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SILICATE-CONTAINING ALKALINE COMPOSITIONS FOR
CLEANING MICROELECTRONIC SUBSTRATES

BACKGROUND OF THE INVENTION

Field of the Invention _
This invention relates to compositions useful in the microelectronics industry for

- cleaning semiconductor wafer substrates. Particularly, this invention relates to alkaline

stripping or cleaning compositions containing metal ion-free silicates that are used for

cleaning wafers having metal lines and vias by removing metallic and organic contamination

without damaging the integrated circuits.

Description of the Prior Art
An integral part of microelectronic fabrication is the use of photoresists to transfer an

" image from a mask or reticle to the desired circuit layer. After the desired image transfer has

been achieved, an etching process is used to form the desired structures. The most common

structures formed in this way are metal lines and vias.

" The metal lines are used to form electrical connections between various parts of the
integrated circuit that lie: in the same fabrication layer. The vias are holes that are etched
through dielectric layers and later filled with a conductive metal. These are used to make
electrical connections between different vertical layers of the integrated circuit. A halogen

containing gas is générally used in the processes used for forming metal lines and vias.

After the etching pmceés haé been comple_ted, the bulk of the photoresist may be
removed by either a chemical stripper solution or by an oxygen plasma ashing process. The
problem is that these etching proceéses produce highly insoluble metal-containing residues
that may not be removed by comﬁmn_._chenrﬁcal stripper solutions. Also, Idurin'g an ashing
process the metal-containing residues are oxidized and made even mbre difficult to remove,
particularly in the_case of aluminum-based integrated circuits. See, “Managing Etch and
Implant Residue,” Semiconductor International, August 1997, pages 56-63.

An example of such an etching process is the patterning of métél lines on an integrated
circuit. In this process, a photoresist coating is applied over a metal film then imaged through
a mask or reticle to selectively expose a pattemn in the photoresist coating. The coating is
developed to remove either exposed or unexposed photoresist, depending on the tone of the

photoresist used, and produce a photoresist on the metal pattern. The remaining photoresist is
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usunally hﬁr&;baked at high temperature to remove solvents and optionally to cross-link the

polymer matrix. The actual x_netal etc_hing 'step is then p'erfor'l_ned.-:-This etching step removes
metal not covered by photoresist through the action of a gaseous plasma. Removal of such
metal transfers the pattern from the photoresist layer to the metal layer. The remaining

photoresist is then removed (“stripped”) with an organic stripper solution or with an oxygen

plasma ashing procedure. The ashing procedure is often followed by a rinsing step that uses a

liquid organic stripper solution. However, the stripper solutions. currently available, usually

alkaline stripper solutions, leave insoluble metal oxides and other metal-containing residues

on the integrated circuit.

Another example of such an etching process is the patterning of vias (interconnect holes) .
" on an integrated circuit. In this process, a photoresist coating is applied over a dielectric film

then imaged through a mask or reticle to selectively expose a pattem in the photoresist

coating. The coating is developed to remove either exposéd -or unexposed photoresist,

depending on the tone of the photoresist uséd, and produce .a.j photoresist on the metal pattern.

. The remaining photoresist is usually hard-baked at high temperature to remove solvents and

optionally to cross-link the polymer matrix. The actual dielectric etching step is then |

pérformed. This etching step removes dielectric not covered by photoresist through the action

- of a gaseous plasma. Removal of such dielectric transfers the pattern from the photoresist

layer to the dielectric layer. The remaining photoresist is then removed (“stripped”) with an
organic stripper solution or with an oxygen plasma ashing procedﬁre. Typically, tﬁe dielectric
is etched to a point where the underlying metal layer is exp‘osed.. A titanium or titanjum
nitride anti—feﬂgctive or diffusibn lbarrie'r layer is typicall.y present at the rﬁetal/dielectric
boundary. Th1s boundary layef is usually etched through to éxpos'e the underlying metal. It

has been found that the action of etching through the titanium or titanium nitride layer causes

 titanjum to be incorporated into the etching residues formed ihsidé of the via. Oxygen plasma

ashing oxidizes these via residues making them more difficult to remove. A titanium residue
removal enhancing agent must therefore be added to the stripper solution to enable the

cleaning of these residues. See “Removal of Titanium Oxide Grown on Titanium Nitride and

| Reduction of Via Contact Resistance Using a Modem Plasma Asher”, Mat. Res. Soc. Symp.

Proc., Vol. 495, 1998, page5'345-352. The ashing procedure is often followed by a rinsing

step that uses a liquid organic stripper solution. However, the stripper solutions currently

.' available, usually alkaline stripper solutions, leave insoluble metal oxides and other metal-
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containing residues on thé integrated circuit. There are some hydroxylamine-based strippers
and post-ash residue removers on the market that have a high organic solvent content, but
they are not as effective on other residues found in vias or on metal—lir_les. They also require a
high temperature (typically 65°C or higher) in order to clean the residues from the vias and

metal-lines.

The use of alkaline strippers on microcircuit containing metal films has not always
i)roduced quality circuits, particularly when used with metal films containing aluminum or
various combinations or alloys of active metals such as aluminum or titanium with more
electropositive metals such as copper or tungsten. Various types of metal corrosion, such as
corrosion whiskers, pitting, notching of metal lines, have been observed due, at least in part,
to reaction of the metals with alkaline strippers. Further it has been shown, by Lee et al., Proc.
Interface ‘89, pp. 137-149, that very little corrosive action takes place until the water rinsing
step that is required to remove the organic stripper from the wafer. The corrosion is evidently

a result of contacting the metals with the strongly alkaline aqueous solution that is present

- during rinsing. Aluminum metal is known to corrode rapidly under such conditions, Ambat ez

al., Corrosion Science, Vol. 33 (5), p. 684. 1992.

Prior methods used to avoid this corrosion problem employed intermediate rinses with
non-alkaline organic solvents such as isopropyl alcohol. However, such methods are

expensive and have unwanted safety, chemical hygiene, and environmental consequences.

~ The prior art discloses several organic strippers used to remove bulk photoresist after the

etching process. U.S. Patent Nbs. 4,765,844, 5,102,777 and 5,308,745 disclose photoresist

strippers comprising various combinations of organic solvents. These strippers, however, are .
not very effective on wafers that have been “ashed” with oxygen plasmas as described above.
Some phdtoresist strippers attempt to address this problem by adding additional water and an
organic corrosion inhibitor such as catechol. Such compositions are disclosed in U.S. Patent
Nos. 5,482,566, 5,279,771, 5,381,807, 5,334,332, 5,709,756, 5,707,947, and 5,419,779 and in
WO 9800244. In some cases, the hydrazine derivative, hydroxylamine, is added as well.

Because of its toxicity, the use of catechol gives rise to various environmental, safety, and

| health concerns.

Metal silicates have been included as corrosion inhibitors in cleaning solutions used on

electronic circuit boards. Examples of such solutions are disclosed in SU 761976, DD
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143,920, DD 143,921, US 5,264,046, US 5,234,505, US 5,234.506, and US 5,393,448. The -

mt_*.tdl lines on circuit boards are much larger than those ifouhd in integrated circuits thus have

~ less demanding cleaning requirements. In the case of integrated circuits, metal contamination

1ntroduced from a cleaning solution, even at extremely low concentrations, can cause

premature failure of the device. Therefore, any formulatlon containing intentionally added

.metals, such as the metal silicates cited above, would be detrimental to integrated circuit
~ device performance and rehablllty U.S. Patent No. 4, 659 650 discloses using a sodium

_ metasilicate solution to dissolve metal lift-off masks.

In US 5,817,610 and EP 829,768 the use of a guaternary ammonium silicate, quaternary
ammonium 'hydrojcide and water is disclosed for use in removing plasma etch residues. In
these two diScldsures, catechol oligimers are preferred bver quaternary ammonium silicates as
corrosion inhibitors and no examples of quaternary ammonium silicates being used as
corrosion inhibitors are shown. In US 5,759,973 and EP 828,197 the use of a quaternary
ammonium silicate, an amine compound, water and optionally an organic polar solvent is
disclosed for use as a stripping and cleaning composition. None. of the four disclosures cited

above discloses the advantages of adding an aminocarboxylic acid buffering agent or titanjum

* residue removal enhancer. None of the four disclosures cited above discloses the advantages

of adding a titanium residue removal enhancer. The present invention has shown that in some

cases it is necessary to add a titanium residue removal enhancer for effective cleaning of some

. residues containing titanium found after a plasma etch process. US 5,759,973 and EP 828,197

. disclose the use of a chelatmg agent selected from sugars such as glucose, fructose or sucrose

and sugar alcohols such as xylitol, mannitol and sorbxtol Lab tests of formulations of the

. present invention with fructose or sorbitol added resulted in a solutlon that was not as pH

stable as formulations having an aminocarboxylic acid or no added chelaﬁng or buffering

. agent added.

Patent application WO 9523999 discloses using tetramethylammonium silicate and

.ammonium silicate as corrosion inhibitors in solutions used for removing resist from circuit

boards. However, the lack of any (ethylenedinitrilo)tetraacetic acid (EDTA) content was
described as an advantage of the disclosed formulation. In the present invention, in contrast,

the optional use of chelating agents such as EDTA was beneﬁcial.

Other uses of silicate inhibitors include magnetic head cleaners (JP 09,245,311), laundry
detergents (WO 9,100.330), metal processing solutions (DE 2.234,842, US 3,639,185, US
4
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3,773,670, US 4,35 1,383, US 4,341,878, EP 743,357, US 4,710,232), rosin flux removers
(US 5,549,761), and photoresists (JP 50,101,103).

Both metal ion-free silicates such as tetramethylammonium silicate and metal silicates

have been used as components of photoresist developers (US 4.628,023, JP 63,147,163, US

4,822,722, US 4,931,380, RD 318,056, RD 347,073, EP 62,733). Photoresist developers are
used before the etching and oxygen plasma ashing processes to remove patterned photoresist
areas which have been altered by exposure to light. This leaves a photoresist pattern on the
wafer surface which is typically “hardened” by exposure to light and heat to form an etching
mask. This mask is used during the plasma etching step .and usually removed after this use by
an oxygen plasma “ashing” step. The present invention relates to the removal of residues
formed during these last two steps and is unrelated to the photoresist development step

addressed by the patents cited in this paragraph.

Solutions prepared by dissolving silicic acid or solid silicon in tetrametﬁylammonium
hydroxide (TMAH) have been reported as useful for the passivation of aluminum structures
during micromachining (“Aluminum passivation in Saturated TMAHW Solutions for IC- -
Compatible Microstructures and Device Isolation”, Sarrow, et al, SPIE Vol. 2879,
Proceedings- Micromachining and Microfabrication Process Technology II, The International
Society for Optical Engineering, Oct. l.4~15, 1996, pp. 242-250); Micromachining

appiications are outside of the scope of the present invention. The solutions in the cited

- reference contain about 25 weight percent silicate (expressed as SiO,). This concentration is

significantly greater than the concentrations used in the examples of this invention, which
range from about 0.01 to about 2.9 weight percent silicate (expressed as SiO;). The use of the
chelating agent catechol as a silicon etch 'rate_ enhancer is also suggested. In the present
invention, increasing the etch rate of silicon would be undesirable since this might damage
the silicon dioxide dielectric layers commonly used in integrated circuits as well as the

exposed silicon backside of the wafer.

The use of a quaternary ammonium hydroxide in photoresist strippers is disclosed in US

- 4,776,892, US 5,563,119, JP 09319098 A2; EP 578507 A2; WO 9117484 Al and US

4,744,834. The use of chelating and complexing agents to sequester metals in various
cleaners has also been reported in WO 9705228, US 5,466,389, US 5,498,293, EP 812011,
US 5,561,105, JP 06216098, JP 0641773, JP 06250400 and GB 1,573,206.
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US 5,466,389 discloses an 'aqueous alkaline containing cleaning solution for
microelectronics substrates that contains a quatei-nary ammoniuin hydroxide and optional

" ‘metal chelating agents and is useful for a pH range of about 8 to 10. In the present invention,

a pH greater than 10 is required to effect the desired residue removal. In addition, silicates
have limited water solubility at about pH.10. Lab tests indicated that when the pH of a _

- tetramethylammonium silicate solution is reduced to about 10 the solution becomes “cloudy”

as silicates precipitate out of solution.

Us 5;498,293"disc16ses a process for using an aqueous alkaline cleaning solution that
contains a quaternary ammonium hydroxide and optional 'r_netal chelating agents useful for
bleaning silicon wafers. The disclosure of this cleaning process is for treatments to substrates
before the presence of integrated metal circuits and is used to generate a wafer surface that is
essentially silicon dioxide free and would be employed before the use of photoresist for
integrated circuit fabrication. The present invention, in contrast, focuses on the cleaning of
wafers with integrated circuits present which have been photoresist coated, etched, and

oxygen plasma ashed.

None of the compositions disclosed in the priof-art- effectively remove all organic

. contamination and metal-containing residues remaining after a typical etching process. There

 is, therefore, a need for stripping compositions that clean semiconductor wafer substrates by

removing metallic and organic contamination from such substrates without damaging the
integrated circuits. Such compositions must not corrode the metal features that partially

comprise the integrated circuit and should avoid the expense and adverse consequences

caused by intermediate rinses.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide compositions useful in the

microelectronics industry for cleaning semiconductor wafer substrates.

It is another object of the present invention to provide compositions that remove metallic
and organic contamination from semiconductor wafer substrates without damaging the
integrated circuits. '

It is another object of the present invention to provide compositions that avoid the

expense and adverse consequences caused by inteérmediate rinses.
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It is a further object of the present invention to provide a method for cleaning
semiconductor wafer substrates that removes metallic and organic contamination from such
substrates without damaging the integrated circnits and avoids the expense and adverse

consequences caused by intermediate rinses.

- These and other objects are achieved using new aqueous compositions for stripping or
cleaning semiconductor wafer substrates that contain one or more metal jon-free bases and a
water-soluble metal ion-free silicate. The compositions are placed in contact with a
semiconductor wafer.substrat_é for a time and ai a temperature sufficient to clean unwanted

contaminants and/or residues from the substrate surface.

Preferably, the compositions contain one or more metal jon-free bases dissolved in water
in sufficient amounts to produce a pH of about 11 or greater and about 0.01% to about 2% by

weight (calculated as SiO-) of a water-soluble metal ion-free silicate.

' Aﬁy suitable base may be used in tﬁe compritibns of this invention. Preferably, the base
is selected from hydroxides and organic amines, most preférably quaternary ammonium
hydroxides and ammonium hydroxides. o | | |

Any suitable silicate may be used in the compositions of this invention. Preferably, the

silicate is selected from qti_aternary' ammonium silicates, most preferably tetramethyl

‘ammonium silicate.

The compositions of the present invention may contain other components such as
chelating agehts, organic co-solvents, titanjum residue removal enhancing agents, and
surfactants. éhelaﬁng agents'aré preferably present in amounts up to about 2% by weight,
organic co-solvents are preferably present in amounts up to about 20% by weight, titanium
residue removal enhancers are preferably present in amounts up to about 30% by weight, and

surfactants are preferably present in amounts up to about 0.5% by weight.

The compositions can be used to clean substrates containing integrated circuits or can be
used to clean substrates that do not contain integrated circuits. When integrated circuits are

present, the composition removes the contaminants without damaging the integrated circuits.

The method for cleaning semiconductor wafer substrates of the present invention
requires that the compositions of the present invention be placed in contact with a
semiconductor wafer substrate for a time and at a temperature sufficient to clean unwanted

contaminants and/or residues from the substrate surface. The method includes both bath and

7
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'spray applications. Typically, the substrate is exposed to the composition for the appropriate
time and at the appropriate temperature, rinsed using high purity de-ionized water, and dried.
The compOsitions' clean wafer substrates by removing metallic and organic
contamination. Importantly, the cleaning process does not damage integrated circuits on the
wafer substrates and avoid the expense and adverse consequences associated by intermediate
rinses required in prior methods. |
Other objects, advantages, and novel features of the present invention will become

apparent in the following detailed descﬁption of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides new aqueous compositions for stripping or cleaning
semiconductor wafer substrates that contain one or more metal ion-free bases and a water-
soluble metal ion-free silicate. Preferably, the invention provides aqueous, alkaline stripping

or cleaning compositions comprising one or more alkaline metal ion-free base components in

" an amount sufficient to produce a solution pH of about 11 or greater, preferable from about

pH 11 to about pH 13, and a metal ion-free water-soluble silicate concentration by weight (as
-8i0,) of about 0.01% to about 5%, preferably from about 0.01% to about 2%.

The compositions may also contain a chelating agent in a concentration by weight of
__abt_)ut 0.01% to about 10%, generally from about 0.01% to about 2%. Further optional
components are water-soluble organic solvents in a concentration by weight of about 0.1% to

about 80%, generally about 1% to about 30%, titanium residue removal enhancers in a

“concentration by weight of about 1% to about 50%, generally about 1% to about 30%, and a.

- water-soluble surfactant in an amount by weight of about 0.01% to about 1%, preferable
about 0.01% to about 0.5%.

- The composition is an aqueous solution containing the base, the silicate, the optional

componehts, if any, and water, preferably high purity de-ionized water.

- Any suitable base may be used in the compdsitions of the present invention. The bases
are preferably quaternary ammonium hydroxides, such as tetraalkyl ammonium hydroxides
(including hydroxy- and alkoxy-conta_ining. alkyl groups generally of from 1 to 4 carbon
atoms in the alkyl or alkoxy group). The most pmferéble .of these alkaline rhaterials are
tetramethyl ammonium hydroxide and trimethyl-2-hydroxyethyl ammonium hydroxide

8
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{(choline). Examples of other usable quaternary ammonium hydroxides include: trimethyl-3-

hydroxypropyl ammonium hydroxide, trimethyl-3-hydroxybutyl ammonium hydroxide,
trimethyl-4-hydroxybutyl ammonium hydroxide, triethyl-2-hydroxyethyl —ammonium
hydroxide, tripropyl-2-hydroxyethyl ammoriium hydroxide, ~tributyl-2-hydroxyethyl
_ammomum hydroxide, dxmethylethyl-Z-hydroxyethyl ammomum hydroxide, dimethyldi(2-
hydroxyethyl) ammonium hydroxide, monomethyltn(Z-hydroxyethyl) ammonium hydroxide,
tetracthyl ammonium _hydroxlde, tetrapropyl _ammomum hydroxide, tetrabutyl ammonium
hydroxide, monomefhyl—triethyl ammonium hy_c_lroxide, monomethyitripropyl ammonium -
hydroxide, monomethyltributyl ammonium | hydroxide, monoethyltrimethyl ammonium
hydroxide, monoethyltributyl atnmonium hyd_rdxidc, dimethyldiethyl amrhonium hydroxide,

dimethyidibutyl ammonium hydroxide, and the like and mixtures thereof.

Other bases that will function in the present invention include ammonium hydroxide,
organic amines particularly alkanolamines such as 2-aminoethanol, 1-amino-2-propanol, 1-
amino-3-propanol,  2-(2-aminoethoxy)ethanol, = 2-(2-aminoethylamino)ethanol, = 2-(2-
aminoethylamino)ethylamine and the like, and other strong organic bases such as guanidine,
1,3-pentanediamine, 4~aminomethyl~ll,8-_octanediamine, aminoethylpiperazine, 4-(3-
aminopropyl)morpholine, 1,2—diaminocyclbhexaixe, tris(2-amino¢thyl)amihe, 2-methyl-1,5-
pentanediamine and hydroxylamine. Alkaline solutions containing metal ions such as godium _
or potassium fnay also be operative, buf are not preferred becﬁuse of the possible residual
metal contamination that could occur. Mixtures of these additional alkaline components,
particularly ammonium hydroxide, with the aforementioned tetraalkyl ammonium hydroxideé '

are also useful.

Any suitable metal ion-ﬁ'ee silicaté may be used in the composiﬁons of the present
invention. The silicates are preferably quaternary arhmonium silicates, such as tétraalkyl
ammonium silicate (including hydroxy- and alkoxy-containing alkyl groups generally of from
1 to 4 carbon atoms in the alkyl or alkoxy group) The most preferable metal ion-free silicate
component is tetramethyl ammomum silicate. Other sultable metal ion-free sﬂxcate sources
for this invention may be generated in-situ by dissolving any one or more of the following
materials in the highly alkaline cleaner. Suitable metal i_onffree'materials useful for generating
silicates in the cleaner are solid silicoh wafers, silicic acid, colloidal silica, fumed silica or

any other suitable form of silicon or silica. Metal silicates such as sodium metasilicate may be
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used but are not recommended due to the detrimental effects of metalhc contamination on

o mtegrated circuits,

The composmons of the present mventlon may also be fommlated with suitable metal
chelatmg agents to increase the capacity of the formulatlon to retam metals in solution and to

enhance the dissolution of metallic residues on the wafer substrate Typical examples of

_ chelatmg agents useful for this purpose are the followmg orgamc acids and their isomers and

salts: (ethylenedrmtnlo)tetraacetlc  acid (EDTA) br}tylenedrannnetetraacenc acid,
cyc]ohexane-l 2-d1ammetetraacet1c acid (CyDTA), die:thﬂEnetrianﬁnepemaacetic acid
(DETPA), ethylenedlammetetraproplomc acid, (hydroxyethyl)ethylenedranunetnacetlc acid
(HEDTA), NNN’ N’-ethylened1amlnetetra(methylenephosphomc) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), l,3-d1annr__10—2-hydroxypropane-N,N,N’,N’-
tetraacetic acid (DHPTA), methyliminodiacetic acid, ;Sropyienedianﬁnetetraacetic acid,
nitrolotriacetic acid (NTA), citric acid, tartari¢ acid, glucohic acid, saccharic acid, glyceric
acid, oxalic acid, phthalic acid, maleic acid, mandelic acid, -rnolonic acid, lactic acid, salicylic
acid, catechol, gallic acid, propy! gallate, pyrogallol, .8-hydroxyquinoline, and cysteine.

- Preferred chelating agehts' are aminocarboxylic acids'sri_"z_':h as EDTA. Chelating agents of .
this class have a high affinity for the aluminum-coritairiing re3iducs typically found on metal

lines and vias after plasma "‘ashing"’ In addition, the pKh’s "for this class of chelating agents

i typrcally include one pKa of approxrmately 12 which 1mproves the performance of the

composmons of the invention.

" The compositions of the present invention may also cohrain one or more suitable water-
s'oluble. organic solvents. Among the various organic 'SoIVents suitable are alcohols,
polyhydroxy alcohols. glycols, glycol eihers ' aikyi?pyrrolidinones such as N-
methylpyn‘ohdmone (NMP), I~hydroxyalkyl-Z—pyrrohdmones such as 1-(2-hydroxyethyl)-2-

pyrrolidinone (HEP) drmethylformamxde (DMF) dlmethylacetannde (DMAC), sulfolane or

dimethylsulfoxide (DMSO). These _solvents may be added to reduce aluminum and/or
aluminum-copper alloy and/or .copper corrosion rates if fuﬁher aluminum and/or aluminum-
copper alloy and/or copper corrosion inhibition is desired. Preferred water-soluble organic
solvents are polyhydroxy. alcohols such as glycerol and/or 1-hydroxyalkyl-2-pyrrolidinones
such as 1-(2-hy<_1roxyethyl)-2—pyrrolidinone (HEP). - '

10
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The compositions of":the present invention may also contain one or more suitable
titanium residue removal gnhancers. Among the various titanjum residue removal enhancers
that are suitable are hy&roxylamine,_ hydroxylamine salts, peroxides, ozone and fluoride..

Preferred titanium residue removal enhancers are hydroxylamine and hydrogen peroxide.

. The compositions of the present invention may also contain any suitable water-soluble
amphoteric, non-ionic, cationic or anionic surfactant. The addition of a surfactant will reduce
the surface tension of the formulation and improve the wetting of the surface to be cleaned
and therefore improve the cleaning action of the composition. The surfactant may also be

added to reduce aluminum corrosion rates if further aluminum corrosion inhibition is desired.

Amphoteric surfactants useful in the compositions of the present invention include
betaines and sulfobetaines such as alkyl betaines, amidoalkyl betaines, alkyl sulfobetaines and
amidoalkyl sulfobetaines; aminocarboxylic acid derivatives such as émphoglycinates,
amphopropionates, amphodiglycinates, and émphodipropionates; "iminodiacids such as
lalkoxya.l_kyl iminodiacids or alkoxyalkyl iminodiacids; amiﬁe oxides such as alkyl amine
oxides and alkylamido é,lkylamine oxides; fluoroalkyl sulfonates and. fluorinated alkyl .

amphoterics; and mixtures thereof.

Preferably, the amphoteric surfactants are cocoamidopropyl betaine, cocoamidopropyl
dimethyl betaine, cocoamidopropyl. hydroxy sultaine, capryloamphodipropionate,
cocoamidodipropionate, cocoamphopropionate, cocoamphohydroxyethyl = propionate,
isodecyloxypropylimino dipropionic acid, laurylimino dipropionate, cocoamidopropylamine

oxide and cocoamine oxide and ﬂuorinat_ec_l a1kle amphoterics.

Non-ionic surfactants useful in the compositions of the present invention include

acetylenic diols, ethoxylated acetylenic diols, fluorinated alkyl alkoxylates, fluorinated

- alkylesters, fluorinated polyoxyethylehe alkanols, aliphatic acid esters of fmlyhydric alcohols,

polyoxyethylene monoalkyl ethers, polyoxyethylene diols, siloxane type surfactants, and
alkylene glycol monoalkyl ethers. Preferably, the non-ionic surfactants are acetylenic diols or

ethoxylated acetylenic diols.

Anionic surfactants useful in the compositions of the present invention include
carboxylates, N-acylsarcosinates, sulfonates, sulfates, and mono and diesters of
orthophosphoric acid such as dccy] phﬁs_phate. Preferably, the anionic surfactants are metal-
free surfactants. |

11
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Cationic surfactants useful in-the compositions of the present invention include amine

" ethoxylates, | dialkyldimethylammonium salts, ' dialkylmorpholinum - - - salts,

alkylbenzyldimethylammonium salts, alkyltrimethylammonium - salts, and_ alkylpyridinium
salts. Preferably, the cationic surfactants are halogen-free surfactants.

In the preférred embodiment of the present invention, the composition is an aqueous -
solution containing about 0.1-2% by weight tetramethylammbnium--hydroxide (TMAH) and
about 0.01-1% by weight (calculated as % SiO-) tetramethylammonium silicate (TMAS).

In another embodiment of the present mvennon, the composmon is an aqneous solutlon
containing about O. 1-2% by welght tetramethylanunonmm hydroxlde (TMAH), about 0.01-
1% by weight trans-(l,2-cyclohexylenedlmtnlo)tetraacetxc acid (CyDTA), and about 0.01-1%
by weight (calculated as % SiO>) tetramethylammonium silicate (TMAS).

In another embodiment of the presént invention, the composition is an agueous solution

- contalmng about 0.1-2% by wexght tetramethylammomum hydroxide (TMAH), about 0.01-

l% by welght trans—(l 2-cyclohexylenedm1tnlo)tetraacetlc acid (CyDTA) about 0.01-1% by
wexght (calculated as % Si0;) tetramethylammonium silicate (TMAS), and about 0.5-20% by

weight of polyhydroxy compounds, preferably glycerol.

In another embodiment of the preseht invention, the composition is an aqué()us solution

_ _.contammg about 0. 1-2% by weight tetramethylammonmm hydrox1de (TMAH), about 0.01-

1% by wenght trans—(l 2-cyclohexylenedmltnlo)tetraacetxc acid (CyDTA), about 0.01-1% by
welght (calculated as % Ssz) tetramethylammomum 3111ca1e (TMAS) about 0.5-20% by
weight of polyhydroxy compounds, and about 0.01-0.3% by weight of a nonionic ethoxylated

acetylenic diol surfactant. -

In another émbodiment of the present .invention,' the composition is an aqueous solution
contammg about 0. 1-2% by welght tetramethylammonium hydroxlde (TMAH), about 0.01-
1% by weight trans-(1 2-cyc1ohexylenedlmtnlo)tetraacetlc acid (CyDTA), about 0.01-1% by
'welght (calculated as % SiO2) tetramethylammomum silicate (TMAS), and about 0.5-20% by
weight of an alkyl-pyrrolidinone such as 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP),
preferably 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP).

In another embodiment of the present invention, the composmon is an aqueous solution

contammg about 0.1-2% by weight tetramethylammonium hydroxide (TMAH), about 0.01-
1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-1% by
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weight (calculated as. % SiO,) tetramethylammonium silicate (TMAS), about 0.5-20% by
weight of an alkyl-pyrrolidinone such as 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP), and
about 0.01-0.3% by weight of a nonionic ethoxylated acetylenic diol surfactant.

In a preferred embodiment of the present invention, the composition is an aqueous
solution containing about 0.1-10% by weight tetramethylammonium hydroxide (TMAH),
about 0.01-1% by weight (calculated as % SiO,) tetramethylanunonium silicate (TMAS) and
about 1-10% by weight hydrogen peroxide. |

In another preferred embodiment of the present invention, the composition is an aqueous
solution containing about 0.1-9% by weight tetramethylammonium hydroxide (TMAH), -
about 0.01-4% by weight (calculated as % SiO,) tetramethylammonium silicate (TMAS) and .
about 1-20% by weight hiydroxylamine.

In another embodiment of the present invention, the composition is an aqueous solution
containing about 0.1-10% by weight tetramethylammonium hydroxide (TMAH), about 0.01-
1% by weight trans-(1,2-cyclohexylenedinitrilo)tétraacetic acid (CyDTA), about 0.01-1% by .
weight (calculated as % SiO;) tetramethylammonium silicate (TMAS) and about 1-10% by

~ weight hydrogen peroxide.

In another embodiment of the present invention, the composition is an aqueous solution -
containing about 0.1-9% by weight tetramethylammonium hydroxide (TMAH), about 0.01-
1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-4% by
weight (calculated as % Si0:) tetramethylammionium silicate (TMAS) and about 1-20% by

weight hydroxylamine.

" In another embodiment of the present invention, the _composition is an aqueous solution -
containing about 0.1-10% by weight tetramethylanimonium hydroxide (TMAH), about 0.01-
1% by weight trans-(l,2-cyoloheXy]enedinitrilo)tetraacetic acid (CyDTA), about 0.01-1% by
woight (calculated as % Si02) tetramethylammonium silicate (TMAS), about 1-10% by
weight hydrogen peroxide, and about 0.01-0;3% by weight of a nonionic ethoxylated

acetylenic diol surfactant.

In another embodiment of the present invention, the composition is an aqueous solution

" containing about 0.1-9% by weight_'tetramethylannnonium hydroxide (TMAH), about 0.01-

1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0.01-4% by
weight (calculated as % SiO;) tetramethylammonium silicate (TMAS), about 1-20% by
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.v{l'eight hydroxylamin'e,' and about 0.01-0.3% by weight of a nonionic ethoxylated acetylenic

diol surfactant.

In all the embodiments, the balance of the composition is made up with water, preferably

" high purity de-ionized water.

_As shown in the examples below, compositions containing only the alkaline base are

unable to produce effective cleaning action without corrddi_'!_lg the aluminum metal integrated

circuit features. The examples also show the utility of adding' a soluble silicate to the highly
basic formulations to (1) protect the aluminum metal integrated circuits from corrosion, (2)
extend the solution bath life of these cleaner compositions By silicate buffering (pKa; = 11.8),.
and (3) decrease the silicon dioxide dielectric etch rate. Additional advantages of the
compositions of the present invention are: (1) high water content that facilitates immediate-
rinsing with water without an intermediate (such as isopropanol) rinse to prevent post-

cleaning metal corrosion and that results in negligible carbon contamination of the substrate

."'su'rface,' (2) reduced health, safety, environmental, and handling risks associated with the use

of non-toxic components speciﬁcally avoiding catechol, volatile organic solvents, and organic
amines characteristic of prior art compositions used to strip and clean integrated circuit
substrates, (3) ability to _rei'nove ‘titanjum containing residues from integrated circuit
substrates at low temperatures, (4) compatibility of these fqrinul__ation; with sensitive low k
dielectric _materials used in integrated circuits, (3 compatibility (low etch rates) with copper,
and (6) ability of the compositions of this invention to clean and prevent contamination of a

wafer substrate during a post chemical mechanical polishing (CMP) operation.

~ The method of the present invention cleans semiconductor wafer substrates by exposing

~ the contaminated substrate to the compositions of the present invention for a time and at a

temperature sufficient to clean unwanted contaminants from the substrate surface. Optionally,
the substrate is rinsed to remove the composition and the contaminants and dried to remove

any excess solvents or rinsing agents. The substrate can then be used for its intended purpose.

Preferably, the method uses a bath or spray application to expose the subst_rate to the
composition. Bath or spray cleaning times are generally 1 minute to 30 minutes, preferably 5
minutes to 20 minutes. Bath or spray cleaning temperatures are generally 10°C to 85°C,

preferably 20°C to 45°C.
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If required, the rinse times are generally 10 seconds to 5 minutes at room temperature,
preferably 30 seconds to 2 minutes at room temperature. Preferably de-ionized water is used

to rinse the substrates.
If required, drying the substrate can be accomplished using any combination of air-

evaporation, heat, spinning, or pressurized gas. The preferred drying technique is spinning

under a filtered inert gas flow, such as niti'ogen, for a period of time until the wafer substrate

is dry.

The method of the present invention is very effective for cleaning semiconductor wafer
substrates that have been previously oxygen plas'ma' ashed to remove bulk photoresist,
particularly wafer substrates containing a silicon, silicon oxide, silicon nitride, tungsten,
tungsten alloy, titanium, titanium alloy, tantalum, tantalum alloy, copper, copper .alloy,
aluminum or aluminum alloy film. The method removes unwanted metallic and organic
contaminants but does not cause unaqceptablé corrosion to the silicon, silicon oxide, silicon
nitride, tungsten, tungsten alloy, titanium, titanium alloy, tantalum, tanfalum alloy, copper,

copper alloy, aluminum or aluminum alloy film.

The following examples illustrate the specific embodiment of the invention described in
this document. As would be apparent to skilled artisans, various changes and modifications

are possible and are contemplated within the scope of the invention described.

EXPERIMENTAL PROCEDURES

The percentages given in the examples are by weight unless specified otherwise. The

amount of aluminum metal corrosion is expressed as both percent metal loss and as a general

corrosion remark. The general corrosion remarks given are very slight, slight, light, moderate

and severe. A small amount of aluminum corrosion considered to be within acceptable limits -

- were assigned very slight or slight. Light, moderate or severe corrosion were considered to be

unacceptable. All cleaning and corrosion data entries generated using the Scanning Electron
Microscope (SEM) or Field Emission Scanning Electron Microscope (FE-SEM) was based on
a visual interpretation of differences betWee_,n untreated and treated samples from the same

wafer.
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Example 1
~ 'Aqueous solution “A” was prepared with 0.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465 (a product of Air
Products and Chemicals, Inc) and 0.14 weight percent (calculated as % SiOy)

tetramethylammonium silicate (TMAS) added (remainc_ier o_f this solution being water) and

has a pH of about 12.2. Aqueous solution “B” was prepared with 0.3 weight percent
tetramethylammonium  hydroxide = (TMAH), 01 ‘weight percenf trans-(1,2-
cyclohexylenedmlmlo)-tetraacetlc acid (CyDTA), 007 wexght percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being wate_r) and has a pH of about 12.7.
Aqueous §olﬁtion “C” was prepared .wi'th 0.08 weight | percent tetramethylammonium
hydquide (TMAH), 0;1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight perceht of the non-ionic surfactant Surfynql-465 and 0.13 weight

~ percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) added (remainder of

this solution being water) and has a pH of about 10.5. Aqueous ‘'solution “D” was prepared

with 0.09 weight percent tetramethylammomum hydroxide ('I'MAH) 0.1 weight percent

' trans-(1,2-cyclohexylenedxmtnlo)-tetraacetlc acid (CyDTA), 0.07 weight percent of the non-

ionic surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about
9.6. Aqueous solution “E” was prepared with 0.1 weight percent tetramethylainmonium
hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465 and 0.010 weight
percent (calculated as % SiOzj tetramethylammonium silicate (TMAS) added (remainder of .
this solution being water) and has a pH of about 11.3 Aqueous solution “F’ was prepared

with 0.08 weight percent 'tetraxnethylarnmonium hydroxide (TMAH), 0.1 weight percent

- trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-

ionic surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about
10.9. Wafer #1 samples with one micron wide features and Aluminum-Copper raised lines
capped with titaniquHitride, that had been previously prepared as follows: (a) metallization
with alurhinum—copper alloy followed by titanium nitride (b) lithographic patterning using a
photoresist material (c) pattern transfer using reactive ion etching (d) oxygen plasma ashing to
remove organic photoresist residues, but leaving mainly inorganic residues behind, were used

to evaluate the performance of the solutions. A wafer sample was placed in each of these
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- solutions at 21-65°C for 5-10 minutes, removed, rinsed with de-ionized water and dried with
: preésurized nitrogen gas. After drying, the sample was inspected on a Scanning Electron
‘Microscope (SEM) to determine the extent of cleaning and/or corrosion of the aluminum-

copper metal features. The results are shown in Table 1.

Table 1: SEM Evaluation Results
Solution | Weight Percent | pH | Time | Temp. | Post-Ash | Aluminum
: Tetramethyl- (min.) | (°C) Residue Metal
~ammonium - Removed Corrosion
Silicate (%) (% Metal
Added Loss)
| (calculated as %
SiO,)
A 0.14 122 5 35 100 ' 0
B 0 12.7 5 35 100 80
o I _ : (severe)
C 0.13 1105} 5 35 -0 0
D 0 9.6 5 35 100 20
' (moderate)
C 0.13 10.5 5 65 2 - 0
D 0 9.6 5 65 100 - 80
" - | - (severe)
E 0.010 11.3 10 21 100 0
F 0 10.9 10 22 100 _ 15
- (light)

Referring to Table 1, the data show the ability of TMAS to prevent the corrosion of the
aluminum features that accompanies exposure to alkaline solutions and show that the addition
of tetramethylammonium silicate to tetramethylammonium hydroxide based cleaning

solutions completely inhibits undesirable corrosion of an integrated circuit.

- Example 2
. Aqueous solution “G” was f:repared with 2.0 weight percent tetramethylammonium
.hydroxide (TMAH), 0.09 weight perc_:en? _tfans-(l',2-cy§lohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.06 weight percent of the non-ionic surfactant Surfynol-465 and 0.13 weight
percént (calculatec_l.as % _SiOz) tetrame_th&lammdnium silicate (;IMAS)'added (remainder of
this solution being water) aﬁd has a pH of about 13.6. Agueous solution “H” was prepared

with 0.09 weight percent tetramethylammonium hydroxide (TMAH), 0.1 weight percent
17
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| " trans-(1,2-cyclohexylenedinitrilo)tetraacetic ‘acid (CyDTA), 0.07 weight percent of the non-
jonic surfactant Surfynol-465- and 0.14- weight percent (calculated as. %:: Si0y)

tetramethylammonium silicate (TMAS) added (remainder’ of this solution being water) and
has a pH of about 10.8. Aqueous 'solution “M” was prepared with 1.8 weight percent
tetramethylammonium hydrox1de (TMAH) 009 weight percent trams-(1,2-

cyclohexylenedlmtnlo)tetraacetxc acid (CyDTA), 006 wexght percent of the non-ionic

surfactant Surfynol-465 and 1.3 weight percent (calculated as % _SlOz) tetramethylammonium
silicate (TMAS) _added (remainder of this solution being water) and has a pH of about 13.0.
Aqueous solution “N” was prepared with 1.9 weight berccnt tetramethylammonium
hydroxide (TMAH), 0.09 weight percent tr_ans-(l,2-¢yck)he§tylenedinitri_lo) tetraacetic abid

; (CyDTA), 0.06 weight percent of the non-ionic surfactant Surfynol-465 and 0.86 weight

percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) added (remainder of

“this solution being water) and has a pH of about 13.2. Aqueous solution “O” was prepared

- with 1.9 weight percent tetramethylammonium hydroxilclie (TMAH), 0.09 weight percent

| trans-(l,2-cyclohexylenedinitrild)tt’:traacetic acid (CyDTA)_,, 0.06 weight percent of the non-

“ onic surfactant - Surfynol-465 and 0.70 weight percent (calculated as % SiOy)
-~ tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and.

"has a" pH of about 13.2. Aqueous solution “P” was prepared with 1.9 weight percent

tetramethylammonium  hydroxide ~(TMAH), 0.09  weight percent trans~(1,2-

:cyclohexylenedxmtnlo)tetraacetxc acid (CyDTA), 0.06 welght percent of the non-ionic
surfactant  Surfynol-465 and 0.54 weight percent (calculated as %. SiO)

tetramethylammonium silicate (TMAS) added (remainder of this solution -bein_g water) and
has a pH of about 13.3. Aqueous solution “Q” was prepared with 2.0 weight percent
tetramethylammonium  hydroxidle (TMAH), 0.1  weight percent trans-(1,2-
cyclohexylénedinitrilo)—tetr_aaceti_c acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant  Surfynol-465 and 0.45 weight percent (calculated as % SiOy)
tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
has a pH of about 13.3. chueous solution “R” was preparéd with 2.0 weight percent
tetramethylammonium hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohekylcnedinitri]o)te_tréacetic acid (CyDTA), 0.06_ weight pé,rcent of the non-ionic
surfactant Surfynol-465 and 028 weight perceﬁt (calculated' as % Si0y)

tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
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has a pH of about 13.4.. Aqueo_us solution “S” was piepared with 2.0 weight percent

'fétra:néthylaxnmonium ‘hydroxide (TMAH), 0.1 weight  percent  trans~(1,2-

cyclohexylen#dinitxﬂo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic
surfactant Surfynol465 and 0.9 weight percent (calculated as %  SiOp)
tetramethylammonium silicate (TMAS) added (remainder of this sblution being water) and
has a pH of about 13.4. Aqueous solution “T” was prepared with 0.1 weight. percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic
surfactant  Surfynol-465 and  0.020 weight percent (calculated as % SiO2)
tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
has a pH of about 11.2 Aqueous solution “U”_ was prepared with 0.1 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic
surfactant Surfynol-465 and 0.070 'weighi percent (calculated as % SiOy)

' tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and

has a pH of about 10.9. Wafer #1 samples with one micron wide features and Aluminum-

Copper raised lines capped with titanium-nitride, that had been previously prepared as

. follows: (a) metallization with aluminum-copper alloy followed by titanium nitride (b) -

lithographic patterning using a photoresist material (c) pattern transfer using reactive ion

- etching (d) oxygen plasma ashing to remove organic photoresist residues, but leaving mainly

: inorganic residues behind, were used to evaluate the performance of the solutions. A wafer

sample was placed in the solution at 21-65°C for 5-20 minutes, removed, rinsed with de-
ionized water and dried with pressurized ni_trogen_ gas. After drying, the sample was inspected
on a Scanning Electron Microscope (SEM) to determine the extent of cleaning and/or

corrosion of the aluminum-copper metal features. The results are shown in Table 2.
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| ‘Table 2: SEM Evaluation Results
Solution | Weight Percent | pH Time | Temp. | Post-Ash. | Aluminum
Tetramethyl- (min) . | (°C) .| Residue | Metal
ammonium | Removed | Corrosion
Silicate (%) (% Metal
- Added Loss)
(calculated as '
% Si02) _
H 0.14 108 | 20 65 .0
U "0.070 10.9 5 35 20 0
T 0.020 11.2 - 10 .. { 22 95 0
E 0.010 11.3 10 21 100 0
A 0.14 122 5 35 100 0
M 13 130 22 100 0
M 1.3 13.0 5 35 100 10
_(tight)
N 086 132 5 22 100 6
3 - . 3 : (ight) |
0 0.70 132 5 22 100 8
' B B (light)
P 054 133 5 22 -100 10
(light)
Q 0.45 133 5 23 100 10
' ' - (light)
R 0.28 13.4 5 23 100 " 20
' ' | (moderate)
-8 -0.19 134 5 - 23 100 20
o . _ . _ (moderate)
G 0.13 13.6 5 35 100 90

Referring to Table 2, the data show the need to increase the TMAS concentration as the

pH is increased in order to prevent or moderate the corrosion of the aluminum features that

accompanies exposure to these alkaline solutions and show that the optimum pH range for the

solutions of the present application is about 11 to 13.

Example 3

Aqueous solution “T” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
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(CyDTA), 0.06 weight percent of the non-ionic: surfactant Surfynol-465, 0.13 weight percent

- (calculated as % SiO;) tetramethylammonium silicate (TMAS) and 5 weight percent glycerol
added with the remainder of this solution being water. Aqueous solution “J” was prepared

with 0.3 weight percent tetramethylammonium hydroxide (TMAH), 0.09 weight percent
trans;(l,2-cyc1ohexylenedinin'ilo)tetraacetic acid' (CyDTA), 0.06 weight percent of the non-
jonic surfactant Surfynol-465, 0.13 weight percent (calculated as % SiOy)
tetramethylammbnium silicate (TMAS) and 6 weight percent glycerol added with the
remainder of this solution being watér.- Aqueous solution “K” was prepared with 0.3 weight
percent tetramethylémmonium hydroxide (TMAH), 0.09 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid. (CyDTA), 0.06 weight pei'cent of the non-ionic
surfactant Surfynol-465, 0.12 weight percent (calculated as % Si0,) tetramethylammonium
silicate (TMAS) and 10 weight percént diethylene glycol (DEG) added with the remainder of
this solution being water. Wafer #1 samples with one micron wide features and aluminum-
copper raised lines capped with titanium-nitride that had been previously prepared as follows:
(a) metallization with aluminum-copper alloy followed by titanium nitride (b) lithographic
pattemihg using a photoresist mateﬁal (c) pattemn transfer using reactive ion etching @
oxygen plasma ashing to remove organic phdtoresist residues, but leaving mainly inorganic
residues behind were used to evaluate the performance of the solutions. A wafer sample was
placed in the solution at 21-35°C for 5-20 minutes, removed, rinsed with de-ionized water
and dried with pressurized nitrogen gas. After drying, the sample was inspected on a
Scanning Electron Microscope (SEM) to determine the extent of cleaning and/or corrosion of

the aluminum-copper metal features. The results are shown in Table 3.
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Table 3: SEM Evaluation Results

Solution | Time | Temp. | Solvent | Solvent | Post-Ash | Aluminum
(min.) °C) . Content | Residue | Metal

(Weig___ht | Removed | Corrosion
%) | () o
A 5 35 ~— | 0 | 100 none
A 20 21 T 0 | 100 slight
| 15 35 Glycerol | 5 - 100 none
I - 20 35 Glycerol 5 100 none
J 15 35 .| Glycerol 6 100 none
K 15 35 - DEG , 10 o 100 none
K 20 35 DEG 10 100 - none

Referring to Table 3, the data show the advantages of the addition of a water-soluble

organic solvent on the ability to prevent or moderate the corrosion of the aluminum features

that accompanies exposure to alkaline solutions containing TMAS and illustrate that the

a_dditi_on of a water-soluble solvent to the cbmpositiohs"of the present invention allows longer

cleaning times without corrosion of metal lines present in integrated circuits.

Example 4 _

Aqueous solution “L” was prepared with 0.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.1 weight percent n_'ans-(l,2-cyclo_hexylenedinitrilo)tetraacétic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent
(calculated as % SiO,) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol
added with the remainder of this solution being water. Wafer sample #2 with one-half micron
wide by one micron deep holes (vias) through a diclectric material exposing Aluminum-
Copper metal at the base had been previously processed as follows (a) metallization with
aluminum-copper followed by titanium nitride (b) coated with silicon oxide dielectric using

chemical vapor deposition (c) lithographic patteminé of vias using a photoresist material (d)

pattern transfer to the dielectric layer using a reactive ion etching (¢) oxygen plasma ashing to

remove most of the residual photoresist, but leaving mainly inorganic residues behind. Wafer
sample #3 with one micron wide by one micron deep tapered holes (vias) through a dielectric
material exposing Aluminum-Copper metal at the base had been previously processed as
follows (a) metallization with aluminum-copper followed by titanium nitride (b) coated with
silicon oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias
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using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion

etching (¢) oxygen plasma ashing to remove most of the residual photoresist, but-leaving

mainly inorganic residues behind. These samples were used to evaluate the _pexfonnance of
the solutions. A wéfer sémple wés placed in the solution at 20-21°C for 10 minutes, removed, -
rinsed with de-ionized wat_ér and dried with pressﬁrized nitrogen gas. After drying, the sample
cross-sectioned and then inspected on a Scanning Electron Microscope (SEM) to determine

the extent of cleaning and/or corrosion of the features. The results are shown in Table 4.

Table 4: SEM Evaluation Results

Solution | Sample# | Time | Temp. | Glycerol | Post-Ash | Via-base
(min.) | (°C) Content Residue | Aluminum
' '- (Weight %) | Removed Metal

(%) Corrosion

0 20

A 2 0 100 slight
L 2 10 21 3 100 none
A 3 10 ‘21 0 100 slight
L 3 10 | 21 3 100 none

- Referring to Table 4, the data show the advantages of the addition of a water-soluble
organic solvent on the ability to prevent or moderate the corrosion of the aluminum features
that accompahies exposure to alkaline solutions containing TMAS and illustrate that the
addition of a water-soluble solvent to the compositions of the present invention allows the

cleaning of vias without corrosion of metal at the base of the via.

Example 5

Wafer #1 and #4 samples each with one micron wide features and Aluminum-Copper
raised lines capped with titanium-nitride, that had béen previously prepared as follows: (a)
metallization with aluminum-copper alloy followed by titanium nitride (b) lithographic
patterning using a photoresist material (c) pattern transfer using reactive ion etching (d)
oxygen plasma ashing tb remove -organic photoresist residues, but leaving mainly inorganic
residues behind, were used to evaluate the performance of the solutions. A wafer sample was
placed in the solution at 11-65°C for 5-30 minutes, remofred, rinsed with de-ionized water
and dried with pressurized nitfogen gas. After drying, the sample was inspected on a
Scanning Electron Micx_foscope (SEM) to determine the extent of cleaning and/or corrosion of

the aluminum-copper metal features. The results are shown in Tables 5A, 5B, and 5C.
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~ Table 5A: SEM Evaluation Results
" Solution |Sample#| Time | Temp. | - Post-Ash . | Aluminum Metal
~ | (min.) °C) Residue ~ Corrosion
_ 'Removed (%) | (% Metal Loss)
A - 1 10 20 100 | - 0
A 1 10 22 100 - 0
A 1 5 35 100 0
A 1 5 45 - 100 0
" Table 5B: SEM Evaluation Results R
‘Solution |Sample#| Time Temp. . Post-Ash | Aluminum Metal
(min.) &) Residue Corrosion
| Removed (%) | (% Metal Loss)
L i 10 35 100 2
' : (very slight)
L 1 5 45 100 1
(very slight)
L 1 10 45 100 2
: ' (very slight)
L 1 15 45 100 2.
_ (very slight)
L 1 20 45 100 4
(slight)
L. 1 5 55 100 3
_ _ (slig_ht)
L 1 5 65 100 3
R (slight)
Table 5C: SEM Evaluation Results
Solution | Sample# | Time Temp. Post-Ash | Aluminum Metal
_ (min.) (°C) Residue Corrosion
Removed (%) (% Metal Loss)
A 15 11 100 0 |
A 5 20 100 0
A 10 20 100 1.
- T (very slight)
A 4 10 20 100 3
' (slight)
A 4 15 20 100 10
(light)
A 4 20 20 100 10
' (light)
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A 4 200 100 : 10
(light)
A 4 30 20 100 ' 10
A 4 5 35 100 1
_ . (very slight)
A 4 5 | 45 100 1
' (very slight)

Referring to Tables 5A, 5B and 5C, the data show that there is considerable process
latitude for these formulations both with (solution “L”) and without (solution “A”) the
addition of a water-soluble organic- solvent. A comparison of Tables 5B and 5C also
illustrates that the addition of a water-soluble organic solvent (solution “L”) further improves
the process latitude by decreasing the aluminum metal corrosion that occurs with longer
process times and higher temperatures. In Table 5B, in which organic solvent was added to
the formulation, the observed corrosion ran'ge. was only 0-4%, even when a cleaning
temperéture of 65°C was used. In Téble 5C, in which no organic solvent was added, more
than 4% corrosion was observed with cleaning'times greater than 10 minutes. The data also
illustrate the considerable process latitude obtained with the compositions of this invention
and show that process latitude can be further improved by the addition of optional water- -

soluble solvents.

_ - Example 6
Aqueous solution “V” was prepared with 0.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.07 weight percent of the non-ionic surfactant Surfynol-465, and 0.14
weight percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) added with the
remainder of this solution being water. Aqueous solution “W” was prepared with 0.6 weight
percent tetramethylammonium hydroxide (TMAH), 0.3 weight percent trans-(1,2-
cyclohexylenedirﬁtrilo)tetraécetic acid (CyDTA), 0.07 weight percent of the non-ionic

surfactant ~ Surfynol465, and 0.14. weight . percent (calculated as % SiO,)

tetramethylammonium silicate (TMAS) added with the remainder of this solution being
water. Aqueous solution “X" was prepared with 0.7 weight percent tetramethylammonium
hydroxide (TMAH), 0.5 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465, and 0.14 weight
percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) added with the

remainder of this solution being water. Wafer #4 samples with one micron wide features and
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Aluminum-Copper raised lines capped with titanium—ni_ttide. that had been previously

' 'ﬁrepared'as:'fo'llows: (a) metallizaﬁon with aluminum-copﬁer alloy - followed by titaninm

nitride (b) lithographic patterning using a phoiore'sist matenal (c) pattern transfer using
reactive ion etching (d) bxygen plasma ashing to remove organic photdr_esi_st residues, but:
leavilig mainly inorganic residues behind, were used to evaluate the performance of the
solutions. A wafer sample was placed in the solution at ..20-21°C for 5 minutes, removed,
rinsed with de-ionized water and dried with pressurized nitrogen gas. After drying, the sample
was inspected on a Scanning Electron Microscope (SEM) to determine the extent of cleaning.

and/or corrosion of the aluminum-copper metal features. The results are shown in Table 6.

._ _ Table 6: SEM Evaluation Resuits _
Solution | Time | Temp. CyDTA Post-Ash Via-base
(min.) 0 Content Residue Aluminum

(Weight %) | Removed (%) Metal
_ Corrosion

\' 5 21 0o 100 none

A 5 20 ' 0.1 1 100 ' none -
W 5 20 03 100 very slight

X 5 21 - 05 ' 1000 |  none

Referring to Table 6. the data show that good stripi)ing performancé can be obtained over
a _widc range of CyDTA concentrations. Thus, the amount of chelating agent present can be
adjﬁsted to accommodate the sample to be cleaned. More difﬂcult. samples may require this
optional ingredient to accomplish complete cleaning. The data also illustrate the optional use
ofa éhe]ating agent in the compositions disclosed herein.

Example 7
Aqueous solution “Y” was prepared with 0.4 weight percent tetramethylammonium

| hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid

(CyDTA), and 0.14 Weight percent (calculated as % SiO,) tetramethylammonium silicate
(TMAS) added with the remainder of this solution being water. Wafer #4 samples with one
micron wide features and AIuminum—Copp‘er raised lines capped with titanium-nitride, that
had been previously prepared as follows: (a) metallization with aluminum-copper alloy
followed by titanium nitride (b) lithographic patterning using a photoresist material (c) pattern
transfer using reactive ion etching (d) oxygen plasma ashing to remove organic photoresist

residues, but leaving mainly inorganic residues behind, were used to evaluate the performance

26




10

15

20

. WO 99/60448 PCT/US99/10875

of the solutions. A wafer sample was placed in the solution at 20-21°C for 5 minutes,

- removed, rinsed with de-idnized water and dried with pressurized nitrogen gas. After drying,

the sample was inspected on a Scanning Electron Microscope (SEM) to determine the extent
of cleaning_atidlor corrosion of the aluminum—co.pper metal features. The resuits are shown in
Table 7. | |

Table 7: SEM Evaluation Results
Solution Time | Temp. | Surfactant | Post-Ash Via-base
(min.) °C) Surfynol-465 Residue | Aluminum Metal
Content Removed (%) Corrosion

_ (Weight %)
A 5 20 0.07 | 100 none
Y S 21 O_ o 100 none

Referring to Table 7, the data show that good stripping performance can be obtained for
formulations that incorporate a surfactant to improve the wetting of the substrate and

illustrate the optional use of a surfactant in the compositions disclosed herein.
Example 8
Standard baths were used to perform open bath agihg experiments on two different

formulations. The first bath was run at room temperature for 24.75 hours and the seéond bath

~ was run for 24.75 hours at 45°C. Wafér #4 samples with one micron wide features and

'Aluminum-Copper raised lines capped with titanium-nitride, that had been previously

prepared as follows: (a) metallization with aluminum-copper alloy followed by titanium
nitride (b) lithographic patterning using a photoresist material (c) pattern transfer using
reactive ion etching (d) oxygen plasma ashing to remove organic photoresist residues, but
leaving mainly inorganic residues behind, were used to evaluate the performance of the

solutions. A wafer sample was placed in the bath at 20°C or 45°C for 10 minutes, removed,

 rinsed with de-ion_ized water and dried with pressurized nitrogen gas. After drying, the sample

was inspected on a Scanning Electron Microscope (SEM) to determine the extent of cleaning

and/or corrosion of the aluminum-copper metal features. The resuits are shown in Table 8.
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o ~ Table 8: SEM Evaluatlon Results
Solution Open | Solution | Time | Temp. | Post-Ash | Aluminum
Lo Bath Age . pH - (min.) (°C) | Residue Metal
(Hours) | = _ _ Removed Corrosnon
A 0 122 10 20 100 none
A 24.75 ' 12.0_ 10 200 | - 100 -~ .none
L 0 | 120 10 3 | 100 none
L 2475 | 119 10 45 100 none

Referring to Table 8, the data show the benefits of silicate buffering during extended -

time open-bath aging at both room temperature and at an elevated temperature. No change in
stripping performance occurred during this aging period. The data also - illustrate the

insensitivity to aging of the compositions of this invention.

_ - Example 9
Aqueous solution “A1” was prepared with 0.27 weight percent tetramethylammonium
hydroxide (TMAH) and 0.14 weight percent (calculated as % Si02) tetramethylammonium

silicate (TMAS) added with the remainder of this solution being water (solution pH=123). .

- Aqueous solution “A2" was prepared with 0.38. weight percent . tetramethylammoninm

hydrdxide' (TMAH), 0.09 weight percent of the chelating agent (ethylenedinitrilo)tetraacetic
acid (EDTA) and 0.14 weight percent (calculated as % SiO,) tetrgmethylammonium silicate

(TMAS) added with the remainder of this solution being water (solution pH = 12.3). Aqueous
- solution “A3” was prepared with 0.39 weight percent tetramethylammonium hydroxide

(TMAH), 0.10 weight percent of the chelating agent diethylenetriaminepentaacetic acid .

(DETPA) and 0.14 weight percent (calculated as % SiOz) tetramethylammonium silicate
(TMAS) added with the remainder of this solutxon being water (solution pH = 12.3). Aqueous
solution “A4” was prepared with 0.40 weight percent tetramethylammonium hydroxide
(TMAH), 0.10 weight percent of the chelating agent triethylenetetraminehexaacetic acid
(TTHA) and 0.14 weight percent (calculated as % SiO») tetramethylammonium silicate
(TMAS) added w1th the remamder of this solution being water (solution pH = 12.3). Aqueous

solution “AS5” was prepared with 0.40 weight percent tetramethylammonium hydroxide

(TMAH), 0.10 weight percent of the chelating agent 1,3-diamino-2-hydroxypropane-

N,N.N’ N’-tetraacetic acid (DHPTA) and 0.14 weight percent (calculated as % SiO»)
28




10

15

20

- WO 99/60448 PCT/US99/10875

[ EE PO
A
ST

tetramethylammonium silicate (TMAS) added with the remainder of this solution being water

~ (solution pH = 12.3). Aqueous solution “A6” was prepared with 0.47 weight percent

tetramethylammonium hydroxide (TMAH), 0.13 weight percent qf the chelating agent -

.- N,N,N’,N’-ethylenedia_minetetra(methyicnephosphonic acid) (EDTMP) and 0.14 weight

percent (calculated as % SiO;) tetramethylammonium silicate (TMAS) added with: the
remainder of this solution being water (#oluﬁon pH = 12.3). Each solution was placed intoa
125 ml glass bottle, loosely capped' and plac;ed into a oven set at 45°C for one hour. A 0.05
mm X 12 mm x 50 mm, 99.8% pure _aluminﬁr_n foil coupon was washed with abetdne, dried,
then weighed on an analytical balance. After one hour of pre-heating each solution was
removed from the oven and the aluminﬁm foil coupon was then placed into the bottle, loosély
re-capped and placed back into the ovén. After'. one hour at about 45°C, the bottle was
removed from the oven. The aluminum coupon was removed, rinsed with water, followed by
an acetone rinse, dried and then weighed on an ah_alytical balance. The relative corrosion rates

were determined by weight loss. The results._art: shown in Table 9.

~ Table 9: Aluminum Foil Etch Rate Comparisons
Solution pH Chelating Agent . Amountof Relative
: Tested | Chelating Agent Aluminum
S Added Corrosion
| . (Weight %) Rate
Al | 123 - 0 | 1
A2 123 EDTA 0.090 35
A3 123 DETPA 0.10 34
A4 12.3 _ TTHA 0.10 33
AS 123 DHPTA 0.10 3.4
A6 12.3 EDTMP 0.13 - 4.0

Referring to Table 9, the data show the utility of adding a chelating agent to accelerate
aluminum etching rates. Increased aluminum etching rétes are sometimes needed to enable
the removal of the metallic residues found on post oxygen plasma ashed wafers in an
acceptable stripping temperature and time range. The data also illustrate the use of optional
chelating agents with varied structures to obtain a desirable aluminum etching rate for the

compositions invented herein.
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_ . | Example 10
Aqueous solut:on “BI” was prepared with 0.22 wexght percent tetramethylannnomum

hydroxlde (TMAH) 01 wexght ‘percent trans-(l 2—cyclohexylenedmltnlo)tetraacenc acid
_ (CyDTA), and 0.14 wexght percent (calculated as % 8102) tetramethylammonium silicate

(TMAS) added with the remainder of thls solution bemg water (solution pH = 12.3). Agqueous
solution “B2” was prepared w1th 0.30 weight percent tetramethylammomum hydroxide
(TMAH) 0.10 weight percent trans-(1 2-cyclohexylenedmxtnlo)tetraacenc acid (CyDTA),
and 0.14 welght percent (calculated as % $i0,) tetramethylammomum silicate (TMAS) added

- with the remainder of this solution being water (solution pH = 12.3). Aqueous solution “B3”

was prepared with 0.45 weight percent tetfarnethylarnmonium hydroxide (TMAH), 0.30
weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic -acid (CyDTA), and 0.14 weight

percent (calculated as % SiO;) tetramethylammonium  silicate (TMAS) added with the
remainder of this solution bei’ng water (solution pH = 12.2). Aqueous solution “B4” was .

~ prepared with 0.59 weight percent tetramethylammonium hydroxide (TMAH), 0.50 weight

percent trans-(1,2-cyclohexylenedinitrilo) tetraacetic acid -(C'yDTA),' and 0.14 weight percent

~ (calculated as % SiO;) tetramethylammonium silicate (TMAS) added with the remainder of

this solution being water (solutioh pH= 12.1). chueous solution “B5” was prepared with 1.1
weight percent tetramethylammonium hydroxide (TMAH), 1.0 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), and 0.14 weight percent (caleulatcd as %
Si0;) tetramethylammonium silicate (TMAS) added with the rerhainder of this solution being
water (solution pH = 12.3). Aqueous solution “B6” was prepered with 4.1 weight percent

. _tetramethylammoniu_m hydroxide (TMAH), 4.8 weight percent trans-(1,2-

cyclohexylenediﬁitrilo)teti'aaeetic acid (CyDTA), and 0.13 weight percent (calculated as %

Si0;) tetramethylammonium silicate (TMAS) added with the remainder of this solution being

water (solution pH = 12.3). Each solution was placed into a 125 ml polyethylene bottle,
loosely capped and placed into a oven set at 45°C for one hour. A 0.05 mm x 12 mm x 50
mm, 99.8% pure aluminum foil coupon was washed with acetone, dried, then weighed on an

analytical balance. After one hour of pre-heating each solution was removed from the oven

and the aluminum foil coupon was then placed into the l__;qt_t_le, loosely rté-capped and placed

. back into the oven. After one hour at about 45°C, the bottle was removed from the oven. The

aluminum coupon was removed, rinsed with water, followed by an acetone rinse, dried and
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then weighed on an analytical balance. The relative corrosion rates were determined by

weight loss. The results are shown in Table 10.

Table 10: Alumirmm Foil Etch Rate Comparisons
Solution. | pH Chelating Agent | Amount of Relative
: Tested - - . | Chelating Agent Aluminum
Added Corrosion
(Weight %) Rate
B1 12.3 ——— 0 1
B2 12.3 : CyDTA ' 0.10 3.7
B3 12.2 CyDTA e 0.30 39
B4 12.1 CyDTA 0.50 4.0
BS 123 | _ CyDTA 1.0 12
B6 12.3 CyDTA 48 16

Referring to Table 10, the data show the utility of adding a chelating agent to accelerate
aluminum etchmg rates. Increased aluminum etchmg rates are sometimes needed to enable
the removal of the metalhc residues found in post oxygen plasma ashed wafers in an
acceptable stripping temperature and time range. The aluminum etching rate is proportional to
the amount of chelating agent used. The data also illustrate the use of an optional chelating
agent, added at various concentrations, to obtaiﬁ a desirable aluminum etching rate for the
compositions invented herein. | |

Example 11

Aqueous solution “C1” was prepared with 0.25 weight percent tetramethylammomum :
hydroxide (TMAH) and 0.14 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS) added with the remainder of this solution being water (solution pH = 12.3).
Aqueous solution “C2” was prepared with 0.36 weight percent choline and 0.14 weight
percent (calculated as % SiO,) tétran;_ethylammonium silicate (TMAS) added with the
remainder of this solution being water (solution pH = 12.3). .A.qucous solution *“C3” was
prepared with 0.76 weight percent tetrabutylammonium hydroxide (TBAH) and 0.14 weight
percent (calculated as % Si0;) tetramethylammonium silicate (TMAS) added with the
remainder of this solution being water (solution pH = 12.3). Aqueous solution “C4” was
prepared with 1.6 weight percent methyltriethanolammonium hydroxide (MAH) and 0.14
weight percent (calculated as % SiOg) tetramethylammonium silicate (TMAS) added with the

remainder of this solution being water (solution pH = 12.3). Aqueous solution “C5” was
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| '-'prepar'ed' with 0.36 weight percent methyltriethylammonium: hydroxide (MTEAH) and 0.14
' weight percent (calculated as % SiOj) tetramethylammonium silicate (TMAS) added with the

* remainder of this solution being water (solution pH = 12.3). Each solution was placed into a
125 ml glass bottle, loosely capped and placed into a oven -_Set at 45°C for one hour. A 0.05

mm X 12 mm x 50 mm, 99.8% pure aluminum foil coupon was washed with acetone, dried,
then weighed on an analyﬁ@al balance. After one hour of pre-heating each solution was
removed from the oven and the aluminum foil coﬁpon was then placed into the bottle, loosely
re-capped and placed back into the oven. After one ho'u_r_ at about 45°C, the bottle was
removed from the oven. The aluminum coupon was reinoved, rinsed with water, followed by
an acetone rinsé, dried émd then weighed on an analytical bal?.nce. The relative corrosion rates

were determined by weight loss. The results are shown in Table 11.

Table 11: Aluminum Foil Etch Rate Comparisons
Selution pH |  Base Amount of Relative
Tested Base Aluminom
> |- Added Corrosion
(Weight %) " Rate
Cl 123 | . TMAH 0.25 _ 1
c2 12.3 Choline - -.0.36 3.7
- C3 123 ~ TBAH 0.76 21
C4 12.3 MAH 1.6 4.6
C5 12.3 - MTEAH 0.36 24

Refer_ring to Table 11, the data show that that different metal ion-free bases may be

substituted for TMAH to give enhanced aluminum etching rates. Increased aluminum etching

~ rates are sometimes needed to enable the removal of the metallic residues found in post

" oxygen plasma ashed wafers in an acceptable stripping temperéture and time range. The data

also illustrate the use of metal jon-free alkaline components with varied structures to obtain a

desirable aluminum etching rate for the compositions invented herein.

Example 12 _
Aqueous solution “D1” was prepared with 0.14 weight percent tetramethylammonium
hydroxide (TMAH) added with the remainder of this solution being water (solution pH =
12.3). Aqueous solution “D2” was prepared with 0.25 weight percent tetramethylammonium
hydroxide and 0.14 weight percent (calculated as % SiO;) tetramethylammonium silicate
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(TMAS) added with the remainder of this solution being water (solution pH = 12.3). Aqueous
solution “D3” was prepared with 1.2 weight percent tetramethylammonium hydroxide

(TMAH) and 1.3 weight percent (calculated as % SiO;) tetramethylanunoni_um silicate
. (TMAS) added with the remainder of this solution being water (solution pH = 1_2.6)._ Aqueous

solution “D4” was prepared with 1.8 weight percent tetramethylammonium hydroxide
(TMAH) and 2.8 weight percent (calculated as % SiO;) tetramethylammonium silicate
(TMAS) added with the remainder of this solution being water (solution pH = 12.6). Each
solution was placed into a 125 ml glass bottle, loosely capped and placed into a oven set at
45°C for one hour. A 0.05 mm x 12 mm x 50 mm, 99.8% pure aluminum foil coupon was
washed with acetone, dried, then weighed on an analytical balance. After one hour of pre-
heating each solution was removed from the oven and the aluminum foil coupon was then
placed into the bottle, loosely re-capped and placed back into the oven. After one hour at
about 45°C, the bottle was removed from the oven. The aluminum coupon was removed,
rinsed with water, followed by an acetone rinse, dried and then weighed on an analytical
balance. The relative corrosion rates were determined by weight loss. The results are shown
in Table 12.

Table 12: Aluminum Foil Etch Rate Comparisons |
Solution pH Base Amount of ' Relative
Used ' TMAS Aluminum
Added Corrosion
(Weight % as SiO,) Rate
D1 12.3 TMAH B 0 1
D2 12.3 TMAH 0.14 ' 0.25
D3 12.6 TMAH 13 0.003
D4 12.6 TMAH 2.8 0

Referring to Table 12, the data show that that the addition of a silicate to a metal ion-free
basic solution inhibits the corrosion of aluminum metal and illustrate the use of a metal ion- -
free silicate, added at various concentrations, to obtain a desirable aluminum etching rate for

the compositions invented herein.

Example 13
Aqueous solution “E1” was prepared with 0.22 weight percent tetramethylammonium

hydroxide (TMAH) and 0.14 weight percent (calculated as % SiO;) tetramethylammonium

33



10

15_..

20 .

WO 99/60448 PCT/US99/10875

 silicate (TMAS) added with the rémainder of this solution being water (solution pH = 12.2).

A_qiieou’s solution “E2” was. prepared with 0.22 weight peréent- tetramethylammonium

'hydroxide (TMAH), 0.14 weight percent (calculated as % SiO;) tetramethylammonium
‘silicate (TMAS) and 2.9 weight percent glycerol added with the remainder of this solution
‘being water (solution pH = 12.1). Aqueous solution- “E3™ was prepared with 0.20 weight

percent tetramethylammonium hydroxide (TMAH), 0.13 weight percent (calculated as %
SiO,) tetramethylammonium silicate (TMAS) and 9.1 weight percent triethyleneglycol-
monomethyl-ether added with the remainder of this solution being water (solution pH = 12.2).
Aqueous solution “E4” was prepared with 0.19 weight percent tetramethylammonium
hydroxide (TMAH), 0.12 weight percent (calculated as % SiO;) tetramethylammonium
silicate (TMAS) and 13 weight percent N-methyl—pyrrolidhone added with the remainder of
this solution being water (solution pH = 12.2). Aqueous solution “ES” was prepared with 0.19
weight percent tetramethylammonium hydroxide (TMAH), 0.12 weight percent (calculated as
% Si0) tetramethylammonium silicate (TMAS) and 17 weight percent diethylene glycol
added with the remainder of this solution being water (Solutiqﬁ pH = 12.1). Aqueous solution
“E6” was prepared with 0.17 weight percent tetr_é.__methylammonium hydroxide (TMAH), 0.11
weight percent (calculated as % SiO.) tetra.methylanunonium silicate (TMAS) and 23 weight
percent isopropy! alcohol added with the remainder of thxs solution being water (solution pH

= 12.7). Each solution was placed into a 125 ml polyethylene bottle loosely capped and

| placed into a oven set at 45°C for one hour. A 0.05 mm x 12 mm x 50 mm, 99.8% pure

aluminum foil coupon was washed wi.th. acetone, dried, then weighed on an analytical
balance. After one hour of pre-heating each solution was removed ﬁom -thé oven and the
aluminum foil coupon was then placed into the bottle, loosely re-capped and placed back into
the oven. After one hour at about 45°C, the bottle was removed from the oven. The aluminum
coupon was removed, rinsed with .water,. followed by an acetone .rinse, dried and then
weighed on an analytical balance. The relative corrosion rates were determined by weight

_loss. The results are shown in Table 13.
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Table 13: Aluminum Foil Etch Rate Comparisons-
| ‘Solution | ‘pH - Organic Solvent | Amountof | Relative
Tested Organic Aluminuom
' ' Solvent Corrosion
Added Rate
_ o _ (Weight %)
T Bl | 122 — 0 1
~E2 12.1 _Glycgrol 2.9 0.90
E3 12.2 | Triethyleneglycol monomethyl ether | 9.1 034
E4 12.2 N-Methyl-pyrrolidinone 13 0.21
ES 12.1 ~ Diethylene glycol 17 ' 0.21
E6 12.7 Isopropanol 23 - 0.14

Referring to Table 13, the data show the utility of adding water-soluble organic solvents

to decrease aluminum etching rates. Decreased aluminum etching rates are sometimes needed

" to completely avoid aluminum corrosion during the stripping process. The aluminum etching

rate is inversely proportional to the amount of solvent used, regardless of solvent
classification. A wide variety of water-soluble solvent types are illustrated below. The data

also illustrate the use of optional water-soluble organic solvents of various types to obtain a-

 desirable aluminum etching rate for the compositions invented herein.

 Example 14
Aqueous solution “G1” was prepared with 0.22 weight percent tetramethylammonium
hydroxide (TMAH) and 0.14 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS).added with the remainder of this solution being water (solution pH = 12.2).
Aqueous solution “G2” was prepared with 0.22 weight percent tetramethylammonium
hydroxide (TMAH), 0.14 weight percent (calculated as % SiO;) tetramethylammonium
silicate (TMAS) and 0.10 weight percent of the nonionic surfactant Surfynol-465 added with

the remainder of this solution beihg water (solution pH = 12.2). Aqueous solution “G3” was

prepared with 0.22 weight percent tetramethYIammonium hydroxide (TMAH), 0.14 weight
percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) and 0.10 weight

percent of the nonionic surfactant Fluorad FC-170C (a product of the Industrial Chemical
Products Division of 3M) added with the remainder of this solution being water (solution pH
= 122). Aqueous solution .. “G4” was prepared with 0.22 weight -percent
tétramethylanunonium hydroxide (TMAH), 0.14 weight percent (calculated as % SiO,)
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tetramethylammonjum silicaie (TMAS) and 0.042 (active) w_ejght_ percent of the amphoteric

' surfactant Rewoteric AM KSF-40 (a product of Witco Corporation) added with the remainder

" of this solution béirig water (solution pH = 12.2). Aqueous solution “G5” was prepared with

0:22 weight percent tetramethylammonium hydroxide (TMAH), 0.14 = weight percent

 (calculated as % SiO;) tetramethylammonium silicate (TMAS) and 0.026 (active)weight

pércent of the anionic surfactant Fluorad FC-93 (a product of the Industrial Chemical
Products Division of 3M) added with the remainder of thls solution being water (solution pH

tetramethylammonium hydroxide (TMAH), 0.14 weight percent (calculated as % SiO,)
- tetramethylammonium silicate (TMAS) and 0.037 (active)weight percent of the cationic

surfactant Barquat CME-35 (a product of Lonza, Inc.) added with the remainder of this

~ solution being water (solution pH = 12.2). Each solution was placed into a 125 ml

polyethylene bottle, loosely capped and placed into a oven set at 45°C for one hour. A 0.05

mm x 12 mm x 50 mm. 99.8% pure aluminum foil coupon was washed with acetone, dried,

then weighed on an analytical balance. After one hour of pre-heating each solution was

removed from the oven and the aluminum foil coupon was then placed into the bottle, loosely

re-capped and placed back into the oven. After one hour at about 45°C, the bottle was
removed from the oven. The aluminum coupon was removed, rinsed with water, followed by

an acetone rinse, dried and then weighed on an analytical balance. The relative corrosion rates

- were determined by weight loss. The results are shown in Table 14.

: Table 14: Aluminum Foil Etch Rate Comparisons o
Solution pH Surfactant | Surfactant { Amountof Relative
Tested Type Active Aluminum
' Surfactant Corrosion
-Added - Rate
_ _ . | (Weight %)
G1 122 |- — 0o 1
G2 122 | Surfynol-465 | nonmionic |  0.10 - 0.62
G3 122 | FC-170C nonionic 0.10 0.75
G4 122 KSF-40 amphoteric 0.042 0.37
G5 12.2 FC-93 anionic 0.026 0.37
G6 12.2 CME-35 cationic 0.037 0
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Referring to Table, 14; the data show the utility of adding a surfactant to decrease
aluminum etching rates. Decreased aluminuni etching rates are _sometimes needed to
completely avoid aluminum corrosion dunng the stripping process. Useful aluminum et_ching
rate suppréssion occurs for all four surfactant cléssiﬁca_tioﬁs. This is in addition to the
expected desirable feature of improved sample wetting when a surfactant is present. The data
also illustrate the use of optional surfactants of various types to obtam a desirable aluminum
etching rate for the compositions mvented herem

Example 15

Aqueous solution “F1” was preparéd with 0.20 weight perceht tetramethylammonium
hydrox1de (TMAH), 0.11 welght percent trans-(l 2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA) and 0.07 weight percent of the nonionic surfactant Surfynol-465 added with the
remainder of this solution being water (solution pH = 12.3). “Aqueous solution “F2” was
prepared with 0.30 wemht percent tetramethylammomum hydroxide (TMAH), 0.10 weight'
percent trans~(1 2-cyclohexylenedlmtnlo)tetraacetlc acid (CyDTA) 0.14 weight percent
(calculated as % SiO,) tetramethylarmnon_lum sxhcate (TMAS) and 0.07 weight percent of the
nonionic surfactant Surfynbl-465 added with ihe remainder of this solution being water
(solution pH = 12.3). Aqueous solution “F3’; was prepared with 0.29 weight percent
tetramethylammonium  hydroxide (TMAH), 0.10 weight percent trans-(1,2-.
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.14 weight percent (calculated as % SiO»)
tetramethylammonium silicate (TMAS), 3.0 weight percent glycerol and 0.07 weight percent

of the nonionic surfactant Surfynol-465 added with the remainder of this solution being water

~ (solution pH = 12.1). Sections from the same Si(100) wafer with approximately 650 nm of

thermal oxide were washed with acetone, dried, then measured with 2 Rudolph FTM.
Interferometer to determine the thermal oxide thickness. Four areas were measured and
mapped for a follow-up measurement after treatment. Each sample was then placed into the
Bottle, loosely re-capped and placed into the oven, which Was_pre-set to 45°C. After 24 hours
at about 45°C, the bottle was removed from the oven, sample removed, rinsed with water,
followed by an acetone rinse, dried and then measured on the Interferometer. The relative
corrosion rates were determined by the difference in thermal oxide film thickness averaged

for four areas on the sample. The results are shown in Table 15.
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" Table 15: Thermal Oxide on Silicon Etch Rate Comparlsons
Solution pH Amountof - ‘Amount of - Relative
‘Tetramethylammonium | O__rg__a_mc |- Average
Silicate Added to Solution | Co-solvent | Thermal Oxide
(Weight % asSi0;) | =~ Added Corrosion
- - | (Weight %) __Rate
F1 123 e 0 1
F2 12.3 0.14 0 054
F3 12.1 0.14 3 0.50

Referring to Table 15, the data show the advantage of tl_;§ adding a silicate to prevent or
moderate the corrosion of silicon dioxide that accompanies exposure to alkaline solutions.
Silicon dioxide dielectrics are normally present on the integrat_ed circuit surface during the
stripping of metal lines or vias. Damage to these dielectrics must be avoided. The data also
show that the addition of tetramethylammonium silicate to tetramethylammonium hydroxide

based cleaning solutions inhibits the undesirable__corrbsion of a dielectric material that is

_.commonly present in integrated circuits.

| Example 16
~ Residual organic contamination after cleaning was measured using Secondary Ion Mass
Spectroscopy (SIMS). Silicon wafer samples that were sputtered with 0.35 micron films of

alummum-l% copper alloy were cleaned with silicate solution “A” and also with a

' commercial post etch residue remover, EKC-265™ (a product of EKC Technology, Inc.).
| EKC—265TM comprises about 5% of catechol, 15% - 20% each of hydroxylamine and water,

” .and the balance being 2-(2-ammoethoxy)ethanol. A wafer sample was placed into solution

“A” at 35°C for 5 minutes, followed by a 2 minute 0.2 micron filtered de-ionized water rinse

“and 'pl.'es'surized nitrogen dry. A second wafer sample was similarly processed in EKC-265™,

using the time and temperature recommended by the manufacturer. A third untreated wafer
piece, also from the same silicon wafer, was used as a control. The wafer samples were then
analyzed by Dynamlc-SIMS using an etch rate of 22.1 Angstroms per second with a dwell
time of 0.5 seconds. The atomic abundance of the carbon-12 ejected from the surface was
then used to compare carbon surface contamination of the three samples. The results are

shown in Table 16.
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' . Table 16: _
Relatwe Comparlson of ReSIdual Carbon Left on the Surface of a Wafer
' After Cleaning '
Solution Time Temp. Relative
(Min.) (] Carbon Contamination Left
After Cleaning
Untreated — | = | 1
A 5 | 35 1.1
EKC-265™ 20 65 - 4.1

~ Referring to Table 16, the data show the superiority of the present invention for giving a
surface free of organic contamination after cleaning and illustrate that the use of the
compositions described herein results in very little contamination of the integrated circuit

with carbon-containing (organic) impurities.

Example 17

Aqueous solution “H1” was prepared with 0.27 weight percent tetramethylammonium
hydroxide (TMAH), 0.092 weight'pément trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid .
(CyDTA), 0.062 weight percent of the non-ionic surfactant Surfynol-465, 0.13 weight percent |
(calculated as % SiO,) tetramethylammonium silicate (TMAS) and 2.7 weight percent
glycerol added with the remainder of this solution being water. Aqueous solution “H2” was
prepared with 0.28 weight percent tétramethylammonium hydroxide (TMAH), 0.097 weight
percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.065 weight percent of
the non-ionic surfactanf Surfynol-465, 0.13 Weight percent (calculated as % SiO,)
tetramethylammonium silicate (TMAS) and 2.9 weight percent glycerol added with the
remainder of this solution being water. Aqueous solution “H3” was prepared with 0.32 weight
percent tetramethylammonium hydroxide (TMAH), 0.11 Weight percent trans-(1,2-
cyclohéxylenedinitrilo)tetraacetic acid '(CyDTA), 0.075 weight percent of the non-iomic
surfactant Surfynol-465, 0.15 weight percent (calculated as % SiO,) tetramethylammonium -
silicate (TMAS) and 3.3 weight percent glycerol added with the remainder of this solution
being water. Aqueoﬁs solution “H4” was prepared with 039 weight percent
tetramethylammonium hydfoxide (TMAH), 0.14 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.091 'weight percent of the non-ionic
surfactant Surfynol-465, 0.19 weight percent (calculated as % SiO;) tetramethylammonium
silicate (TMAS) and 4.0 weight pércent glyceroi added with the remainder of this solution

39



10

15

20

30

© WO 99/60448 _ PCT/US99/10875

being water. Aqueous  solution “H5” was prepared with 0.58 weight percent
tetramethylammonium -hydrox_ide (TMAH), .-0.20_ ~ weight  percent: . trans-(1,2-

" cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.14 .weight percent of the non-ionic

surfactant Surfynol-465, 0.28 weight percent (calculated as % SiO») tetramethylammonium
silicate (TMAS) and 6.0 weight percent glycerol added with the remainder of this solution

~ being water. Aqueous solution “H6” was prepared with 1.2 weight percent

tetramethylammonium  hydroxide (TMAH), 041 weight  percent trams-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.27 weight percent of the non-ionic
surfactant Surfynol-465, 0.56 weight percent (calculated as % SiO5) tetramethylammonium
Siliéate (TMAS) and 12 weight percent glycerol added with the remainder of this solution

: being water. Aqueous solution “H7” was prepared with 5.1 weight percent

tetramethylammonium  hydroxide @ (TMAH), 1.8 - weight percent trans-(1,2-

- cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 2.4 weight percent (calculated as % SiO,)
-tetramethylammonium silicate (TMAS) and 52 weight percent glycerol added with the

remainder of this solution being water. Wafer #5 and #6 samples_with-_one micron wide

features and Aluminum-Copper raised lines capped with t_itanium—nitﬁ_de, that had been

. previously prepared as. follows: (a) metallization with aluminum-copper élloy followed by

~ titanium nitride (b) lithographic patterning using a photoresist material (c) pattern transfer

using reactive ion etching (d) oxygen plasma ashing to remove organic photoresist residues,

'_but leaving mainly inorganic residues behind, were used to evaluate the performance of the

solutions. Wafer samples #7 and #8 with one-half rnicror; wide by one micron deep holes

~ (vias) through a dielectric material exposing Alunlihum-Copper metal at the base had been -

previously processed as follows (a) metallization with ﬂumi,num—coppér’ followed by titanium

nitride (b) coated with silicon oxide dielectric 'usi'ng' chemical vapor deposition (c)

lithdgraphic patterning of vias using a photoresist material ((_i) pattern transfer to the dielectric
iayer usiﬂg a reactive ion etching (e) oxygen plasma 'ashing: to remove most of the residual
photoresist, but leaving mainly inorganic residues behind. Wafer sample #9 with one micron
wide by one micron deep tapered holes (vias) through a dielectric material exposing

Aluminum-Copper metal at the base had been previously processed as follows (a)

 metallization with aluminum-copper followed by titanium nitride (b) coated with silicon

oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias using a

photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (e)
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oxygen plasma ashing to femove most of the residual ‘photoresist, but leaving mainly
inoi'ganic residues behind. A wafer sample was placed in the solution at 21-45°C for 5-10
~ minutes, removed, ﬁnsed with de-ionized water and dried with pressurized nitrogen gas. After
drying, the sample was inspected on a .S.cannihg.Ble'ctron Microscope (SEM) to determine the
extent of cleaning and/or corrosion of the aluminum-copper metal features. The results are
shown in Tables 17A-17E.

Table 17A: SEM Evaluation Results for Sample #5
Solution { Time/ | pH | TMAH | TMAS | Glycerol { CyDTA | Surf- | Post-Ash | Via-base

Temp. {(Wt. (Wt. % | (Wt. %) | (Wt. %) 465 Residue | Alominum
(min./ %) as Si0,) (Wt. | Removed Metal
°C) . _ %) (%) | Corrosion

HI | 521 |12.1] 027 | 013 | 27 | 0092 | 0062 | 100 | none
H3 | 5722 [121] 032 | 015 | 33 | 0.1 | 0075 | 100 | none
Ha | 5/22 |122] 039 | 0.19 | 40 | 0.14 | 0091 | 100 | none
H5 | 5/22 |123| 058 | 028 | 60 | 020 | 0.14 | 100 | mone
H6 | 522 |125| 12 | 056 12 041 | 027 100 | none
H7 | 521 |130] 51 | 24 | 52 | 18 | 0 | 100 | none

Table 17B: SEM Evaluation Results for Sample #6

‘Solution | Time/ | pH | TMA | TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base
1. Temp. HWt | (Wt.% | (Wt. %) | (Wt. %) | 465 Residue | Aluminum
{min./ %) | asSi0,) . (Wt. | Removed | . Metal
°C) %) (%) Corrosion
H1 10/45 | 12.1{ 027 | 0:13 27 | 0.092 | 0.062 100 very
- _ ' o slight
H3 | 10/45 | 12.1] 0.32 0.15 33 0.11 0.075 100 | very
L ' slight
H4 10/45 | 12.2| 0.39 0.19 40 0.14 0.091 100 very
_ ' 5 _ slight
H5 | 5/45 |12.3]| 058 | 0.28 6.0 020 | 0.14 100 | very
- - slight
Hé6 5/45 | 125 1.2 .0.56 12 041 0.27 100 very
: slight
H7 10/45 { 13.0| 5.1 24 52 1.8 0 100 none

Table 17C: SEM Evaluation Results for Sample #7 7
Solution | Time/ | pH | TMA TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base

Temp. H(Wt{ (Wt. % | (Wt. %) | (Wt. %) 465 Residue { Aluminum
{min./ %) as Si0,) {Wt. | Removed Metal
°C) ) : %) (%) Corrosion
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Hi |1021 121} 027 | 013 | 27 | 0092 {0062 | 100 very
H3 [10722(12.1{ 032 | 015 33 011 | 0075 | 100 | very
_ ol e | o T stight
H4 |10/22|122] 039 | 0.19 4.0 0.14 | 0.091 [ 100 very
| ' ~ slight
| B5 [10722}123] 058 | 0.28 60 | 020 | 014 1 100 | very
_ slight
H6 |10/22]125] 1.2 | 056 12 041 | 027 100 very
' - _ ' slight
H7 |1021 [13.0] 5.1 24 52 18 | 0 100 very
- slight
~ Table 17D: SEM Evaluation Results .f(il_‘f Sample #8
Solution | Time/ | pH | TMA | TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base
: Temp. HWt | (W% | (Wt. %) | (Wt. %) 465 Residue | Alvminum
(minJ/ . %) as Si0;) . (Wt. | Removed Metal
' °C) | : : S %) (%) Corrosion
Hi |10/45[121]027 | 013 | 27 | 0092 [ 0062 | 85 | slight
H2 |10/45[12.1] 028 | 0.13 29 | 0097 [ 0065 100 | slight
"H3 1045120 032 | 015 | 33 | 011 [0075] 100 slight
H4 |10/45)122| 039 | 0.19 4.0 0.14 | 0091 | 100 slight
H5 |1045]123]| 058 | 0.28 6.0 020 | 014 | 100 slight
H6 | 1045 |125] 12 | 056 | 12 041 | 027 100 | slight
H7 | 1045 |13.0] 5.1 24 52 1.8 o | 100 slight
Table 17E: SEM Evaluation Results for Sample #9
Solution | Time/ | pH | TMA | TMAS | Glycerol | CyDTA | Surf.- | Post-Ash | Via-base
Temp. HWL| Wt % | (Wt. %) | (Wt. %) | 465 Residue | Aluminum
(min./ %) | asSiOy) . (Wt. | Removed Metal
: °C) : %) (%) Corrosion
CHI 1023 [121] 027 | 013 27 [ 0092 [ 0062 | 995 slight
"H2 | 10723 |12.1] 028 | 0.13 29 | 0097 | 0065 | 99.2 slight
H3 [10722(12.1] 032 | 0.15 3.3 0.11 {0075 | 100 very
slight
H4 [10/221122] 039 | 019 | 40 | 014 |0091 | 100 none
H5 {10/22 {123] 058 | 028 60. | 020 | 0.14 | 100 none
H6 |10/22 [125] 12 | 056 | 12 | 041 | 027 | 100 | none
" H7 | 10721 {130 5.1 24 52 1.8 0 95 very
slight
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Referring to Tables 17A-17E, the data show that by varying the pH and concentrations of

each of the components allowed seven different .'fonnulati_ons to successfully clean residues -

froih-__several different oxygen plasma-ashed wafer samples without unacceptable aluminum

corrosion occurring.

Example 18
Aqueous soluﬁon “H8” was prepared with 5.1 weight percent tetramethylammonium
hydroxide (TMAH), 1.8 weight percent ﬁans-(l,2—cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 2.4 weight percent (calculated as .%_'Si.O.z) tetramethylammonium silicate (TMAS)
and 52 weight percent dimethyl sulfoxide.(DMSCi).) added with the remainder of this solution

- being water. Aqueous solution *“H9” was prepared with 0.58 weight percent

tetramethylammonium  hydroxide = (TMAH), 020 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid - (CyDTA), 0.14 weight percent of the non-ionic
surfactant Surfynol-465. 0.28 weight percent (calculated as % SiO,) tetramethylammonium
silicate (TMAS) and 6.0 weight percent glycerol added with the remainder of this solution
being water. Aqueous solution “H10” was prepared with 0.88 weight percent
tetramethylammonium  hydroxide (TMAH), 030 weight percent 'transé(l,z- _
cyclohexylenedinitrilo)fetraacetic acid (CyDTA), 0.20 weight percent of the non-jonic -
surfactant Surfynol-465, 0.42 weight percent (calculated as % SiO») tetramethylammonium
silicate (TMAS) and 9.0 weight percent glycerol added with the remainder of this solution
being water. Wafer sample #10 with one micron wide by.two micron deep holes (vias)
through a photoresist and dielectric material éxposing Aluminum-Copper metal at the base
had been previously processed as follows (a) metallization with aluminum-copper followed
by titahium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c) -
lithographic patterning of vias usitig an approximately one micron thick layer of photoresist
material (d) pattern transfer tb the dielectrig layer using a reactive ion etching (¢) Hard-bake
of photoresist at high temperature to remove solvents, but leé.ving a mainly organic
pho.toresi.st layer behind. This sample were used to evaluate the performance of the solutions
beiow. A wafer sample was placed in ihe. sbluﬁon at 45-65°C for 20-30 minutes, removed,
rins_ed with de—ioﬁized water and dri#d with pressurized nitrogen gas. After drying, the sample
was inspected on a Scanning Electron Mi(_iroscope (SEM) to-determine the extent of cleaning

and/or corrosion of the features. The resﬁlts are shc_)wn in Table 18.
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o Table 18: SEM Evaluation Results

Solution | Time | Temp. | Organic | Co-Solvent | Photoresist |- Via-base

: (min.) { (°C): { Co-Solvent Content | Residue | Aluminum
Used (Weight %) | Removed Metal

. (%) | Corrosion

L 20 | 45 Glycerol 3.0 85 ‘none
H9 30 | 65 | Glycerol 60 | 88 none
HI0 30 | 65 | Glycerol 50 | 88 none

H6 20 65 Glycerol ' 12 88 none
H7 10 45 | Glycerol 52 88 none
H7 20 | 45 | Glycerodl | 52 | 90 none

H7 30 65 | Glycerol 52 92 none
Hs 30 65 DMSO 52 100 slight

hydroxide (TMAH),

Referring to Table 18, the data demonstrates the ability of this invention to clean an
orgamc photoresxst layer from a semiconductor wafer surface before the sample has been
oxygen plasma ashed, while preventmg or moderating the. corrosxon of the aluminum features.

Example 19
Aqueous solunon Hll” was prepared with 6.2 welght percent tetramethylammomum

2.1 weight percent trans-(1 2—cyclohexylenedmltnlo)tetraacenc acid

_(CyD_TA), 64 weight percent glycerol and 29 weight percent (calculated as % SiO,) colloidal

_ S_ilica sol (with a particle size of 20 nm) added with the remainder of this solution being
“water. The pH of solution “H11” is about 13.1. Wafer samples #5 and #6 with one micron

Wide features and Aluminum-Copper raised lines capped with titarlium-nitride that had been

prevrously prepared as follows: (a) metalhzatlon with alurmnum—copper alloy followed by

o titanium nitride ®) hthooraphrc pattemmg using a photoresrst material (c) pattern transfer

using reactive ion etching (d) oxygen plasma ashmg to remove organic photoresist res1dues,

~ but leavmg mainly i inorganic resrdues behind were used. Treatments on each of the samples

were done for 5-10 minutes at 22—45°C removed, rinsed wzth de-romzed water and dned with

pressurized mtrogen gas. After drymg, the sample was mspected on a Scannmg Electron

Mlcroscope (SEM) to determme the extent of cleaning andlor corrosion of the aluminum-

copper metal features. Results were similar to those obtamed for solution “H7” in Example
17 and shows that colloidal silica can be used as a source of water-soluble metal ion-free

silicate in the present invention.
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Example 20
Aqueous solution “L” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH) 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid

'(CyDTA) 0.07 weight percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent

(calculated as % SiO,) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol
added with the remainder of this solution being water and has a pH of about 12.1. Aqueous
solution “Z” was prepared with 1.3 weight percent tetramethylammonium hydroxide
(TMAH) 0.58 weight percent trans-(1 2—cyClchexylenedinitrilo)tetraacetic acid (CyDTA)
added (remainder of this solution bemg water) and has a pH of about 13.0. Aqueous solution
“M1” was prepared with 1.2 welght percent tetramethylammomum hydroxide (TMAH), 0.45
welght percent trans-(1,2- cyclohexylenedlmmlo)—tet;aacetlc acid (CyDTA), 0.14 weight
percent (calculated as % SiO,) tetramethjflar_nmonium silicate (TMAS), 18.5 weight percent

hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-465 (remainder

. of this solution being water) and has a pH of about 12.1. Aqueous solution “P1” was prepared

with 2.2 weight percent tetramethylammomum hydrox:de (TMAH) 0.11 welght percent
trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 welght percent (calculated
as % Si0;) tetramethylammonium silicate (TMAS) and 1.6 weight percent hydrogen peroxide
(remainder of this solution being water) and .has a pH of about 11.5. Wafer sample #11 with
0.3-0.5 micron wide by 0.5 micron deep holes. (vias) through dielectric and titanium nitride
layers exposing Aluminum-Copper metal at the base had been previously processed as
follows (a) metallization with aluminum-copper followed by titanium nitride (b) coaied with
silicon oxide dielectric using chemical vapor depositioh (c) lithographic patterning of vias
using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion

etching () oxygen plasma ashing to remove most of the residual photoresist, but leaving

‘mainly inorganic titanium containing residues behind (determined by Auger Electron

Spectroscopic analysis of cross-sectioned via residues). These samples were used to evaluate
the performance of the solutions. A wafer sample was placed in the solution at 22-65°C for
20 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas.

After drying, the sample vias were cross-sectioned and then inspected on a Field Emission

. Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 19.
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Table 19: FE-SEM Evaluation Results
Solution] Weight | pH | Time | - Titaniom - - |-Post-Ash | - Aluminum
- . Percent - | (min.)/ ‘Residue = | Residue Metal
Tetramethyl- | Temp. Removal Removed | Corrosion
' ammonium : (°C) Enhancer | (%) | (% Metal
Silicate . Added ) Loss)
~ Added ' ' :
(calculated as
% Si0,) . : L . .
Y 0 130 | 20722 | - NONE 0 100 (severe)
A 0 13.0 | 20/65 NONE | 98 100 (severe)
L 0.14 | 121 | 2045 NONE 10 30 (moderate)
L 0.14 12.1 | 20/65 NONE 20 50 (moderate)
Ml 0.14 12.1 | 20/35 | Hydroxylamine 100 3 (very slight)
P1 0.14 115 | 20/35 Hydrogen 100 | 1 (very slight)
-} Peroxide | : '

Refemng to Table 19 the data shows the ablhty of hydroxylamme or hydrogen peroxide

Ito enhance the removal of the titanium containing residues at low temperatures.

 Example21
- Aqueous solution “M2” was prepared with 0.67 welght percent tetramethylammomum

| hydrox1de (TMAH), 0.46 weight percent trans-(1,2—cyclohexy1enedm1mlo) -tetraacetic acid

(CyDTA), 0.14 weight percent ('calculated'. as % Si0O;) tetramethylammonium silicate

" (TMAS), 1.0 weight percent hydroxylamine and 0.07 weight percent of ‘the non-ionic

surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.

Aqueous solution “M3" was ‘prepared with 0.94 weight percent tetramethylammonium

'hydroxxde (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid

(CyDTA),' 0.20 weight_ percent (calculated as % SiO») tetramethylamnmonium silicate
(TMAS), 5.1 weight percent hYdroxylanﬁne and ‘0.1 weight percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.
Aqueous solution “M4” was prepared with 1.1 weight percent tetramethylammonium

hydroxide (TMAH), 0.46 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid

' (CyDTA), 0.18 weight percent (calculated as % SiO,) tetramethylammonium silicate

(TMAS), 10.0 weight percent hydroxylamine and 0.09 weight percent of the non-ionic
surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.
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Aqueous solution “M5” was prepared with 1.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.42 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiO,) tetramethylammonium silicate (TMAS)
and 47.3 weight peréent hydroxylamine (remainder of this solution being water) and has a pH
of about 12.1. Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias)
through dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base
had been previously processed as follows (a) metallization with aluminum-copper followed
by titanium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)
lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric
layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual
photoresist, but ieaving mainly inorganic titanium containing residues behind (determined by
Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were
used to evaluate the performance of the soiutions. A wafer sample was placed in the solution
at 35°C for 20 minutes, removed, rinsed with de-ionized water and dried with pressurized
nitrogen gas. After drying, the samplé vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron Microscope (FE-SEM) to determihe the extent of cleaning

and/or corrosion of the features. The 'rgsults are shown in Table 20.

Table 20: FE-SEM Evaluation Resuits
Solution Weight pH | Time Amount of | Post-Ash | Aluminum
Percent | (min.)/ Titanium Residue. - Metal
Tetramethyl- Temp.|  Residue Removed | Corrosion
ammonium | °C) | Removal (%) (% Metal
Silicate | Enbancer Loss)
Added . Hydroxylamine
(calculated as ' Added
% Si0,) ' (Weight %)
M2 0.14 121 {2035 1.0 .60 3 (slight)
M3 - 0.20 12.1 | 20/35 . 5.1 96 | 1 (very slight)
M4 - 0.18 12.1 | 20/35 . 10.0 99 3 (slight)
Ml - 014 12.1 | 20135 | 18.5 100 3 (slight)
MS 0.14 12.1 20/35 473 40 0

Referring to Table 20, the data shows the ability of hydroxylamine to enhance the

removal of the titanium containing residues at low temperatures.
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Example 22

""" Aqueous solution “M6” was prepared with 0.82 weight percent tetramethylammonium
~ hydroxide (TMAH), 0.14 weight percent (calculated as % SiO;) tetramethylammonium
silicate (TMAS), 18.8 weight percent hydroxylamine and 0.07 weight percent of the non-ionic

surfactant Surfynol-465 (remainder of this solution being water) and has a pH of about 12.1.

- Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias) through
~ dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base had been

previously processed as follows (a) metallization with aluminum-copper followed by titanium
‘.nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)

| lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric

layer using a reactive ion etching (¢) oxygen plasma ashing to remove most of the residual
photoresist, but leai'ing ‘mainly inorganic titanium containing residues behind (determined by
Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were

used to evaluate the performance of the solutions. A wafer sample was placed in the solution

at 35°C for 20 minutes,--’removed;' rinsed with de-ionized water and dried with pressurized

" nitrogen gas. After drying, the sarhple vias were cross-sectioned and then inspected on a Field

Emission Scanning Electron Microséope (FE-SEM) to determine the extent of cleaning

and/or corrosion of the featilres. The results are shown in Table 21.

R - Table 21: FE-SEM Evaluation Results
Solution |  Weight Amount of Titanium Post-Ash | Aluminum
' Percent Metal Residue | Residue Metal
Tetramethyl- | Chelating Removal Removed | Corrosion
ammonium Agent Enhancer (%) (% Metal
Silicate - CyDTA Hydroxylamine | Loss)
Added | Added Added
(calculated as | (Weight %) (Weight %)
. % Si0.) :
M1 _ 0.14. 0.45 ' 18.5 100 - 3 (slight)
M6 0.14 ' 0 18.8 _ 100 4 (slight)

Referring to Table 21, the data shows that good stripping performance can be obtained
over a range of CyDTA concentrations. Thus, the amount of chelating agent present can be
adjusted to accommodate the sample to be cleaned. More difficult samples may require this

optional ingredient to accomplish complete cleaning. The data also illustrate the optional use

. of a chelating agent in the compositions disclosed herein.
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_ Example 23
.. Aqueous solution “M7” was prepared with 6.0 weight percent tetramethylammonium

hydroxide (TMAH), 0.35 weight pgrcerit trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CYDTA), 1.2 weight percent (calculated as % SiO;) tetramethylammonium silicate (TMAS),
17.7 weight percent hydroxylamine and 0.06 weight percent of the non-ionic surfactant
Surfynol-465 (remainder of this solixtion:being water) and has a pH of about 13.0. Aqueous
solution “M8” was prepared with 7.1 weight percent tetramethylammonium hydroxide
(TMAH), 0.46 weight percent trans-(1,2_-cyclohéxylenedinitrilo)—t_gtraacetic acid (CyDTA),
2.7 Weight percent. (calculated as % SiO,) tetramethylammonium silicate (TMAS) and 19.1
weight percent hydroxylamine (remainder of this solution being water) and has a pH of about
13.0. Aqueous solution “M9” was prep_a_rt_:d with 8.2 weight percent tetramethylammonium
hydroxide (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 4.1 weight percent (calculated as % SiO) tetramethylammonium silicate (TMAS)
and 19.0 weight percent hydroxylamine (remainder of this solution being water) and has a pH

of about 13.0. Wafer sample #11 with 0.3-0.5 micron wide by 0.5 microt_x _deep holes (vias)

- through dielectric and titanium nitride layéi's exposing Aluminum-Cépper. metal at the base .

-had been previously processed as follows (a) metallization with aluminum-copper followed

by titanium nitride (b) coated with silicon oxide dielectric using chemical vapor deposition (c)

lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric

- layer using a reactive ion etching (e) oxygen plasma ashing to remove most of the residual

photoresist, but leaving mainly inorganic titanium containing residues behind (determined by
Auger Electron Spectroscopic analysis _of' cross-sectioned via residues). These samples were
used to evaluate the performance of the s_olutions. A wafer sample was placed in the solution
at 35°C for 20 minutes.. remdved, rmsed with de-ionized water and dried with pressurized
nitrogen gas; After drying, the sample vias were cross-sectioned and then inspected on a Field
Emission Scanning Electron .Micro.scope (FE-SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 22.
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Table 22: FE-SEM Evaluation Resnits
Solution | Weight pH | Time | Titanium' | Post-Ash | ' Aluminum
: . Percent _ (min.)/ | Residue | Residue - Metal
Tetramethyl- Temp. | Removal Removed | Corrosion
ammonium (°C) Enhancer | (%) - (% Metal
Silicate | Hydroxylamin | : Loss)
Added - e Added
(calculatedas | - - (Weight %) -
| % §i02) : - - _
M7 12 13.0 | 20/35 177 [ 100 100 (severe)
M8 2.7 13.0 | 20/35 19.1 | 100 | 80(severe)
M9 4.1 13.0 | 20/35 19.0 _ 100 40 (moderate)

" Referring to Table 22, the data shows the ability of tetramethylammonium silicate to

prevent or moderate the corrosion of the exposed aluminum at the base of the via even when

~ the formulation pH is very high.

Example 24
Aqueous solunon “MlO” was prepared wrth O 34 wexght percent tetramethylammomum

_ .h.ydroxlde (TMAH) 047 welght percent trans -(1 2-cyclohexylenedlmtnlo)-tetraacetlc acid
| _(CyDTA) 0.01 werght percent (calculated as % SlOz) tetramethylammomum silicate .
'(TMAS) 18.6 weight percent hydroxylamme and 0. 06 weight percent of the non-ionic

surfactant Surfynol-465 (remainder of thxs solution being water) and has a pH of about 10.1.

_ Wafer sample #11 with O 3-0.5 micron wide by 0.5 nncron deep holes (vias) through

dlelectrlc and titanium nitride layers exposing Alummum-Copper metal at the base had been
previously -processed as follows (a) metallization with alurmnu_m-copper followed by titanium
nitride (b)” coated with silicon oxide dielectric using chemical vapor - deposition (c)
lithographic patterning of ‘vias using a photoresist material (d) pattern transfer to the dielectric
layer usmg a reactive ion etching () oxygen plasma ashmg to remove most of the residual
photoresxst but leaving mainly inorganic titanium contammg residues behind (determined by
Auger Electron Spectroscopic analysis of cross-sectioned via resrdues). These samples were
used to evaluate the performance of the solutions. A wafer sample was placed in the solution
at 20-65°C for 5-30 minutes, removed, rinsed with de-ionized water and dried with
preésurized nitrogen gas. After drying, the sample vias were cross-sectioned and then
inspected on a Field Emission Scanning Electron Microscope (FE-SEM) to determine the

extent of cleaning and/or corrosion of the features. The results are shown in Table 23.
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' Table 23: FE-SEM Evaluation Results
" { Solution Weight ‘pH | Time Titanium Post-Ash | Aluminum
Percent |  |(min.)/|  Residue Residue Metal
Tetramethyl- | Temp. | = Removal Removed | Corrosion
ammonium O Enhancer (%) (% Metal
Silicate { = . | Hydroxylamine Loss)
Added ' - Added ' ' '
(calculated as . | (Weight %)
_ % Si0,) . e
M10 0.01 10.1 | 20/35: 18.6 5 0
M10 0.01 10.1 | 20/45 18.6 90 0
M10 001 10.1 20/55 186 100 2 (slight)
M10 . 0.01 10.1 | 10/65 - 186 100 1 (very slight)
_M9 4.1 130} 5/21 | 19.0 0 0
M9 4.1 13.0 | 20/20 190 S 2 (slight)
M9 4.1 13.0 | 30720 19.0 100 10 (light)

Referring to Table 23, the data shows at high pH, higher concentrations of

tetramethylammonium silicate can be used to inhibit aluminum corrosion. The data also

. shows that at high pH, lower operating temperatures can be used.

| Example 25

Aqueous solution “P1” was prepared with 2.2 weight percent tetramethylammonium
hydroxide (TMAH), 0.11 weight percent trans_—(1,2-cyclohexylenédinitrilo)étetraacetic acid
(CyDTA), 0.14 weight percent (éalcu]ated .as % Si0,) tetramethylammonium silicate (TMAS)
and 1.6 weight percent hydrogen peroxide (remainder of this solution being water) and has a
pH of about 11.5. Aqueous solution “P2” was" prepared with 9.7 weight percent
tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohékylencdinitrilo)-tetraacetic acid (CyDTA),‘ 0.14 weight percent (calculated as % SiO,)
tetramethylammonium silicate (TMAS) and 9.4 weight percent hydrogen peroxide (remainder
of this sohition being water) and has a pH of about 11.5. Wafer sample #11 with 0.3-0.5
micron widg by 0.5 micron deep holes (vias) through dielectric and titanium nitride layers
exposing Aluminum-Copper metal at the base had been previously processed as follows (a)
metallization with aluminum-copper followed by titanium nitride (b) coated with silicon
oxide dielectric using chemical vapor 'depbsition (c) lithographic ‘patterning of vias using a

photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (e)
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~ oxygen plasma ashing to remove most of the residual photoresist, but leaving mainly

inorgamc titanium contaxmng residues behind (determined by Auger Electron Spectroscopic

ana]ys1s of ' cross-sectioned via res1dues). These samples were used_ to evaluate the _
performance of the solutions. A wafer sample was placed in the solution at 21-35°C for 20
minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas. After

drying, the sample vias were cross-sectioned and then inspected on a Field Emission

- Scanning  Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 24 .' |

Table 24: FE-SEM Evaluatlon Results
| Solution Weight | pH | Time Titanium Post-Ash | _Aluminum
' Percent | (min)/ Residue | Residue Metal
| Tetramethyl- Temp. Removal . | Removed | Corrosion
ammonium (°C) | Enhancer (%) (% Metal
Silicate Hydrogen Loss) °
. Added ' Peroxide
(calculatedas | |  Added
_ % Si0,) - (Weight %)
P1 0.14 11.5 | 2022 |- 1.6 929 0
P1 0.14 11.5 | 20/35° 1.6 100 | 1 (very slight)
P2 0.14 11.5 | 2021 9.4 99 0

_ tetramethylammonium.  hydroxide

" Referring to Table 24, the data shows that a range of hydroven peroxlde concentrations

are useful for the removal of the titanium containing resxdues in the vias.

Example 26
- Aqueous solution “P3” was prepared with 3.5 welght percent tetramethylammomum

hydroxide (TMAH), 0.10 weight percent trans—(l,2-cyclohexylened1nltnlo) -tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % SiOz),tctramethylamx_nOnium silicate (TMAS)

-and 1.5 weight percent hydrogen peroxide (remainder of this solution being water) and has a

PpH of about 12.2. Aqueous solution “P4” was prepared with 3.9 weight percent

(TMAH), 0096 weight
cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.59 weight percent (calculated as % SiO-)

percent  trans-(1,2-

tetramethylammonium silicate (TMAS) and 1.4 wei_ght percent hydrogen peroxide (fémainder
of this solution being water) and has a pH of about 12.2. Wafer sample #11 with 0.3-0.5

" micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride layers

exposing Aluminum-Copper metal at the base had been previously processed as follows (a)
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metallization with alur’ninuin—copper followed by titanium nitride (b) coated with silicon

‘oxide dielectric using chemical-vapor deposition (c) lithographic patterning of vias using a

photoresist material (d) pattern transfer to the dielectric layer using a reactive ion etching (¢)

‘oxygen plasma ashing to remove most of the residual photoresist, but leaving mainly

inorganic titanium containing residues behind (determined by Auger Electron Spectroscopic

analysis of cross-sectioned via residues). These samples were used to evaluate the

- performance of the solutions. A wafer sample was placed in the solution at 22°C for 10

minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas. After
drying, the sample vias were cross-sectioned and then inspected on a Field Emission

Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or

.corrosion of the features. The resulits are shown in Table 25.

Table 25: FE-SEM Evaluation Results
Solution Weight | pH | Time Titanium Post-Ash | Aluminum
Percent (min.)/ Residue Residue Metal
Tetramethyl- Temp. Removal Removed | Corrosion
ammonium O Enhancer (%) (% Metal
Silicate - - Hydrogen : Loss)
Added - . - . Peroxide
(calculated as Added
% Si0,) (Weight %)
P1 0.14 11.5 | 10/22 1.6 99 0
P3 0.14 12.2 | 10722 1.5 99 100 (severe)
P4 0.59 122 | 10722 _ 14 99 6 (light)

Referring to Table 25, ‘the data shows that hi_gher. concentrations  of
tetramethylammonium silicate can be used to inhibit aluminum corrosion when hydrogen

peroxide is present.

Example 27
Aqueous solution “P5” was prepared with 2.1 weight percent tetramethylammonium

hydroxide (TMAH), 0.14 weight percent (calculated as % SiO,) tetramethylammonium

silicate (TMAS) and 1.5 weight percent hydrogen peroxide (femainder of this solution being

water) and has a pH of about 11.5. Aqueous solution “P6” was prepared with 2.4 weight

percent tetramethylammonium hydroxide (TMAH), 0.53 weight percent trans-(1,2-

cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated as % SiO,)

tetramethylammonium silicate (TMAS) and 1.6 weight percent hydrogen peroxide (remainder
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of this solution being water) and has a pH of about 11.5. Aqueous solution “P7” was prepared

with 2.9 weight percent tétrérne'thylammonium hydroxide (TMAH),l 4 weight percent trans-
(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight percent (calculated as %
~ 8i0,) tetramethylammonium silicate (TMAS) and 1.5 weight percent hydrogen peroxide

(remainder of this solution being water) and has a pH of about 11.5. Wafer sample #11 with
0.3-0.5 micron wide by 0.5 micron deep holes (vias) through dielectric and titanium' nitride
layers exposing Aluminum-Copper metal at the base had been previously processed as

follows (a) metallization with aluminum-copper followed by titanium nitride (b) coated with .

‘silicon oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias

using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion
etching (e) oxygen plasma ashing to remove most of the residual photoresist, but leaving

mainly inorganic titanium containing residues behind (determined by Auger Electron

' Spectroscopic analysis of cross-sectioned via residues). These san_lples were used to evaluate

the performance of the solutions. A wafer sample was placed in the solution at 21-23°C for

" 20 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas.

After drying, the sample vias were cross-sectioned and then.inspected on a Field Emission

Scannmg Electron Mlcroscope (FE-SEM) to determine the extent of cleaning and/or

corrosion of the features. The results are shown in Table 26.

: Table 26: FE-SEM Evaluation Results
Solution Weight Amount of Titanium - | Post-Ash | Aluminum
Percent ~ Metal Residue | Residue Metal
Tetramethyl- | Chelating Removal Removed Corrosion
ammonium Agent Enhancer (%) (% Metal Loss)
Silicate ‘CyDTA Hydrogen '
Added © Added Peroxide
(calculated as | (Weight %) Added
% Si07) (Weight %)
P5 0.14 0 1.5 99 0
P1 0.14 0.11 1.6 99 -0
P6 0.14 0.53 - 1.6 97 0
- P7 0.14 14 .5 | 9 0 .

Referring to Table 26. the data shows that a range of CyDTA concentrations are useful.

54




10

15

20

WO 99/60448 PCT/US99/10875

| _ Example 28 |
- Aqueous solution “P8” was prepared with 0.40 weight percent tetramethylammonium -

hydroxide (TMAH), 0.10 weight pexfce_nt trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 wéight percent (calcﬁlated as %':Sioz) tetramethylammonium silicate (TMAS)
and 19.2 weight percent hydrazine (remainder of this solution being water) and has a pH of
about 12.1. Aqueous. solution “P9”  was prepared with 4.33 weight percent
tetramethylammonium  hydroxide (TMAH), .0.088 weight percent trans-(1,2- .
cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.12 weight percent (calculated as % SiO,)
tetramethylammeonium silicate (TMAS) and 15.7 weight percent formaldehyde (remainder of
this solution being water) and has a pH of about 12.1. Aqueous solution “P10” was prepared
with 0.26 weight percent tetramethylammonium hydroxide (TMAH), 11.5 weight percent
trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.13 weight percent (calculated
as % SiO;) tetramethylammonium silicate (TMAS) and 16.7 weight percent methylamine
(remainder of this solution being water) and has a pH of about 12._1. Wafer sample #11 with
0.3-0.5 micron wide by 0.5 micron deep holes (vias) through dielectric and titanium nitride
layers exposing Aluminum-Copper metal at the base had been previously processed as
follows (a) metallization with aluminum-copper fpllowed_ by titanium nitride_ (b) coated with
silicon oxide dielectric using chemical vapor deposition (c) lithographic patterning of vias

using a photoresist material (d) pattern transfer to the dielectric layer using a reactive ion

.etching (e) oxygen plasma ashing to remove most of the residual photoresist, b;it leaving

mainly inorganic titanium containing residues behind (determined by Auger Electron
Spectroscopic analysis of cross-sectioned via residues). These §émpl¢s were used to evaluate
the performance 6f the solutions. A wafer sample was placed in the solution at 35°C for 20-
30 minutes, removed, rinsed with de-ionized water and dried with pressurized nitrogen gas.
After drying, the sample vias were cross-sectioned and then inspected on a Field Emission
Scanning Electron Microscope (FE-SEM) to determine the extent of cleaning and/or |

corrosion of the features. The results are shown in Table 27.
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Table 27: FE-SEM Evaluation Results
| Sohition | Weight | pH | Time | - Potential | Post-Ash | Aluminum
’ . : . Percent - | (min.)/ | - Titanium = | Residue - Metal
Tetramethyl- Temp. Residue | Removed | Corrosion
‘ammonium : °C) | Removal | (%) (% Metal
Silicate | - Enhancer Loss)
. Added Added '
(calculatedas | = -
% Si0,) _
P8 0.14 12,1 | 30735 hydrazine 0 -0
. P9 012 12.1 | 30/35 fonnaldehyde 5 - 50 (moderate)
- P10 1 0.13 12.1 | 20/35 | methylamine 0 0

" WO 99/60448 PCT/US99/10875

Referring to Table 27, the data shows that other small molecules were ineffective for

titanium residue removal. Like hydroxylamine, hydrazine is a powerful reducing agent.

Hydrazine’s lack of effectiveness’ was unexpected and demonstrates the uniqueness of

hydroxylamine and hydrogen peroxide for enabling the titanium containing residues found in

‘wafér sample #11 to be cleaned from the vias usirig silicate-containing formulations.

Example 29
Aqueons solution “L” was prepared with 0.3 weight percent tetramethylammonium

"'hydrox.i'de (TMAH), 0.1 weight percent trans—(l,2-cyclohe)__iylenedinitrilo)tetraacetic acid

(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465, 0.14 weight percent

'_ (calculated as % SiO5) tetramethylammonium silicate (TMAS) and 3 weight percent glycerol

added with the remainder of this solution being water and has a pH of about 12.1. Aqueous

solution “M1” Was prepared with 1.2 weight percent tetramethylammonium hydroxide

- (TMAH), 0.45 weight perceht trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA),
0.14 weight percent (calculated as % SiO;) tetramethylammonium silicate (TMAS), 18.5
| weight percént hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol- .

" 465 (remainder of this solution being water) and has a pH of about 12.1. Agueous solution

“Pg” was prepared with 0.40 weight percent tetramethylammonium hydroxide (TMAH), 0.10
weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight
percent (calculated as % SiO;) tetramethylammonium silicate (TMAS) and 19.2 weight

‘percent hydrazine (remainder of this solution being water) and has 2 pH of about 12.1.

| Aqueous solution “S1™ was prepared by combining 583 grams de-ionized water, 7.8 grams

25% aqueous tetramethylammonium hydroxide (TMAH) and 8.6 grams
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tetramethylammonium fsiliéate (TMAS, 10.0% as SiO;) and had a pH of 12.5. Aqueous

‘solution “S2” was prepared by combining 99.0 grams of solution “S1” and 2.5 grams of B-
'Cjclodextrin (solution pH=12.1). Aqueous solution “S3” was prepared by combining 99.0

grams of solution “S1” and 2.5 grams of Sodium Hypophosphite (solution pH=12.3).
Aqueous solution “S4” was prepared by combining 99.0 grams of solution “S1” and 2.5

‘grams of Sodium Dithionite (solution pH=6.7). Aqueous solution “S5” was prepared by

combining 99.0 grams of solution “S1” and 2.5 grams of Sodium Sulfite (solution pH=12.3).
Aqueous stock solution “S5b” was prepared by combining 1,775.2 grams de-ionized water,
96.0 grams 25% aqueous tetramethylammonium hydroxide (TMAH), 8.8 grams trans-(1,2-
cyclohexylenedinitrilo)-tetraacetic acid (CyDTA) and 114.8 grams tetramethylammonium
siflicate (TMAS, 10.0%'#5 Si0,). Aqueous stock solution “S5¢™ was prepared by combining
900 m! de-ionized water and 300 ml solution “S5b”. Aqueous solution “S6” was prepared by
combining 80.0 grams solution “S5¢”, 5.0 grams L-ascorbic acid and 18.2 grams 25%
aqueous tetramethylammonium hydroxide (TMAH) (solution pH=12.3). Aqueous solution
“S7” was prepared by combining 80.0 grams solution “S5c”, 5.0 grams hydroquinone and
27.1 grams 25% aqueous tetramethylammomum hydroxide (TMAH) (solution pH=12.4).

Aqueous solution “S8” was prepared by combmmg 80.0 grams solution “S5c”, 5.0 grams L-
(+)-cysteine and 29.6 grams 25% aqueous ' tetramethylammonium hydroxide (TMAH)
(solution pH=12.4). Aqueous solution “S9” was prepared by combining 80.0 grams solution
“S5c¢”, 100 grams Ammonium Persulfate and 329 grams 25% agueous
tetramethylammonium hydroxide (TMAH) (solution pH=12.6). Aqueous solution “S10” was
prepared by combining 80.0 grams solutioﬁ “SSc”, 5.0 grams Nitric Acid and 10.2 grams
tetramethylammonium hydroxide pentahydrate_ (TMAH) (solution pH=12.4). Aqueous
solution “S11” was prepared by combining 90;0 grams solution “S5c”, 5.0 grams and 19.2
grarﬁs 25% aqueous tetramethylannnoniﬁm hydroxide (TMAH) (solution pH=12.3). Aqueous
solution “S12” was prepared by combinitig 80.0 grams solution “S5c”, 5.0 gramé_ 88% Formic
Acid, 10.0 grams 25% agueous tetramqt_hylamﬂmnium hydroxide (TMAH) and 12.7 grams
tetramethylammonium hydroxide pentéhydrate (TMAH) (solution pH=12.6). Aqueous
solution “S13” was prepared by combiﬁing 800 grams solution “S5c”, 5.0 grams Sulfuric
Acid and 17.5 grams tetramethylammonium. hydroxide pentahjdrate (TMAH) (solution
pH=12.3). Aqueous solution “S14” was prepared by combining 80.0 grams solution *“S5c”,
5.0 grams Phosphoric Acid and ZO.I grams téttamcthylammonium hydroxide pentahydrate
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- (TMAH) (solution pH=12.3). Aqueous solution “S15” was prepared by combining 80.0

~ grams solution “S5c¢”, 6.0 grams Oxalic Acid Dihydrate, 16.0 grams 25% aqueous
* tetramethylammonium hydroxide (TMAH) and 9.3 grams tetramethylammonium hydroxide

pentahydrate (TMAH) (solution pH=12.6). Aqueous soiuﬁon “S16” was prepared by

- combining 80.0 grams solution “S5¢”, 5.0 grams Catechol and 16.1 grams 25% aqueous

tetramethylammonium hydroxide (TMAH) (solution pH=12.4). Each solution was placed into
a 125 ml polyethylene bottle, tightly capped and placed into'_a_; oven set at 45°C for 1 hour of
pre-heating. A 0.025'mm x 13 mm x 50.mm, 99.94% pure titanium foil coupon was washed

with.de-ionized water, acetone, dried, then weighed on an a,rialytical balance. After one hour

‘of pre-heating each solution was removed from the oven and the titanium foil coupon was

then placed into the bottle, tightly re-capped and placed back into the oven. After 24 hours at
about 45°C, the bottle was removed from the oven. The titanium foil coupon was removed,
rinsed with de-ionized water, followed by an acetone rinse, dried and then weighed on an
analytical balance. The relative corrosion rates were determined by weight loss. The results

are shown in Table 28."

Table 28: Titanium Foil Etch Rate Comparisons
Solution pH | Potential Titanium Residue | Relative
' Removal Enhancer Added Titanium
' Corrosion
= (all relative to Solution L)
L 12.1 NONE | 1
A 122 NONE 13
P8 . 12.1 hydrazine ' 0
. S1 125 | NONE 1.7
S2 12.2 B-Cyclodextrin ' 0.7
S3 6.7 Sodium Hypophosphite ' 0.7
S4 12.3 Sodium Dithionite ' 1.7
S5 123 Sodium Sulfite 1.7
S6 12.3 Ascorbic Acid '
§7 12.3 Hydroquinone
S8 12.4 - Cysteine
S9 122 Ammonium Persuifate o 0.3
S10 124 Nitric Acid 03
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S11 123 | Phenol

0
S12 .- | 127 - Formic Acid 0
813 12,1 Sulfuric Acid 0.
S14 123 Phosphoric Acid 0
. 815 12.6 Oxalic Acid 0
S16 12.5 Catechol 0
M1 12.1 Hydroxylamine . . . 67

Referring to Table 28, the data shows fhat at the low process temperature of 45°C, all of
the above tc_-,sted. potential titanium residue removal enhancers (with the exception of
hydroxylamine) were ineffective. The lack of efféctiveness for hydrazine shown here
confirms the FE-SEM results shown in Example 28. The results shown demonstrate the

uniqueness of hydroxylamine for enhancing the relative titanium etch (removal) rates.

Example 30
Aqueous solution “R1” was prepared by combining 583 grams de-mmzcd water, 4.68

grams 25% aqueous _tetrametl_\_ylammomum hydroxide (TMAH) and 8.64 grams
tetramethylammonium silicate (TMAS, 10.0% as SiO,;) and 0.66 grams trans-(1,2-
cyclohexylenedinin'ilo)tetraacétic acid (CyDTA) and had a pH of 11.3. Aqueous solution
“R2” was prepared by combining 99.0 grams of solution “R1”, 0._33 grams of 25% aqueous
tetramethylammonium hydroxide (TMAH) and 1.0 grams of 50% aqueous hydroxylamine
(solution pH=12.0).. Aqueous solution “R3” was prépared by combining 99.0 grams of
solution “R1”, 0.34 grams of 25% aqueous tetramethylammonium hydroxide (TMAH) and
5.0 grams of 50% aqueous hydroxyiamine (solution pH=I 1.9). Aqueous solution “R4” was
prepared by combining 99.0 .grams of solution “Ri” 0.34 grams of 25% aciueous
tetramethylammonium hydroxide (TMAH) and 10. 0 grams of 50% aqueous hydroxylamme
(solution pH=11.6). Aqueous solution “R5” was prepared by combmmg 99.0 grams of
solution “R1”, 0.52 grams of 25% aqueous te_t_ramethylammomum hydroxxde (TMAH) and
1.0 grams of 50% aqueous hydrqu_l_amine (solution pH=12.2). A_cjueous solution “R6” was
prepared by combining 99.0 grams of solution “R17, 0.54 | grams of .25% aqueous
tetramethylammonium hydroxide (TMAH) and 5.0 grams of .50%l aqueoﬁs hydroxylamine
(solution pH=12.0). Aqueous solution “R7” was prepared by combining 99.0 grams of
solution “R1”, 0.56 grams of 25% agueous tetramethylammonium hydroxide (TMAH) and
10.2 grams of 50% aqueous hydroxylamine (solution pH=11.8). Aqueous stock solution “R8”
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 was prepared by combining 583 grams de-ionized water, 4.68 grams 25% aqueous

tetramethylammonium hydrqxide (TMAH)-arid 8.64 grams 'tetraméthylammoﬂium'silicate

(TMAS, 10.0% as SiO;) and had a pH of lZ.O._Aquo;ous'so_lution “R9” was prepared by
" . combining 94.0 grams of s_olil_ti_on “R8” and 20.0 grams of 50% aqueous hydroxylamine
(solution pH=11.3). Each solution was placed into a 125 mi polyethylene bottle, tightly

capped and placed into a oven set at 45°C for 1 hour of pte-heatmg A 0.025 mm x 13 mm x
50 mm, 99.94% pure titanium foﬂ coupon was washed with de-ionized water, acetone, dried,
then weighed on an analyucal balance. After one hour of pre-heating each solution was
removed from the oven and the titanium foﬂ coupon was then placed into the bottle tightly
re-capped and placed back into the oven. After 24 hours__ at about 45°C, the bottle was

removed from the oven. The titanium foil coupon was removed, rinsed with de-ionized water,

followed by an acetone rinse, dried and then weighed on an' analytical balance. The relative

corrosion rates were determihed by weight loss. The results are shown in Table 29.

_ Table 29: Tltanlum Foil Etch Rate Compansons _
-~ Solution pH Amount Titanium Relative
' Residue Rem_oval - Titanium
Enhancer Corrosion
Hydroxylamine in Rate
Formulation '
| _(Weight %) |
R2 12.0 - 050 : 1
RS 122 0.51 17
R3 11.9 24 . 5.6
R6 120 24 : 58
R4 - 11.6 4.6 20
R7 11.8 47. 23
R9 -11.3 _ 89 - 31

Referring to Table 29, the data shows that as the concentration of the titanium residue
removal enhancer hydroxylamine is increased, the relative titanium foil removal rate also
increases. The titanium removal rate in this test is proportional to effectiveness in cleaning

wafer sample #11.
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. Example 31
Aqueous solution “M1” was prepared with 1.2 weight percent tetramethylammonium

hydroxide (TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percént (calculated as % SiO,) tetramethylammonium silicate

(TMAS), 18.5 weight percent hjrdtoxylanﬁne and 0.07 weight percent of the non-ionic

surfactant Surfynol-465 (rémaiﬁder of this solution being water) and has a pH of about 12.1.
Aqueous solution “P1” was prepared :with .2'.2 .weight percent tetramethylammonium
hydroxide (TMAE), 0.11 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid
(CyDTA), 0.14 weight percent (calculated as % Si0,) tetramethylammonium silicate (TMAS)
and 1.6 weight percent hydrogen peroxide (remainder of this solution being water) and has a
pH of about 11.5. Commercially available post etch residue removers used for comparisons
were EKC-265™ (a product of EKC Technology, Inc.) and ACT-935TM (a product of ACT,
Inc.). Wafer sample #11 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias) through-
dielectric and titanium nitride layers exposing Aluminum-Copper metal at the base had been
previously processed as follows (a) metallization with aluminum-copper followed by titanium
nitride (b) coated with silicon oxide dielectric using chemical vapof deposition (c)
lithographic patterning of vias using a photoresist material (d) pattern transfer to the dielectric
layer using a reactive ion etching () dxygén plasma ashing to remove most of the residual

photoresist, but leaving mainly inorganic titanium containing residues behind (determined by

. Auger Electron Spectroscopic analysis of cross-sectioned via residues). These samples were

used to evaluate the performance of the solutions. A wafer sample was placed in the solution

at 35°C for 20 minutes. removed, rinsed with de-ionized water and dried with pressurized

‘nitrogen gas. After drying, the sample vias were cross-sectioned and then inspected on a Field

Emission Scanning Electron Microsco_pe (FE-SEM) to determine the extent of cleaning

and/or corrosion of the features. The results are shown in Table 30.
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Table 30: FE-SEM Evaluation Results Companson
~ Solution | pH | Time |Temp.| Titanium = | Post-Ash | - Aluminum
: _ 1 min.) | . (°0C) Residue _Resndue Metal
' Removal |Removed| Corrosion
Enhancer (%) | (% Metal Loss)
_ , Added ]
Pl 115 20 35 Hydrogen | 100 1 (very slight)
' ' Peroxide o ' -
Ml 12.1 20 35 | Hydroxylamine 100 3 (slight)
EKC-265"M | 11.5- | 20 35 Contains .0 0
12.0 Hydroxylamine
(from ' -
_ . MSDS) _ - _
ACT-935™ | 110 | 20 35 | Contains 0 0
~ (from ' Hydroxylamine :
‘MSDS) |- - . =

" Referring to Table 30, the data shows that at the low p_rbcess temperature of 35°C, the

compositions of this invention were effective in removing residues known to contain

“titanjum. This data also shows that the use of the titanium .residue ‘removal enhancer

hydroxylamine for low temperature cleaning is unique to the compositions of this invention.

Example 32
Aqueous solution “L” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 wexght percent trans-(1 2—cyc1ohexvlenedxmtnlo)tetraaceuc acid

(CyDTA) 0.07 weight percent of the non-ionic surfactant Surfynol-465 0.14 weight percent
(calculated as % SiO») tetramethylammomum sﬂxcate (TMAS) and 3 weight percent glycerol
added with the remainder of this solution being water and has a pH of about 12.1. Aqueous
solution “Ml” was prepared with 1.2 weight percent tetramethylammomum hydroxide
(TMAH), 0.45 weight percent trans-(l,2-cyclohcxylenedinitrilo)—tetraacetic acid (CyDTA),
0.14 weight percent (calculated as % SiO.) tetramethyiarnnionium silicate (TMAS), 18.5
weight percent hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-
465 (remainder of this solution being water) and has a pH of about 12.1. Aqueous solution
“P1” was prepared with 2.2 weight percent tetramethylammonium hydroxide (TMAH), 0.11
weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight
percent (calculated as % SiO-) tetramethylammonium silicate (TMAS) and 1.6 weight percent
hydrogen peroxide (remainder of this solution being water) and has a pH of about 11.5. A

silicon wafer sample with a cured layer of hydrdgen silsesquioxane (HSQ) low-k dielectric
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was placed in a Fourier Transform Infra-Red (FTIR) Spe&tf(;ineter and a reference spectra’
was taken. HSQ has Si-H bonds in its structure and is apparent ai_2100 cm“_._The wafer
sample was then treated in one of the above solul_:ions for 10 minutes at room temperature
(about 22°C), rinsed with de-ionized water, then dried. The sample was then plaéed into the
FTIR and a second spectrum obtained. The S-H peak area at about 2100 cm™ was used for
comparing the. treated wafer spectrum to the reference spectrum. A commerciall.y available
post etch residue remover, EKC-265™ (a product of EKC Technology, Inc.) was also tested
in the same manner, at the manufacturer’s recémmended temperature of 65°C (10 minutes),

for comparison. The resuits are shown in Table 31.

Table 31: HSQ Low-k Dielectric Compatibility Test Results
Solution pH Time | Temp. | Titanium Residue Percent
“(min.) | (°C) Removal . | Si-H Infra-Red Peak
Enhancer Added | Remaining in HSQ
L 12.1 10 22 - NONE 95 '
P1 11.5 10 22 | Hydrogen Peroxide 99.5
M1 12.1 10 | 22 | Hydroxylamine 85
EKC-265" | 11.5-120 | 10 65 |  Contains 0
(from ' Hydroxylamine -
- MSDS) :

Referring to Table 31, the data shows that the compositions of this invention are unique

in that they are compatible with sensitive low-k dielectric substrates such as HSQ.

Example 33
Aqueous solution “A” was prepared with 0.3 weight percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465 (a product of Air
Products and Chemicals, Inc.) and. 0.14 weight percent (calculated as % SiO,)
tetramethylammonium silicate (TMAS) added (remainder of this solution being water) and
has a pH of about 12.2. Aqueous solution “L” was prepared with 0.3 weight percent
tetramethylémmonium hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetrﬁacetic acid '(CyDTA), 0.07 weight percent of the non-ionic
surfactant Surfynol-465, 0.14 weight percent (calcﬁlated as % SiO,) tetramethylammonium
silicate (TMAS) and 3 weight percent glycerol added with the remainder of this solution

being water and has a pH of about 12.1. Aqueous solution “M1” was prepared with 1.2
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o werght percent tetramethylammomum hydroxrde (TMAH), 0.45 weight percent trans-(1,2-
cyclohexylenednumlo)-tetraaceuc acid (CyDTA), 0.14 werght percent (calculated as % SiO;)

tetramethylammomum srhcate (TMAS), 185 werght percent hydroxylarmne and 0.07 weight
percent of the non-ionic surfactant Surfynol-465 (remamder of this solution being water) and

has a pH ‘of about 12.1. Aqueous solutron “P1” was prepared with 2.2 weight percent

tetramethyl_ammomum .hydroxrde (TMAH), 0.1 werght percent  trans-(1,2-
cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 werght percent (calculated as % SiO»)
tetramethylamrnonium silicate (TMAS) and 1.6 weight p’ercer__lt' 'hydrogen peroxide (remainder
of this solution being water) and has a pH of abo'ut: 11.5. chueous stock solution “T1” was -
prepared with 1.6 werzht percent tetramethylammomum hydroxrde (TMAH), 0.41 weight
percent trans-(1 2-cyclohexylenedrmmlo)tetraacetrc acrd (CyDTA), 0.27 weight percent of

the 'non-ionic surfactant Surfynol-465 0.56 werght percent (calculated as % SiOy)
'tetramethylammomum srhcate (TMAS) and 12 weight percent glycerol added with the

remainder of this solutlon bemg water and has a pH of about 12 5. Aqueous solution “T2”

" was prepared by diluting' 25 ml solution “Tl” with 70 ml de-ionized water and 5 ml of
- glycerol. Aqueous solution “T3™ was prepared by drlutmg 25 ml solution “T1” with 65 ml de-

jonized water and 10 ml of glycerol. Aqueous solutron “T4” was prepared by diluting 25 ml

solution “T1” with 60 ml de-jonized water and 15 ml of glycerol Aqueous solution “T5” was

" prepared by diluting 25 ml solution “T1” with 55 ml de-romzed water and 20 ml of glycerol. .

Aqueous solution “T6” was prepared by diluting 25 ml solutlon “T1” with 50 ml de-ionized
water and 25 ml of glycerol. Aqueous solution “T7” was pr_epared by diluting 25 ml solution
“T1” with 25 ml de-ionized water and 50 mI of glycerol. Aqueous solution “T8” was prepared
by diluting 25 ml solution “T1” with 75 ml of gl_ycerol. Aqueous solution “T9” was prepared
by diluting 25 ml solution “T1” with 70 ml de-ionized water and 5 ml of 1-(2-hydroxyethyl)-
2-pyrrolidinone (HEP). Aqueous solution “T10” was prepared by diluting 25 ml solution
“T1” with 65 ml de-ionized water and 10 mi of l-(2-hydrorcyethyl)—2—pyrrolidinone (HEP). . .
Aqueous solution “T11" wae prepared by diluti_ng 25 ml _solution “T1” with 60 ml de-ionized
water and 15 ml of l1(2_-hydroxyethyl_)-Z'—pyrrolidinone (I-IEP) Aqueous solution “T12” was
prepared by diluting 25 mi solution “T1” withf 55 ml deﬁ_ronized water and 20 ml of 1-(2-
hydroxyethyl)-2-pyrrolidinone (HEP). Aqueous sd_ution “Tl3” was prepared by diluting 25 .
ml solution “T1” with 50 ml de-ionized Water and 25 .m] of l-(Z-hydroxyethyl)-Z-
pyrrolidinone (HEP). Aqueous solution “T14” was prepared. by diluting 25 ml solution “T1”
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with 25 ml de—ioniied ;water and 50 ml of 1-(2-hydroxyethyl)-2-pyrrolidinone (HEP).
Aqueous solution “T15™¥as prepared by diluting 25 ml sblution “T1” with 75 mi of 1-(2-
hydroxyethyl)—2-pyrrolidiﬁone (HEP). Each solution was placed into a 125 mi polyethylene
bottle, tightly capped and either placed mto a oven set at 45°C, 65°C or-85°C for 1 hour of
pre-heating or kept at room temperaturé (about 22°C). A 0.025 mm x 13 mm x 50 mm, pure
copper foil coupon was dipped in dilute hYdr’ochloric’acid, washed with de-ionized water,

~acetone, dried, then weighed on an analytical balance. After one hour of pre-heating each

solution was removed from the oven (if heated) and the copper foil coupon was then placed

into the bottle, tightly re-capped and placed back into the oven. After 24 hours at about 22-

~ 85°C, the bottle was removed from the oven. The copper foil coupon was removed, rinsed

with de-ionized water, followed by an _a'ceione rinse, dried and then weighed on an analytical
balance. The corrosion rates were determined by weight loss. Commerciélly available post
etch residue mﬁovers EKC-265™ (a prdduct.of EKC Technology, Inc.), EKC-270™ (a
product of EKC Technology, Inc.), EKC-31 ™ (a product of EKC Technolog_y, Inc.), ACT-
935™ (a product of ACT, Inc.), ACT NP-937™ (a product of ACT, Inc.) and ACT-941™ (a
product of ACT, Inc) was also tested in the saine ihanner, at the manufacturer-’s.

recommended témpcrature of 65°C, for comparison. The results are shown in Table 32.

Table 32: Copper Foil Etch Rate Comparisons
Solution Titanium Organic Co- | Temperature Copper Foil
Residue Solvent(s) Added °C) Corrosion Rate
Removal to Reduce Copper (Angstroms/hour)
Enhancer Corrosion '
-} Added . (Volume %)
P1 Hydrogen . NONE RT 0
Peroxide 2 45 29
A NONE . NONE 45 170
L NONE Glycerol (2.4%) RT 38
: : 45 190
' - 85 135
T2 NONE Glycerol (7.4%) 85 79
T3 NONE Glycerol (12.4%) 85 46
- T4 NONE Glycerol (17.4%) 85 30
T5 NONE - Glycerol (22.4%) 85
T6 NONE - Glycerol (27.4%) 85
T7 NONE Glycerol (52.4%) 85
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T8 | NONE | Glycerol (77.4%) - 8. | - 8
T9 | ~ NONE ‘| Glycerol(24%) | - 8 [ 26
L HEP (50%)
T10 'NONE = | Glycerol (24%) | 85 ' 24
Ti1 NONE: | Glycerol (2.4%) 85 19
; _ : HEP (15%) o
T2 NONE . | Glycerol (24%) | 85 - -0
1 . | HEPQ0%) | ...
T13 NONE Glycerol (2.4%) -85 Y
- - HEP(25%) | - - :
Ti4 - NONE Glycerol (2.4%) 85 o
. L HEP (50%) e
T15 NONE | Glycerol (24%) | 85 11
R e 'HEP (75%) - o
| ACT-935™ Contains |  Unknown 65 >125,000 -
' Hydroxylamine | L :
ACT NP- Contains Unknown 65 66,900
| 937™ Hydroxylamine _
| ACT-941™ Contains ‘Unknown 65 | >125000 -
1 - | Hydroxylamine.}. .... - PR R S '
EKC-265™ Contains Unknown 65 . >125,000
_ Hydroxylamine - o i - 3
"EKC-270™| - Contains Unknown = | ~ 65 . ©>62,000
: Hydroxylamine : » '
EKC-311"™ Contains | -~ Unknown . - 65 >62,000
3 Hydroxylamine | - . Co :
M1 | Hydroxylamine "NONE 45 3,600*
*16 hour test at 45°C.

Referring to Table 32, the data shows thé.t-severél of the ‘compositions of this invention

are compatible with copper. The data also shows that M1, é'_c_;()mposition of this invention is

superior to commercially available hydrbxylamihe—contaiﬁiﬁg post etch residue remover
formulations for use with copper metallizations. Additionaily, iﬁe data shows that the addition
of the titanium residue 're_moval enhancer hydrogen peroxide ‘teduces the copper corrosion

rate.

- Example 34 3
Aqueous solution “L” was prepared with 0.3 weighﬁ: percent tetramethylammonium

hydroxide (TMAH), 0.1 weight percént 'trans-(l 2-cycloheXyIenedihitﬁlo)tetraacetic acid

- (CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-465 0.14 weight percent

(calculated as % SiO;) tetramethylammonijum silicate (TMAS) and 3 weight percent glycerol
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added with the remainder of this solution being water and has a pH of about 12.1. In a clean-
room, a wafer particle co“unter was used to count the total particles (0.1-10 microns is size)
-found on a 3 inch silicoﬁ Qafer with 650. angstroms of thermal oxide. The wafer was then
chemically mechanically polished (CMP) with an alumina-based polishing slurry then rinsed

- with de-ionized water. Solution “L” was then used at room temperature (about 22 °C) to

“brush-clean” the wafer, followed by rinsing with de-ionized water and spin drying. The
- wafer particle counter was then used to count the total particles present (0.1-10 microns in
size) on the wafer’s surface after cleaning. For comparison, a second wafer was tested with

de-ionized water used as the post-CMP “brush-cleaner”. The results are shown in Table 33.

_ Table 33: Post-CMP Cleaning Test Results
Solution pH Time | Temp. | Total Particle | Total Particle Counts
' (min.) | (°C) Counts Before ‘After Post-CMP
. cMP Cleaning
DI-Water 7 10 22 - 672 29,484
L 121 10 | 22 782 103

Referring to Table 33, the data shows that the compositions of this invention are unique -
because they remove particulate contamination occurring after chemical mechanical

polishing.

Example 35 N

Aqueous solution “L” was 'prepared. with 0.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.1 weight percentr trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 0.07 weight percent of the non-ionic surfactant Surfynol-4635, 0.14 weight percent
(calculafed as % Si0Oy) tetramethylamlﬁoniﬁm silicate (TMAS) and 3 weight percent glycerol
added with the remainder of this solution being water and has a pH of about 12.1. Aqueous
solution “M1” was prepared with 1.2 weight percent tetramethylammonium hydroxide
(TMAH), 0.45 weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA),
0.14 weight percent (calculated as % Si0;) tetramethylammonium silicate (TMAS), 18.5
weight percent hydroxylamine and 0.07 weight percent of the non-ionic surfactant Surfynol-
465 (remainder of this solution being water) and has a pH of about 12.1. Aqueous solution
“P1” was prepared with 2.2 weight percent tetramethylammonium hydroxide (TMAH), 0.11
weight percent trans-(1,2-cyclohexylenedinitrilo)-tetraacetic acid (CyDTA), 0.14 weight

percent (calculated as % SiO,) tetramethylammonium silicate (TMAS) and 1.6 weight percent
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" “hydrogen peroxide (remainder of this solution being water) and has a pH of about 11.5.

Sections from the same Si(100) wafer with approximately 650 nm of thermal -oxide were

- washed with acetone, dried, then measured with-a Rudolph FTM Interferometer to determine

the thermal oxide thickness. Four areas were measured and mapped for a follow-up
measurement after treatment. Each sample was then placed mto the bottle, loosely re-capped
and placed into the oven, which was pre-set to 45°C or left at room temperature (about 22°C).

~ After 24 hours at about 22°C or about 45°C, the bottle was removed from the oven, sample

removed, rinsed with water; followed by an acetone rinse, d_ried and then measured on the -
Interferometer. The relative etch rates were determined by the difference in thermal oxide

film thickness averaged for four areas on the sample. Commercially available post etch -

. residue removers EKC-265™ (a product of EKC Technology, Inc.), EKC-270™ (a product of
' EKC Technology, Inc.), EKC-311™ (a product of EKC Technology, Inc.), ACT-935™ (a

product of ACT, Inc.), ACT NP-937m-(é product of ACT, Inc.) and ACT-941™ (a product

.of ACT, Inc.) was also testéd in the same manner, at the manufacturer’s recommended

. temperature of 65°C, for companson The results are shown in Table 34. .

Table 34 Thermal Oxnde on Silicon Etch Rate Comparnsons
Solution pH Temp. | Titanium Residue Thermal Oxide
: O Removal Enhancer Etch Rate
Added (Angstroms/hour)
L 12.1 45 _ NONE C 42
Pt | 11.5 22 Hydrogen Peroxide 12
M1 12.1 45 Hydroxylamine 0
ACT-935™ 110 65 * Contains 6*
(from MSDS) Hydroxylamine o
ACTNP- - 1.1 65 Contains 6*
937™ (from MSDS) Hydroxylamine
ACT-941™ 11.5 65 ~ Contains . 6%
(from MSDS) Hydroxylamine
"EKC-265™ | 11.5-12.0 65 ~ Contains - 12
(from MSDS) Hydroxylamine
EKC-270 10.8 65 Contains: 13.7 -
: . _ Hydroxylamme :
EKC-311 108-114 65 Contains 126
(from MSDS) ' Hydroxylamme
*18 hour test at 65°C. -

* Referring to Table 34, the data shows that the compositions of this invention are unique

in that they clean unwanted residues from wafer substrates without unwanted etching of the
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dielectric layer. These results agree with the results presented in Example #15 for silicate

containing compositions. ;

The examples illustrate fen surprising and unexpected results associated with this
invention. First, the ability to clean unwanted residues from wafer surfaces at low operating
temperatures and times while preventing unwanted metal corrosion. Second, the unexpectedly
high bath stability of very dilute, high pH compositions using silicate (pKa = 11.8) as a.
buffer. Third, silicates added to the highly alkaline cleaners inhibit the unwanted dissolution
of silicon dioxide dielectric materials present in integratéd circuits. Fourth, since the
compositions are highly aqueous (typically >80% water), no intermediate rinse is needed
before the water rinse to prevent post-cleaning conosion. Fifth, because of the high water
content of these compositions, the health; séfety and environmental risks associated with use
and handling are significantly reduced over typical organic photoresist strippers and post -
plasma ash residue removers. Sixth, the compositions- of this invention have been shown to

leave substantially less carbon residnal contamination on the substrate surface after treatment

~ when compared to a typical organic post-ash residue remover. Seventh, the compositions of

this invention have been found to be compatible with the sensitive low-k dielectric materials .

~ used in integrated circuits. Eighth, the ability to remove difficult titanium containing residues

“at low temperatures. Ninth, the compositions. of this invention have been found to be

compatible with copper metal. Tenth, the compositions of this invention have also been found
to be effective in removing silica and alumina chemical mechanical polishing (CMP) slurry
residues from wafer substrates. While silicates are known aluminum corrosion inhibitors, the
ability to inhibit aluminum corrosion, yet selectively remove metal-containing photoresist
residues, that typically have a high aluminum and/or titanium content, was surprising and

unexpected. The buffering action of silicate, the neghgxble carbon contamination of the

~ substrate surface during treatment, the low dlelectnc etchmg rate compatlblhty w1th sensitive

low-k diclectric materials, compatlblhty with copper metal, abxhty to remove difficult
titanium containing residues at low temperatures, ability to clean silica and alumina chemical
mechanical polishing (CMP) slurry residues and the ébility to effectively employ such high

water concentrations were also surprising and unexpected aspects of this invention.

Obviously many modifications and variations of the present invention are possible in
light of the above teachings. It is therefore to be understood that within the scope of the

appended claims the invention may be practiced otherwise than as specifically described.
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I Claim:
1. A composition for stripping or cleaning i@fegﬁted c1rcmt substrates, compﬁSing: 5
B ~ (a)one or more metal jon-fiee bases; S '

{(b) a water-soluble metal 1on-free sxhcate and

(c) water.

2 The composmon of Claxm 1 wherein the meta] lon-free bases are present in sufficient

amounts to produce apH of from about 11 to about 13.

3. The composition of Claim 1 wherein the concentratlon of water-soluble metal ion-free

silicate is from about 0.01% to about 5% by welght
4. The composition of Claim 1 further containing one or more chelating agents.

5. The composition of Claim 4 wherein the concentration of chelating agents is from
about 0.01% to about 10% by weight.

6. The composition of Claim 4 wherein the chelating agent is is an ammocarboxyhc acid.

7. The composition of Claxm 4 wherem the chelatmg agent is selected from the group

'eonslstmg of (ethylenedinitrilo)tetraacetic _acld, dxethylenemammepentaacetlc ac:d,

triethylenetetraminehexaacetic' acid, 'l,3-diartﬁno—2—hydrokypropane—N,N,N’,N.’-tetraacetic
acid, N,N,N’,N’-ethylenedia_minetetra(methylenephosphenic acid), and (1,2-
cyclohexylenedinitrilo)-tetraacetic acid.

8. The composmon of Claim 1 further contammg one or more water-soluble organic co-

solvents

9 The composition of Clalm 8 wherein the concentratmn of water-soluble organic co-

‘solvents is from about 0.1% to about 80% by weight.

10. The composition of Claim 8 wherein said water-soluble organic co-solvent is selected
from the group consisting of l-hydroiyalky1—2—pyrrolidin6nes, alcohols and polyhydroxy
compounds. ' o

11. The composition of Claim 1 further containing one or more titanium residue removal

- enhancing agents.

12. The composition of Claim 11 wherein the concentration of titanium residue removal

enhancing agents is from ébout 1% to about 50%' by Weight.:
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13. The composition of Claim 1 wherein the titanium residue removal enhancing agent is
selected from the group cgpg_isting of hydroxylamine, hydroxylamine salts, peroxi:_i_es, ozone
and fluoride. '

14. The composition of Claim 1 further co_ntaii;i_ng one or more water-soluble surfactants.

15. The composition of Claim 14 wherein the concentration of water-soluble surfactants

_ is from about 0.01% to about 1% by weight.

16. The composition of Claim 1 wherein the base is selected from the group consisting of
hydroxides and organic amines.

17. The composition of Claim 16 wherein the base is selected from the group consisting
of quaternary ammonium hydroxidgs, ammonium hydroxides, _and organic amines.

18. The composition of claim 1 wherein the base is .;selected from the group consisting of
choline, tetrabutylammonium hydrdx_ide, tetramethylammonium hydroxide,
methyltriethanolammonium hydroxide, and Imett.lyltriethylammonium hﬁdroxide.

19. The composition of Claim 1 wherein the water-soluble metal ion-free silicate is

selected from the group consisting of ammonium silicaté.s and 'Qﬁétérhary ammonium

~ silicates.

20. The composition of Claim 1 wherein the water-soluble metal ion-free silicate is

tetramethylammonium silicate.

21. The composition of Claim 1 containing from about 0.1-3% by weight
tetramethylammonium hydroxide and about 0.01-1% by weight of tetramethylammonium

silicate.

22. The composition of Claim 21 further containing from about 0.01-1% by weight trans-
(1,2~cyclohexylenedinitrilo)tetraacetic acid.

23. A method for cleaning semiconductor wafer substrates, coﬁ_lprising:
contacting a semiconductor wafer substrate for a time and at a temperature sufficient to
clean unwanted contaminants and residues from the substrate surface with a- composition
comprising: | |
(a) one or more metal ion~free. bases;
(b) a water-soluble metal ion-free silicate; and

(c) water.
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* 24. The method of Claim 23 wherein the semiconductor wafer substrate is in contact with

' the composition for from about 1 to about 30 minutes:

25. The method of Claim 23 wherein the semiconductor wafer substrate is in contact with

"the composition at a temperature of from about 10°C to about 85°C. . -

26. The method of Claim 23 further comprising a rinsing and a drying step.

" 27. The method of Claim 23 wherein the composition contains metal ion-free bases in

~ sufficient amounts to produce a pH of from about 11 to about 13.

28. The method of Claim 23 wherein the concentration of water-soluble metal ion-free

silicate in the composition is from about 0.01% to about 5% by weight.

29. The method of Claim 23 further. containing one or more chelating agents in the
composition. |

30. The method of Claim 29 wherein the concentration of chelating agents is from about
0.01% to about 10% by weight.

31. The method of Claim 29 wherein the chelating agent is an aminocarboxylic acid.

32. The method of Claim 29..wheréin the chelaﬁng agent is selected from the group
consisting. of (ethylenedinitrilo)tetraacetic acid, diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, 1,3-diamino-2-hydroxypropane-N,N,N’ N’-tetraacetic
acid, N.N,N’ N’-ethylenediaminetetra(methylenephosphonic acid), and (1,2-
cyclohexylenédinitrilo)—tetn_‘aacetic acid.

33. The method of Claim 23 further containing one or more water-soluble organic co- -

solvents in the composition.

34. The method of Claim 33 wherein the concentration of water-soluble organic co-
solvents is from about 0.1% to about 80% by weight. |

35 The method of Claim 33 wherein said water-soluble organic co-solvent is selected
from the group cons:stmg of l-hydroxyalkyl-Z-pyrrohdmones, alcohols and polyhydroxy
compounds.

36. The method of Claim 23 further containing one or more titanium residue removal
enhancing agents.

37. The method of Claim 36 wherein the concentration of titanium residue removal

enhancing agents is from about 1% to about 50% by weight.
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38. The method of Clatm 23 wherein the ntamum resxdue removal enhancing agent is- .
selected from the group consisting of hydroxylamine, hydroxylamine salts, peroxides, ozone
and fluoride.

39. The method of Claim 23 further containing one or more water-soluble surfactants in

the composition.

40. The method of Claim 39 further wherein the concentration of water-soluble
surfactants is from about 0.01% to about 1% by weight.

41. The method of Claim 23 wherein the base in the composition is selected from the -

group consisting of hydroxides and organic amines.

42. The method of Claim 41 wherein the base in the composition is selected from the
group consisting of quaternary ammonium hydroxides, ammonium hydroxides, and organic
amines. ' |

43. The method of Claim 23 wherein the base in the composition is selected from the
group consisting of choline, tetrabutylammonium hydroxide, tetramethylammonium
hydroxxde, methylmethanolammomum hydroxxde and methyltriethylammonium hydroxide.

44 .The method of Claim 23 wherein the water-soluble metal ion-free silicate in the
composition is selected from the group consisting of ammonium silicates and quaternary
ammonium silicates. _ |

45. The method of Claim 23 wherein the water-soluble metal ion-free silicate in the -

composition is tetramethylammonium silicate.

46. The method of Claim 23 wherein the composition contains from about 0.1-3% by

weight tetramethylammonium hydroxide and about 0.01-1% by weight of -

tetramethylammonium silicate.

47. The method of Claim 46 wherein the composition further contains 0.01-1% by
weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid.

48. The chemical composition formed by mixing
(a) one or more metal ion-free bases;
(b) a water-soluble x_'netal ion-free silicate; and

(c) water.
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