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PRODUCI NG SEM CONDUCTOR DEVI CE AND PROCESS FOR Pmm z oR
DEVI CE USI NG SAME BACKGROUND OF THE I NVENTION 1. Field of the Inventiona—
Jhe present invention relates to a cleaning liquid having extrenely{%ﬁ
corrosiveness to materials such as a netallic filmand SOG (Spin Ch) égﬁa
filmand to a pr&&EMVINGLINER FORy RRODUGHE NG SEMICONRYOTQH| W&E i) L SR
sem conduct or device, said cleanln | i qui d bei ng suitabl used for e.qg.
removing a deposFRASESFEOR éim ;%¥ DUCTOR DEVICE USING SAME

BACKGROUND OF THE INVENTION ZSI‘Rn-Exﬂ

1. Field of the Invention

The present invention relates to a cleaning liquid
having extremely low corrosiveness to materials such as a
metallic film and SOG (Spin On.Gléss) film and to a process
for produciﬁg a high quality and highly.reliable
semiconductor device, said cleaning liquid being suitably
ﬁsed for e.g..removing a deposit polymer formed in the case
of dry etching inla sémiconductpr dévide production process.
using silicon, specifically (1) for removing a deposit
polymer (deposit protection film) formed and stuck inside or
around a via hole (connective hole formed in an insulating
"film for connecting between a metallic electroconductive film
layer formed for wiring in a lower 1éyer of an insulating
film and a metallic electroconductive film layer formed in
the upper layer of.the.aforesaid insulating film), which via
hole being formed particularly ip the.insulating layer
(interlaminar insulating film); and (2) for removing a
deposit polymer formed and stuck to a side wall, etc. after
wiring of a metallic eleétroconductive layer. |
2, Descriptiqn_of the Related Arts

In general, lithography has heretofore been.adopted in
the production of a semiconductor device such as LC and LSI.
In the case of producing a semiconductor device by

lithography, there are adopted a series of steps of forming
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of. dry*etching in a sem conductor device production process using'silicon,

specifically (1) for renoving a deposit polyner (deposit protection film

formed and stuck inside or around a via hole (connective hole forned in an

insulating filmfor connecting between a netallic electroconductive film

| ayer" formed for wiring in a |lower |ayer of an insulatin filman

metal lic el ecanotoraleting film pughrasopibicrR °¥ﬁ@eu§§gW Pﬁy@rngsgﬁéte
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In general, |LL09g5ARNY PAStBEEEL1AL0LA PRENsAZEREEE tHereof to provide a
photosensitive layer; applying selective exposure and
developing treatment to form a desired resist pattern;
subjecting thin films in the lower layer to selective etching
treatment using the resist as a mask to form a circuit
pattern; and then completely removing the resultant resist
pattern.

With recent progress in high integration of
semidonductor devices, there is required pattern formation
with an accuracy of a half micron to a quarter micron. Thus,
with the progress of such fine processing, the dry etching
becomes prevalent in the above-mentioned selective etching
treatment and the removal of the resist pattern is carried
out increasingly by ashing treatment with oxygen plasma.

There is known, however, in such a dry etching
treatment, the formation of a deposit polymer due to the dry
etching gas, resist, processed film and the like in the
perimeter of the formed pattern. Such a deposit polymer,
when being left inside and around via holes, brings about
such unfavorable situation as high électric resistance and
short circuit. Accordingly, it is extremely important to
remove the deposit polymer in order to obtain a high quality
semiconductor device.

The removal of a slight amount of the deposit polymer

can be achieved by the combinational use of an ashing
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t he production of a sem conductor device such as LC and LSI. 1In the case

of producing a sem conductor device by |ithography, there are adopted a
series of ste s of formng -2- an

insulating filmsuch as silicon oxide filmon a substrate such as a
silicon wafer and an el ectroconductive filmsuch as a netallic filmfor
wiring as el ecreatnenttcandnanunirganitysolyenyi figr sreabstrpeelingnsugh as
surfaces thereof to provide a hot osensitive |ayer; applying selective
exposure and aneabtkabing @reGGﬁgﬁG solvent: a Thej remoyaliQf Balergh; amount

subjecting thin filnms in the | ower layer to_sel ective etching
thereof can be achieved by a cleaning treatment through the

use of a treating liquid containing hydrofluoric acid or
containing hydroflubric acid and ammonium fluoride.

However, such a treatment method by the use of a
fluorine compound is useful in the case of using an extremely
corrosion resistant insulating film of silicon oxide such as
a CVD (Chemical Vapor Deposition)-silicon oxide or a thermal
silicon oxide and a relatively corrosion resistant metallic
film made of tungsten, titainium, an alloy thereof,
titanium/tungsten alloy, titanium nitride or the like, as a
lower layer film for the insulating film wherein via holes
are formed. Nevertheless, the aforesaid treatment method,
when applied to an insulating film of SOG silicon oxide or a
metallic film made of aluminium or an aluminum-containing
alloy, brings about, for example, connection failure for the
metallic film through via holes by the above-mentioned
fluorine compound which corrodes and dissolveslthe insulating
film or the metallic film, thereby completely losing
electrical reliability.

In the case where aluminum or an aluminum-containing
alloy is subjected to dry etching to form metallic wiring,
the deposit polymer is formed and stuck to the side wall of a
wiring layer. Such polymer is extremely difficult to remove,
and besides an acid is formed by the phenomenon in that
radicals and ions in a reaction gas that are incorporated

into said deposit polymer are left in the air after the end
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treatmént using the resist as a mask to forma circuit pattern; and then
conpl etely renoving the resultant resist pattern. Wth recent
progress in high integration of sem conductor devices, there is required
pattern formation wth an accuracy of a half mcron to a quarter mcron.
Thus,  with the progress of such fine processing, the dry etchin becones
preval ent in PhethBoPECRARG SKedtBentet PRE éF@hFﬁ@CtFFe&Fﬁ@nﬁhﬁhﬁPﬁﬁéified
removal of (he e s pattertle SRS avh lncheqel naly B agye
G+ SEAAE L I A AR
formed patterQiréugge%kgggesE%u@puéggﬁng serious adverse influenece.

As a method for preventing such corrosion of the wiring
materials, a method is put into practice for example, in
which said radicals and ions are washed away by carrying out
a cleaning treatment with ultrapure water for a ldng time
after the dry etéhing. In this method, however, it is
extremely difficult to completely remove the radicals and
ions from the deposit polymer formed and stuck to the side
walls and there is aiways a fear of causing corrosion'of the
wiring materials. It is therefore, indispensable to
completely remove the deposit polymer for the purpose of
exterminating.thé corrosion.

In addition, it is difficult to remove the deposit
polymer formed in the case of dry etching treatment for the
layer of titanium or tungsten. Although such deposit polymer
is removable by a cleaning treatment through the ﬁse of a
treating liquid containing hydrofluoric acid or containing
hydrofluoric acid and amﬁonium fluoride, a metallic layer
made of tungsten, titanium, an allpy thereof,
titanium/tungsten alloy, titanium nitride or the like has
fair corrosion resistance against a fluorine compound, but
has not-coﬁplete corrosion resistance thereagainst, thereby
causing a fear that the electrical reliability is lost by
pattern peeling and the like. The deposit polymer, when

being allowed to remain unremoved, causes adjacent wirings to
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when being left inside and around via holes, brings about such unfavorable
situation as high electric resistance and short circuit. Accordingly, it
is extrenely inportant to renove the deposit polyner in order to obtain a
hi gh quality sem conductor devi ce. The renoval of a slight amount of
the deposit polynmer can be achi eved by the conbinational use of an ashing

3 treatnent SAReadndOggEnasd Fheremdith, by Fhepsscupylated presgyury 1o i ne

or acidic solvent. The renpval of a_|arge_anount ' .
the film in the next step, thus giving rise to short circuit

and abnormality of wiring.

SUMMARY OF THE INVENTION

It is an object of the iﬁvention to provide, in such
circumstances, a cleaning liquid free from causing corfosion
of an insulating film and a metallic film for the production
of a semiconductor device,-and a process for producing a high
quality and highly reliable semiconductor device, said
cleaning liquid being capable of readily removing a deposit
polymer which is formed in the case of dry etching in a
semiconductor device production process, especially a deposit
polymer fofmed and stuck inside or around a via hole; and a
deposit polymer_formed and stuck to a side wall, etc. after
wiring of a metallic electroconductive layer.

As a result of intensive research and investigation
accumulated by the present inventors in order to achieve the
above—mentioned object, it has been found that the deposit
polymer formed in the case of dry etching can readily be
removed without causing corrosion of insulating films and
metallic films by thé use of, as a cleaning liquid, an
agueous solution containing a fluorine-containing compound; a
water-soluble or water-miscible organic solvent; an inorganic
acid or an organic aéid; and a specific quaternary ammonium
salt or a specific organic carboxylic acid ammonium salt or
organic carboxylic acid amine salt as occasion demands.

Since it has been made possible to readily remove a deposit

polymer formed and stuck inside or around a via hole which
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t her eof can be achieved by a cleaning treatnent through the use of a
treating liquid containing hydrofluoric acid or containing hydrofluoric
acid and anmmoni um fl uori de. However, such a treatnent nethod by the
use of a fluorine conpound is useful in the case of using an extrenely
corroSion resistant insulating filmof silicon oxide such as a CVD

(Cheni cal Vap®olpmessheisohersitofone deeme ddifficuldy @ resoviec @rdod derasdta
relatively corrgsion resistant netallic filmnade_of tungsten, tit.ainium

an al | oy t her PSRLymer; EQTmess Andy Staeka bR siide, waddh nata g8 fden mdning. of
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or an al um nunt+contai nin .
forming step, thus enabling sufficient connection of metallic

wiring. At the same time, it has been found that, since the
deposit polymer on the side wall of a metallic
electroconductive layer can be remqved in fhe metallic wiring
forming step, it is made possible to assure the formation of
corrosion-free wiring and obtain a high quality and highly
reliable semiconductor device. The present invention has
been accomplished_on the basis of the aforestated finding and
information. |

Specifically, the present invention provides
(1) a cleaning liquid in the form of an aqueous solution for
producing a semiconductor device which comprises a (A)
fluorine-containing compound; a (B) water-soluble or water-
miscible organic solvent;_and a (C) inorganic acid and/or |
organic acid;
(2) a cleaning liquid in the form of an agqueous solution for
producing a semiconductor device which comprises said (A),
(B), (C) and (D) quaternary ammonium salt represented by the

general formula (I)
1 23+ a-
[(R7),N-R7]1" X | --- (I)

wherein R1 is an alkyl group having 1 to 4 carbon atoms in

which three R1 may be the same or different, R2 is an alkyl
_ _ T
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al.l oy, * brings about, for exanple, connection failure for the netallic film
t hrough via holes by the above-nentioned fluorine conpound which corrodes
and dissolves the insulating filmor the netallic film thereby conpletely
losing electrical reliability. In the case where al um numor an
alumnhumcontaining alloy is subjected to dry etching to formnetallic
Wiring, the giepgsior gordmexyakkybrareoupebch thaving theta4ecarbon grtems,
wiring layer. Such,polyner is extrenely difficult to renove and be5|des
an acid i s foamkdDy ifhcaphtperaaRicior torRganiqRREPR ik anig t

reaction gas that are incorporated into, said depo ner are le I n
the air aftervalgneypef said anion (herelnafter e errgg as. clean ﬁg

liquid (I)):

{3) a cleaning liquid in the form of an aqueous solution for
producing a semiconductor device which comprises said (A),
(B), (C) and (D') organic carboxylic acid ammonium salt
and/or an organic carboxylic acid amine salt iepresented by

the general formula (II)
'Z- [COONH (R3) ] === (I1I)
4-n n-'m

wherein Z is hydrogen atom or a mono-to-tetra-valent
hydrocarbon group having- 1 to 18 carbon atoms, R3 is an alkyl
group having 1 to 4 carbon atoms or a hydroxyalkyl group
having 2 to 4 carbon atoms, n is an integer from O to 3, m is
an integer from 1 to 4 and a plurality of R3, when present,
may be the same or different (hereinafter referred to as
cleaning liquid (II));

(4) a process for producing a semiconductor device which
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with an insulating film layer; forming a via hole by dry
etching using said resist pattern as a mask; then removing
said resist pattern by effecting an ashing treafment by means
of oxygen plasma or a wet treatment by resist-stripper; and
thereafter effecting an cleaning treatment by the use of the

cleaning liquid as set forth in the above item (1), (2) or
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-.4 - “of the etching treatnment, and are reacted with the humdified air.
Consequently, the wiring materials are corroded thereby, resulting in an
increase in electric resistance and w re breakage, thus causing serious
adverse infl uenece. As a method for preventing such corrosion of the
wiring materials, a method is put into practice for exanple, in which
sai d radical s{3hd ions are washed away by carrying out a cleaning

e o B £T45rBbh FOE, BroBiBybh T, oS SindleetE ast 1 hud
Lo oL 7S ohRRE SEETRARSPBRE°UE BLIERG LopBtbarted igkbe bbecation
- a semiconductor substrate equipped on the surface thereof

with a metallic electroconductive fiim layer; forming
metallic wiring by dry etching using.said resist pattern as a
mask; then removing said resist pattern by effecting an
ashing treatment by means of oxygen piasma or a wet treatment
by resist-stripper; and thereafter effecting an cléaning
treatment by the use of the cleaning liquid as set forth in
the above item (1), (2) or (3)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory drawing showing the process for
producing a semiconductor device in Example 1. |

FIG. 2 is an explanatory drawing showing the process for
producing a semiconductor device in Example 7.

FIG. 3 is an explanatory drawing showing the process fér
producing a semiconductor device in Example 9.
Symbols

1: Al-Si-Cu alloy layer

2: TiN 1ayer' |

3: CVD silicon oxide film

4: Resist layer

5: Deposit polymer

11: CVD silicon oxide film

12: Tin layer

13: Sputtered tungsten layer

14: CVD tungsten layer
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wi.ring materials. It is therefore, indispensable to conpletely remove the
deposit polyner for the purpose of extermnating the corrosion. I n
addition, it is difficult to renmove the deposit polyner fornmed in the case
of dry etching treatment for the |ayer of titaniumor tungsten. Although
such deposit polynmer is renovable by a cleaning treatnent through the use
of a treating Ilkﬁﬂchkﬂn%ﬁYﬁ%g hydr of l.uoric acid or containing
hydr of l uori c-acid and ampnium fluoride, a nmetallic |ayer nade of

tungsten, titani UHR? euﬁ%ﬁ#%? 13¥8%of, titaniunftungsten alloy, titanium

nitride or the Ii cofrosion resistance against a fluorine
conpound, but h hoﬁ&ﬂﬁﬁ%*ét {XW $%si on resistance t her eagai nst, thereby

causing a fear thaf, theys! g6i[L6R! okfhdBpiiaty IS Iost by

22: Sputtered tungsten layer
23: CVD tungsten layer

24: Al-Si-Cu alloy layer

25: TiN layer

26: Resist layef

27: Deposit polymer

DESCRIPTION OF THE PREFERRED EMBODIMENT

A fluorine-containing compound is used as the component
~(A) in the cleaning liquids of the present invention, which
compound is exemplified by hydrofluoric acid, ammonium
fluoride, ammonium hydrogen fluoride and ammonium
borofluoride.

The fluorine-containing compound as the component (A) in
the cleaning liquids of the invention may be used alone or in
combination with at least one other. The content thereof is
not specifically limited, but is suitably selected according
to the situation, usually in the range of 0.1 to 15% by
weight. A content thereof less 0.1% by weight is unfavorable
bedausé of low removal rate of the deposit polymer, whereas a
content thereof more than 15% by weith results in a tendency
to corrode the wiring material. Judging from the balance
between the removal rate of the deposit polymer and the
corrosion suppresidn of the wiring material, the content

_ thereof is preferably in the range of 0.5 to 10% by weight.
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pattern peeling and the |ike. The deposit polyner, when being allowed to
remai . unrenoved, causes adjacent wirings to

REPLACEMENT. SHEET ~cone into contact therewith by the accumul ated
pressure of the filmin the next step, thus giving rise to short circuit
and abnormality of wring. SUMVARY OF THE | NVENTI ON It is an object

of the invention tA waterdsplublewh watertmiscikle organiaBebvertuls free

from causing corrosion of an insulating filmand a netallic filmfor _the
production ~oised etk arluche rcemReRent o(R) Ainthe Lleaping o’difé'i‘%s 2hi &He

invention. Examples of such organic solvent include amides
‘such as formamide; N—methylformidé; N,N-dimethylformide; N-N-
dimethylacetamide; and N-methylpyrrolidone, lactons such as
r-butyrolacton, alcohols such as methanol; ethanol; |
isopropanol; and ethylene glycol, esters such as methyl
acétate, ethyl acetate, butyl acetate, methyl lactate, and
ethyl lactate, glycols such as ethylene glycbhol ﬁgnobutyl
ether, diethylene glycol monomethyl ether and diethylene
glycol monoethyl ethei, énd sulfur compounds such as dimethyl
sulfoxide and sulfolane.

The organic solvent as the component (B) in the cleaning
liquids of the invention may be used alone or in combination
with at least one other.. The content thereof is not
specifically limited, but is suitably selected according to
the situation, usually in the range of 1 to 80% by weight. A
content thereof less than 1% causes liability to corrosion of
the wiring material and a fear of worsening wofkability
because of unreasonably increased viscosity of the cleaning
liquid, whereas a content thereof more than 80% by weight
results in a tendency to lower the removal rate of the
deposit polymer. Judging from the aspects of corrosion
suppression of the wiring material, viscosity of the liquid
"and the remova; rate of the deposit polymer, the content
thereof is preferably in the range of 5 to 70% by weight.

An inorganic acid énd/or an organic acid are uséd each

as the component (C) in the cleaning liquids of the
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quality and highly reliable sem conductor device, said cleaning liquid

bei ng capabl e of readily renoving a deposit polyner which is fornmed in the
case of dry etching in a sem conductor device production process,
especially a deposit polymer formed and stuck inside or around a via hol e;
and a deposit polyner fornmed and stuck to a side wall, etc. after wring

of a metalli ci@etiosondERsmyPes ayLrsuch inor¥gamic eacid imclwdenbonic
research and investigation accumnulated by the present inventors in order

to achieve t hecidpoplosphorboeschd; ephosphorers haehdi dyROPheSPRAEOUS oS t
polymer fornmed in the case of dry etching can readily be _renpved w t hout
Causing_corrpa@pd,opolngh@gphqgi¢iaq;dangulﬁg{§$|¢gi¥;|§g159afﬁe_gg%os € as
oot 0a | scid, SMiotaus acid’ hypocnforosalfal broRie 8ofq] Brobs
acid, hypobromous acid,.iodic acid, iodous acid, hypoiodous
acid, nitric acid and nitrous acid. Among these compounds,
boric acid or phosphoric acid is preferably.used; Examples
of such organic acid include formic acid, acetic acid,
propionoc acid, butyric acid, isobutyreic écid, valeric acid,
isovalefic acid, heptanoic écid, lauric acid, palﬁitic acid,
stearic acid, acrylic acid, crotonic acid, methacrylic acid,

" oxalic acid, malonic acid, maleic acid, succinic acid, adipic
acid, azelaic acid, sebacic acid, benzoic acid, toluic acid,
phthalic acid, trimellitic acid, pyromellitic acid,
benzenesulfonic acid, toluenesulfonic acid, and salicylic
acid.

The inorganic acid and/or an organic acid as the
component (C) in the cleaning liugids of the invention may be
used alone or in.combination-with at 1east one other. The
content thereof is not specifically limited, but is suitably
selected according to the situation, usually in the range of
0.01 to 5% by weight. A content thereof less than 0.01% by
weight is unfavorable because of low removal rate of -the
deposit polymer, whereas a content thereof more than 5% by
wéight results in a tendency to corrode the wiring matieral.
Judging from the aspects of removal rate of the deposit

polymer and the corrosion suppression of the wiring material,

‘the content threreof is preferably in the range of 0.05 to 3%
- T
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‘wat er -sol ubl e or water-m scible organic solvent; an inorganic acid or an
organi c acid; and a specific quaternary amonium salt or a specific
organi ¢ carboxylic acid anmonium salt or organic carboxylic acid am ne
salt as occasion demands. Since it has been nmade possible to readily
renove a deposit oI ner formed and stuck inside or around a via hole
whi ch by weigh - 6 - polyner has heretofore been

di fficul d
ctc. after wiring B therelafris o ERChRbRcTeRa By ch Frd refbiE Tl
via hole is [regd 59M PRLEL'18M80Y, ' 8o LRE"EmbBALAE DT, 8! Guaternary

ammonium salt represented by the general formula (I)

1 2.+ _a-
[(RT)gN-R“17 X7 --- (1)

In the general formula (I), R1

is an alkyl group having
1 to 4 carbon atoms, may be linear or branched and is
exemplified by methyl group, ethyl group, n-ﬁropyl group,
isopropyl group, n~butyl group, isobutyl group, sec-butyl
group and tert-butyl group. Three R1 may be the same as 6r
differenf from one another. R2 is an alkyl group or
hydroxyalkyl group each having 1 to 4 carbon atoms, may be
linear or branched and is exemplified by those exemplifying
the Rl. Examples of hydroxyalkyl group include 2-
hydroxyethyl group, 2-hydroxypropyl group, 3-hydroxypropyl
group, 2-hydroxybutyl group, 3-hydroxybutyl group and 4-
hydroxybutyl group. x®” is an inorganic or organic anion in
which a is the wvalency of said anion. Examples of the
inorganic anion include halogen ion, sulfate.ion, nitrate
ion, carbonate ion, bicarbonate ion, phosphate ion and borate
ion. Examples of the organic ion include formate ion,
acetate ion, propionate ion, butyrate ion, oxalate ion,
malonate ion, maleate ion, fumarate ion, citraconate ion,
benzoate ion, toluate ion, phthalate ion, acrylate ion and

methyl sulfate ion.

Examples of the quaternary ammonium salt represented by
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formng step, thus enabling sufficient connection of netallic wring. At
the sane tine, it has been found that, since the deposit polyner on the
side wall of a netallic electroconductive |ayer can be renoved in the
nmetallic wiring formng step, it is nade possible to assure the formation
of corrosion-free wiring and obtain a high quality and highly reliable .
sem conduct or thevgeseraie fpravdat (iLnvénciludehietrpmeithydenmpnivmed on t he

basis of the aforestated finding and_information. : Specifically, the
present i nvenbilearpPpditees tetrpmgthydapmapinmgepgbpratie f orm of an aqueous
solution for rodu0|n§ﬁa sen1conductor devi ce which_conprises a

f1 uori ne- cont XPtrAgetbHtampgniym gormate, - §8FEBW§tBVlﬂQFQPiumnP§G|B%é'

organi ¢ SOlvetetr%agtﬁy&g%mngh ag}%pgghgt%,déetramethylammonium butyrate,

tetramethylammonium oxalate, tetramethylammonium malonate,
tetramethylammonium maleate, tetramethylammonium fumarate,
tetramethylammonium citraconate, tetramethylammonium
benzoate, tetramethylammonium toluate, tetraméthylammonium
phthalate,.tetramethylammonium acrylate, trimethyl(2-
hydroxyethyl )ammonium bicarbonate, trimethyl(2-

hydroxyethyl Jammonium carbonate, trimethyl(2-
hydroxyethyl)ammonium formate, trimethyl(2-
hydroxygthyl)ammonium acetate,.ttimethyl(z-

hydroxylethyl Jammonium benzoate, trimethyl(2-

hydroxyethyl Jammonium phthalate, tetraethylammonium
bicarbonate, tetraethylammonium carbonate, tetraethylammonium
formate, tetraethylammoniumlacetate, tetrapropylammonium
formate, tetrapropylammonium acetate, tetrabutylammonium
formate, tetrabutylammonium acetate, tetramethylammonium
borate, tetramethylémmonium phosphate, tetramethylammonium
sulfate, trimethyl(2-hydroxyethyl )ammonium borate,
trimethyl(z—hydroxyefhyl)ammonium phosphate and trimethyl(2-
hydroxyethji)ammonium sulfate.

The quaternary émmonium salt as the component (D)'in the
cleaning liquid (I) of the invention may be used alone or in
combination with at least one other. The content thereof is
not specifically limited, but is suitably selected according

to the situation, usually in the range of 1 to 50% by weight
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organi ¢ acid; (2) a cleaning liquid in the formof an aqueous solution for
produci ng a sem conductor device which conprises said (A, (B, (©C and
(D) quaternary anmonium salt represented by the general fornula (1)
[err] . wherein Rlerr] is an alkyl group having 1 to 4 carbon atons in
which three Rlerr] may be the same or different, Rerr] is an alkyl
REPLACEVENT ShEegd on the cleaning liquid. A content thereof less than 1%
by weight cause liability to corrosion of the wiring
material, whereas a content thereof more than 50% by weight
results in a tendency to lower the removal rate of the
deposit polymer. Judging from the balance between the
corrosion suppression of the wiring material and the removal
rate of the deposit polymer, the content thereof is
preferably in the range of 3 to 40% by weight.
In the cleaning liquid (II) according to the present
invention, there is used, as the component (D'), an organic

carboxyiic acid ammonium salt and/or an organic carboxylic

amine salt represented by the general formula (II)
Z-[COONH, _(R°)_] ——- (II)
4-n n'm

in the general formula (Ii), Z is hydrogen atom or a
mono-to-four valent hydrocarbon group having 1 to 18 carbon
atoms, which is exemplified by a saturated or unsaturated
aliphatic group and a saturated or unsaturated alicyclic or
aromatic group. Examples of the saturated or unsaturated
aliphatic group include residual group formed by removing at
least one carboxyl.group from a carboxylic acid such as
acetic acid, propionic acid, butyric acid, valeric acid,
heptanoic acid, iauric acid, palmitic acid, stearic acid,
acrylic acid; oleic acid, oxalic aCid, malonic acid, maleic
acid, fumaric acid, citraconic acid, succinic acid, adipic
acid, azelaic acid, sebacic acid, decanedicarboxylic acid and

butanetetracarboxylic acid. Examples of the saturated or
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- ¥ - ‘group or hydroxyal kyl group each having 1 to 4 carbon atons, and
X[err] is an inorganic or organic anion in which a is the valency of said
anion (hereinafter referred to as cleaning liquid (l1)); (3) a cleaning
liquid in the formof an aqueous solution for producing a sem conductor
devi ce which conprises said (A), (B), (C and (Dlerr]) organic carboxylic
aci d ammoni unyfighturagdaoalagyendangeot rbﬁé!hﬂé e2ékidaglngréapt formed by

represented by the general fornula (I _ [err] wherein Z is

hydr ogen at onremogingnatt betettr ansabarboxyl group from a carboxylic acid
such as cyclohexanemonocarboxylic acid; cyclohexane-1, 4-
dicarboxyllic acid; cyclohexane-1, 2-dicarboxylic acid;
tetrahydrobenzoic acid; tetrahydrophthalic acid; 1,3,5-
trimethylcyclohexane-1,3,5-tricarboxylic acid. Examples of
such aromatic group include residual group formed by rémoving
at least one carboxyl group from a carboxylic acid such as
benzoic acid, toluic acid, phthalic acid, trimellitic acid,
pyromellitic acid, phenylacetic acid and phenylpropionic
acid.

On the other hand, R3 is an alkyl group having 1 to 4
carbon atoms or a hydroxyalkyl group having 2 to 4 carbon
atoms and may be linear or branched. Such an alkyl group is
exemplified by methyl group, ethyl group, n-propyl group,
isoproﬁyl group, n-butyl group, isobutyl group, sec-butyl
group and tert-butyl group. Examples of such a hydroxyalkyl
group include 2-hydroxyethyl group, 2-hydroxypropyl group, 3-
hydroxypropyl group, 2-hydroxybutyl group, 3-hydroxybutyl
group and 4-hydroxybutyl group, n is én integer from 0 to 3,

m is an integer from 1 to 4, and a plurality of R3 may be the
same or different.

Examples of the organic carboxylic acid ammonium salt
represented by the general formula (II) include ammonium
formate, ammonium acetate, ammonium propionaté, ammonium
butyrate, ammonium valerate, ammonium heptanoate, ammonium
laurate, ammonium palmitate, ammonium stearate, ammonium

acrylate, ammonium oxalate, ammonium malonate, ammonium
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hydr ocarbon group having 1 to 18 carbon atons, R err] is an al kyl group
having 1 to 4 carbon atons or a hydroxyal kyl group having 2 to 4 carbon
atons, nis an integer fromO to 3, mis an integer froml to 4 and a
plurality of Rlerr] , when present, nay be the sanme or different
(hereinafter referred to as cleaning liquid (11)); (4) a process for
produci ng a smailearteycammondunc fumaratte,camponien tihiceratepatel, momondigma
prescribed resist pattern on a sem conductor substrate equi pped on the
sur f ace t her esuccinekean amnoninm adippite, | apmonitgyr gzedakeyi aomondupy dry
etching using said resist pattern as a mask; then renoving said resist
pattern by ef FebacAagean aadRRdym beazeaite,HhpmfeRiym $P1yaEsen SPMORANT,, o
wet treatnment by resist-stripper; and _thereafter effecting an cleanin
treat ment by hgdatg, aymonium trimellitate and ammonium™ pyromellitate.
Examples of the organic carboxylic acid amine salt
represented by the general formula (II) include
monomethylamine formate, dimetnylamine formate, triethylamine
formate, monomethylamine acetate, dimethylamine acetate,
trimethylamine acetate, monoethylamine acetate, diethylamine
acetate, triethylamine acetate, monomethylamine benzoate,
dimethylamine benzoate, trimethylamine benzoate,
monoethylamine benzoate, diethylamine benzoate, triethylamine
benzoate, ethanolamine formate, ethanolamine acetate,
ethanolamine propionate and ethanolamine benzoate.
The organic carboxylic acid ammonium/amine salt as the
-component (D') in the cleaning liquid (II) according to the
invention may be used alone or in combination with at least
one other. The content thereof is not specifically limited,
but is suitably selected according to the situation, usually
in the range of 1 to 50% by weight. A content thereof less
than 1% by weight causes liability to corrosion of the wiring
material, whereas a content thereof more than 50% by weight
results in a tendency to lower the removal rate of the
deposit polymer. Judging from the balance between corrosion
suppression of the wiring material and the removal rate of
the deposit polymer, the content thereof is preferably in the
range of 3 to 40% by weight.

. In the cleaning liquid of the present invention, the
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cleaning liquid as set forth in the above item (1), (2) or

- (3);

and (5) a process for producing a sem conductor device which

conprlses the steps of formng a prescribed resist pattern on a

sem conduct or substrate equi pped on the surface thereof wth a netallic

el ectroconductive filmlayer; forming metallic wiring by dry etching using
sai d resi st pebmponeatsa(Djashd (Dé) mayobengsed dnr epmbinpitiper whien

effecting an

ashing treatnent by means of oxygen plasnma or a wet treatnent

by resi st - stridgsdredand Ithdse prederabilectinnFhds casenifrgm the aforestated

reason, that the total amount of the components (D) and (D')
be in the range of 1 to 50%, preferably 3 to 40% by weight.
In the cleaning liquids of the invention, there may be
contained as desired, a surfactant as the component (E) for
the purpose of enhancing the removal rate of the deposit
polymer. Examples of such surfactant include anionic
surfactants-such as an alkylsulfuric acid ester,
polyoxyethylenealkylsulfuric acid ester, alkylarylsulfuric
acld ester, alkylbenzensulfonic acid salt, l
alkylnaphthalenesulfonic acid salt, alkylphosphoric acid salt
and polyoxyethylenealkylphosphoric acid salt; cationid
surfactanté such as alkylamine salt, quaternary ammonium salt
and amine oxide; amphoteric surfactants such as alkyl betaine
and substituted imidazolinium betaine; nonionic surfactants
such as poly(oxyethylene)alkylamine, poly(oxyethylene);fatty
acid ester, glycerol-fatty aceid ester,
poly(oxyethylene)sorbitol-fatty acid ester,
poly(oxfethylene)sorbitan—fatty acid ester,
poly(oxyethylene)/poly(oxypropylene) block copolymer,
polyokyethylene derivative, poly(oxyethylene) aryl ether,
poly(okyethylene) alkyl ether, acetylenic alcohol,
alkylpoly(oxyethylene) phosphoric acid ester,
arylpoly(oxyethylene) phosphoric acid ester, and fatty acid
alkanol amide; fluorine compound-based surfactants such as
perfluoroalkylsulfonic acid salt, perfluoroalkylcarbonic acid

salt, perfluorcalkyl-quaternary ammonium salt and
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treatment by the use of the cleaning liquid as set forth in the above item

(1), (2) or (3) BRIEF DESCRIPTION OF THE DRAW NGS FIG 1 is an

expl anat ory drawi ng showi ng the process for producing a sem conductor
device in Exanple 1. FIG 2 is an explanatory drawi ng show ng the
process for producing a sem conductor device in Exanple 7. FIG 3is
an expl anat or peafdnorgad kywiped vi{pxyetbyd enef)oethaneduciand siddeiondeduct or
device in Exanple 9. Synbols 1. A-Si-Cu alloy |layer 2: TiN

| ayer 3 supfpcdantso sush @ pilkyilene oxide bglprcopfeining

orthosilicic acid_alkyl ester and alkylene oxide chain-
containing polysilicic acid ester.

The surfactant ip the cleaning liquids of the invention
may be used alone or in combination with at least one other.
The content thereof'is not specifically limited, but is
suitably selectéd according to the situation,'usually in the
range of 0.001 to 1% by weight. A content thereof less than
0.001% by weight causes a feér of failing to sufficiently
exhibit the effect on the enhancement for the removal rate of
the deposit polymer, whereas a content thereof more than 1%
by weight brings about economical disadvantage because of the
effect on the enhancement for the removal rate of the deposit
polymer being not recognized in proportion to the amount
threreof added. Judging from the aspects of the effect on‘
the enhancement for the removal rate of the deposit polymer
and economical efficiency, the content thereﬁf is preferably
in the range of 0.01 to 0.5% by weight.

: The cleaning liquid thus obtained for producing
semiconductor device according to the invention can readily
remove the deposit polymer formed in the case of dry etching .
without corroding metallic films in the production process of
semiconductor devices. In particular, it is suitabiy used
for removing protective deposit films stuck to side walls of
an insulating layer for via holes and cleaning the bottom of
connection holes as well as for removing protective deposit

films stuck to side walls of a metallic electroconductive
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5:- Deposit polyner 11: CVD silicon oxide film 12: Tin | ayer

13: Sputtered tungsten | ayer 14: CVD tungsten | ayer
-9 - REPLACEMENT SHEET 15: Tin |ayer 16:

Resi st |ayer 17: Deposit polyier 21: CVD silicon oxide film
22: Sputtered tungsten | ayer . '
layer in fabricated wiring.

In the following, some description will be given of the
process for producing a semiconductor device according to the
present invention.

The process of the present invention includes two modes.
The first mode comprises the stéps of forming a prescribed
resist pattern on a semiconductor substrate equipped on the
surface thereof with an.insulating film layer; forming a via
hole by dry etching using said resist pattern as a mask; theh
removing said resist pattern by effecting an ashing treatment.
by means of oxygen plasma or a wet treatment by resist-
stripper; and thereafter effecting an cleaning treatment by
the use of the aforestated cleaning liquid. The second mode
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with a metallic electroconductive film léyer; forming
metallic wiring by dry etching using said resist pattern as a
mask; then removing said resist pattern by effecting an |
ashing treatment by means of oxygen plasma or a wet treatment
by resist-stripper;.and thereafter effecting an cleaning
treatment by the use of the aforestated cleéning liquid.

At least one insulating film layer, metallic
electroconductive film layer, reflection preventive film.
layer and the like may be placed at need, between the above-
mentioned insulating film layer or metallic electroconductive
film layer and the substrate. In addition, a reflection
preventive film 1ayér may be placed at need, on the upper

metallic electroconductive film layer.
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23: CVD tungsten | ayer 24: A -Si-Cu alloy |ayer 25: Ti N | ayer

26: Resist |ayer 27: Deposit polymer DESCRIPTION OF THE PREFERRED
EVMBODI MENT A fluorine-containing conmpound is used as the conponent
(A) in the cleaning liquids of the present invention, which conpound is
exenplified by hydrofluoric acid, ammonium fluoride, amoni um hydrogen

fl uori.de -and amonAsgnitheosubstaaitéeto be us®deinl tbei processadi ftheconpound

as the conponent (A) in the cleaning liquids of the invention may be used
al one or in &pNBR%¥dOPenthere 48 preferahdyoured. thpe substzate; wodiehi hps

heretofore been customarily used in the production of
semicopductor devices,_fdr example, silicon wafer. The
insulating film is not specifically limited, but is
exemplified by that which has heretofore been customarily
used in the production of semiconductor devices, e.g. silicon
oxide film, silicon nitride film and aluminium oxide film.

Of these silicon oxide film is preferable. The silicon oxide
film, when formed directely on a silicon wafer, can be formed
by heating the eilicon wafer at a high temperature in an
atmosphere of oxygen gas. The silicon oxide film may be
formed by chemical vapor deposition (CVD) method, and in this
case, may be mixed in with a small amount ef impurities for
the purpose of diffusion. The silicon oxide film which is
formed by CVD method is sometimes called CVD silicon oxide
film, and CVD silicon oxide film which has been mixed in with
a small amount of impurites for diffusion is sometimes ealled
doped CVD oxide film, whereas CVD silicon oxide film which ie
not mixed in therewith is sometimes called non-doped CVD
silicon oxide film.

On the other hand,'the metallic electroconductive £ilm.
layer is not specifically limited, but is selected for use
from those which have heretofore been customarily used in the
production of semiconductor—devices,.e.g. a film comprising
tungsten, a tungsten alloy, titanium, a titanium alloy, a
titanium/tungsten alloy, titaniﬁm nitride, aluminum or the

like. The aforesaid metallic electroconductive film layer
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not speécifically limted, but is suitably selected according to the
situation, usually in the range of 0.1 to 15% by weight. A content thereof
| ess 0.1% by weight is unfavorable because of |ow renoval rate of the
deposit polyner, whereas a content thereof nore than 15% by weight results
in a fendency to corrode the wiring material. Judging fromthe bal ance

bet ween the reanvhe Fermedf byhvadupusdeppsiyion mathode sputtesing method,
suppresion of the wiring material, the content thereof is preferably in

t he range of GVB method; oy ﬁbeghﬁke. As the reflection preventive film

REPLACEMENT SHEET - 10 - A wat er - sol ubl e
or wat er - m scBYerotharecisorsedy psg. titanium nitride £ilm. The :

metallic electroconductive films that are formed by
sputtering method and CVD method are sometimes called e.g.
sputter tungsten film, CVD tungsten film, respectively.

In the case of carrying out the process of the
invention, a prescribed resist pattern is firstly formed on
the insulating film layer or the metallic electroconductive
layer. There are available various methods for forming
resist pattern, from which a suitable method is selected
according to the situation, for example, a method comprising
the steps of coating the layer with a eolution of a negative
type or positive type photoresist by means of a spinner and
drying the same to form a resist layer thereon; then
irradiating the layer with an active ray such as ultraviolet
ray or far ultraviolet rays via a prescribed mask with a
reduction projection exposure unit, etc. or irradiating with
excimer_laser beam or X-ray via a mask, or irradiating while
scanning electron beam; and thereafter performing a
developing treatment by using a proper developing solution.

Subsequently, using the resist pattern thus formed as a
mask, dry etching is carried out. A variety of dry etching -
methods are available, of which mention is made of plasma
'etching method as a typical method. In the plasma etching,
there is usually used fluorine or a fluorine compound gas
such as tetrafluorpmethane-as an etching gas, however, the

type of the etching gas and etching conditions are suitably
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used each as the conponent (B) in the cleaning |iquids of the invention.
Exanples of such organic solvent include am des such as formam de;

N-net hyl form de; N, N-di nethyl form de; N-N- di net hyl acet am de; and

N-met hyl pyrrolidone, |actons such as r-butyrolacton, alcohols such as

met hanol ; et hanol; isopropanol; and ethyl ene glycol, esters such as nethyl
acet at e, et hybsedeectede acoordingcdoatthe mbjegt Pfcedchingnd Byt Phis dawat e,
gl ycol s such as ethyl ene gl ycohol nonobutyl ether, diethylene glycol

nononet hyl et B&ehipg &x agWi@ohodendet Kermedhdn thed afgresaid
conpounds such ,as di nethyl sul foxi.de and sul fol ane. The organic
sol vent as t h&i&SkpBREasy” eBf meteddin wining is dormedofn fbe MORRy

be used al one or i 4, cQubi Bl O " 3o SaRE, O0° R0l HG,5RR! ent

attributable to etching gases, resist and processed film is
formed and stuck to the inside or periphery of the via hole,
or the side walls of metallic electroconductive film layer
after wiring is formed on said layer.

In the subsequent step of removing the resistlpattern,
ashing method with oxygen plasma or a wet treatment by
resist-stripper is applied to the process of the invention,
which is economically advantageous, since both dry etching
and ashing treatments can be put into practice with the same
apparatus only by altering the fype of the gas, when plasma
etching is applied to the dry etching. Moreover, fluorine or
a fiuorine compound gas in a volume of 5 to 20%, when added
to oxygen gas in the ashing treatment with oxygen plasma,
remarkably facilitates the removal of the deposit polymer in
the subsequent cleaning treatment step. The fluorine
CHF

compound gas is exemplified by CF SF&' NF., and C,F

4’ 3’ 3 2°6°
The ashihg treatment temperature is 15 to 80°C for a'long
time treatment of 2 to 5 minutes, but is 150 to 180°C for a
short time treatment of 2 tb 5 seconds due to operational
reason. An unreasonably low temperéture causes a fear of
insufficient proceeding of the ashing treatment, whereas an

" unreasonably high temperature sometimes brings about

corrosion of metallic wiring such as tungsten wiring.

Subsequently, the device thus ashing-treated with oxygen
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specifically Iinited, but is suitably selected according to the situation,

usual fy in the range of 1 to 80% by weight. A content thereof |ess than 1%

causes liability to corrosion of the wiring material and a fear of

wor seni ng workability because of unreasonably increased viscosity of the

cleaning 1liquid, whereas a content thereof nore than 80% by wei ght

results in a plasmacyrt @a weietreatmentoby restistobtirippetedssisubjeicted to

Judging fromthe aspects of corrosion suppression of the wiring material,

viscosity of theanimg dtreartmente byerbeauseaod thet kdeanjog Liguidner, the

content thereof is preferably in the range of 5 to 70% by wei ght. An

i nor gani ¢ aci @cge¥Adndatoothenpregent dnyvepddgone oh repeovenhdheo t (O

in the cleaning_liquids of the

‘ , polymer formed in the case of dry etching treatment. The

cleaninig temperature and cleaning period of time are each
suitably selected according to the state of deposit polymer,
kind of the wiring material and the like. The cleaning
temperature is usually 10 to 30°C to be sufficient, but may
be raised to about 60°C in the case of excessively low
removal rate of the'deposit polymer. The cleaning period of
time is usually about 1 to 30 minutes. The cleaning system
may be adopted from batch-wise immersion cleaning, spray
cleaning by sheet-fed system and atomizing cleaning.

By the above-described cleaning treatment it is has been
made possible to readily remove a deposit polymer formed and
stuck to the inside and periphery of a via hole which polymer
has heretofore been difficult to remove, and further to
remove a deposit polymer formed and stuck to side walls, etc.
after wiring of a metallic electroconductive film layer
without causing corosion of metallic electroconductive film
layer.

After the cleaning treatment, pure water cleaning is
carried out by the above system, followed by drying
treatment.

In the case of the first mode, the prescribed
semiconductor device is obtained by connecting, through the

via hole thus cleaned, the metallic electroconductive film

layer formed for wiring, on a lower layer of an insulating
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i nvention. Ex
aci d, phospho

sul furic acid,

brom ¢ acid,

anpl es of such inorganic acid include boric acid, phosphoric
rous acid, hypophosphorous acid, polyphosphoric acid,

sul phate, chloric acid, chlorous acid, hypochlorous acid,
bronous acid, hypobronous acid, iodic acid, iodous acid,

hypoi odous acid, nitric acid and nitrous acid. Among these conpounds,

boric acid or
aci d i ncl ude

fies oo the memaﬂlicpedbetrbbpndse&ivﬁxitﬂmeiayar Socmedr gani c
formc acid, acetic acid, propionoc acid, butyric acid,

i sobut yrei c athe, uvppear layes ¢f saddydnsuletiogd £idapt aAoi di case af ithe

acid, palmti

c acid, stearic acid, acrylic acid, crotonic acid,

nethacryllc agp@ond mode, the prescribed semiconductor device is obtained

by, after said cleaning for wiring of the metallic
eledtroconductive film, forming interlaminar insulating films
and completing metallic wiring.

According to the cleaning liquid for producing a
semiconductor device of the invention, it is made possible to
readily remove a deposit polymer which is fofmed in thé case
of dry etching in a sémicondﬁctor—device production process,
especially a deposit poiymer formed and stuck to the inside
and periphery of a via hole, and a deposit polymer formed and
stuck to side walls, etc. after wiring of a metallic
electroconductive film layer without causing corrosion of the
metallic film.

According to the process for producing a semiconductor
device of the invention, since a deposit polymer islcertainly

removed in the wvia hole fofming step, the vicinity of a via

hole, which via hole is formed partidularly in the insulating

layer including SOG layer, is freed from pollution and thus
is cleaned, thus enabling sufficient connection of metallic
wiring and the formation of a high quality and highly
reliable semiconductor device. In the metallic wiring
formation step, a deposit polymer on the side walls of
electroconductive films which polymer has heretofore been
difficult to remove, can readily be romoved, thus assuring
corrosion-free and clean wiring and the formation of a high

quality and highly ;eliable semiconductor device.

e
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oxalic'acid, malonic acid, maleic acid, succinic acid, adipic acid,

azel aic acid, sebacic acid, benzoic acid, toluic acid, phthalic acid,
trimellitic acid, pyronellitic acid, benzenesulfonic acid, toluenesulfonic
acid, and salicylic acid. The inorganic acid and/or an organic acid
as the conmponent (C) in the cleaning liugids of the invention may be used
al one or in conbi nini thewfFohlawihgasthenpresast. imventiont whllt hereof is

not specifically linmted, but is SUItab|¥ sel ected according to the
si tuation, us§§$¢§ibﬁdth§ Waﬁ@edétaié Lk Por§§95?9ﬁ9i§ﬁtwoﬁk Bt exemphepeof

| ess than 0.01% IS unfavorabl ecause of | ow renpval rate of
the deposit HBF?%EPoWﬁgﬁFe§§aé cBRVERt gHéFeEPenBF%S?HEni§V§B§i°RBight

results in a %ﬁgggggy to corrode the wiring matieral.

- Example 1

FIG; 1 is an explanatory drawing showing the process for
producing a semiconductor device in this example. ‘
(1) Formation of.via-hole |

As shown in FIG. 1 (a), on a surface-oxidized silicon
wafer were successively formed an Al-Si-Cu alloy. layer 1 in
0.5 m thickness; a TiN layer 2 in 500 A thickness as a |
reflection-breventive layer; and an insulating film layer 3
conprising a CVD silicon oxide film in 0.8 m thickness which
comprises doped CVD silicon oxide film and non-doped CVD
silicon oxide film.
(2) Formation of resist pattern

On the insulating film layer 3 comprising a CVD silicon
qxide film in (1) was placed a positive resist layer 4 in 1.0
m thickness as shown in FIG. 1 (b). Then, the layers were
selectively irradiated for exposure with i—réys via a
prescribed mask by means of projéction method, heat treated
at 110°C for 90 sec., subjected to developing treatment with
2.38% aqueous solution of tetramethylammonium hydroxide
(TMAH), washed with water and dried to form a resist pattern
with an opening as shown ih FIG. 1'(c).
(3) Dry etching treatmenf

By using the resist pattern obtained in (2) as.a mask,

the insulating film layer was subjected to dry etching
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Judging fromthe aspects of renoval rate of fhe deposit polynmer and the
corrosi on suppression of the wiring material, the content threreof is
preferably in the range of 0.05 to 3% . by wei ght . In the
cleaning liquid (I) according to the present invention, there is used, as
t he conponent (D), a quaternary ammonium salt represented by the general
formula (1) treatmendr upder the following conditions to form a via hole
as shown in FIG. 1 (d).
Dry etching conditions:
Parallel flat plate type RIE, treatment pressure of 750
m Torr, RF electric power of 300 W, mixed gas of CHF3,
CF4 and_Ar, treatment time of 152 sec.
(4) Ashing treatment with oxygen plasma
The resist pattern after dry etching treatment in (3)
was removed by.éshing treatment at 170°C for 180 sec. by the
use of oxygen. As can be seen from FIG. 1 (e) showing the
state after ashing treatment, there was recognized a deposit
polymer 5 stuck to the side wall of the CVD silicon oxide
film.
(5) Cleaning treatment
The device subjected to ashing treatment with oxygen
plasma in (4) was subjected to cleaning treatment at 23°C for
3 min. by using a cleaning liquid consisting of 8% by weight
of ammonium fluoride, 1% by weight of propionic acid, 5% bf
weight of tetramethylammonium formate, 40% by weight of
dimethylformamide (DFM), 0.1% by weight of a nonionic
surfactant EP-120 A [pély(oxyethylene)phenyl ester, produced
by Dai-ichi Kogyo Seiyaku Co., Ltd.] and 45.9% by weight of
water, followed by washing with water and drying. The state
is shown in FIG. 1 (f).
It can be seen from FiG. 1 (f), that the deposit polymer
stuck to the side wall of the CVD silicon oxide film was

completely removed and the side wall was cleaned.

(6) Bonding of metallic film
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In.the'general forrmula (1), Rerr] is an alkyl group having 1 to 4 carbon
atons,” may be linear or branched and is exenplified by nmethyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sec-butyl group and tert-butyl group. Three Rlerr] may be the sane as or
different fromone another. R err] is an alkyl group or hydroxyal kyl
group each havi ng FimaldwadohlatSdmu dwyere of isukdeyer meteddde Hfidn was
exenplified by those exenplifying the Rerr]. Exanples of hydroxyal kyl
group i ncl ude bendeg, g ape trdyiSiqGau g.ayemh vf sppagayed dgkallic film via
3- hydr oxypropyl group, 2-q¥droxybutyl roup,  3- hydroxybut yl grqu and. 4-
hydr oxybutyl dtwuFleaged: via jholg, ii‘hdr%arﬁct Hhgcehe @ SACOEUGHATh a

is the valenc%égiégyd ani on. Exanpl es of the

Examples 2 to 4, Reference Example and Comparative Example

The device subjected to ashing treatment with oxygen
plasma in Example 1-(4) was subjected to cleaning treatment
by using the cleaning liquid whose chemical composition is
given in Table 1. under the condition as given also in Table
1. followed by washing with water and drying. Then
evaluation was made of the remévability of the deposit
pblymer and corrosion suppression in accordance with the
following criterion. The results are given in Table 1.

©: deposit polymer completely removed, or corrosion
completely suppressed

A residual deposit polymer slightly observed, or

corrosion suppression slightly observed
¥ ¢ residual deposit polymer observed, or corrosion

suppression unobserved
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I norgani ¢ anion include halogen ion, sulfate ion, nitrate ion, carbonate
I on, ‘bi carbonate ion, phosphate ion and borate ion. Exanples of the
organic ion include fornmate ion, acetate ion, propionate ion, butyrate
ion, oxalate ion, nalonate ion, nmaleate ion, fumarate ion, citraconate
ion, benzoate ion, toluate ion, phthalate ion, acrylate ion and nethyl
sul fate ion. Exanpl es of the quaternary amonium salt represented by
the general fornula (1) include tetramethylamoni um bicarbonate,

t et ramet hyl ammoni um car bonat e, '
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t et r anet hyl anmoni
t et r anet hyl anmoni.um pr opi onat e,
t et r amet hyl anmoni
t et r amet hyl ammoni
t et ramet hyl ammoni
t et ranet hyl ammoni

tetranet hyl anmoni um acryl ate, trinmethyl (2- hydroxyethyl)anmoni um
bi carbonate, trinmethyl (2- hydroxyethyl)amoni um carbonate, trinethyl (2-
hydr oxyet yl ) anmoni um f orjmat e, | trinet hyl(2- jhydrokyet hiyl ) a
trimethyl (|2- HS@ oxyl et hyl ) anfproni um benzoat e, triet hy| (2-
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um formate, tetranethyl ammoni um acet at e,

t et ranet hyl ammoni um but yr at e,
um oxal ate, tetramethyl ammoni um rmal onat e,

um nmal eate, tetramethyl ammoni um fumarate,

um ci traconate, tetranethyl ammoni um benzoate,

umtoluate, tetranethyl ammoni um phthal ate,

(2) TMBC

tetramethylammonium acetate

noni um acet at e,

nyl ether,

Ltd.

nonl

(3) EP-120A
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format'e, tetraethyl amoni um acetate, tetrapropyl amonium formate,
t et r apr opyl am€mmoni um acet ate, tetrabutyl ammoni um fornmate,

t et rabut yl ammoni um acetate, tetranethyl ammoni um borate,

t et r amet hyl ammoni um phosphate, tetramet hyl anmoni um sul fate,

trimet hyl (2- hydroxyet hyl ) anmoni um bor at e,

trimet hyl ( 2- IBgdmpdeetshyl ) ammoni um phosphate and tri nmet hyl ( 2-

hydr oxyet hyl ) anmoni um sul f at e. The quaternary ammoni um salt as the
conponent (D) in thhe pasedure linmgBExanple df was nepeatedreraspthcthated
alone or in conbination with at | east one other. The content thereof is
not speci fi ciungsten tlayemand JIidikaysy wareusad da@laog) of Aktfd-Cu

situation, usually in the ranq? of 1 tqQ 50% by meith .
REPLACEVENT diayier- The results were the same as those in Example 1.

Example 6

The procedures in Examples 1 to 4 were each repeated
except that ashing treatmenf with oxygen plasma was carried
out by ashing treatment with okYgen plasma at 170°C for 180
sec. as the first step, followed by ashing treatment with
plasma with the mixed gas of 10% by volume of CF4 and the
balance oxygen at 170°C for 2.5 sec. As is the case with
Example 1, the deposit polymer;was completely removed in the
cleaning step, and the place to which the polymer had been
stuck was cleaned.
Example 7

FIG. 2 is én explanatory drawing éhowing the process fbr
producing a semiconductor device in this example.
(1) Formation of metallic electréconductive film layer

As shown on FIG. 2 (a), on a CVD silicon oxide f£ilm 11
on the upper side of a silicon wafer were successively'fofmed
a TiN layér 12 in 500 i thickness, a sputter tungsten layer
13 in 1500 A thickness, a CVD tungsten layer 14 in 1500 A
thickness, and TiN layer 15 in 500 A thickness as a
reflection preventive layer.
(2) Formation of resist patter

On the TiN layer 15 in the above (1) was placed a
positive resist layer 16 in 1.0 m thickness as shown in FIG.

2 (b). Theh, the layers were selectively irradiated for
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- 14 -° based on the cleaning liquid. A content thereof less than 1% by
wei ght cause liability to corrosion of the wiring material, whereas a
content thereof nore than 50% by weight results in a tendency to | ower the
renoval rate of the deposit polyner. Judging fromthe bal ance between the
corrosion suppression of the wiring material and the renoval rate of the
deposit pol ynexposteecwithni-rhagsecoiai a ppesteibbdymaskt bg meags of 3 to
40% by wei ght . In the cleaning liquid (I1) according to the present
i nventi on, t hprejestiondmesbodheheskptneatedDpsr 119’ Cafionr §Ansec.car boxylic
acid ammoni um salt and/or an organi c carboxylic
subjected to developing treatment with 2.38% aqueous solution
of tetramethylammonium hydroxide (TMAH), washed with water |
and dried to form a resist pattern as shown in FIG. 2 (c).
(3) Dry etching treatment
By using resist pattern obtained in (2) as a mask, the
electroconductive layer was subjected to dry etching
treatment under the following conditions to form metallic
wiring as shown in FIG. 2 (d).

Dry etching conditions:

- ECR (Electron Cynchrotron Resonance)

(D Treatment pressure; 10 m Torr, u wave incidence
current; 300 mA, RF electric power; 25 W; Clz;
treatment time; 10 sec.

(:) Treatment pressure; 10 m Torr, y wave incidence
current; 350 mA, RF electric power; 20 W, mixed gas;
(C1,/SFg),
treatment time; 25 sec.

(:) Treatment pressure; 10 m Torr, y wave incidence
current; 350 mA, FR electric power 50 W, Cl,,
treatment time; 25 sec.

(4) Ashing treatment with oxygen plasma

The resist pattern after dry etching treatment in (3)
was removed_by ashing treatment at 170°C for 180 sec. by the
use of oxygen. As can be seen from FIG. 2 (e) showing the

state after ashing treatment, there was recognized a deposit

polymer an insulating film and stuck to the side wall of the
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am ne salt represented by the general formula (I1) [err] In
the general fornmula (11), Z is hydrogen atomor a nono-to-four val ent

hydr ocarbon group having 1 to 18 carbon atons, which is exenplified by a
saturated or unsaturated aliphatic group and a saturated or unsaturated
alicyclic or aromatic group. Exanples of the saturated or unsaturated

al i phatic grogyp siludon oxidealfigmqup fornmed by renoving at | east one
carboxyl group froma carboxylic acid such as acetic acid, propionic acid,

butyric acid, (39 elleanditigd treatmentoi c acid, lauric acid, palmtic acid,
stearic acid, acrylic acid, oleic acid, oxalic acid, malonic acid, naleic

The device subjected to ashing treatment with oxygen
plasma in the above (4) was subjected to cleéning treatment
in the same manner as in Example 1~(5), followed by washing
with water and drying. The state is shown in FIG. 2 (f).

It can be seen from FIG. 2 (f) that the deposit polymer
17 stuck to the side wall of the electroconductive film was
completely removed and the side wall was cleaned.
(6) Formation of interlaminar insulating film

Finaliy, a interlaminar insulating film was formed and
métallic wiring was completed to fabricate the objective
semiconductor device. .
Example 8

The procedure in Examples 7-(4) was repeated except that
ashing treatment with oxygen plasma was carried out by ashing
treatment with oxygen plasma at 170°C for 180 sec. as the
first step, followed by ashing treatment with plasma with the
mixed gas of 10% by volume of CF4 and the balance oxygen at
170°C for 2.5 sec. As is the case w;th Example 1, the
deposit polymer was completely removed in the cleaning step,
and the.place to which the-polymer had been stuck was
cleaned.
Example 9

FIG. 3 is an explanatory drawing showing'thé process for
producing a semiconductor device in this example.
(1) Formation of metalic electroconductive film layer

As shown on FIG. 3 (a), on a CVD silicon oxide film 21

-
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acid, fumaric acid, citraconic acid, succinic acid, adipic acid, azelaic
aci d, “sebaci c acid, decanedi carboxylic acid and butanetetracarboxylic
aci d. EmmmesofthesauHMedor _
REPLACEMENT SHEET 15- unsat ur at ed
alicyclic group include residual group formed by renoving at |east one
car boxyl groupnf the apperbeide ofaa ¢ilidon a@feycwelrexsnemessdyelyx formed
aci d; cycl ohexane-1, 4- dicarboxyllic acid; cycl.ohexane-1, 2-dicarboxylic
aci d; tetrahpdspudtesi Cungsten diaysixy @203m B0 & Ahidkness,5a CVD
trlnethylcyclohexane 1,3,5-tricarboxylie acid. Exanples of such aromatic
group |ncludetmmﬂsn&ﬂ lgN@EpzﬁoﬂmedO@@ Perivdickpess, an Al-Si-Cu alloy
layer 24 in 5000 A thickness, and a TiN layer 25 in 500 A
thickness as a reflection preventive layer.
(2) Formation of resist pattern
On the TiN layer 25 in the above (1) was placed a
positive resist layer 26 in 1.6 um thickness as shown in FIG.
3 (b). Then, the layers were selectively irradiated for
exposure with i-rays via a prescribed mask by means of
projection method, heat treated at 110°C for 90 sec.,
subjected to developing treatment with 2.38% aqueous solution
of tetramethylammonium hydroxide (TMAH), washed with water
and dried to form a resist pattern as shown in FIG. 3 (c).
(3) Dry etching treatment
By using resist patter obtained in (2) as a mask, the
electroconductive layer was subjected to dry etching
treatment under the following conditions to form metallic
wiring as shown in FIG. 3 (d).
Dry etching conditions:
ECR (Electron Cynchrotron Resonance)
(:) Treatment pressure; 8 m Torr, uwave incidence
current; 250 mA, RF electric power; 20 W, mixed gas;
(BCl5/SFy),
treatment time; 9 sec.
(:) Treatment pressure; 8 m Torr, ywave incidence

current; 320 mA, RF electric power; 60 W; mixed gas;

(BC13/Clz),
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at- | east one carboxyl group froma carboxylic acid such as benzoic acid,
toluic acid, phthalic acid, trinellitic acid, pyronellitic acid,

phenyl acetic acid and phenyl propi onic acid. On the ot her hand,
Rlerr] is an alkyl group having 1 to 4 carbon atons or a hydroxyal kyl
group having 2 to 4 carbon atonms and may be |linear or branched. Such an

al kyl group is exenptiéatdeRY BEhEY!3Qrse8. et hyl group, n-propyl group,
i sopropyl group, n-butyl group, isobutyl group, sec-butyl group and
tert-butyl group. (Bxampéatmentsprassubgsr8xyaléyt, g wapeiintidence
2- hydr oxyet hyl group, 2-hydroxypropyl group, 3- hydroxypropyl group,
2- hydroxybutyl group, c8rhentox250tpa, BPRoepeahuld-pbgdenxy2QtYl wised, gasis
an integer from0O to 3, mis an integer from1l to 4, and a plurality of
Rlerr] may be the (BC13/SF ),
treatment time; 25 sec.

(4) Ashing treatment with oxygen.plasma

The resist pattern after dry etching treafment in (3)
was removed by ashing treatment af 170°C for 180 sec. by the
use of oxygen. As can be seen from FIG. 3 (e) showing the
state after ashing treatment, there was recognized a deposit
polymer 27 stuck to the side wall of the metallic
electroconductive film.

(5) Cleaning treatment .

The device subjected to ashing treatment with.oxygen
plasma in the above (4) was subjected to cleaning treatment
in the same manner as in Example 1-(5), followed by washing
with water and drying.  The state is shown in FIG. 3 (f).

It can be seen from FIG. 3 (f) that the deposit polymer
27 stuck to the side wall of the electroconductive film was
completely removed and the side wall was cleaned.

(6) Formation of interlaminar insulating film
. Finally, a interlaminar insulating film was forﬁed and
metallic wiring was completed to fabricate the objective

semiconductor device.

Example 10

The procedure in Examples 9-(4) was repeated except that
ashing treatment with oxygen plasma was carried out by ashing

treatment with oxygen plasma at 170°C for 180 sec. as the

This Sheet Has Been R

T




same or different. Exanpl es of the organic carboxylic acid amoni um
salt ~ represented by the general formula (I1) include amoni um fornate,
anmoni um acet at e, amoni um propi onate, anmoni um butyrate, anmonium

val erate, amoni um heptanoate, anmonium | aurate, ammoni um pal mtate,
ammoni um st earate, ammoni um acryl ate, anmmoni um oxal ate, anmoni um nal onate
anmoni um first step, followed by ashing treatment with plRERBAREMENThe
SHEET mal eat e, ammoni um funar at e, anmmoni um ci traconate, anmmoni um
succi nate, amisedugrsdefalld bymwolumeaeél &Fg, anfnshepukplance oxygen at

170°C for 2.5 sec. As is the case with Example l,lthe
deposit polymer was.completely removed in the cleaning step,
and the place to which the polymer had been stuck was

cleaned.
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sebacat'e, ammoni um benzoate, ammoni umtol uate, amoni um phthal ate,
anmoniumtrinmellitate and ammoni um pyronel litate. Exanpl es of the
organi ¢ carboxylic acid anmne salt represented by the general fornula (rn)
i nclude nononet hyl am ne formate, dinmetnylam ne formte,

formate, monomethyl am ne acetate, dinethylan ne Ian1ne
acetate, nonogiHa a8 CAIAMEDIE: di et hyl am ne agﬁmmm ""H H;,

acet at e, nonoffet hyl am ne benzoat e di et hyl am ne benzoaten hyla
benzoate, nonoethylam ne behzoate, di et hyl am ne benzoate, trlethylan1ne
benzoate, ethanol am ne formate, ~ethanol am ne acetate, ethanol am ne

propi onat e and .ettfh@iciamiing: lawishtin the forth @ foregamgquenush sodlutdi o i fibr

anmoni unf am ne salt as the conponent err]) in the cleaning I|33id (rn)
accordi ng to @keducing a semiconductor evice which comprises a (A)

fluorine~containing compound; a (B) water-soluble or water-
miscible organic solvent; and a (C) inorganic acid and/or

organic acid.

2. The cleaning liquid for producing a semiconductor device
according to claim 1 which further comprises a (D) gquaternary
ammonium salt represented by the general formula (I)

2]"' xa—

a --- (1)

1
[(R™)4N-R
wherein R1 is an alkyl group having 1 to 4 carbon atoms in
which three R1 may be the éame or different, R2 is an alkyl
group or hydroxyalkyl group each having 1 to 4 carbon atoms,
and_xa_ is an inorganic or organic anion in which a is the

valency of said anion.

3. The cleaning liquid for producing a semiconductor device
according to claim 1 which further comprises (D') at least
one selected from the group of an organic carboxylic acid
ammonium salt and an organic carboxylic acid amine salt

represented by the general formula (II)

3
Z-[COONH, _ (R®) j_ ——= (II)
. _ﬂ;—w_,__—f——~—f—“’“
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i nventi'on may be used alone or in conbination with at Teast one other. The

content thereof is not specifically limted, but is

according to the situation, usually in the range of”“’m)mﬁumtmﬁgmht A
content thereof less than 1% by weight causes [iabilftycto cdrrésion of
the wiring material, whereas a content thereof nore than 50% by wei ght

results in a tnedeey 4 ad WRIrddth @8 Ir AhRdrf-tditetiepaslenol yner.

Judglng fromthe bal ance between corrosion suppression of tg;hvmrlng
mat eri al and tHy@lzowarton rgdoupfhaviigy deprsil8 palnboer atidmes,cR®T de drhexldnfl

Is preferably in the range of 3 to 40% by wei ght. In the cleaning
i qui d of the gnegpemavingrit iton 4 tderbon atoms or a hydroxyalkyl group
' having 2 to 4 carbon atoms, n is an integer from 0 to 3,'m is

3

an integer from 1 to 4 and a plurality of R™, when present,

may be the same or different.

4. The cleaning liquid fdr producing a semiconductor device
according to claim 1, 2 or 3 which further comprises a (E)

‘surfactant.

- 5. The cleaning liquid for producing a semiconductor device
according to claim 1, 2, 3 or 4 wherein the inorganic-acid is

boric acid or phosphoric acid.

6. A process for producing a semiconductor device which
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with an insulating film layer; forming a via hole by dry
etching using said resist pattern as a mask; then removing
said resist pattern by effecting an ashing-treatment by means
.of oxygen plasma or a wet treatment by resist-stripper:; and
thereafter effecting an cleaning treatment by the use of the

cleaning liquid as set forth in Claim 1, 2, 3.or 4.

7. The process for producing a semiconductor device according
to Claim 6 wherein said cleaning treatment is effected for

removing a deposit polymer formed and stuck to the inside and
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- 47 -* conponents (D) and (D err]) may be used in conbi nati on when
desiréd. It is preferable in this case fromthe aforestated reason, that
the total anount of the conmponents (D) and (Derr]) _be in the range of 1
to 50% preferably 3 to 40% by wei ght. In the cleaning Tiquids of the
I nvention, there may be contained as desired, a surfiﬂl 3

conponent ( E)pépiphéhg ofir gostachokahanci ng the renov uﬂ,uﬁlﬂm HE""HDOS't
pol ymer. Exanpl es of such surfactant include anionic Surfactants ssueh as -

an al kyl sulfuric acid ester, polyoxyethyleneal kylsulfuric acid ester,

al kylaryl sul furic acid ester al kyl benzensul fonic acid salt,
8. The process for producing a semiconductor device according

to Claim 6 wherein said cleaning treatment is effected for
removing a deposit polymer formed and stuck to the inside and
periphery of via hole, said via hole being formed in the

insulating layer including SOG (Spin On Glass) layer.

9. A process for producing a semicohductor device which
cémprises the steps of forming a prescribed resist pattern on
a semiconductor substrate eéuippped on the surface thereof
with a metallic electroconductive film layer; forming
metallic wiring by dry etching using said resist pattern as a
mask; then removing said resist pattern by effecting an
ashing treétment by means of oxygen plasma or a wet treatment
by resis-stripper; and thereafter effecting an cleaning
treatment by the use of the cleaning liquid as set forth in

Claim 1, 2, 3 or 4.

10. The process for producing a semiconductor device
according to Claim 9 wherein the metallic electroconductive
film layer comprises at least one member selected from the
group consisting of tungsten, a tungsten alloy, titanium, a
titanium alloj, a titanium/tungsten alloy, titanium nitride,
aluminum and an aluminum alloy.

11. The process for producing a semiconductor de&ice
according to Claim 9 wherein said cleaning treatment is

effected for the purpose of removing a deposit polymer formed
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al kyl napht hal enesul fonic acid salt, alkylphosphoric acid salt and

pol yoxyet hyl eneal kyl phosphoric acid salt; cationic surfactants such as

al kyl am ne salt, quaternary ammonium salt and am ne oxi de; anphoteric-
surfagtants such as al kyl betaine and substituted im dazolinium betaine;
noni oni ¢ surfactants such as pol y(oxyet hyl ene) al kyl am ne,

pol y(oxyet hyl and) stugkt fo aceddesweill gifytbeokleatrocapdudtivecfilm layer.
pol y(oxyet hyl ene)sorbitol -fatty acid ester,

pol y(oxyet hyl ene)sorbitan-fatty acid ester,

pol y( oxyet hyl ene)/ pol y(oxypr opyl ene) bl ock copol y ol yoxyet hyl ene
derivati ve, pB?y(SB?ePH?P@ﬁ@)f&FyPrEFHEFnQ BoF?Fb??B@H?E@ﬁe?eXFE9I et her,

acetyl eni c al cohol K yet hyl epe hosphori ¢ aci
2Tyl ol v oxy e BRIPERLPELFls BBLR: S0FdScEhaFeLan beapph iR freathent by
means of oxygen plasma is effected by adding fluorine gas or

a fluorine compound'gas to the oxygen.

* [ L ] s *

AN
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al kanol' am de; fluorine conpound-based surfactants such as

perfl Goroal kyl sul fonic acid salt, perfluoroalkyl carbonic acid salt,

per f 1l uoroal kyl - quat er nary anmmoni um salt and

per f 1 wor oal kyl pol y(oxyet hyl ene) ethanol; and siliconic surfactants such as
al kyl ene oxi de chain-containing orthosilicic acid alkyl ester and al kyl ene
oxi de chai n- ABSTRACH OF FHEyDPISCLOSUREI d ester. The surfactant in
the cleaning liquids of the invention nmay be used al one or in conbination
with at |east one Fhewve isTHdscdosed: at kdesviings liaquidpforf pradugingnat ed,
but is

semiconductor device which comprises (A) fluorine-containing_
compéund; (B) water-soluble or water-miscible organic-
solvent; and (C) inorganiq acid and/or organic acid,
optionally, further comprises (D) quaternary ammonium sait or
(D') a sbecific organic carboxylic acid ammonium salt and/or
an organic carboxylic acid amine salt; as well as a process
for producing a semiconductor device by forming a resist
pattern on a substrate equipped on the surface with an
insuléting film layer or a metallic electroconductive layer,
forming a via hole or electric wiring by drf etching,
removing the resist pattern by ashing treatment with oxygen
plasma} and effecting an cleaning treatment with the above
cléaning liquid. The above cleaning liquid and production
process can readily remove the deposit polymer formed in the
case of dry etching without impairing metallic film and

insulating film.
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suitably sel ected according to the situation, usually in the range of
0.001 to 1% by weight. A content thereof |less than 0.001% by wei ght causes
a fear of failing to sufficiently exhibit the effect on the enhancenent
for the renoval rate of the deposit polyner, whereas a content thereof :
nore than 1% by wei ght brings about econom cal di sadvantage because of the
ef fect on the enhancenent for the renoval rate of the deposit pol yner
bei ng not recognized in proportion to the amount threreof added. Judgi ng
fromthe aspects of the effect on the enhancenent for the renoval rate of
t he deposit polynmer and econonical efficiency, the content thereof is
preferably in the range of 0.01 to 0.5% by wei ght. The cl eani ng

| i quid thus obtained for producing sem conductor device according to the
i nvention can readily

FIG. |

(a)
)
£ %
(b)
£ 4
(c) (f)
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renove’ the deposit polyner formed in the case of dry etching wthout
corroding netallic filnms in the production process of sem conductor
‘devices. In particular,

cl eani ng the bottom of
deposit filnms stuck to side walls of a netallic el ectroconductive

| ayer in fabricated wring.
be given of the .

it is suitably used
deposit films stuck to side walls of
connection holes as well

f or

In the foll ow ng,

renovi ng protective
an insulating |ayer for via holes and
‘as for renoving protective

sonme description wll
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process for producing a sem conductor device according to the present

I nventi on. The process of the present invention_ includes two nodes.
The first node conprises the steps of formng a prescribed resist pattern
on a sem conductor substrate equi pped on the surface Tmeﬂnothwndﬂm«gnu:

insulating filmlayer; fornming a via hole by dry etchi ﬂm "m i' !(emst

pattern as a nmask; then renoving said resist pattern b
stripper; and thereafter effecting an cleanlgg treatment by the use of the

ashing treatnent by neans of oxygen plasma or a wet treatnen

af orestated cleaning |liquid. The secon conprkses the steps of
formng a prescribed resist pattern on condd¥t or substrate equi pped
on the surface thereof wth a nmetallic electroconductive filmlayer;

form ng
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metakfic wiring by dry etching using said resist t hen
reprovi ng said resist pattern by effecting an ash:gg? gazeiﬁb n&n?oﬁ
- oxygen plasma or a wet treatnent by resist-stripper; and thereafter
~effecting an cleaning treatment by the-use-of the aforestated cleaning

l'i quid. At Ieast one insulating fimlayer, netallic

el ect roconduct | &, gf Id Fdre BROBUPNRY SEMMONDUETOR DBV 18 AN €
.like may be. pl aced at nee betmeen t he above- nentioned insulating film

llayer or netal | ipRotlEss rwmrﬁhouucam fSEMICONDUCTOR DEELGE 03S ING ESAME
addition, a reflection preventive filmlayer may be placed at need, on the
upper netallic electroconductive filmlayer.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to é cleaning liquid
having extremely low corrosiveness to materials such as a
metallic film and SOG (Spin On Glass) film and to a process
for produciﬁg a high guélity and highly reliable
‘semiconductor device, said cleaning liquid being suitably
used for e.g. removing a deposit polymer formed in tﬁe case
éf dry etching in a semiconductor device production process
using silicon, specificaliy (1) for removing a deposit
polymer (deposit protection film) formed and stuck inside or
around a via hole (connective hole formed in an insulating
f11m for connecting between a metalllc electroconductive film
layer formed for wiring in a lower layer of an insulating
film and a metallic electroconductive film layer formed in
the upper layer of the aforesaid insulating film), which via
hole being formed particularly in the insulating layer
(interlaminar insulating film); and (2) for removing a
.deposit polymer formed and stuck to a side wall, etc. affer
wiring of a metallic electroconductive layer.
2. Description of the Related Arts

In general, lithography has heretofore been adopted in
the production of a semicondqctor device such as LC and LSI.

In the case of producing a semiéonductor device by

lithography, there are adopted a ser1EE_2f_§£§£§_2£ijumﬂ;gp__.___;
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As the substrate to be used in the process of the inventio
preferably used the substrate which has heretofore been cu$temarily u ?
in the production of sem conductor devices, for exanple, sil [ c&D v& 3&
“The insulating filmis not specifically 3iimted, but is e}eqplified Dy
t hat whi ch has heretofore been custonariry used in the proguction of

oL s o ot e s R o {1 deo loiad Kl O o e
silicon oxi des%é aq ey Mﬂ*%@f eaq;ae aehf&h&t%e&{aw@ﬂ@é ££A0 dch as
eatl ng a

-formed by h he siTicon wa tenperature I n

at nosphere ofy GiMQAN 13aSr1 TS |v5mmd))8éj%lfééﬁd@3hd1%tion, uniformly

applying a photoresist on the surfaces thereof to provide a

photosensitive layer; applying selective exposure and
developing treatment to form a desired resist pattern:;
subjecting thin films in the lower layer to selective etching
treatment using the resist as a mask to form a circuit
pattern; and then completely removing the resultant resist
pattern.

With recent progress in high integration of
~semiconductor devices, there is required pattern formation
with an accuracy of a half micron to a quarter micron. . Thus,
with the progress of such fine processing, the dry etching
becomes prevalent in the above-mentioned selective etching
treatment and the removal of the resist pattern is carried
out increasingly by ashing treatment with oxygen plasma.

There is known, however, in such a dry etching
treatment, the formation of a deposit polymer due to the dry
etching gas, resist, processed film and the like in the
perimeter of the formed pattern. Such'a deposit polymer,
when being left inside and around via holes, brings about
such unfavorable situation as high electric resistance and
short circuit. Accordingly, it is extremely important to
remove the deposit polymer in order to obtain a high quality
semiconductor device.

The removal of a slight amount of the deposit polymer

can be achieved by the combinational use of an ashing
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formed by chemical vapor deposition (CVD) nethod, and in thifs
mxed in with a small anount of inpurities for the purposejof
The silicon oxide filmwhich is formed by CVD nethod is so
CVWD silicon oxide film and CVD silican pxide filmwhich hps 10
'with a small anount of inmpurites for diffusion is sonetine call ed doped ]

: CVD oxide film whereas CVD silicon oxide fil mhlch not Xeda 1
therewith is §8ﬁ§!“ﬁﬁ‘é’s angd Iaé’d CH%W e??qé\%‘ r52"?’1' &ﬁ? o%eef]i‘{n such s
t he ot her hand, taI ctro ond ct| fi elel
speci ficall yaf"i ﬁrl?‘?&qe Sttea ot us\éﬁ‘ r%érﬁ'?‘h%%eéﬁhl c%e eamount

e Fhorere b%@r&%ﬁ@%ﬁ%ﬁé@nﬂxaQflze%*ﬁfngten FRAE BB toe
titaniumall Qke @f a treating liquid containing hydrofluoric acid or
containing hydrofluoric acid and ammonium fluoride.

However, such a treatment method by the use of a
fluorine compound is useful in the case of using an extremely
corrosion resistant insulating film of silicon oxide such as
a CVD (Chemical Vapor Deposition)-silicon oxide or a thermal
silicon oxide and a relatively corrosion resistant metallic:
film made of tungsten, titainium, an alloy thereof,
titanium/tungsten alloy, titanium nitride or the like, as a
lower layer film for the insulating film wherein wvia holes
are formed. Nevertheless, the aforesaid treatment method,.
when applied to an insulating film of SOG silicon oxide or a
metallic film made of aluminium or an aluminum-containing
alloy, brings about, for example, connection failure for the
metallic film through via holes by the above-mentioned
fluorine compound which corrodes and dissolves the insulating
film or the metallic film, thereby completely losing
electrical reliability.

In the case where aluminum or an aluminum-containing
alloy is subjected to dry etching to form metallic wiring,
the deposit polymer is formed énd stuck to the side wall of a
wiring layer. Such polyﬁer is extremely_difficult'to remove,
and besides an acid is formed by the phenomenon in that
radicals and ions in a readtion gas that are incorporated

into said deposit polymer are left in the air after the end




titanium tungsten alloy, titaniumnitride, alumnumor the
aferesaid netallic el ectroconductive filmlayer

- REPLACEMENT SHEET - 21 - can bgqg
vacuum deposi ti on nethod, sputtering Methods CVD nethod or
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the reflection preventive film layer there is used, e.g. ti

taniumnitride

film The nmymldhet etobiingd aditditildnts fardardddleatted /it the
nmet hod and CVD nethod are sonetinmes called e.g. sputter tungsten film CvVD

tungsten fil mim.esPerniseqiently, thd witling ametexfladay mnengomtoddd process

of the

thereby, resulting in an increase in electric resistance and
wire breakage, thus causing serious adverse influenece.

As a method for preventing such corrosion of the wiring
materials, a method is put into practice for example, in
which said radicals and ions are washed away by carrying out
a cleaning treatment with ultrapure water for a long time
after the dry etching. In this method, however, it is
extremely difficult to completely remove the radicals and
ions from the deposit polymer formed and stuck to the side
walls and there is always a fear of causing corrosion of the
wiring materials. It is therefore, indispensable to
completely remove the déposit polymer for the purpose of
exterminating the corrosion.

In addition, it is difficult to remove the deposit
polymer formed in the case of dry etching treatment for the
layer of titanium or tungsten. Although such deposit polymer
is removable by a cleaning treatment through the use of a
treating liquid confaining hydrofluoric acid or containing

hydrofluoric acid and ammonium fluoride, a metallic layer

‘made of tungsten, titanium, an alloy thereof,

titanium/tungsten alloy, titanium nitride or the like has

fair corrosion resistance against a fluorine compound, but

- has not complete corrosion resistance thereagainst, thereby

causing a fear that the electrical reliability is lost by
pattern peeling and the like. The deposit polymer, when

being allowed to remain unremoved, causes adjacent wirings to
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i nvenition, a prescribed resist patternis firstly forned o dHhe—i-Rsu-at+hg

fitmlayer or the netallic el ectroconductive |ayer. Therejanije avail abl
vari ous nethods for formng resist pattern, fromwhich a quitt HPeS 5%fﬂ§b
"is selected according to the situation, Ssor exanple, a netthdqd conprising
- the steps of coating the layer with a solution of a negatiJe 'type or

' d
Porm o resi SCORR, RCB,EPRLRCY RORZHE R PY, -”E%r PR aEe ProaR BA e 7 ay

such s ul 1 aLolGhn LAYLAL [BLLILLLRYT BhEl LAVINY 31BePRES ST diaRl iy

a reduction projection exposure uni ratin exci ner

| aser beam oLnX- LAKo¥hal t?ag% wggiggtadlatlng whi | e ~ scanning el ectron
beam and thereafter per mng a vel opi ng treatnment by using a proper

devel opi ng sguMMARR. OF THE INVENTION

It is an object of the invention to provide, in such
circumstances, a cleaning liquid free from causing corrosion
of an insulating film and a metallic film for the production
of a semiconductor device, and a process for producing a high
quality and highly reliable semiconductor device, said
cleaning liquid being capable of readily removing a deposit

- polymer which is formed in the case of dry etching in a
semiconductor device production process, especially a deposit
polymer formed and stuck inside or around a wvia hole; and a
deposit polymer formed and stuck to a side wall, etc. after
wiring of a metallic electroconductive layer.

As a result of intensive research and investigation
accumulated by the present inventors in order to achieve the
above-mentioned object, it has been found that the deposit
polymer formed in the case of dry etching can readily be
removed without causing corrosion of insulating films and
metallic films by the use of, as a cleéning liquid, an
aqueous solution containing a fluorine-containing cbmpound; a
water-soluble or water-miscible organic solvent; an inorganic
acid or an organic acid; and a specific quaternary ammonium
salt or é specific organic carboxylic acid ammonium salt or
orgahic carboxylic acid amine salt.as occasion demands.

- Since it has been made possible to readily remove a deposit

polymer formed and stuck inside or around a via hole which



Subsequently, using the resist pattern thus fornmed as a mask, dry etching
I secarried out. A variety of dry etching nethods are available, of which
mention is nade of plasma etching nethod as a typical nethod. In the

pl asma etching, there is usually used-|éuorine or a fluorine conpound gas
such as tetrafluoronethane as an etching gas, however, the type of the

eéghing gas iﬁﬂgﬁbﬁhbﬁg_ﬁ@@@%aﬂ3$§ peRnSdilfdllilt to remove and a deposit

-22- sel eCcted according to the object of etching. By this dry etching

treatnent, aplgmae! FortmeldoaiR gtickhecafeosddd rall, etc. after wiring of
a metallic electroconductive layer, the vicinity of a via
hole is freed from pollution and is cleaned in the wvia hole
forming step, thus enabling sufficient connection of metallic
wiring. At the same time, it has been found that, since the
deposit polymer on the side wall of a metallic
electroconductive layer can be removed in the metallic wiring
forming step, it is made possible to assure the formation of
corrosion-free wiring and obtain a high quality and highly
reliable semiconductor device. The'present invention has
been accomplished on the basis of the aforestated finding and
information.

Specifically, the present invention provides

(1) a cleaning liquid in the form of an agueous solution for
producing a semiconductér device which comprises a (A)
fluorine~containing compound; a (B) water-soluble or water-
miscible organic solventf and a (C) inorganic acid and/or
organic acid;
(2) a cleaning liquid in the form of an aqueous solution for
producing a semiconductor device which comprises said (A),
(B), (C) and (D) quaternary ammonium salt represented by the
general formula (I)

1 2.+ .a '
[ (R )3N-R ] aX --= (I)

wherein R1 is an alkyl group having 1 to 4 carbon atoms in

which three R1 may be the same or different, R2 is an alkyl
| REPLACEMENT SHEET
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first " node, and netallic wiring is formed in the second node. In the
dry etching treatnent, a deposit polyner attributable to et hingUQhSEE,ﬁn7
resi st and processed filmis forned and stuck to the inside or} periphery
of the via hole, or the side walls of me&tallic electrocondudtive film

‘layer after wiring is formed on said | ayer. In the su
~of renoving t e is& R ashi t ho ] Xyge G ot
t r eat ment bygl}(raéléil g’tr Stri pé‘gaq?kgla%or drét%éi‘t ﬁ’gwpi&‘ cg's)s‘:%o;h '%Ihe | nv%[ﬁoﬁndérlf

whi ch is econppi g@H y adyant c %Jfﬁ%%gﬁfﬁi@ Fri ol QB RhicG asDivHe

treatnments can be put into practice wth tthe sanme apparatus only by

altering theyiauRdc)f dMBLF andet (HedEiha ici irdEdrire®Rd &b I ddiftiny ¥
etching. Moreover, fluorine or a fluorine conpound gas in a volune of 5 to
20% when addgduid (1));

(3) a cleaning liquid in the form of an aqueous solution for

producing a semiconductor device which comprises said (A),

(B), (C) and (D') organic carboxylic acid ammonium salt

and/or an organic carboxylic acid amine salt represented by

the general formula (I1I)
'Z-[COONH, _(R°)_] ‘—m= (II)
4-n n‘m

wherein Z is hydrogen atom or a mono-to-tetra-valent
hydrocarbon group having 1 to 18 carbon atoms, R3 is an alkyl
grdup having 1 to 4 carbon atoms or a hydroxyalkyl'group
having 2 to 4 carbon atoms, n is an integer from O to 3, m is
an integer from 1 to 4 and a plurality of R3, when present,
may be the same or different (hereinafter referred to as
cleaning liquid (II)):;

(4) a process for producing a semiconductor device which
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with an'insulating film layer; forming a via hole by dry
etching using said resist pattern as a mask; then removing
said resist pattern by effecting an ashing treatment by means
of oxygen plasma or a wet treatment by resist-stripper; and
thereafter eﬁfeqting an cleaning treatment'by the use of the

cleaning liquid as set forth in the above item (1), (2) or



to oxygen gas in the ashing treatment with oxygen plasma, [ RepeyOEMENY SHEET
facilitates the renoval of the deposit polynmer in the sul}s _

treatment step. The fluorine conpound gas is exenplified bj eéé;’ﬁﬁﬂ
CHF[err], SFlerr], NF[err] and Clerr]H{&r4. The ashing tjrgat¥en
tenperature is 15 to 80C for a long tine treatnment of 2t m_put es by
Is 150 to 1§@g;for a short tinme treatnent of 2 to 5 seconds due to
operational ~ reason. An unreasonably |ow tenperature causes—a—fear—of

i nsuf fici enfanl Q69e@ P-dtledd ForS HrdRudioR) B YemiMHHRRALGH ddvICRANIEY Y
hi gh tenperature sometimes brings about corrosion of nmetallic wiring such

as tungst encompri$es the sYEPL P Fdming @ Pridsea e mRdlistg-gatarind o t h
oxygen

a semiconductor substrate equipped on the surface thereof
with a metallic electroconductive film 1ayér;'forming
metallic wirihg by dry etching using said resist pattern as a
mask; then removing said resist pattern by effecting an
ashing treatﬁent.by means of oxygen ﬁlasma or a wet treatment
by resist-stripper; and thereafter effecting én cleaning
treatment by the use of the cleaning liquid as set forth in
the above item (1), (2) or (3)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory drawihg showing the process for

producing semiconductor device in Example 1.

N o

FIG. is an explanatory drawing showing the process for

produding

o

semiconductor device in Example 7.
FIG. 3 is an explanatory drawing-showing the process for
producing a semiconductor device in Example 9.
Symbols
l: Al-Si-Cu alloy layer
2: TiN layer
3: CVD silicon oxide film
4: Resist layer |
5: Deposit polymer:
11: CVD silicon oxide film
12: Tin layer
13: Sputtered tungsten layer

l14: CVD tungsten layer




plasné or a wet treatnent by resist-stripper is subjected to cleaning
treatnent by the use of the cleaning liquid according to the present
invention to renmove the deposit polyner forned in the case o+—d+z—e+eh+ﬁg--—-
~treatment. The cleaninig tenperature an@ cl eaning period of |t iREBLAGEMENICHHEET
. suitably selected according to the state of deposit pol yner, Tnd of _tne
“wiring material asd thdn ilegrerThe cleaning tenperature is udqu I!g5;§§p0927
in-t caSe

30[err]C to be sufficient, but may be raised to about 60[errf]
of excessively | a®¢: r Remiait layerof the deposit polynmer. The |cl
period of time is usually about 1 to 30 m nutes. The cleanirg system nmay
be adopted from BIt:chDepeositmpedymex cl eani ng, spray

21: CVD silicon oxide film

22: Sputtered tungsten layer
23: CVD tungsten layer

24: Al-Si-Cu alloy layer

25: TiN layer

26: Resist layer

27: Deposit polymer

DESCRIPTION OF THE PREFERRED EMBODIMENT

A fluorine-containing compound is used as the component
(A) in the cleaning liquids of the present invention, which
compound is'exemplified by hydrofluoric acid, ammonium
fluoride, ammonium hydrogen fluoride and ammonium
borofluoride.

The fluorine-containing compound as the component (A) in
the cleaning liquids of the invention may be used alone or in
combination with at least one other. The content thereof is
not specifically limited, but is suitably selected according
to the situation, usually in the range of 0.1 to 15% by
weight. A.content thereof less 0.1% by weight is unfavorable
because of low removal rate of the deposit polymer, whereas a
content thereof more than 15% by weight results in a tendency
to corrode the wiring material. Judging from the balance
between the removal rate of the deposit polymer and the
corrosion suppresion of the wiring material, the content

thereof is preferably in the range of 0.5 to 10% by weight.



cl eani ng by sheet-fed system and atom zing cl eani ng.

above-described cleaning treatnent it is has been nade
renove a deposit polynmer formed and stuck to the inside
via hol e which polynmer has heretofore been difficult to

| ‘REPLACEMENT SHEET

further to renove a deposit polynmer fornmed and stuck to

after wiring of a gataklselabeat bQCQB@é‘it-hn\chﬁ.bh.@ bayahi
corosion of netallic electroconductive film Ilayer.

side walls, etc.

After the

cl eani ng tr askdesbchpukethat ebmpbhanitn@Bi)S inC thei eldeaningy 1igtideov® the

system followed by drying treatnent. In the case

of the first node,

t he prescri hagdentdonconéxampiledevifc such ofrganded sbyveoktndnicluge tmidesh t he

such as formamide; N-methylformide; N,N-dimethylformide; N-N-
dimethylacetamide; and N-methylpyrrolidone, lactons such as
r-butyrolacton, alcohols such as methanol; ethanol;
isopropanol; and ethylene glycol, esters such as methyl
acetate, ethyl acetate, butyl acetate, methyl lactate, and
ethyl lactate, glycols such as ethyiene glycohol monobutyl
ether, diethylene glycol monomethyl ether and diethylene
glycol monoethyl ether, and sulfur compounds such as dimethyl
sulfoxide and sulfolane.

The organic solvent as the component (B) in the cleaning
liquids of the invention may be used alone or in combination
with at least one other. The content thereof is not
specifically limited, but is suitably selected according to
the situation, ﬁsually in the range of 1 to 80% by weight. A
"content thereof less than 1% causes liability to corrosion of
the wiring material and a fear of worsening workability
because of unreasonably increased viscosity of the cleaning
liquid, whereas a content thereof more than 80% by weight
results in a tendency to lower the removal rate of the
deposit polymer. Judging from the aspects of corrosion
suppression of the wiring material, viscosity of the liquid
and the remova; rate of the deposit polymer, the content
thereof is preferably in the range of 5 to 70% by weight.

An inorganic acid and/or an organic acid are used each

as the component (C) in the cleaning liquids of the
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via hole thus cleaned, the netallic el ectroconductive fijl i Tayer forne

for wring, on a |ower |ayer of an insulating %5 SEP 1997

REPLACEMENT SHEET -24- filmjtg the nmetallic

el ectroconductive filmlayer fornmed on lihe upper |ayer joftsatdc—TrsTUarT ng

film In the case of the second node, the prescribed sem conductor devi

|5 obtai nedynbuntabher 3bpie8ARENGULA" 10broRA16! obiR TREILEEC boric

el ectroconductive film or& ng rnterlamnar“insulating filnms an

conpl eting gehal ! phodphboRdc acid, ﬁﬁ%@ﬁﬁbﬂﬁubo ath@, Chopbphds sf or

produci ng a sem conductor device of the invention, it is nade possible to
acid, polyphosphoric acid, sulfuric acid, sulphate, chloric

acid, chlorous acid, hypochlorous acid, bromic acid, bromous
acid, hypobromoﬁs acid, iodic acid, iodous acid, hypoiodous
acid, nitric acid and nitrous acid. Among these compounds,
boric acid or phosphoric acid is pfeferably used. Examples
of such organic acid include formic acid, acetic acid,
propionoc acid, butyric acid, isobutyreic acid, wvaleric acid,
isovaleric acid, heptanoic acid, lauric acid, palﬁitic écid,
stearic acid, acrylic acid, crotonic acid, methacrylic acid,
oxalic acid, malonic acid, maleic acid, succinic acid, adipic
acid, azelaic acid, sebacic acid, benzoic acid, toluic acid,
phthalic acid, trimellitic acid, pyromellitic acid,
benzenesulfonic acid, toluenesulfonic acid, and salicylic
acid.

The inorganic acid and/or an organic acid as the
component (C) in the cleaning liuqids of the invention may be
used alone or in combination with at 1e§st one other. The
content thereof is not specifically limited, but is suitably
selected according to the situation, usually in the range of
0.01 to 5% by weight. A content thereof less than 0.01% by
weight is unfavorable because of low removal rate of the
deposit polymer, whereas a content thereof more than 5% by
weight results in a tendency to corrode the wiring matieral.
Judging from the aspécts of removal rate of the deposit
polyﬁer and the corrosion suppression of the wiring material,

the content threreof is preferably in the range of 0.05 to 3%



readily renove a deposit polyner which is fornmed in the ¢ of—dry
et ching in a sem conductor-devi ce production process, es eBEEﬂAC)EM&N@mq-t
pol ymer fornmed and stuck to the inside and periphery of |a moter—and
deposit polyner formed and stuck to side walls, etc. after %Qg¥pﬁﬁ@
metallic electroconductive filmlayer w thout causing cofrpsio
metallic fiby weight,According to the process for produci hg-a—semi-conductjor
device of the invention, since a deposit polyner is cert nIy renoved in
the via hol e forohnghéteépeahlifgvitquidy (D) acebfdihgl €o theCprei AR
formed particularly in the insulating |ayer including SOG |ayer, is freed
from pol | utinveatiiohhuthere tscased, asuthenabmponentf {DJ|, eat quaternarygn of
netallic wring and the formation of a high quality and highly

ammonium salt represented by the general formula (I)

[(RM)gN-R%)* x® - (1)

In the general formula (I1), Rl is an alkyl group having
1 to 4 carbon atdms, may be linear or branched and is
exemplified by methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl
group and tert-butyl group. Three R1 may be the same as or
different from one another. R2 is an alkyl group or
hydroxyalkyl group each having 1 to 4 carbon atoms, may be
linear or branched and is exemplified by those exemplifying
the Rl. Exampies of hydroxyalkyl group include 2-
hydroxyethyl group, 2-hydroxypropyl group, 3-hydroxypropyl
group, 2-hydroxybutyl group, 3~hydroxybutyl group and 4-
hydroxybutyl group. x®” is an inorganic or organic anion in
which a is the valency of said anion. Examples of the
inorganic anion include halogen ion, sulfate ion, nitrate
ion, carbonate ion, bicarbonate ion, phosphate ion and borate
ion. Examples of the organic ion include formate ion,
acetate ion, propionate ion, butyrate ion, oxalate ion,
malonate ion, maleate ion, fumarate ion, citraconate ion,
benzoate ion, toluate ion, phthalate ion, acrylate ion and
methyl sulfate ion.

Examples of the quaternary ammonium salt represented by




reliable sem conductor device. In the netallic wiring for
deposit polyner on the side walls of electroconductive fil
has heretofore been difficult to renove, can readily be ro eg] t hus
rassuring corrosion-free and clean wi tihg and the formationfof 5n§ﬁ? 1997
quality and highly reliable sem conductor device.
REPLACEMENT , SHE - -
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foll owi ng, t

reference tg warking. exanpkes: o tibh GhnBRYRKCLaEBBhAtAEVEr |imit the present

I nvention
tetramethylammonium formate, tetramethylammonium acetate,

tetramethylammonium propionate, tetramethylammonium butyrate,
tetramethylammonium oxalate, tetramethylammonium malonate,
tetramethylammonium maleate, tetramethylammonium fumarate,
tetramethylammonium citraconate, tetramethylammonium
benzoate, tetramethylammonium toluate, tetramethylammonium
phthalate, tetramethylammonium acrylate, trimethyl(2-
hydroxyethyl )ammonium bicarbdnate, trimethyl(2-

hydroxyethyl Jammonium carbonate, trimethyl(2-

hydroxyethyl )ammonium formate, trimethyl(2-

hydroxyethyl Jammonium acetate, trimethyl(2-

hydroxylethyl )ammonium benzoate, trimethyl(2-

hydroxyethyl )ammonium phthalate, tetraethylammonium
bicarbonate, tetraethylammonium carbonate, tetraethylammonium
formate, tetraethylammonium acetate, tetrapropylammonium
formate, tetrapropylammonium acetate, tetrabutylammonium
formate, tetrabutylammonium acetate, tetramethylammonium
borate, tetramethylammonium phosphate, tetramethylammonium
sulfate, trimethyl(2-hydroxyethyl )ammonium borate,
trimethyl(2-hydroxyefhy1)ammonium phosphate and trimethyl(2-
hydroxyethyl )ammonium sulfate.

The quaternary ammonium salt as the component (D) in the
cleaning liquid (I) of the invention may be used alone or in
combination with at least one other. The content thereof is
not specifically limited, but is suitably selected according

to the situation, usually in the range of 1 to 50% by weight
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thereto. Exanple 1 FIG 1 is an explanatory draw ngjsHow ng the
process for producing a sem conductor device in this exangl 6. 0618gp 1997
Formation of via hole As shown in FIG 1 (a), on a syr flace- oxi di zed

silicon wafer were successively forned 3 A -Si-Cu alloy Jaysr—Tin 0.5 m
thickness; a TiN layer 2 in 500 [err] thi ckness as a refldction preventive

|ayer; and aB5588UbA! bAG B1bEhAYCT14uiBOMPA! SbAgeAtCYRerebrC aBaRXician! 14

in 0.8 mthi CRRESS Whi C conpr | oped CVD silicon oxide film and

non- doped welighen Qﬁbéelkhbilit 2k oFebFRbsaBnOb £r €hies wifdinger n
On the |nsulg?lng ? n? | ayer 3 conpr?5|ﬁg a C/D srllcon o

material, whereas a content thereof more than 50% by weight

results in a tendency to lower the removal rate of the
deposit polymer. Judging from the balance between the
corrosion suppression of the wiring material and the removal
rate of the deposit polymer, the content thereof is
preferably in the range of 3 t9_40% by weight.

In the cleaning liquid (I1) according to the present
invention, there is used, as the component (D'), an organic
carboxylic acid ammonium salt and/or an organic carboxylic

amine salt represented by the general formula (II)
zZ- [COONH (R ) ] --- (II)

In the general formula (II), Z is hydrogen atom or a
mono-to-four valent hydrocarbon group having 1 to 18 carbon
atoms, which is exemplified by a saturated or unsaturated
aliphatic group and a saturated or unsaturated alicyclic or
aromatic group. Examples of the saturated or unsaturated
aliphatic group include residual group formed by removing at
least one carboxyl group from a carboxylic acid such as
acetic acid, propionic acid, butyric acid, valeric acid,
heptanoic acid, iauric acid, palmitic acid, stearic acid,
acrylic acid, oleic acid, oxalic acid, malonic acid, maleic
acid, fumaric acid, citraconic acid, succinic acid, adipic
acid, azelaic acid, sebacic acid, decanedicarboxylic acid and

butanetetracarboxylic acid. Examples of the saturated or




oxide filmin (1) was placed a positive resist layer 4 injl
as. shown in FIG 1 (b). Then, the |ayers were selectivel
exposure with i-rays via a prescribed mask by neans of ptoje PHE od
heat treated at 110[err]C for 90 sec.r 38bjected to developing treatnent;
with 2.38% aqueous sol ution of tetranethyl ammoni um hydrokide (TMAH),

hed with . ) ! ]
Shown i n FI conpauracels s Tiey8and Bifupr InphulR’ besTaully' Grate°RRTRES By —
pattern Obtakgﬁgvhﬂg(gk 3228t BHE calBBxydSHBbb"Erbhl B La¥Roxya1cSueiact ed

to dry etchin
such as cyclohexanemonocarboxylic acid; cyclohexane-1, 4-

dicarboxyllic acid; cyclohexane-1, 2-dicarboxylic acid;
tetrahydrobenzoic acid; tetrahydrophthalic acid; 1,3,5-
trimethylcyclohexane-1,3,5-tricarboxylic acid. Examples of
such aromatic group include residual group formed by removing
at least one carboxyl group from a carboxylic acid such as
benzoic acid, toluic acid, phthalic acid, trimellitic acid,
pyromellitic acid, phenylacetic acid and phenylpropionic
acid.

On the other hand, RS is an alkyl group having 1 to 4
carbon atoms or a hydroxyalkyl group having 2 to 4 carbon
atoms and may be linear or branched. Such an alkyl gfoup is
exemplified by methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl
group_and tert-butyl group. Examples of such a hydroxyalkyl
group include 2-hydroxyethyl group, 2-hydroxypropyl group, 3-
hydroxypropyl group, 2-hydroxybutyl group, 3-hydroxybutyl
group and 4-hydroxybutyl group, n is an integer from 0 to 3,
m is an integer from 1 to 4, and a plurality of R3 may be the
same or different.

Examples of the organic carboxylic acid ammonium salt
represented by the general formula (II) include ammonium
formate, ammonium acetate, ammonium propionate, ammonium
butyrate, ammonium valerate, ammonium heptanoate, ammonium
laurate, ammonium palmitate, ammonium stearate, ammonium

acrylate, ammonium oxalate, ammonium malonate, ammonium



- 26 - treatment under the follow ng conditions to fornj
showmn in FIG 1 (d). Dry etching conditions: Par a
type RIE, treatnent pressure of 750 m Torr, RF elec

W m xed gas of CHF[err], CFlerrt 2a6d-Ar, treatnent
(4) Ashing treatnent with oxygen plasna The resi st
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180 sec. usé o

oxygen. can’be seen fromFIG 1 (&) show ng the

state after Qﬁab@ﬁaEéeahﬁﬁBhiuhhQH&pW%& I anaoniand azedeResi ammopliyfer 5

stuck to the side wall of the CVD silicon oxide film

sebacate, ammonium benzoate, ammonium toluate, ammonium

phthalate, ammonium trimellitate and ammonium pyromellitate.

Examples of the organic carboxylic acid amine salt
represented by the general formula (II) include
monomethylamine formate, dimetnylamine formate, triethylamine
formate, monoﬁethylamine acetate, dimethylamine acetate,
trimethylamine acetate, monoethylamine acetate, diethylamine
acetate, triethylamine acetate, monomethylamine benzoate,
dimethylamine benzoate, trimethylamine benzoate,
monoethylamine benzoaté, diethylamine benzoate, triethylamine
benzoate, ethanolamine formate, ethanolamine acetate,
ethanolamine propionate and ethanolamine benzoate.

The organic carboxylic acid ammonium/amine salt as the
component (D') in the cleaning liquid (II) according to the
invention may be used alone or in combination with at least
one other. The content thereof is not specifically limited,
but is suitably selected according to the situation, usually
in the range of 1 to 50% by weight. A content thereof less
than 1% by weight causes liability to corrosion of the wiring
material, whereas a content thereof more than 50% by weight
results in a. tendency to lower the removal rate of the
deposit polymer. Judging from the balance between corrosion

suppression of the wiring material and the removal rate of

the deposit polymer, the cbntent thereof is preferably in the

range of 3 to 40% by weight.

In the cleaning liquid of the present invention, the



(5) deaning treatnent The device subjected to ashin
oxygen plasnma in (4) was subjected to cleaning treatnent gat Zﬁgra{#%w
3 min. by using a cleaning liquid consisting of 8% by wei ght m
fluoride, 1% by wei ght of propionic actdiZ5% by weight of
t et ranmet hyl ammoni um format e, 40% by wei ght of dinet hyl f or jram de (DHW
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was cl eane
be in the range of 1 to 50%, preferably 3 to 40% by weight.

In the cleaning liquids of the invention, there may be
contained as desired, a surfactant as the component (E) for
the purpose of enhancing the removal rate of the deposit
polymer. Examples of such surfactant include anionic
surfactants such as an alkylsulfuric acid ester,
polyoxyethylenealkylsulfuric acid ester, alkylarylsulfuric
acid ester, alkylbenzensulfonic acid salt, '
alkylnaphthalenesulfonic acid salt, alkylphosphoric acid salt
and polyoxyethylenealkylphosphoric acid salt; cationic
surfactants such as alkylamine salt, quaternary ammonium salt
and amine oxide; amphoteric surfactants such as akal betaine
and substituted imidazolinium betaine; nonionic surfactants
such as poly(oxyethylene)alkylamine, poly(oxyethylene);fatty
acid ester, glycerol-fatty aceid ester,
poly(oxyethylene)sorbitol-fatty acid ester,
poly(oxyethylene)sorbitan-fatty acid ester,
poly(oxyethylene)/poly(oxypropylene) block copolymer,
polyoxyethylene derivative, poly(oxyethylene) aryl ether,
poly(oxyethylene) alkyl ether, acetylenic alcohol,
alkylpoly(oxyethylene) phosphoric acid ester,
arylpoly(oxyethylene) phosphoric acid ester, and fatty acid
alkanol amide; fluorine compound-based surfactants such as
perfluoroalkylsulfonic acid salt, perfluoroalkylcarbonic acid

salt, perfluoroalkyl-quaternary ammonium salt and
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- 27 - ~ Finally, an Al-Si-Cu layer of sublayer netalli m wa:
bonded to an Al -Si-Cu | ayer of upper layer netallic filmvia thqgslsgnéﬂg7
via hole in (5) to fabricate a sem conductor device. Exanplies| 2
" Reference Exanple and Conparative Exanpl gg - The devi ce supj
ashing treatnent with oxygen plasna in Eianple 1-(4) was subjected to

cleaning treatnent by usin e cIe ose onposi tion
is given |nPF§Eﬂ8°f°a&H§3F%FWQ eﬁsgﬁ%ﬁgﬁ a|§8%PﬁTﬁ%ﬁQ? P
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surfactants such as alkylene oxide chain-containing

orthosilicic acid alkyl ester and alkylene oxide chain-
containing polysilicic acid ester.

The surfactant in the cleaning liquids of the invention
may be used alone or in combination with at least one other.
The content thereof is not specifically limited, but is
suitably selected according to the situation, usually in the
range of 0.001 to 1% by weight. A content thereof less than
0.001% by weight causes a fear of failing to sufficiently
exhibit the effect on the enhancement fof the removal rate of
the deposit polymer, whereas a content thereof more than 1%
by weight brings about economical disadvantage because of the
effect on the enhancement for the removal rate of the deposit
polymer being not recognized in proportion to the amount
threreof added. Judging from the aspects of the effect on
the enhancement for the removal rate of the deposit polymer
and economical efficiency, the content thereof is preferably
in the range of 0.01 to 0.5% by weight.

| The cleaning liquid thus obtained for producing -

semiconductor device according to the invention can readily
remove the deposit polymer formed in the case of dry etching
without corroding metallic films in the production process of
semiconductor devices. In particular, it is suitably used
for removing protective deposit.films stuck to side walls of
an insulating layer for via holes and cleaning the bottom of
connection holes as wel; as for removing profective deposit

films stuck to side walls of a metallic electroconductive



1. followed by washing with water and drying. Then eval uat ijoRgPEACEMENS SHEET
the renovability of the deposit polyner and corrosi on suppriegst+em—Tm
accordance with the following criterion. The results are gijvgn b%’gephﬁgi.
[err]: deposit polymer conpletely renovwedg Gr corrosion

conpl etely -suppressed [err] : residual deposit polynmer glpghtly
observed, or corrosi on suppression slightly observgd [err]
resi dual depokd¥e®otynfabuirate@Winkngorrosi on Suppresston

unobser ved '
In the following, some description will be given of the

process for producing a semiconductor device according to the
present invention.
The process of the present invention includes two modes.
The first mode coﬁprises the steps of forming a prescribed
resist pattern on a semiconductor substrate equipped on the
surface thereof with an insulating film layer; forming a via
hole by dry etching using said resist pattern as a mask; then
removing said resist pattern by effecting an ashing treatment
by means of oxygen plasma or a wet treatment by resist-
stfipper; and thereafter effecting an cleaning treatment by
the use of the aforestated cleaning liquid. The second mode
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with a metallic electroconductive film layer; forming
metallic wiring by dry efching using said resist pattern as a
mask; then removing said resist pattern by effecting an
ashing treatment by means of oxygen plasma or a wet treatment
by resist-stripper; and thereafter effecting an cleaning
treatment by the use of the aforestated cleaning liquid.
At least one insulating film layer, metallic

- electroconductive film layer, reflection preventive £ilm
layer and the like may be placed at need, between the above-
mentioned insulating film layer or metallic electroconductive
film layer and the substrate. In additipn, a reflection
preventive film layer may be placed at need, on the upper

metallic electroconductive film layer.
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As the substrate to be used in the process of the
invention, there is preferably used the substrate which has
heretofore been customarily used in the production of
semiconductor devices, for example, silicon wafer. The

insulating film is not specifically limited, but is

exemplified by that which has heretofore been customarily

used in the production of semiconductor devices, e.g. silicon
oxide film, silicon nitride film and aluminium oxide film.

Of these silicon oxide film is preferable. The silicon oxide
film, when formed directely on a silicon wafer, can be formed
by heating the silicon wafer at a high temperature in an
atmosphere of oxygen gas. The silicon oxide.film may be
formed by chemical vapor deposition (CVD) ﬁéthod, and in this
case, may be mixed in with a small amount of impurities for
the purpase of diffusion. The silicon oxide film which is
formed by CVD method is sometimes called CVD silicon oxide
film, and CVD silicon oxide_film which has been mixed in with
a small amount of impurites for diffusion is sometimes called
doped CVD oxide film, whereas CVD silicon oxide film which is
not mixed in therewith is sometimes called non-doped CVD
silicon oxide film.

On the other hand, the metallic electroconductive film
layer is not specifically limited, but is selected for use
from those which have heretofore been customarily used in the
production of semiconductor devices, e.g. a film comprising
tungsten, a tungsten élloy, titanium, a titanium alloy, a

titanium/tungsten alloy, titanium nitride, aluminum or the

_like. The aforesaid metallic electroconductive film layer



[err] REPLACEMENT ARitblEN]
SHEET Exanple 5 The procedure in Exanple 1 wds [repeat ed except

that tungsten layer and Ti N |l ayer were used in place off Al -&k-
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_ i
can be formed by vacuum deposition method, énn;;g;ing;mg;gggj

CVD method or the like. As the feflection preventive film

layer there is used, e.g. titanium nitride film. The
metallic electroconductive films that are formed by
sputtering method and CVD method are sometimes called e.g.
sputter tungsten film, CVD tungsten film, respective}y.

In the case of carrying out the process of the
invention, a prescribed resist pattern is firstly formed on
the insulating film layer or the metallic electroconductive
layer. There are available various methods for forming
resist pattern, from which a suitable method is selected
according to the situation, for example, a methéd'comprising
the steps of coating the layer with a solution of a negative
type or positive type photoresist by means of a spinner and
drying the same to form a resist layer thereon; then
irradiating the layer with an active ray such as ultraviolet
ray or far ultraviolet rays via a prescribed mask with a
reduction projection exposure unit, etc. or irradiating with
éxcimer_laser beam or X-ray via a mask, or irradiating while
scanning electron beam; and thereafter performing a
developing treatment by using a proper developing solution.

Subsequently, using the resist pattern thus formed as a
mask, dry etching is carried out. A variety of dry etching
methods are available, of which mention is made of plasma
etching method as a typidal method. In the plasma etching,
there is usually used fluorine or a fluorine compound gas
such as tetrafluoromethane as an étching gas, however, the

type of the etching gas and etching conditions are suitably
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| ayer. The results were the sane as those in Exanple 1. Ex le 6

The procedures in Exanples 1 to 4 were each repeated excep hﬂSa&&‘pﬂm7
treatment with oxygen plasma was carried out by ashing treftient with
oxygen plasma at 170[err]C for 180 see.22s-the first step,jfollowed Dy
ashing treatnment with plasm with the m xed gas of 10% by kaluge of CF4

and the bal ance oxy en at 170C for 2.5 sec. q%@le ca th
1, the deposiseles la‘-'\ﬁé%srdéé"fﬁ)l"@ dihe ohdsnty qfn & ng- ea%ynd: sfe?ryand

the place to mhlch the p ner had be stuck was ¢l .eaned e, 7
FIG 2 is anS&eh ?ﬁﬂ' S?Bwﬁﬁgjquiﬁaﬂéﬁ%rgﬁ}%i

sem conduct
Orf:l.des\4:I (x:n% en, tam me)% rT.I]?I.ic wiring is formed  in the second mode.

" In the dry etching treatment, a deposit polymer
attributable to etching'gases, resist and processed film is
formed and stuck to the inside or periphery of the via hole,
or the side walls of metallic electroconductive film layer
after wiring is formed on said layer.

In the subsequent step of removing the resist pattern,
ashing method with oxygen plasma or a wet treatment by
resist-stripper is applied to the process of the invention,
which is economically advantageous, since both dry etching
and ashing treatments can be put into practice with the same
apparatus only by altering the type of the gas, when plasma
etching is applied to the dry etching. Mofeover, fluorine or
a fluorine compound gas in a volume of 5 to 20%, when added
to oxygen gas in the ashing treatment with oxygen plasma,
remarkably facilitates the removal of the deposit polymer in
the subsequent cleaning treatment step. The fluorine
compound gas is exemplified by CF4, CHF3, SFG’ NF3 and C2 6°
The ashing treatment temperature.is 15 to 80°C for a long
time treatment of 2 to 5 minutes, but is 150 to 180°C for a
short time treatment of 2 t6 5 seconds due to operational
reason. An unreasonably low temperature causes a fear of
insufficient proceeding of the ashing treatment, whereas an
unreasonably high temperéture sometimes brings about
corrosion of metallic wiring such as tungsten wiring.

Subsequently,_the device thus ashing-treated with oxygen
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(1) Formation of netallic electroconductive filmlayer o
FI.G 2 (a), on a C/D silicon oxide film111l on the upper sidejo S|I|c%%'7
waf er were successively formed a TiN layer 12 in 500 [err] thi

sputter tungsten layer 13 in 1500 [erct]2ghickness, a CVD tungs en Ia

in 1500 [err] thickness, and TiN layer I5 in 500 A thicknesslas a
refl ection preventive Iayer (2) Formation of reS|st E tter

Ti N | ayer 15BkRsmfe ofh@ et tupasmeantc by Fesiss

imr J; Qldlcgtn gzsf ﬁiesér;ﬁvx\l% Itr}:ellet%ent b(yb theTQxesne oth Ei:hea%eiean ng lsieqluefllcé | vely
according to the present invention to remove the deposit
polymer formed in the case of dry etchlng treatment. The
cleaninig temperature and cleaning period of time are each
suitably selected according to the state of deposit polymer,
kind of the wiring material and the like. The cleaning
temperature is usually 10 to 30°C to be sufficient, but may
be raised to about 60°C in the case of excessively low
removal rate of the deposit polymer. The cleaning period of
time is usually about 1 to 30 minutes. The cleaning system
may be adopted from batch-wise immersion cleaning, spray
cleaning by sheet-fed system and atomizing cleaning.

By the above-described cleaning treatment it is has been
made possible to rea&ily remove a deposit polymer formed and
stuck to the inside and periphery of a via hole which polymer
has heretofore been difficult to remove, and further t§
remove a deposit polymer formed and stuck to side walls, etc.
after wiring of a metallic electroconductive £film layer
without causing corosion of metallic electroconductive film
layer.

After the cleaning treatment, pure water cleaning is
carried out by the above system, followed by drying
treatment.

In the case of the first mode, the prescribed
semiconductor device is obtained by connecting, through the
via hole thus cleaned, the metallic electroconductive film

layer formed for wiring, on a lower layer of an insulating



-31-L° exposure with i-rays via a prescribed mask by neans of &ﬁBFQﬁﬁMﬁNI SHEET
met hod, heat treated at 110[err]C for 90 sec., subjected to devel opi ng 1
treatnment with 2.38% aqueous solution of tetranethyl amoni um hyldr 0% SEP 1997
(TMAH), washed with water and dried to f2arm a resist pattern fasf shown in ‘j
FIG 2 (c). (3) Dry etching treatment ~ By using resist pattern
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wave 'nC'denc§écond mode, the prescribed semiconductor device is obtained
by, after said cleaning for wiring of the metallic
electroconductive film, forming interlaminar insulating films
and completing metallic wiring.

According to the.cleaning liquid for producing a
semiconductor device of the invention, it is made possible to
readily remove a deposit polymer which is formed in the case
of dry etching in a semiconductor-device production process,
especially a deposit polymer formed and stuck to the inside
and periphery of a via hole, and a deposit polymer formed and
stuck to side walls, etc. after wiring of a metallic
electroconductive film layer without causing corrosion of the
metallic film.

According to the process for producing a semiconductor
device of the invention, since a deposit polymer is certainly
removed in the via hole forming step, the vicinity of a via
hole, which via hole is formed particularly in the insulating
layer including SOG layer, is freed from pollution and thus
is cleaned, thus enabling sufficient connection of metallic
wiring and the formation of a high quality and highly
reliable semiconductor device. In the metallic wiring
formation step, a dgposit polymer on the side walls of
electroconductive films which polymer has heretofore been
difficult to remove, can readily be romoved, thus assuring
corrosion-free and clean wiring and the fofmation of a high

quality and highly reliable semiconductor device.
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current; 300 mA, RF electric power; 25 W O 2; treat mept

sec. Treatment pressure; 10 m Torr, [err] wave incidenge

current; 350 mA, RF electric power; 20 W m xed gas; 05 SEP 1997
(Cferr]/SFlerr]), treatment ¢i2®;-25 sec. Tr ¢atinent
pressure; 10 m Torr, [err] wave incidence current; 350{mA, FR
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by the use Xygen can be Seen rom how ng the state
after aSh'ngwﬁiﬁﬁtHBQEveEhgﬁﬁlwaﬁeeéfoQ@hl%dtﬁedﬁﬁé§éht invention

thereto.
Example 1

FIG. 1 is an explanatory dfawing showing the process for
producing a semiconductor device in this example.
(1) Formation of via hole

As shown in FIG. 1 (a), on a surface-oxidized silicon
wafer were successively formed an Al~Si-Cu alloy. layer 1 in
0.5 m thickness; a TiN layer 2 in 500 A thickness as a
reflection preventive layer; and an insulating film layer 3
comprising a CVD silicon oxide film in 0.8 m thickness which
comprises doped CVD silicon oxide £ilm and non-doped CVD
silicon oxide film. _ |
(2) Formation of resist pattern

Oon the insulating film layer 3 comprising a CVD silicon
oxide_film in (1) was placed a positive resist layer 4 in 1.0
m thickness as shown in FIG. 1 (b). Then, the layers were
selectively irradiated for exposure with i-rays via a
prescribed mask by means of projection method, heat treated
at 110°C for 90 sec., subjected to developing treatment with
2.38% aqueods solution of tetramethylammohium hydroxide
(TMAH), washed with water and dried to form a resist pattern
with an opening as shown in FIG. 1 (c).
(3) Dry etching treatment

By using the resistlpattern obtained in (2) as a mask,

the insulating film layer was subjected to dry etching



pol yner an insulating filmand stuck to the side wall of the CVD
silicon oxide film (5) C eaning treatmnent The device subjected to
ashing treatnent with oxygen plasma in the above (4) was subjected to
cleaning treatnent in the sane manner-a&éin Exanple 1-(5), followed by
washing wth water and drying. The state is shown in FIG 2 (f). It

can, be, Seen LLBILELG: Golitk, EHa! ehiGoRRE LhrlRbIBRE b7 s8hCK bia' Hord 0o

as shown in FIG. 1 (d4d).
Dry etching conditions:

Parallel flat plate type RIE, treatment pressure of 750

m Torr, RF electric power of 300 W, mixed gas of CHFg,,

CF4 and Ar, treatment time of 152 sec.
(4) Ashing treatmeht with oxygen plasma

The resist pattern after dry etching treatment in (3)
was removed by ashing treatment at 170°C for 180 sec. by the
use of oxygen. As can be seen from FIG. 1 (e) showing the
state after ashing treatment, there was recognized a deposit
polymer 5 stuck to the side wall of the CVD silicon oxide
£ilm.
(5) Cleaning treatment

The device subjected to ashing treatment with oxygen
plasma in (4) was subjected to cleaning treatment at 23°C for
3 min. by using a cleaning liquid consisting of 8% by weight
of ammonium fluoride, 1% by weight of propionic acid, 5% by
weight of tetramethylammonium formate, 40% by weight of
dimethylformamide (DFM), 0.1% by weight of a nonionic
surfactant EP-120 A [poly(oxyethylene)phenyl ester, produced
by Dai-ichi Kogyo Seiyaku Co., Ltd.] and 45.9% by weight of
water, followed by washing with water and drying. The state
is shown in FIG. 1 (f).

It can be seen from FIG. 1 (f), that the deposit polymer
stuck to the side wall of the CVD silicon oxide film was

completely removed and the side wall was cleaned.

(6) Bonding of metallic film REPLACEMEN} SHﬁ
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conpl'etely renoved and the side wall was cleaned. (6) Formation of

interlamnar insulating film Finally, a interlamnar insulating film
was formed and nmetallic wiring was conpleted to fabricate the objective
sem conductor device. Exanple 8 -T2@ procedure in Exanples 7-(4) was

LepeaLed exgepttthat afﬂing treatrent mﬁthlgxygen pl asma was carried out

y ashin reat nen 0X n t

263§Lys§§Ph foIIoﬁégaﬁgyasﬁzﬁngﬁgégﬁgﬁ?%ﬁftﬁ L%%éhg&g ﬁé%%liig fiémtu%s
0 n n

I's the case P eéi&ﬁp? &E Fg Eﬁ iggs§y8% P?h%r {2 ggghgté?gﬁ% ?é%gggiéfn

the cleani nggbepsoafld L% Rbigeiho(ﬁﬁ'%g ElprRekyeth Bamibepausiterk was

device.

Examples 2 to 4, Reference Example and Comparative Example

The device subjected to ashing treatment with oxygen
plasma in Example 1-(4) was subjected to cleaning treatment
by using the cleaning liquid whose chemical composition ié.
given in Table 1. under the condition as given also in Table
1. followed by washing with water and drying. Then
evaluation was made of the removability of the deposit
polymer and corrosion suppression in accordance with the
following criterion. The results are given in Table 1.

©: deposit polymer completely removed, or corrosion
completely suppressed

residual deposit polymer slightly observed, or

A

corrosion suppression slightly observed
X : residual deposit polymer observed, or corrosion

suppression unobserved

REPLACEMENT SHEET
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As shown on FIG 3

on the upper side of a
tter tungsten layer 22 in 500

a spu
, a CVD tungsten layer 23 in 1000 [err] thwcﬁﬁﬁiéE

FIG 3 is an explanatory drawi ng show ng the
- 28

produci ng a sem conductor device in this exanple.

Exanpl e 9
t hi ckness

on a C/D silicon oxide film21
Al -Si-Cu alloy

Formation of netalic el ectroconductive filmlayer
silicon wafer were successively forned

cl eaned.
pr.ocess for

(a),
[err]
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treatment under the following conditions to formnetallic wriln T
in FIG 3 (d). Dry etching conditions: ECR (El ectrc nﬂEF‘LSAC%MEW S‘-_’EET
Cynchrotron Resonance) Treatnent pressure; 8 m Torr, [{ertr]wave ‘

i nci dence current; 250 mA, RFed@ctric power; 20 W mi|xdd @BsSEP 997
(B [err]/SF[err]), treatnent time; 9 sec. [ err] {Trleat nent
pressure; 8 m Torr, !err] wave i ncidence current; 320 }m, RF .

el ectric po a m xed gas; (Bl [err]/CJerr]), NN : -

REPLACEMENT SHEET
The procedure in Example 1 was repeated except that

tungsten layer and TiN layer were used in place of Al-Si-Cu
layer. The results were the same as those in Example 1.
Example 6

The procedures in Examples 1 to 4 were each repeated
except that ashing treatment with oxygen plasma was carried
out by ashing treatment with oxygen plasma at 170°C for 180
sec. as the first step, followed by ashing treatment with
plasma with the mixed gas of 10% by volume of CF4 and the
balance oxygen at 170°C for 2.5 sec. As is the case with
Example 1, the deposit polymer -was completely removed in the
cleaning step, and the place to which the polymer had been
stuck was cleaned.
Example 7

FIG. 2 is an explanatory drawing showing the process_fbr
producing a semiconductor device in this example.
(1) Formation of metallic electroconductive film iayer

As shown on FIG. 2 (a), on a CVD silicon oxide film 11
on the upper side of a silicon wafer were successively formed
a TiN layer 12 in 500 R thickness, a sputter tungsten layer
13 in 1500 R thickness, a CVD tungsten layer 14 in 1500 i
thickness, and TiN layer 15 in 500 A thickness as a
reflection preventive layer.
(2) Formation of resist patter

On the TiN layer 15 in the above (1) was placed a
positive resist layer 16 in 1.0 m thickness as shown in FIG.

2 (b). Theh, the layers were selectively irradiated for-
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treatnment tinme; 30 sec. Treatment pressure; 8 m Torr

I nci dence current; 250 mA, FR electric power; 20 W m xe as;
(BA[err]/SFlerr]), treatnment time; 25 sec. (4) Ashing tir atGBrSEP 1997
wi th oxygen pl asma The resist patt@dn-after dry etching tredqtgent in

(3) was renoved by ashing treatment at 170[err]C for 180 sec. by{t-he” use

of oxygen. As can be seen fromFIG, 3 (e) showing the state afted_.ashing .. ......
treatnent, tREPOSHES W 58gﬁrf@§savaépésPFesEGEbﬁgrm??ks cPeRRS R si de

wall of the molgettion®hEthodCORAE! Y eakld™at 1beC FBY 49 Wedht mnt -
~ subjected to.developing treatment with 2.38% aqueous solution
of tetramethylammonium hydroxide (TMAH), washed with water
and dried to form a resist pattefn as shown in FIG. 2 (c).
(3) Dry etching treatment
By using resist pattern obtained in (2) as a mask, the
electroconductive layer was subjected to dry etching
treatment under the following conditions to form metallic
wiring as shown in FIG. 2 (d).
. Dry etching conditions:

ECR (Electron Cynchrotron Resonance)

(:) Treatment pressure; 10 m Torr, u wave incidence
current; 300 mA, RF electric power; 25 W; Clz;
treatment time; 10 sec.

C) Treatment pressure; 10 m Torr, u wave incidence
current; 350 mA, RF electric power; 20 W, mixed gas;
(C1,/SFg),
treatment time; 25 sec.

C) Treatment pressure; 10 m Torr, y wave incidence
current; 350 mA, FR eiectric power 50 w, Clz,

treatment time; 25 sec.
(4) Ashing treatment with oxygen plasma
The resist pattern after dry etching treatment in (é)
was removed by ashing treatment at 170°C for 180 sec. by the
use of oxygen. As can be seen from FIG. 2 (e) showing the

state after ashing treatment, there was recognized a deposit

polymer an insulating film and stuck to the side wall of the



The device subjected to ashing treatment with oxygen plasma in
(4) was subjected to cleaning treatnent in the sanme manner as

1-(5), followed by washing wth water and drying. The state is
FIG 3 (f). It can be seen fromFI&2 3 (f) that the depos
27 stuck to the side wall of the electroconductive filmwas co
renoved and the side wall was cleaned. (6) Formation of interl

i nsul ati ng f GV silicop eide LLlMy or| apminar insulating film W

the abqve —
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ns forned

and netalli i rj.n s gonpleted to fabricate the objective
seni conduct o s\é}ne\#l@g.n\yan&}rﬁ%"ﬁ?qc The procedure in Exanples 9-(4) was

repeat ed except ¢l AV MUY < Ubnbng Sl R Yt Yl o1t

by ashi ng

plasma in the above (4) was subjected to cleaning treatment

in the same manner as in Example 1—(5),'followed by washing

with water and drying. The state is shown in FIG.

2 (£).

It can be seen from FIG. 2 (f) that the deposit polymer

17 stuck to the side wall of the electroconductive
completely removed and the side wall was cleaned.

(6) Formation of interlaminar insulating film

film was

Finally, a interlaminar insulating film was formed and

metallic wiring was completed to fabricate the objective

semiconductor device.

Example 8

The procedure in Examples 7-(4) was repeated except that

ashing treatment with oxygen plasma was carried out by ashing

treatment with oxygen plasma at 170°C for 180 sec.

as the

first step, followed by ashing treatment with plasma with the

mixed gas‘of 10% by volume of CF4 and the balance oxygen at

170°C for 2.5 sec. As is the case with Example 1,

the

deposit polymer was completely removed in the cleaning step,

and the place to which the polymer had been stuck was

cleaned.

Example 9

FIG. 3 is an explanatory drawing showing the process for

producing a semiconductor device in this example.

(1) Formation of metalic electroéoconductive film layer

As shown on FIG. 3 (a), on a CVD silicon oxide £film 21



treatment with oxygen plasma at 170[err]C for 180 sec. as th
REPLACENMENT SHEET first step, followed by ashing treat

i REPLACEMENT SHEET |
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t
plasma with the mxed gas of 10% by vol une of CF[err] and tHe ba@g SEP'”97

oxygen at

170C for 2.5 sec. As is the-cgse-with Exanple 1, tlhdedeposit

pol yner was conpletely renoved in the cl€aning step, and thg place to

whi ch the pol ymer had been stuck was cl eaned.

on the upper side of a silicon wafer were successively formed
a sputter tungsten layer 22 in 500 A thickness, a CVD
tungsten layer 23 in 1000 R thickness, an Al-Si-Cu alloy
layer 24 in 5000 A thickness, and a TiN layer 25 in 500 A
thickness as a reflection preventive layer.
(2) Formation of resist paftern

On the TiN layer 25 in the above (1) was placed a
positive resist layer 26 in 1.6 um thickness és shown in FIG.
3 (b). Then, the layers were selectively irradiated for
exposure with i-rays via a prescribed mask by means of
projection method, heat treated at 110°C for 90 sec.,
subjected to developing treatment with 2.38% aqueous solution
of tetramethylammonium hydroxide (TMAH), washed with water
and dried to form a resist pattern as shown in.FIG. 3 (¢c).
(3) Dry etching treatment |

By using ‘resist patter obtained in (2) as a mask, the
electroconductive layer was subjected to dry etching
treatment under the following conditions to form metallic
wiring as shown in FIG. 3 (d).

Dry etching conditions:

ECR (Electron Cynchrotron Resonance)

(:) Treatment pressure; 8 m Torr, uwave incidence
current; 250 mA, RF electric power; 20 W, mixed gas:;
(BCl5/SF¢),
treatment time; 9 sec.

(:) Treatment pressure; 8 m Torr, uwave incidence
current; 320 mA, RF electric power; 60 W, mixed gas:;

(BC13/C12),



VWHAT | S CALI MED | S: 1. Acleaning liquid in the formof an qngngMENT SHEET
solution for producing a sem conductor device which conprise
fluorine-containing compound; a (B) water-soluble or water-
organi ¢ solvent; and a (C) inorganic aci @4ard/ or organic acig.
cleaning liquid for producing a seniconductor device accordii gito claim.]

whi ch further conprises a (D) quaternary amonium salt repre ented by the
general formula (1) treatment time; 30 sec.

(:) Treatment pressure; 8 m Torr, u wave incidence
current; 250 mA, FR electric power; 20 W, mixed gas;
(BCl3/SF6),
treatment time; 25 sec.

(4) Ashing treatment with oxygen plasma

The resist pattern after dry etching treatment in (3)
was removed by ashing treatment at 170°C for 180 sec. by the
use of oxygen. As can be seen from-FIGf 3 (e) showing the
state after ashing treatment, there was recognized a deposit
polymer 27 stuck to the side wall of the-metallic
electroconductive film.

(5) Cleaning treatment .

The device subjected to aéhing treatment with oxygen
plasma in the above (4) was subjected to cleaning treatment
in the same manner as in Example 1-(5), followed by washing
with water and drying. The state is shown in FIG. 3 (f).

It can be seen froﬁ FIG. 3 (f) that the deposit polymer
27 stuck to the side wall of the electroconductive film was
‘completely removed and the side wall was cleaned.

(6) Formation of interlaminar insulating f£ilm

' Finally, a interlaminar insulating film was formed and
metallic wiring was completed to fabricate the objective
semiconductor device.

Example 10

The procedure in Examples 9-(4) was repeated except that
ashing treatment with oxygen plasma was carried out by ashing

treatment with oxygen plasma at 170°C for 180 sec. as the
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[err] wherein R err] is an al kyl group having 1 to 4 carbo atons B Ny
whi ch three Rlerr] may be the sane or different, R err] isa.e 58@#%@7

or hydroxyal kyl group each having 1 to 4 carbon atons, and Xfe I'S an

i norganic or organic anion in which a rs3bhe val ency of said-arruu wd
The cleaning liquid for producing a sem conductor device acc rdlng to “Z*J

claim1l mhicg further cogg hses (g%err at Ieagt neig ﬁted fr E

group of an fﬁﬁﬁiftﬁarb ; Pred Py ashibdi treakirenkny aﬁﬂPcw e

carboxylic agid.g"0¢ 8 iogrﬁl}r38?8}“8%9%%2%88”%8' bhPaile?oklbbn at
170°C for 2.5 sec. As is the case with Example 1, the
deposit polymer was completely removed in the cleaning step,
and the place to which the polymer had been stuck was

cleaned.



[err]” wherein Z is hydrogen atomor a nono-to-tetrg: WEPLACEMENT SHEET
hydr ocarbon group having 1 to 18 carbon atonms, Rerr] is an gl SH-6+H3
having 1 to 4 carbon atons or a hydroxyal kyl group having 2|td ﬁagdébon

S8 |

atons, nis an integer fromO to 3, mis3éan integer from1l to
pIurallty of RS, mhen present nay_be_Lhe_sane_gL_dLLferent L__4._The
cleaning liquid for pro onduct or -

odu mdc
bihy ¥ CAbED b [ ) IIIII ||I|| 1A

1. A cleaning liquid in the form of an aqueous solution for

producing a semiconductor device which comprises a (A)
fluorine-containing compound; a (B) water-soluble or water-
miscible organic solvent; and a (C) inorganic acid and/or

organic acid.

2. The cleaning liquid for producing a semiconductor device
according to claim 1 which further comprises a (D) quaternary

ammonium salt represented by the general formula (I)
1 2,4+ a-
[(R )gN-R%17_X | --- (I)

wherein R1 is an alkyl group having.l to 4 carbon atoms in
which three R1 may be the same or different, R2 is an alkyl
group or hydroxyalkyl group each having 1 to 4 carbon atoms,
and X2~ is an inorganic or organic anion in which a is the

valency of said anion.

3. The cleaning liquid for producing a semiconductor device
according to claim 1 which further comprises (D') at least
one selected from the group of an organic carboxylic acid
ammonium salt and an organic carboxylic acid amine salt

represented by the general formula (II)

Z-[COONH,__(R®)_1_ —e= (II)




according to claim1, 2 or 3 which further conprises a (E) suffREPL T
5.. The cleaning liquid for p[pducinaﬂa seni conduct or device AEEM NT &

claim1, 2, 3 or 4 wheaumuiAitilRdhi c acid i bor i id
aci d. 6. A proce\é\q““mnwumum!g ‘]Se}_ﬂ Cﬂnduit orOEIIeS/i 2? whifc
thg fteFS of form ng a*ﬁr%sdr}Bed-resistfpattern on a sem cofd r
substrate equj pped on e syrface the i th ' | at] LImb ;
fornming a vi%h%£?€“b§ %?thQFeﬂ?ﬂga g%ﬁérsaﬁ%o?%gﬁg%gégfgé?ﬁg EQW;“EX?r
then renovi ”13,6%%8%?1-58# %%ogss\ég{r?rrl 36/1% efhes iBQrBBnaé%mg,tﬁaaigﬁgh BYkyl o

nmeans of ox asna ment Dy resist-stripper;
group having 1 to 4 carbon atoms or a hydroxyalkyl group

having 2 to 4 carbon atoms, n is an integer from 0 to 3, m is
an integer from 1 to 4 and a plurality of R3, when present,

may be the same or differeht.

4. The cleaning liquid for producing a semiconductor device
according to claim 1, 2 or 3 which further comprises a (E)

surfactant.

5. The cleaning liquid for producing a semiconductor device
according to claim 1, 2, 3 or 4 wherein the inorganic acid is

boric acid or phosphoric acid.

6. A process for producing a semiconductor device which
comprises the steps of forming a prescribed resist pattern on
a semiconductor substrate equipped on the surface thereof
with an insulating film layer; forming a via hole by dry
etching using said resist pattern as a mask; then removing
said resist pattern by effecting an ashing treatment by means
of oxfgen plasma or a wet treatment by resist-stripper; and
thereafter effecting an cleaning treatment by the use of the

cleaning liquid as set forth in Claim 1, 2, 3 or 4.

7. The process for producing a semiconductor device according
to Claim 6 wherein said cleaning treatment is effected for

removing a deposit polymer formed and stuck to the inside and



t her eaf t er effecting an cleaning treatnent by the use of the

L ng. ...
liquid as set forth in daim1l, 2, 3 or 4. 7. The process fOr HEMEWT QHEE-I

a sem conductor device according to Caim6 wherein said clean
treatnment is effected for renoving a depssi-t polyner forned an
‘the inside and periphery of a—vi-a-hole. 8. _The pr
produci ng a sem conduct or device

d ptuck to
ocese S BEP 997
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8. The process for producing a semiconductor device according

to Claim 6 wherein said cleaning treatment is_effécted for-
removing a deposit polymer formed and stuck to the inside and
periphery of via hole, said via hole being formed in the

insulating layer including SOG (Spin On Glass) layer.

9. A process for producing a semiconductor device which
comprises the steps of forming a prescribed resist pattern on-
a seﬁiconductor substrate equippped on the surface thereof
with a metallic electroconductive film layer; forming
metallic wiring by dry etching using said resist pattern as a
. mask; then removing said resist pattern by effecting an
ashing treatment by means of oxygen plasma or a wet treatment
by resis-stripper; and thereafter effecting an cleaning
treatment by the use of the cleaning liquid as set forth in

Claim 1, 2, 3 or 4.

10. The process for producing a semiconductor device
according to Claim 9 wherein the metallic electroconductive
film layer comprises at least one member selected from the
group consisting of tungsten, a tungsten alloy, titanium, a
titanium alloy, a titanium/tungsten alloy, titanium nitride,
aluminum and an aluminum alloy.

11. The process for producing a semiconductor device
according to Claim 9 wherein said cleaning treatment is

effected for the purpose of removing a deposit polymer formed



to Claim6 wherein said cleaning treatnent is effected%nn%ng—a—_
deposit polyner fornmed and stuck to the inside and periphery of V|a hol e,
said via hole being forned in the insulating |layer incl i” I
d ass) |ayer. 9. A process for producizg -a sem conduc | '
conprises the steps of formng a prescribed resist pattern on
sem conduct or substrate equi ppped on the surface thereof wth a netallic
el ect r ocondu@nd, Stugkn tayaereiderwakly ofcthe |ekegkrogpnpdnceive cfbhm ntayer ng
said resist pattern as a nmask; then renoving sai'd resist pattern by
effecting an ashing treatment by neans of oxygen plasma or a wet treatnent
by resis-stri and thereafter Q# ?i an_cJ eanjn atfnnt by the
use of the cl mqﬂflq P hs YetPTUHY semlcondu .° ev
according to Claim 6 or 9 wherein the ashing treatment by
means of oxygen plasma is effected by adding fluorine gas or

a fluorine compound gas to the oxygen.
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Caimi1, 2, 3 or 4. 10. The process for producing a sem conductor device
according to Caim9 wherein the netallic el ectroconductive filmlayer
conprises at |east one nenber selected fromthe group consisting.of
tungsten, a tungsten alloy, titanium a 40 t-aniumalloy, a

titani unitungsten alloy, titaniumnitridée, alumnumand an al um num al | oy.
11. The process for producing a sem conductor device according to Caim?9
wherein said cleaning treatnment is effected for the purpose of renoving a

deposit  polatiby ¥y T5uID FOR _PRODUCING SEMICONDUCTOR DEVICE AND PROCESS
FOR PRODUCING SEMICONDUCTOR DEVICE USING SAME

ABSTRACT OF THE DISCLOSURE

There is disclosed a cleaning liqgid for producing a
semiconductor device which comprises (A) fluorine-containing
compéund; (B) water-soluble or water-miscible organic
solvent; and (C) inorganic acid and/or organic acid,
optionally, further comprises (D) quaternary ammonium salt or
(D') a specific orgénic carboxylic acid ammonium salt and/or:
an organic carboxylic acid amine salt; as well as a process
for producing a semiconductor device by forming a resist
pattern on a substrate equipped on the surface with an
insulating film layer or a metallic electroconductive layer,
forming a via hole or electric wiring by dry etching,
removing the resist pattern by ashing freatment with oxygen
plasma; and effecting an cleaning treatment with the above
cleaning ligquid. The above cleaning ligquid and production
process can readily remove the deposit polymer formed in the
case of dry etchihg without impairing metallic film and |

insulating film.

Figure 1 - | REPLACEMEN- SHEET

05 SEP w97




and stuck to a side wall of the electroconductive filmlayer. 12. The
process for producing a sem conductor device according to Caim6 or 9
wherein the ashing treatnent by neans of oxygen plasma is effected by

addi ng fluorine gas or a fluorine conpound gas to the oxygen.
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