glycol monoalkyl ethers such as
butoxypropanol. Preferred for use as nonionic surfactants in the
alkaline cleaning compositions of this invention are alkyne
25 surfactants, especially 3,5-dimethylhexyne-3-ol (Surfynol-61),
fluorinated alkyl polyoxyethylene ethanols, especially Fluorad
FC~170C and alkylene glycol monoalkyl ethers, especially
butoxypropanol. The nonionic surfactants help partially to
suppress silicon etching and also decrease surface tension of the
30 cleaning compositions resulting in improved wetting of the
surface to be cleaned and thereby improving the cleaning action

of the composition.

Any compound or mixture of compounds suitable for

35 reducing the pH of the alkaline cleaner solutions of this
invention, and which do not unduly adversely inhibit the cleaning
action thereof or interfere with the resulting cleaned wafers,

may be emp'loyed. As .'examples of such compounds there may be



:5- Other al kaline conmponents are al so operabl e including, for exanple,
anmoni um hydr oxi de, organic am nes particularly al kanol am nes such as
2-am noet hanol, 1-am no-2-propanol, 1- am no- 3-propanol,

2- (2- am noet hoxy, ) et hanol , 2- (2-am noethyl - 5 am no) et hanol ,

2- ( 2- ami noet hyl am no) et hyl amine and the Tik&, ~and other strong organic
bases such as guani dine. Al kaline solutions containing netal ions such as
sodi um or potassium may al so be-operative. M xtures of these additional
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(Surfynol -61), fluorinated al kyl pol yoxyethyl ene ethanols, especially
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conpositions resultij i n oved, wetting of the surface to be ¢l eaned
an::lmt her égy i r‘rﬁpﬁsﬁlﬂg’% ﬁgee*:gp Enthis PREpeSe are the fo£low1ng orgam(.:c acqgs

and their salts: ethylenediaminetetraacetic acid (EDTA),
butylenediaminetetraacetic aciaq, cyclohexane-1,2-
diaminetetraacetic acid, diethylenetriaminepentaacetic acid,
ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenedi-

20 aminetriacetic acid (HEDTA) , methyliminodiacetic acid,
propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA),
citric acid, tartaric acid, gluconic acid, saccharic acid,
glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic
acid, malonic acid, lactic acid, salicylic acid, catechol, 8-

25 hydroxyquinoline, N,N,N’,N’-ethylenediaminetetra(methylene-
phosphonic acid, and the like.

Also, the addition of oxidizing agents to these
formulations 1is also beneficial if the removal of organic
30 contamination is an important concern. Hydrogen peroxide and the
like is commonly used for this purpose. Any suitable oxidizing
agent may be employed, such as, for example, oxidizing anions,
such as, for example, nitric acid and its salts and nitrate,
persulfate, periodate, perbromate, perchlorate, iodate, bromate,
35 and chlorate salts of ammoniam.

The invention is illustrated, but not limited to the
following examples. In the examples, the percentages are by
weight unless specified otherwise.



of "t he conposition. Any conpound or m xture of conpounds suitable for 35
reduci ng the pH of the al kaline cleaner solutions of this invention, and
whi ch do not unduly adversely inhibit the cleaning action thereof or
interfere with the resulting cleaned wafers, may be enpl oyed. As exanples
of such conpounds there may be -6- nmentionged,-. for exanple, acids, bases
and their salts acting as buffers, such as inorganic mneral acids and
their salts, weak organic acids having a pKa of greater than 2 and their
salts, ammnium salts, and buffer systens such as weak acids and their 5
conj ugate bases, for exanple, acetic deXdPalhcBdsBoni-&m acetate. Preferred
for use as such conponents are acetic acid, pot assi um bi pht hal ate, m xtures

of ammoni um chl oride and ETIGEMRSGEALSS ?%ﬁ%h@llahﬁhﬁwﬁyﬁoxme
‘these two salts, and m xtures ,of acetlc aci ampni a and ot her am hes
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TMAH Concentration % R, (Angstroms) pH

15 0.1 13,500 12.4
1.0 14,500 13.1

10 20,000 14.2

20
The formulations were repeated with the addition of
sufficient amount of a 1:1 mixture of ammonium chloride and
ammonium acetate to reduce the pH of the solutions to the
indicated pH levels.
25
TMAH Concentration % R, (Angstroms) pH
0.1 200 8.0
0.1 500
30 1.0 200
1.0 500 8.0
10 600
35 Some reduction in roughness was achieved by pH reduction in this

way. However, the silicon surfaces were also too rough to be
useful for further IC processing.



citric acid, tartaric acid, gluconic acid, saccharic acid, glyceric acid,
oxalic acid, phthalic acid, maleic acid, mandelic acid, nmalonic acid,

| actic acid, salicylic acid, catechol, 8- 25 hydr oxyqui nol i ne,

N, NN, N - ethylenedlan1netetra(nethylene bhgsphoni c acid, and the Iike.

Al so, the addi tion of oxidizing agents to these fornulatlons Is al so
beneficial if the renmoval of organic 30 contam nation is an inportant
concern. Hydrogen peroxide and the like is conmonly used for this purpose.
Any suitable oxidizing agéhe feymstatignsopess sepRated foroxpamatiag 0.01%,
oxi di zi ng ani onspg. ssuph o, f00% exaplthe Nshtfictadritd m@-dﬁﬁeﬁmirﬁe)@lﬂﬂ 3-ol

nitrate, persulf iedate,;..p r p t fﬁ%ﬁ

35 and chlora l ?gémﬁ)‘n%&% %ﬁggusnvgéﬂ%%{%seﬁ | ustra ed gﬁ«% not
limited to the f%‘l"i’b"ﬁ% EQaﬁPBgnentﬁ nt? h&egyetmras, Btheohethentsedusigns.
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tetranet hyl ammo ABQE’ élgﬁ N?HL 1.0, and 10% TNVAH
wer e prepared. Sﬂﬁ% a er sa hgeﬁp{lg?, 8 0> crystal face, polished

on bot h sides) re nLarpdALn thqp solutions for 10 mnutes at lerrl]

After treatnent, t he [ erpManr oughness” ( dakicAeea@s thk avergge d|<tance in
the z direction betaunne akiei Pht s condeviakheis) %Nas(nngannumé)fcr_ggﬂh
concentration. The p eac SOl ULl on S al S0 — recorded. |Inese
highly alké?ine cnlnflnﬁk severely dannng;P%p siliclon <49ﬁ¥9Qe<
by the follow ndg result®.1TMAH Conicentrat oo % [err]4ﬂﬁngstronnp.o
pH 15 0.1 13,500 i o
0.1 1.0 450 12.1
1.0 0.01 15,000 12.9
1.0 0.1 30,000 13.0
15 1.0 1.0 4,000 13.2
10 1.0 7,600 14.2

Next, cleaner compositions were prepared comprising

20 aqueous solutions of TMAH, Surfynol-6l surfactant and a

sufficient amount of a 1l:1 mixture of ammonium chloride and

ammonium acetate to adjust the pH of the solutions to the
indicated pH levels. The observed results were as follows.

25
TMAH Surfactant R,
Concentration % Concentration % (Angstroms) pH
0.1 0.01 <25 9.0
0.1 0.1 30 8.0
30 0.1 1.0 <25 8.0
1.0 0.01 40 9.3
1.0 0.1 ' <25 6.4
1.0 0.1 . <25 9.2%
1.0 .0 <25 9.4
35 10 1.0 <25 8.1

* this run utilized potassium biphthalate for pH adjustment.



1.0 - 14, 500 13.1 10 ' 20, 000

14.2 20 The formnul ations were repeated with the addition of sufficient
amount of a 1:1 m xture of ammoni um chlori de and ammoni um acetate to reduce
the pH of the solutions to the indicated pH |levels. 25 TMAH Concentrati on %

[err] (Angstromns) pH 0.1 - 9 =200 8.0 0.1
500 7.1 30 1.0 ' 200
9.2 1.0 500 - 8.0 10 600

9.4 35 Some reduct i Oyl LOUQRAESS, MRS axce@tu‘ﬂ?ﬁ b@}ﬂ%ﬁ r%f’i%“é??'é{ Lpis
way. However, the silicon surfaces were al so 100 r%ug o e user ul or
further |C pro€teanery. treatmentge phigh| gombiae wdhe refRatdd PhcAY@ianreng
0.01% O0.1% ocorpdent ahlia avnhiaticBurBadeatitel tly lef€syttva pl control are
(Surfynol -61), Jkn 4185 t'gf}_ﬁ, T t W agdition
conponents to ?gduce tl%gugg'&%f at% is'o tn%%ﬁsw B S%“r#agg?%nt ggic‘idit&%cl)%gl
al one gav® |itiPEegnRRS) SAERRLY PARERSERT M rghness as shown by t he

foll ow ng data. TMAH Sur f act ant [err] Concentration
% Concentration % (Angstrons) pH 10 0.1
0.01 10, 100 12.1 0.1 0.1
4, 000 12.0 EXAMPLE 2
10 Alkaline cleaning solutions were evaluated for their

ability to produce smooth silicon surfaces at a lower
témperature, 70°C, using the same procedure as in Example 1. The
observed results for aqueous TMAH solutions alone were as

follows.
15
TMAH Concentration % R, (Angstroms) pH
0.1 5,800 12.0
1.0 9,500 13.1

20 10 6,000 14.2
These highly alkaline solutions severely damaged the silicon
surfaces even at 70°C.

25 The formulations were repeated with the addition of a
sufficient amount of a 1:1 mixture of ammonium chloride and
ammonium acetate to reduce the pH of the solutions to the
indicated pH levels. The results obtained were as follows.

30 TMAH Concentration % R, (Angstronms) pH

1.0 300

1.0 100

10 300 9.4
35

Some reduction in roughness was achieved by pH reduction in this
way. However, the silicon surfaces again remained too rough for
typical IC processing.



0.1 1.0 450 12.1 1.0

0.01 15, 000 12.9 1.0 0.1

30, 000 13.0 15 ' 1.0 1.0 _ '

4,000 13.2 10 . 1.0 7, 600 14. 2
Next, cl eaner conpositions were prepared conpfi stng 20 aqueous

solutions of TMAH, Surfynol-61 surfactant and a sufficient anmount of
a 1:1 mxture of amoni um chloride and ammoni um acetate to adjust the pH of

the solutions to the indi e ; r
foll ows. 25 TMAH TeC il et EIR HpenLEd E%ﬁéﬁﬁ“ﬁo?%%’

Sur fact ant err .
Concentration % 2- 1%, o:( Nngos%t P%m?y S-tglmetaqlég:_fyne- -ol. Surfactant, 1add1tlon

<25 0. 816nd gave little imprové@mént in surface rougBfiess, as showd® by
30 Othe following data. 1.0 , <25 8.0 1.0
0.01 40 9.3 1.0 0.1

<25 5 6.4-1-0 _ 01 <25 9. 2%
1.0 1. O TMAH <dfrfactant L4 3 10
1.0 <@éncentration . [l Concéntyrationuti | i édngstzoms)un)  pH

bi pht hal at e for |pH adj usf nent. Fs re ting [from t.hi s
series of cl eanef *e;etti‘:g[?& whi-ch—e-orbi *?dotihetjuse — ““é%c e fg'l

conponent and a jnoni oni ®.durfactanf with effiective pH cont rxo arg ofi2

.sufficient% | ow roughness to be|] suitabl tor typical 5 I nte t.ed
ci rcuit manuf act pAg— ¥ 1.5 75 L)
1 0.1 12,500 13
1 1.0 1,200 13.2
10 ' 1.0 4,000 14.2

15

Next, cleaner compositions were prepared comprising

aqueous solutions of TMAH, Surfynol-61 surfactant and a

sufficient amount of 1:1 mixture of ammonium chloride and

20 ammonium acetate to adjust the pH of the solutions to the
indicated pH levels. The observed results were as follows.

TMAH Surfactant R,
Concentration % Concentration % (Angs%:roms) pPH
25 0.1 0.01 <25 9.0
0.1 | 0.1 <25 8.0
0.1 1.0 <25 8.0
1.0 0.1 30 9.3
1.0 0.1 <25 9.2%
30 1.0 1.0 <25 9.4
10 1.0 ' <25 8.1

* this run utilized potassium biphthalate for pH adjustment.

35
The silicon wafers resulting from this series of cleaner
treatments, which cqmbine___the use of an alkaline component and
a nonionic sur_factant' ‘with. effective pH control are of



EXAMPLEZ210 Al kal i ne cl eani ng sol uti ons were eval uated
for their ability to produce snooth silicon surfaces at a | ower
tenperature, [err], using the sane procedure as in Exanple 1. The observed
results for aqueous TMAH sol utions al one were as foll ows. TMAH

Concentration % [err] (Angstrons) - 11 pHO.1 5, 800
12.0 1.0 9, 500 13.1 20 10
6, 000 14. 2 These highly al kaline solutions severely danaged the

silicon surfacegugyedi@itlyelby rolRhness to be suitabl® E6F MBYpalh@Nbntyrated

repeated with the agdétﬁéﬁﬁﬂgktﬁ Eyfficient anount of a 1:1 m xture of

anmoni um chl or i §&TERY" Ao um acetate to reduce the pH of the solutions to

the indicated pH | evels. The results obtained were as follows. 30

TMAH Concentration % [err] (Angstrons) ' pH 1.0

300 9.2 1.0 ' it 8.0 10

300 5 9.4 35 Sone reductioﬁ'%#L#é%gﬁhgss—%as achi eved by pH

reduction in this way. However, the silicon surfaces again renai ned too

rough for typical IC progakaliifie cleanihg solleidry mdre! evaluassd fapehedd

neorporal ' ng 0af014c0 cb'Brdiuck S8l 31 P1RLAYADEK WRard o0las £ B P GLRRE

addi tion al one gave ttl'e Lnprovenent 1n surface roughness,_as shown bx
emperature, 50°C, using the same proceduré as in Example 1. The

10 cbserved results for aqueous TMAH solutions alone were as
follows.
TMAH Concentration % R, (Angstroms) ' pH
15 1.0 700 13.1
10 700 14.2

These highly alkaline solutions damaged the silicpn surfaces even
at 50°C.

20
The 1.0% TMAH concentration in the cleaner composition

was repeated with the addition of a 1:1 mixture of ammonium
chloride and ammonium acetate to reduce the pH of the solution
to the indicated pH level.

25

TMAH Concentration % R, (Angstroms) pH

1 . 500 9.2

30 Some reduction in roughness was achieved by pH reduction in this
way. However, the resulting silicon surface was too rough for
typical IC processing.

35 These formulations were repeated incorporating 0.01%,
0.1%, or 1.0% of the surfactant 3,5-dimethylhexyne-3-~ol
(Surfynol-61) in the agueous TMAH solution with no addition of
components to reduce the pH level of the solutions. Surfactant



the foll ow ng data. TMAH Sur f act ant [err]
Concentration Concentration % (Angstrons) pH 0.1

0..01 5, 000 12.1 0.1 0.1

700 12 10 0.1 - 12 - 1.0 75
12.1 1 0.1 12, 500 13 1

1.0 1, 200 13.2 10 1.0

4,000 14.2 15 Next, cl eaner nI)osHlons were prepared conpri sing
aqueous sol uti on%d‘b‘ftl'ﬂmﬂhgﬁr‘-’ra;?’ﬁoll%ﬁ & dmpPEeYSmAN G A FUSERFE n&ﬁﬁurﬂs

of 1:1 m xture os$hamriy thechdliowlagavisseyed dat@oni um acetate to adj ust
the pH of the solutions to the indicated pH | evels. The observed results

were as foll ows.~TivaH Sorfactant - E§1r]*TJJILenLTaLiJn

% Concentratidn % ‘(_ rg;;stroms Surfac

0.01 5 écp;pcentra 10 rC cgntrat on % (Angﬁ%/roms) g_[i___==

<25 8.0 0.1 1,9 1.09.1 - ¥%00 13 8.0

1.0 0T 30 93 1.0

0.1 <25 1.0 2% 30 1.0 1.0 150 13.2

1.0 - <25 10 9.14 10 1.9 11690 14.2

<25 8.1 thrs—Toum a1 zed pULdbsrunlolprtnalate for—pH

adj ust mant10 35 The silicon wafers resulting fromthis series of cleaner

treatments,” which conbine the use of an al kaline conponent and a nonionic

surfactant with effecti¥extplrleaggrr sompagiticqms were prepared comprising
aqueous solutions of TMAH, Surfynol-61 surfactant and a

sufficient amount of a 1:1 mixture of ammonium chloride and
ammonium acetate to adjust the pH of the solutions to the

15 indicated pH levels. The observed results were as follows.

20

TMAH
Concentration %

Surfactant
Concentration %

' (Angstroms)

pH

1l

0.1

<25

9.3

1

0.1

<25

9.2%

1 .

1

<25

9.4

10

1

<25

8.1

* this run utilized potassium biphthalate for pH adjustment.
25

The silicon wafers resulting from this series of cleaner
treatments, which combine the use of an alkaline component and
a nonionic surfactant with pH of
sufficiently low roughness to be suitable for typical integrated

effective control are
30

circuit manufacturing.
EXAMPLE 4

Examples 1-3 demonstrate the use of controlled pH
alkaline mixtures 3,5-
dimethylhexyne-3-0l as cleaning solutions without damaging the
This example illustrates the use of

35

containing the nonionic surfactant

surface of silicon wafers.
other nonionic surfactants.



sufficiently | ow roughness to be suitable for typical integrated circuit
manuf acturing. 5 EXAMPLE 3 Akaline
cl-eani ng sol utions were evaluated for their ability to produce snooth
silicon surfaces at an additional |ower tenperature, [err], using the sane
procedure as in Exanple 1. The 10 obsérved results for aqueous TMAH
sol utions alone were as follows. TMAH Concentration % [err]
(Angstroms) pH 15 1.0 700
13.1 10 Cleane¥ Ofbmpositions ofléqﬁeailie%lhitgbhy ﬁf kA and
Ot ons damaggfle! hachLER" RUELAEAR LY Bodl LELIdur 2nd"Grknd N lene

concentration in eaner ositiof was repeat e t|on of

a 1:1 mixture ofddHrRN &h Eﬁ?’iﬂ’q Asidnkr #HBAE HHSOBt af Fhe sPéHEE‘é"? e pReof
the solution toih@tcatedi @it ddvpls| axade. p2EpdhdiH ﬁrdnd:eateat omnsilicon waferr ]
(Angstromsy surtdds! at 90° C for 10 mlria% s descrz,bed in EXafpRP 1. $REE

reduction In roug}ness was  acni eve uctron in this way. However,

the resul ting sFPitIRng, GR48cw %v%ls"hlsﬁﬁ?‘gugh for typi caI | C processing. 35

These fornul ati ons were repeated incor porat| ng O. 01% 0.1% or 1.0% of the
surfactant 3,5-dineth yne- 3ol (Surg g I n afueous TVAH -
solution wth nocagdldd At 18h Qomone&srﬁc BroeoH ¢ s)0f] tie
sol utions. Sur f et
10 1.0 Surfynol-104E (.0S5) 1,600 13.2
1.0 Surfynol-~104E (.05) <25 9.4
1.0 Surfynol-104E (0.1) 500 13.3
1.0 Surfynol-104E (0.1) <25 9.4
1.0 Surfynol-400 (0.1) 250 13.3
15 1.0 Surfynol-400 (0.1) <25 9.5
1.0 Fluorad FC-170C 950 13
(0.1)
1.0 Fluorad FC-170C <25 7.9%
(0.1)
. Flourad FC~-431 (0.1) 350 13.2
. Flourad FC-431 (0.1) <25 9.3
20 Silwet L-7604 (0.1) 1,450 13.5
Silwet L-7604 (0.1) <25 9.2
. Silwet L-7607 (0.1) 1,150 13.5
. Silwet L-7607 (0.1) <25 9.3
. l-butoxy-2-propanol 750 12.6
(2.0)
25 0.5 1-butoxy-2-propanol <25 9.2
(2.0)
*# <this example utilized a 1:1 mixture of ammonium chloride and
ammonium acetate to adjust the pH of the aqueous solution.
30

Only when the pH had been adjusted to within the range
of about pH 8.0 to 10.0 was the surface of the wafers of
sufficiently low roughness to be suitable for typlcal integrated
circuit manufacturlng.



- 12 - addition alone gave little inprovenent in surface roughness, as

shown by the foll ow ng observed data. TMAH Sur f act ant

[err] 5 Concentration % Concentration % (Angstromns) pH 1.0
0.1 2,500 13 1.0 1.0 150
13.2 10 1.0 14 600 14.2 10 Next,

cl eaner conpositions were prepared conpr|5|ng aqueous sol utions of TN%H
Surfynol -61 surfactant and a sufficient amount of a 1:1 m xture of ammoni um
chl ori de and anmoni um acetate to adjust the pH of the solutions to the 15

i ndi cated pH levels. Théimblar leanesutempamitdons p6| hgueousT\gniutions of

Surfact ant TMAH | CEHd CRdfQitdaaldudtactafdIC ERSERt wOEhSat and (EREST LOER)
8H11 acqgig J%ié to adiyﬁgrtfe SgSOf the solu%igﬁéoto the indicateé25
9.4 10 pPH levels, were prepared and te@gted on siliqpm wafepjsunpfigges at

utilized pptassjorg Hophtbahadmeedsar pH adjustnent. 25 The silicon wafers
resulting fromthis series of cleaner treatnents ~whi ch conbine the use of

+|a aff ot inga oll o oot o ol

an al kal | ne COoIperenr v etV et ot O
are of 30 SLff|C|emuhy Iom1roughném&fbothtSU|ta le f&®, typicdl
i ntegrated cirgu@ancentypbeenrs nl 'wggggtwatuqn-: (angstroms) PHanpll es
1-3 denonstratg the E g gf cont rg&}%og_H]_a&ga& '0@‘3 m xt ur es, ggont ailnijg 5t he
noni oni ¢ surf ag+ert—3+5
10 1.0 Surfynol-104E (.05) <25 9.4
1.0 Surfynol-104E (0.1) 250 13.3
1.0 Surfynol-104E (0.1) <25 9.4
1.0 | Ssurfynol-440 (0.1) 100 13.3
1.0 Surfynol-440 (0.1) <25 9.5
15 1.0 Fluorad FC-170C 50 13
(0.1)
1.0 Fluorad FC-~170C <25 7.9%
{(0.1)
1.0 Flourad FC-~430 (0.1) 250 13.3
1.0 Flourad FC-430 (0.1) <25 9.4
1.0 Silwet L-7607 (0.1) 650 13.5
20 1.0 Silwet L-7607 (0.1) <25 9.3
0.5 l-butoxy-2-propanol 50 12.6
(2.0)
0.5 1-butoxy-2-propanol <25 9.2
(2.0)
* this example utilized a 1:1 mixture of ammonium chloride and
25 ammonium acetate to adjust the pH levels of the aqueous
solutions.
only when the pH had been adjusted to within the range
of about pH 8.0 to 10.0 was the surface of the wafers of
30 sufficiently low roughness to be suitable for typical integrated

circuit manufacturing.

The chemical designations of the surfactants employed
in this Example 4 are as follows.



di et hyl hexyne- 3- ol

silicon wafers.
surfactants.

and the indicated surfactants,

13 -

as cleaning solutions wthout damagi ng the surface of
Thi's exanple illustrates the use of other
Cl eaner conpositions of aqueous sol utions of TMAH
both without and then with the addition of

noni oni ¢

acetic acid to adjust the pH of the solutfod® to the indicated pH |l evels,

wer e prepared and
m nut es as described in Exanple 1.
R Concentration

‘Sur f act ant

tested on silicon wafer

5 surfaces at [err] for 10
The foll owi ng data was observed. TNMAH
% Cbncentration @6 (Angstromns)

pH 10 Sur fymot=104E (- 05) 600 —13. 2
1.0 Sur f nnIT¥HQF‘¥aTﬂﬂ, <2Ehemical DQ$QI1Pth°n
Sur fynol - 104E (0. :Ehrfynol 104E 5002,4,7,éuie%rémékhylf5-de§95é¥£¥ﬂ;dmbiE (0.1
<25 9.4 SUr1yn -4UU‘“(U?L{’ Z50 . I3 3 15
1.0 S””W Mnolr%ﬁ% ethoxylated tetramethyldegypdiol El uora)
FC-170C s FluorQEOFC 17013 £6@o#inaked alkyl pdilyesiyathylerde/ @€hanols
<25 7.9 U’L iourau FC-43T (0. 'Q 350
13.2 1.0 ﬁd:?C,ﬁﬁp ,\f worinated a;gg& esters o 4 on
1.0 Si | t Flodeld ¥E&-4b)1 fluonrﬂa.téaoalkyl esktdrs 1.0 Si | wet
L-7604 (0.1 . <2 9 2 1.0 gO
1, 150 ( 13.5 1§r;lwet E—7gﬂﬁ | pgiyﬁmﬁggk { o;é D 1) 9 2
Silwet L~7607 polyalkyleneox1de modified
polydimethylsiloxane
10
EXAMPLE 5
other metal-free aqueous alkaline base components may
15 be utilized in the cleaner compositions of this invention in
place of the aqueous TMAH used in the preceding examples. The
following data was obtained similarly to Example 1 at 20°C for
10 minutes with Surfynol-61 utilized as the surfactant and acetic
acid utilized to adjust the pH of the aqueous solutions to within
20 a pH range of from about pH 8.0 to about 10.0.
Base Surfactant R,
Concentration % Concentration % {(Angstroms) pH
tetraethylammonium none 22,000 13.1
25 hydroxide (1.0)
tetraethylammonium 0.1 12,500 13.2
hydroxide (1.0)
tetraethylammonium 0.1 <25 9.2
hydroxide (1.0)
30 choline (1.0) none 6,200 12.9
choline (1.0) 0.1 1,100 13.1
choline (1.0) 0.1 <25 9.2
35 The following data for cleaner compositions containing

other alkaline base components was obtained similarly at 70°C for

10 minutes.



0.5 1- but oxy- 2- pr opanol 750 12.6 (2.0) 25

0.5 1- but oxy- 2- pr opanol <25 9.2 (2.0) * this
exanple utilized a 1:1 m xture of ammoni um chl ori de and amoni um acetate to
adj ust the pH of the aqueous solution. 30 Only when the pH had been
adjusted to wthin the range of about pH 8. @4 0-10.0 was the surface of the
wafers of sufficiently | ow roughness to be suitable for typical integrated
circuit manufacturing. - 14 - Simlar cleaner conpositions of agueous
solutions of TMAH, the indicated surfactants, both w thout and then with
acetic acid to adjust the pH of the solutions to the indicated pH | evels,

were prepared and tested on silicon wafer surfaces at 5 [err] 10
m nut es. TMAH Sarfactant — t‘RtuurcenTr?iion 7
Concentration % ﬁgp%txo H fupractant gyrfynof:104E (.0
250 13. 2 qf, Concgn athpvg) anqgqu o g ¢ troms) PH_ -
9.4 1.0 5 SurdetrabtAPfdmidhiln Horth 13. 3 51.0@0 13.1
Sur fynol - 104E ( § h¥droxide (1.0525 9.4 1.0 Surfynol -44¢9 (0.1
100 13. 3{T1. Surfynol-440 (0. 1) <25 )
1.0 Fl uor %Eg:ﬁ ’f‘“‘g)’yl“m 509+1 13 (0. 1) 3238° 13.2
Fl uorad FC-170C —25 0%
tetraethylammonium 0.1 <25 9.2
10 hydroxide (1.0) :
choline (1.0) none 4,300 12.9
choline (1.0) 0.1 250 13.1
choline (1.0) 0.1 <25 9.2
2-aminoethanol (2.0) none 16,000 11.9
15 2-aminocethanol (2.0) 0.1 1,200 12.0
2-aminocethanol (2.0) 0.1 <25 9.2
guanidine carbonate none ) 6,400 11.5
(2.0)
guanidine carbonate 0.1 500 11.5
20 (2.0)
guanidine carbonate 0.1 50 9.2
(2.0)
25 The data also shows that the benefits of this invention

are obtained with aqueous alkaline cleaner compositions
containing a variety of alkaline base components.

30 EXA P L 6

A cleaner bath containing a preferred formulation of
this invention was prepared by mixing: 7.6 L of wafer, 79 gm of
tetramethylammonium hydroxide, 7.9 gm of EDTA, 150 gm of 1-

35 butoxy-2-propanol, and 150 gm of ammonium acetate. This cleaner
bath was used to clean silicon wafers (a total of 12,560 cm? in
area) at room temperature with the unpolished wafer backs
exposed. The silicon wafers had been processed in the manner
described hereinafter.



(0.1) 1.0 Fl ourad FG 430 (0. 1) 250 13.3 1.0

Fl ourad FC-430 (0.1) <25 9.4 1.0 Silwet L-7607 (0.1)
650 13.5 20 1.0 Silwet L-7607 (0.1) <25
9.3 0.5 1- but oxy- 2- pr opanol 50 12.6 [err] (0.2)
0.5 1- but oxy- 2- pr opanol <25 17 = 9.2 (2.0) * this exanple
utilized a 1:1 m xture of ammoni um chl ori de and 25 anmpnhi um acetate to

adj ust the pH levels of the aqueous solutions. Only when the pH had been
adj usted to within the raigeceh wdfufs REr8. SptHinkd Ena@shhlepssn f pEscddlseline

waf ers of 30 -,%U{J,é' cgqﬁritownj?olmrgr%hlighness to be suitable for typical
ng.

integrated circtf't™ nanttact ur he chem cal designations of the
surfactants enployed in @his PREFAHi€azign wizh qpnes(@luninum g3 1oy hldevRE e
Chem cal Description Surfynol b#Oditaniur, dnd ,thencthidarify Initrdaeyne- 4, 7- di ol
Sur f ynol - 440 et hoxyl at ed gpgy | decyndi’al 5 . .EC- 1.2
fluorinated al kyl pol yox?ét hyféé%%f'r halnél ga F%/{(ﬁrc?é‘ F%uéﬁfo ﬂéfrﬁloelrjc?r}ilgatutjaségg
al kyl esters Flourad FC-431 CheRisaiin¥eRer JeppsikdeRis Silwet L- 7604
organonodi fi ed pol ynet hylesi | oxatteodmabiet baZtérhing pot yal &ylkenaaxi deicrons
modi fied pol ydi methyl siloxaneyjag ysing a photoresist material;

d. pattern transfer to the dielectric layer using
10 reactive ion etching;

e. plasma ashing to remove most of the residual

photoresist.

15 The resulting patterned wafers were contaminated with
a considerable amount of residual ash that comprised a mixture
of organic materials from the photoresist and inorganic materials
from the underlying metal layer that had been partially exposed
during step (d). The use of the hereinbefore described cleaner

20 bath formulation as well as the following controlled pH alkaline
cleaning solutions, all of which contained water, tetramethyl
ammonium hydroxide, a nonionic surfactant (either 3,5-
dimethylhexyne-3-0l or 1-butoxy-2-propanol), and a chelating
agent (EDTA) and one of the following 1listed pH reducing

25 components, removed this residual ash without damaging any
silicon or metal features that were present.

pH Reducing Component pPH

Ammonium acetate 9.3-10.0

30 Ammonium acetate, ammonium hydroxide 9-10
Acetic acid, ammonium hydroxide 9.5-10
Acetic acid, l-amino-2-propanol 9.5-10
Acetic acid, hydrogen peroxide 9.3
Ammonium acetate, hydrogen: peroxide 9.5

35 Ammonium acetate, nitric acid 9.5
Ammonium nitrate 8.9-10.0



10 EXAMPLES5 OQher netal -free aqueous al kal i ne base conponents may 15
be utilized in the cleaner conpositions of this invention in place of the
aqueous TMAH used in the precedi ng exanples. The foll ow ng data was
obtained simlarly to Exanple 1 at [err] for_ 10 minutes with Surfynol-61
utilized as the surfactant and acetic acid afilTzed to adj ust the pH of the

aqueous solutions to wthin 20 a pH range of fromabout pH 8.0 to about
10. 0. Base Sur f act ant [err] Concentration %
Concentration % ANQST T Qs H Tetraet nyl aguoni am none
22, 000 Ao cnlgrids, apmop}ie) aqetast RYRERAI um | | .9 4
12,500 l%?ﬁm%’%?r@xide O —t-etraet-hyH-arrBRtoHh ‘.1?' ~19:
<25 9 Amtymirwox ictidof1d€)) adPoniumcdndtate,( amfPnium none
6, 200 _ 1pperiddstiene (1. 0) 0.1 ° - 1.18610
13.1 Chollge (1} Rdmonium chloridébzgmmonium acetate,.gaﬁoniu 9.2 35
The foll ow ng dla;,gtgﬁe cl eaner conpositions containing other alkal iphgolmge
conponents was pbtarned stmiarty at [errf—for 10 mnutes. 16 _-_Bas
Sur f act ant Amm°ﬁiélj_"+ h¢gRedt AImPRAuD,acetate, ammonium 9-10
( Angst r ons) pPEESU- T3y DAL AoRe.
5, 000 13. 1 hydroxide (1.0)

10

Photoresist ash residues were successfully removed.

The bath was analyzed for silicon content after use giving

<0.2 ppm of dissolved Si demonstrating that the desired cleaning

15 was achieved without etching exposed silicon or silicon dioxide
circuit elements.

20 E M L E 7

This example demonstrates the metal removal
capabilities of a c¢leaner formulation for the removal of
aluminum, copper, and iron from metal-contaminated silicon

25 wafers. Cleaner Formulation A was prepared by dissolving
ethylenediaminetetraacetic acid (EDTA), ammonium acetate,
tetramethyl ammonium hydroxide, and 3,5-dimethylhexyne-~3-ol in
deionized water. Cleaner Formulation B was similarly prepared
substituting nitrilotriacetic acid (NTA) for the EDTA. Both

30 formulations exhibited a pH of approximately 10. Metal-
contaminated wafers were cleaned in these solutions for 10
minutes at 70°C. The wafers were removed from the cleaner,
rinsed in deionized water, and dried. The remaining amount of
wafer metal contamination was measured by washing the wafers with

35 dilute hydrochloric acid which was then analyzed for aluminum,
copper, and_iron. The observed results were as follows.
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t étraet hyl amoni um 0.1 3, 300 13. 2 hydr oxi de
-(1.0) tetraethyl ammoni um o 0.1 <25 9.2 10
hydr oxi de (1.0) choline (1.0) none 4, 300

12.9 choline (1.0) . 0.1 250 13.1
choline (1.0) 0.1 - 19 =<5 9.2

2- am noet hanol (2.0) none 16, 000 11.9 15

2- am noet hanol (2.0) 0.1 1, 200 12.0

2- am noet hanol (2.0) 0.1 <25 9. 2 guani di ne
car bonat e ngne .0, 400 TI.5 (Z.0) guanldlne

car bonat e Cleagling Aluminum ggq coppex, 2/)

guani di ne carboneﬁ%fmulatlon (Q;ggg?rams/ (zgggg?iﬁ?s ;géggkﬁyséS
The data al so slhews=thet=tire

aqueous alkaline cl eanee conpositians contalning’ alvariety of al kalgi ne ba
conponents. EIXAMPLE 6 A cleaner bat
cont ai ni ng pref ation pf this {nvent S priepare Y%

m xi ng: 7. gL of; ﬁﬂéﬁqag%ﬂum of teogr anet hy ammnlkﬁm]\ﬁadr oXi de, (71) % gm of
EDTA, 150 gm of [T=35 ~DUT pXy- 2- propanot [and 150—gnT of—gmnmont um_acet at
This cl eaner bat QH§§1B§éﬂ“tp cl ea?-8F1 i con| waf er€®(® total| of 12-360 [er
in area) at room-ie ratuelwith the unpollshed wafer bac exposed- Th

Y
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silicon wafers had been processed in the manner descri bed herelnafter

10

15

20

25

30

35

EXAM L E 8

In another embodiment of the present invention an

aqueous alkaline cleaner (Formulation C) containing tetramethyl

ammonium hydroxide (0.5%), EDTA (0.1%), ammonium chloride (0.3%),

ammonium acetate (0.3%), hydrogen peroxide (1.0%), and 3,5-
dimethylhexyne-3-ol (0.1%) was directly compared to a
conventional SC-1 cleaner containing, by volume, one part

concentrated ammonium hydroxide, one part 30% hydrogen peroxide,
and five parts of deionized water. Both cleaning solutions were
purposely contaminated with 5 micrograms/liter each of aluminum,
and 10 micrograms/liter of copper introduced

Silicon wafers were cleaned in these solutions

iron, and nickel,
as nitrate salts.
for 10 minutes at 70°C after which they were rinsed in deionized
water, and dried. Residual metal contamination on the wafers was
then measured using hydrogen fluoride vapor phase decomposition
of the native oxide layer of the silicon wafer followed by
This
water was removed and analyzed by inductively coupled plasma
analysis with mass spectral detection giving the following

scanning the wafer surface with a small volume of water.

results.
Cleaning Formulation x 10" atoms/cm?
Aluminum | Copper Nickel Iron
none (untreated wafer) ‘ 42 <6 21 72
SC-1 2,800 <15 S 743
Formulation C 52 <6 <2 35




-717 - Silicon wafers were obtai ned that had been processed in the

. foll ow ng manner: a. netallization with copper/alum num alloy followed by
“titaniumand then titaniumnitride; 5 b. coating with a
silicon oxide dielectric using chem cal v_apgé deposi tion; c. | it hographic
patterning of 0.5 to 1.0 mcrons vias using phot oresi st material; d.
pattern transfer to the dielectric |ayer using 10
reactive ion etching; e. pl asma ashing to renove nost of the residual
phot oresist. 15 These qata rdsakly nghgppather seperiairecdenning ability

contam nated wi g ?oﬁﬁli‘ﬁdﬁi%rna@&ﬁ%%a@%frg%&%htééﬂai halle an@BPES S Gfb a1
m xture of organic nm e Lom fﬁ% toresi st and inorganic nmaterials

from the under| yiTRgY °nf i}gfc?%ﬁa Sartial |y exposed during step
(d). The use of the herel nbef ore descri bed cl eaner’20 bat h fornul ati on

as well assthe followi ng controlled pH al kal i ne ‘cl eani ng sol utions, all of
whi ch contai ned water, tetranethyl a tﬂy rox} noni oni ¢
sur f act ant (either 3,5- dinethyl thﬁ—g—l—but oxy- 2 propanol ), and
a chel ating agent (EDTA) and one of the followng |isted pH reducing 25
conponents, renoved thi sinasbAudhreds et RQehndamagi 16 &XumpiLEi 60ANAr an

netal features ?‘Qa;nigeﬁgrgé ‘iﬁ%%s,c&% Q‘i‘}ﬁfi 09 Corgaork%ntexag?g? [P SyFfaces

pH Ammoni um ace .
Ammoni um &€et at éoraﬁﬂ'éﬁhfiﬂﬁshyef% gad after cleaning. Roughngsfcis jxepeEited

anmoni um hydr oxijédethis example as "mean roughnsd® ACPtWEidCiid defined as the
1-am no- 2- propaaggn value of the gugface réié%l%g é@eEhg g&ﬁf&rtpﬂl %gggd is

per oxi de
calculated using:

L,

1 L,
15 R~ ) f17 f17 [ (x,y) |axdy

X

where [(x,y) is the surface relative to the center plane and L,
and L, are the dimensions of the surface in two dimensions.

20
The untreated, polished wafer with its normal covering
of native oxide has an R, of 0.140 nanometers. When this surface
is exposed to SC-1 the R, value increases to 0.185 nanometers.
However, exposure to Formulation C beneficially lowers this R,
25 value to 0.137 nanometers.
Sample Ra (nanometers)
none (untreated wafer) 0.140
SC-1 0.185
30 Formulation C 0.137
E X MPLE 10
35

Flamed 57 mm. quartz wafers were used which were stored
in sealed quartz petri dishes to avoid organic contamination.
These wafers were_-'cleane'd as in Example 8 and analyzed for



Ammoni um acet at e, hydr ogen per oxi de 9.5 35 Anmoni um

acetate, nitric acid 9.5 AvMmpbniumnitrate
8.9-10.0 - 18 - Ammoni um chl ori de, ammoni um acet ate, hydrogen peroxi de
9. 6-10. 0 Amoni um chl ori de, anmoni um acetate, ammoni um peri odate

9-10 5 Ammoni um chl ori de, ammoni um aCet&te,” ammoni um nitrate

9.4-10. 0 Amoni um chl ori de, ammoni um acetate, ammoni um 9-10

persul fate 10 Photoresist ash residues were successfully renmoved. The bath
\cAilaS anal yzed fOEréhht&%br&QMiﬁQﬁi&f tt.ﬁ‘sringiglé?én\ﬂ ragxrsgﬁgo rﬁfﬁﬁaﬁi@h}/ﬁﬂ;@
enmonstrating t t sir c ng . was _achieved w ut .etchjng
exposed sili conmg%ss?%‘%br?s ?g% kjlg@&sl)(&ui DY sk quggtavolves %eat'fn? to
EXAMPLE velghikize sninprdheriggnongenicepatertals. neffae valawdlhzed
cagabi i t}es of malfd:myerarfwimﬂdﬁdi eﬂdfégpgtraeeamf ligeht 2f LB YU FracOPHRS |
and iron om al - ¢ m'%ﬁgg Lljecon_25 ' rs, . eaner, .
For mul at i o% A V\ng.g p['?r‘-’les‘é)yz%?1 d di §§%+d ngaet%oﬁeé'\ggalfarﬁrr?e & Faacete %ﬁ?rﬂ
(EDTA), anmoni §apsHeBtide oft A/ HferhiovsiAnlisictdrny @fogngepaghdof organic

3, 5-di met hyl hexyatesidll inn1dBi partdrwakerix.Cl eaner Fornul ati on B was
simlarly prepared substituting nitrilotriacetic acid (NTA) for the EDTA

Bot h 30 formul ations exhibited a pH of approximately_ 10. = Metal-
The untreated wafer was simply rinsed in deionized
10 water for ten minutes at room temperature. The PC/MS spectrum

for this untreated wafer had two ion mass peaks (293 and 337 mass
units) which are due to the environmentally ubiquitous phthalate
esters, common plasticizers used in laboratory equipment. A
wafer cleaned as in Example 8 using SC-1, gave a PC/MS spectrum

15 having six new ion mass peaks (300, 335, 371, 411, 436, 533 mass
units) indicative of more organic contamination than the
untreated control. A wafer cleaned as in Example 8 using a
formulation containing TMAH (1%), EDTA (0.1%), ammonium chloride
(0.3%), ammonium acetate (0.3%), hydrogen peroxide (7%) and 3,5~

20 dimethylhexyne-3-ol (0.2%), gave a PC/MS spectrum having three
ion mass peaks (300, 337 and 372 mass units). This spectrum
shows less organic contamination than that indicated for ScC-1.
Thus, this cleaner formulation of this invention reduces residual
volatile organics on this wafer to less than the standard SC-1

25 treatment. This Example shows that negligible residue was left
by the organic components of this formulation insuring that
further IC processing can proceed without interference.

30
With the foregoing description of the invention, those
skilled in the art will appreciate that modifications may be made
to the invention without departing from the spirit thereof.
Therefore, it is not intended that the scope of the invention be
35 limited to the specific embodiments illustrated and described.



contam nated wafers were cleaned in these solutions for 10 m nutes at
[err]. The wafers were renoved fromthe cleaner, rinsed in deionized water,
and dried. The remaining anount of wafer netal contam natienwas neasured -

by washing the wafers with 35  dilute hydrochloric acid
anal yzed for alum num copper, and iron.- Bhe ebserved re l; “mi“ ﬂ“\

fol | ows. - 19 - deaning Al um num s 1 ron
Forrmul ati on élﬁ crograns/ (m crograns/ (nlcrogranB/ mafer)

waf er), LA & none 1

0.9 5 For mul ati on 0.1 <0, 01 0.2 A

For mul ati on 0. 06 <0.01 . 0.1 B10EXAMPL

E 8 In another enbodi nent of t resent inventiqQn an ﬁggeous al kaline
cl eaner (Fornul ati on CF*cortfi %ﬁélpétPéﬁ%R¥Rﬁ spdution 8% B Grrqgies
(0.5% , EDTA subst¥ptesancomprisiciyd dronecakdnt3®) 13 atomabant asathyewéighﬁ%pf an

hydrogen per @ag%%gélmg%l iU £Rea- bﬂﬁ%%&&%no?’oﬁ td bt s welght

directly conpare a conventi onal er contalnlng, vol ufre,
one part con@nfr ROBICRIFEREIATHARELRPE N LSSV e3BUPHY T h R¥ roANGang
20 and fivhemdichl comgienentzéd waliece oBotbntrahnthe pBl| ofi ¢he wleaning

pur posely coniaRBhedaia b 1 GEA0I B Liddd. SACKeh BHU Nea| £0NabBRE

ni ckel , and n1crograns ter copper uced as e salts.
Si li con waf e e cl eaned in these sol uti ons

2. An alkaline cleaning solution according to Claim 1
comprising from about 0.1% to aboutllo% by weight metal ion free
base, from about 0.01% to about 2% by weight nonionic surfactant
and from about 0.1 to about 10% by weight of the chemical component
to reduce or control the pH of the cleaning solution.

3. An alkaline cleaning solution of Claim 1 wherein the
metal ion free base is selected from the group consisting of a
tetraalkyl ammonium hydroxide wherein the alkyl group is an
unsubstituted alkyl group or an alkyl group. substituent with a
hydroxy or alkoxy radical.

4. A cleaner solution of Claim 3 wherein the metal ion
free base is selected from the group consisting of tetramethyl
ammonium hydroxide, tetraethyl ammonium hydroxide and trimethyl-2-
hydroxyethyl ammonium hydroxide.

5. A cleaning solution of Claim 4 wherein the metal ion
free base is tetramethyl ammonium hydroxide.

6. A cleaning solution as claimed in Claim 1 wherein
the metal ion free base is an alkanolamine.

7. A cleaning solution as claimed in Claim 1 wherein

the metal ion free base is a guanidine compound. -——- -
Sheet Has Been Reﬂlaced




for 10 minutes at [err] after which they were rinsed in -deronized—25

water, and dried. Residual netal contam nation on the vvaf
measur ed usi ng hydrogen fluoride vapor phase deconpositio (!E“lmi E“FQIIMHW
oxi de | ayer of the silicon wafer followed by scanning the

with a small volune of water. This waTer2%has™ renoved and anal yzed by

I nductively coupl ed plasna 30 anal ysis with nmass spectral detection

giving EQ?J‘)'N' ow "G oS! bfeartd RRUAALEORBE halh 3 %heer(eul thg?g%ﬁi&%lc
42 sprfactant 2}5 é)é)lecte;lz fxrom thec group cons:Lst ng of alkyngl 800

<15 suffactanté%43fEubnmhatedN1palyoxyethylene alkdnol surffctants, <2

For il at | oL IOUME  Arfefe ey Rl IOCHAR MR AhApILY Shner o

silicon waserfaghantkfes. E X AMP L E 9 Silicon’wafers were cleaned as in
Exanple 8 and an Atonic Force Mcroscope (AFM was used to exanine the
surfaces 10 for roughness before and after cleaning. Roughness is :
reported in this exanple as_"mean roughness” [err] which is defined as the
mean val ue of the s@facd ebeaning spduthen hCdaipl 8rhenedn theanenionig

using: 15 gyrfactant is selecté&rfﬂomﬁeegksﬁgs]éahgi)stlﬁgt Be surface relative

E \a/ot glemgﬁ 2 ! gr Scﬂn%:%ngexynegg' -o£ ey Ll&ér.euga eeddI ”?93:':;9&%y°ferfeh %t?xgkfo é n

butoxypropanol.

~ 10, A cleaning solution of Claim 4 wherein the nonionic
surfactant is selected from the group consisting of alkynol
surfactants, fluorinated polyoxyethylene alkanol surfactants,
siloxane surfactants and alkylene glycol monoalkyl ether
surfactants.

11. A cleaning solution of Claim 5 wherein the nonionic
surfactant is selected from the group consisting of alkynol
surfactants, fluorinated polyoxyethylene alkanol surfactants,
siloxane surfactants and alkylene glycol monoalkyl ether
surfactants.

12. A cleaning solution of Claim 10 wherein the nonionic
surfactant is selected from the group consisting of
3,5~dimethylhexyne~-3-0l, a fluorinated polyoxyethylene ethanol and
butoxypropanol.

13. A cleaning solution of Claim 11 wherein the nonionic
surfactant is selected from the group consisting of
3,5-dimethylhexyne-3-ol, a fluo._rinated polyoxyethylene ethanol and
butoxypropanol. "

| i



The untreated, polished wafer with its normal covering of native oxi de has
an Ra of 0.140 nanoneters. Wen this surface is exposed to Sw,mmljmu”ml”l
val ue increases to 0.185 nanoneters. However, exposure to For “,

beneficially lowers this Ra 25 value to 0. 137 nanometers. Sarrp et
[err] (nanoneters) none (untreated wafer)24 - 0.140 SC-1
0. 185 30 Formul at'ion C 0.137 EXAMPL

E 10 35 Flamed 57 mm artz wafers were used ich were stored.i.n seal ed
quartz petri dishes t% avé éleﬁﬁ?ﬁ’% c%ﬂi‘éﬁﬁ%t |°\gr: é;t‘?é@e Vaf @rdéi’\ﬁé pally
cl eaned as comgxisizie a8 metdlasbelaeind agent.- 21 - organic contam nation
usi ng pl asma chromat ogr aphy coupled with mass spectroscopy (PC/ MS). This
techni que involves heating to volatilize any adhering organic material s.

The vol atilized nol ecules are ionized and separated into identifiable
fractions 5 by passs'.ngA t kkdeanihg ougblutaioyot &t | dlaig adi eridditiohakly

hi gh sensit I of one part of organic materi al
in91013 par{:gﬁ%%/l ‘f Mé‘?%g gir%%]r'éejgl{f’%gta\ﬁ%?gr was s:orrpl y ri nsgd i n deionized

10 water for ten mnutes at roomtenperature. The PC/ M5 spectrum for
this untreated wafer had two i on mass peaks (293 and 337 mass units) which

are due to the envi rq{yrgnkal e gQig#ll tgg,fs“ﬁ%haloqle %{:ﬁrs C%mgigyg}hlﬁfe

pl astici zers used inlaborat or eanéd as

8 using SC-g¢omppising Pmﬁsaépég@lmng agent.

17. A cleaning solution of Claim 12 additionally
comprising a metal chelating agent.

18. A cleaning solution of Claim 17 wherein the metal
chelating agent is ethylenediaminetetraacetic acid.

19. A cleaning solution of Claim 1 additionally
comprising an oxidizing agent.

20. A cleaning solution of Claim 19 wherein the
oxidizing agent is selected from the group consisting of hydrogen
peroxide, nitric acid and its salts, and the persulfate, periodate,
perbromate, perchlorate, iodate, bromate or chlorate salts of

ammonium.

21. A cleaning solution of Claim 12 additionally
comprising an oxidizing agent selected from the group consisting of
hydrogen peroxide, nitric acid and its salts, and the persulfate,
periodate, perbromate, perchlorate, iodate, bromate oxr chlorate
salts of ammonium. '

Sheet Has Been Reilaced




15 havi ng si x new i on nmass peaks (300, 335, 371, 411, 436, 533 mass
units) indicative of nore organic contam nation than the untreated control.
A wafer cleaned as in Exanple 8 using a fornulation co 'I ﬂ)W
EDTA (0.1%, ammonium chloride (0.3%, _argg)ni_um acet at xmmwmll mm' ﬂ n
peroxide (7% and 3,5- 20 di met hyl hexymte- 3-ol (0.2% , géveta PCSMS*
spectrum having three ion mass peaks (300, 337 and 372 mass units). Thi s
spectrum shows | ess @rzganAchéﬁﬁrg Babbehoh N ciBah L 'wherds tra cﬁemlcal

Thus, this cleaner f I on ent i,an u | dyal i Le
organi cs on TSR er° trc‘)e UESs ﬁ%ﬁaﬁqﬂt h(.f n é?&“égg %@““ng‘r é%t se?‘ eBtea
Thi s Exanpl &rehdhe graup eepsigting pés&@%@mlﬂefpowsq%@n d?lgaml@late. a

conponent s pfyihideS JOhBMbALIANatEEdYd R thN@imbk{dh &fhldr ideNC % AJ ni&Bure
proceed w t hout |nterferencg}B 30 Wth the foregm ng descrlptlon of the

i nvention, YhAGFEG PFEG FARHE™MAM44 | | appreci’ate that nodifications may
be made to the invention without departing fromthe spirit thereof.
Therefore, it is not intended that the scope of the invention be 35
limted to the specific enbodinments illustrated. and _descri

Substitute sheet - 6RBr9gA-clemning selugion of (lajm 32 K EeE?%‘érﬁq?gcgﬁF‘ﬁF?Bn
for m croel esigorents touhsdusiee Theo Pl icfi rtheaclegnéngs smuaﬁ.onodsf sedebhed,
a_noni oni ¢ sy Q:%teaairoﬁﬂaéé’%ﬂéﬁ gloknaihialc bgge %étféé aldte, o

ef fective afnbunt ucin em ca corrpone t to reduc or (ég
the pH of tW@r@aﬁfnng‘SPEPPo?Fﬁ@fé Pith aEmeniye GhlRrdds #EUER 8

to about pthbAdQicetic acid with ammonia.

24. A cleaning solution of Claim 1 comprising water,
tetramethyl ammonium hydroxide, 3,5-dimethylhexyne-3-ol, ammonium
chloride and ammonium acetate.

25. A cleaning solution of Claim 24 additionally
comprising ethylenediaminetetraacetic acid.

26. A cleaning solution of Claim 1 comprising water,
tetramethyl ammonium hydroxide, acetic acid, ammonia or an
alkanolamine and l-butoxy-2-propanol.

27. A cleaning solution of Claim 26 additionally
comprising ethylenediaminetetraacetic acid.

28. A process for cleaning a microelectronics wafer
substrate and maintaining wafer surface smoothness, said process
comprising contacting the wafer substrate with a cleaning

“composition of Claim 1 for a time and at a temperature sufficient
‘to clean the wafer substrate.

. Thls Sheet Has Been Reﬂlace




2. An al kaline cleaning solution according to Claim1 characterized in

that it conprises fromO0.1%to about 25% by wei ght to an agueous netal ion -

M xtures therof - fromapout 0.01% (0 about [err by et ot k| TN

surfactant selected fromthe group conststjerg-of al kynol sirfactiants, 5 *
fluorinated al kyl al koxyl ates, fluorinated al kyl esters, fluorinated
pol yoxyet hyl ene al kanols, aliphatic acid esters of polyhydric

al cohol s, pol yoxyet hyR&ne #oRS8FRFF &oleraleandngo g enbgreskeatinanicssi vakeme

fsur f acL ant sos@mwtahkélbaaa gh%mahiﬁw i ?H@dfr @de %egiéﬁ_oﬁi:hhﬁég_ﬁ gim epfoddsk
rom about 0, 1% to.abou ight o r ci chem cal conpongnt
to reduce or°°8‘8ﬁf’-f&f_"gt héoég?%?y?ﬁ tg}eeaﬁ‘f r§o|s&§rs§ﬁa?% a” wi Thi FrThdng
range of frcorpbsitiph Sf tGlaipnadkd fer 10 time ahdrata tiemperetiurel sebfiboient
to reduce ofcelbhal thiewpFtofsudakgani ng solufion is selected fromthe

group consisting of acids, bases and their salts and buffer systens of weak

organi ¢ acids and conjugate base. 3. An alkaline cleaning solution
according to any one of Clainms 1 or 2 wherein the netal ion free base is

sel ected fromthe grogg, CONSpebbEgs Olead tcﬂgaﬁﬁbgyla TR SHB Y Es8va fer
wherein the al kxF/,Iragrougél s an _upsubstituted al kyl

groug or an al kyl rougo
subst i t uent SHPE Ry BRAxPAIRTAIING, Yaf@rc Surface AROgFRALSSFe 33 rﬁ”?@ce S
sol uti on accomgriigihg acynbaetirig Cltdiens whfer 2substeatet eittet aa | cledniory

base i | t L] ' icd
ydr ox: do. | CoppaztEEh of GuPesCest ¥ Ahelbph it A dilleraRIDY ik cctent
anmoni um hy&eogigan Fap e\ gnbsheates or |

31. A process for cleaning vias in a microelectronic
wafer substrate, said process comprising contacting the wvias in
said substrate with a cleaning solution of Claim 1 for a time and
at a temperature sufficient to cléan the vias.

32. A process for cleaning vias in a microelectronics
wafer substrate, said process comprising contacting the wafer
substrate with a cleaning composition of Claim 26 for a time and at
a temperature sufficient to clean the vias.

33. A process for cleaning vias in a microelectronics
wafer substrate, said process comprising contacting the wafer
substrate with a cleaning composition of Claim 27 for a time and at
a temperature sufficient to clean the vias.

GWR/sw This Sheet Has Been R_elila_ced

Tl

|



Substitute sheet - 6/5/96 - 23 - 5. An al kaline cleaning solution
according to any one of Clains 1 to 4 wherein the nonionic surfactant is
selected fromthe group consisting of alkynol surfactants,
fluorinated pol yoxyet hyl ene al kanol surfactants, siloxane surfactants and
al kyl ene gl ycol nonoal kyl ether surfactants. 6. An al kaline cl eaning
solution according to Claim5 wherein the nonionic surfactant is selected
from the group consisting OABSTRACT rOF ITHBEDISCLOSURE a fl uorinated
pol yoxy- et hyl ene et hanol and butoxypropanol. 7. An al kaline cleaning
solution according to any one of Clains 1 to 6 additionally conpriSing a
metal chelating agent. 8. An alkalin, cleaning solutlon accor di to any
one of O ains 1 BR¥® ADIPRIED NQHIONEQ aﬁUW @%‘rﬁ IH?
ani net et r aaSLEPNER: COMPOSITION, FRR| CHEANING ETBANICE Hpﬁﬁnﬁsnﬁny
one-of Clains 1 to 8 additionally conpr|5|ng an ‘oxi di zi ng agent. 10. An
al kal i ne cleaning solution according to Claim9 wherein the oxidizing agent
is selected fromthe group consisting of hydrogen peroxide, nitric acid and
its salts, and the persulfate, periodate, perbromate, perchlorate, iodate,
bromate or chlorate salts of ammonium 11. An al kaline cl eaning sol ution
according to any one of Clains 1 to 10 wherein the chem cal conponent to
reduce the pH of the cleaning solution is selected fromthe group
consi sting of acetic acid, potassium biphthalate, a m xture of amobni um

acetate with arrmom Um;ﬁélb@él d€l k&The rﬂl)@dﬂﬁ‘xq)f SHARIHIGmCI (ithl&l@mliﬂga

12, An alkallne n|n sol ytion_accordin 0 an .one of or

11 compri SHHEFIRIeTCEOREr Q RANRE A BRo Hy ApdnSaihans. substfafl Surbae

3, 5-di net t‘qrhdsmtxlymg Mmpmsmra metall bondéreadaswniaumonionic surfactant
and a component to reduce or control the pH of the cleaning

solution to a pH within the range of from about pH 8 to about
pH 10.



acetate. [err]. Substitute sheet - 6/5/96" | i ne cl eahi ng
sol ution according to Claim12 additionally ch"” ilmllnmn”m
et hyl enedi am netetraacetic acid. 14. An al kal I ne «c aanmngssot uti on
according to Clains 1 to 6 or 11 conprising water, t

hydr oxi de, acetic acid, amonia or an al kanol am nesgﬁ%{'ﬁu{g 4tngxy 2- propanol
15. An al kaline cleaning solution according to Caim14 additionally

conpri sing ethyl enedi azi netetraacetig jd_ 16. Use of cl eaning conposition

according to any one of Clainms 1 to 15 tor cleaning m croel ectronics
substrates and mai ntai ni ng wafer surface snoothness or cleaning vias in a

m cr oel ectQ AOACIVMI@E substrate. GAR/ sw [err] 25 - 22. A cleaning
solution of Caiml1l wherein the chem cal conponent to reduce the pH of the

cl eaning solution is selected fromthe group consisting of acetic acid,

pot assi um bi pht hal ate, a m xture of ammoni um acetate with amoni um
chloride, and a m xture of acetic acid with ammonia. 23. A cleaning

sol ution of Ctai m 12 whanealkadlimecbaaning anlutient £61 micvhoedettnomidtsof the

cl eani ng gabhtiQfes Scipr@Sifg an agqueous metal ion free base, a nonionic
surfactant characterized in that there is also present an effective
amount of a pH reducing chemical component to reduce or control the
pH of the cleaning solution to a pH w:.th:i.n the range of from about

'pnstcaboutpxm.

_ 2. An alkaline cleaning solution according to Claim 1
characterized in that it comprises from 0.1% to about 25% by weight
to an agueous metal ion free base selected from ammonium
hydroxides, alkanolamines, guanidines and mixtures thereof, from -
about 0.01% to about 5% by weight of a nonionic surfactant selected
from the group consisting of alkynol surfactants, fluorinated alkyl
-alkoxylates, fluorinated alkyl esters, fluorinated polyoxyethylene
alkanols, aliphatic acid esters of polyhydric alcohols,
polyoxyethylene monoalkyl ethers, polyoxyethylene diols, siloxane
surfactants and alkylene glycol monoalkyl ethers and mixtures
thereof and from about 0.1% to about 10% by weight of a pH reducing
chemical component to reduce or control the pH of the cleaning
solution to a pH within the range of from about pH 8 to about pH 10
and wherein the chemical component to reduce or control the pH of
.the cleaning solution is selected from the group consisting of
acids, bases and their salts and buffer systems of weak organic
acids and conjugate base.

3. An alkaline cleaning solution according to any one
of Claims 1 or 2 wherein the metal ion free base is selected from
the group consisting of a tetraalkyl ammonium hydroxide wherein the
alkyl group is an unsubstituted alkyl group or an alkyl group
substituent with a hydroxy or alkoxy radical.

: 4. An alkaline cleaning solution according to any one
of Claims 1 or 2 wherein the metal ion free base is selected from
the group consisting of tetramethyl ammonium/ \h‘ydroxide, tetraethyl
ammonium hydroxide and trimethyl-2-hydroxyethyl ammonium hydroxide.
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fromthe group consisting of acetic acid, pot ass m xture
of ammoni-um acetate with ammoni um chl ori de and e”ml I m c acid -
with ammonia. 24. A cleaning solution of Caim1-corprising wat ’er

t et ranmet hyl anmoni um hydr oxi de, 3, 5-di nmet hyl hexyne- g}g‘@; de
and armoni um acetate. 25. A cleaning solution of O %Ltﬁﬂ tlona?1+”y6

conpri sing ethyl enedi.am netetraacetic aC| d. 26. A cI eani ng sol ution of
Claim1 conprising water, tetranethyl _ ni_um hydrOX| de, acetic acid,
amoni a or an al kanol am ne and 1- but oxy- - pr opanol 27. A cl eaning sol ution
of Claim26 additionally conprising ethyl enedi am netetraacetic acid. 28. A
process for cleani ngSa nikr edkatine vileandng csolstiionr aceordingn&rnany nenwe

waf er surf age AMRANDCES « Shiatle D AARS NoRIBALE HutTaclAMECld HbleBCedofFin

bstrat th t
' fgrr;e;gtﬁr\géhsuf 1??:% anl%q, ?ean Ithlag\r/]vagak%g%st%“%&ct?ny'm %qc’@%’é&‘d 29.
A-process fRALYOM¥SERRLENS HPM%CPPBH%%'H’WPM%FN

waf er surf adkydenet glyp=ssl meacalkyloethercsurtactangscont acti ng t he. waf er
substrate with a cleaning conposition of Claim24 for atinme and at, a

tenperature sufficie cl t he sub ce for
cleaning a mcroel ec 'ron?g @g{%" ﬁ%’g g‘? %&tgﬁ?ﬁcﬁ%ﬁ&%\g‘? %‘lﬂf’ace
snoot hness Whezednprthe s 3oripniq Pﬁﬁfiﬁfﬁ%t ifg seleckadcrframsthat GXAPh a
cl eaning consisting of 3,5-dimethylhexyne-3-ol, a fluorinated polyoxy-

ethylene ethanol and butoxypropanol.

. 7. An alkaline cleaning solution according to any one
of Claims 1 to 6 additionally comprising a metal chelating agent.

8. An alkaline cleaning solution according to any one
of. Claims 1 to 7 wherein the metal chelating agent is ethylenedi-
aminetetraacetic acia.

9. An alkaline cleaning' solution according to any one
of Claims 1 to 8 additionally comprising an oxidizing agent. -

10. An alkaline cleaning solution according to Claim 9
wherein the oxidizing agent is selected from the group consisting
of hydrogen peroxide, nitric acid and its salts, and the
persulfate, periodate, perbromate, perchlorate, iodate, bromate or
chlorate salts of ammonium.

11. 2An alkaline cleaning solution according to any one
of Claims 1 to 10 wherein the chemical component to reduce the pH
‘of the cleaning solution is selected from the group consisting of
acetic acid, potassium biphthalate, a mixture of ammonium ‘acetate
with ammonium chloride, and a mixture of acetic acid with ammonia.

12. An alkaline cleaning solution according to any one
of Claims 1 to 6 or 11 comprising water, tetramethyl ammonium
hydroxide, 3,5-dimethylhexyne-3-ol, ammonium chloride and ammonium
acetate. -
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conposition of Claim25 for a tine and at at m ent to clean
the wafer substrate. 31. A process for cleani agmlﬂmrmlﬂﬂ H“l)el ectrom c
waf er substrate, said process conprising contacti rrg tthe “vi as tn said
substrate with a cleaning solution of Claim1l for é Eta 6/5/96
terrperature sufficient to clean the vias. 32. A pro§ SS eam ng vias
in a mcroel ectronics wafer substrate, said process corrprl SI ng contacting
the wafer substrate with a cleaning canpggition of Claim26 for a time and
at a tenperature sufficient to clean the vias. 33. A process for cleaning

vias in a mcroel ectronics wafer substrate, said process conprising
contacting the waf er 28ubd\ty alkaline ca-enémmwsénpomqqur toQliatmo¥2f or

a tinme and sddirionapdEy acdtiprisihyi etifflenediantnstdtitaacetsc sEid.|

14. An alkaline cleaning solution according to Claims 1
to 6 or 11 comprising water, tetramethyl ammonium hydroxide, acetic
‘acid, ammonia or an alkanolamine and 1l-butoxy-2-propanol.

_ 15. An alkaline cleaning solution according to Claim 14
additionally comprising ethylenediaminetetraacetic acid.

16. Use of cleaning conposition acéording to any one of
. Claims 1 to 15 for cleaning microelectronics substrates and

maintaining wafer surface smoothness or cleaning vias in a
microelectronic wafer substrate.
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