CLEANI NG LI QUI D AND CLEANI NG METHOD BACKGROUND OF THE | NVENTION 1. Field of
the Invention 5 The present invention relates to a cleaning liquid and a

cl eaning method for renoving etching residues formed on the surfaces of

sem conductor devices and display devices in the production thereof, and
particularly to a cleaning liquid and a cleaning nethod for renoving

etching residues, whigff gFARNING nggﬁqwabm@@qgfq@:mrpﬁ@pm conduct or

devi ces and di splay devices, wt magi ng the naterial s of
sem conduct or devices and display devices such as netal wirings, interlayer
insulation films, etc. 2. Description of the Prior Art At present,

sem conduch CI@GN@(%NA?WT%PEWN@ENTIOI\PWM ed LSI are generally produced
| ¢ net hods '

by lithograp e . The l'ithographic production of 15 sem conduct or
devi ces gepeprld ¥f the Iseastigequential step: a step of formng

el ectroconductive thin filnms, such as netal filns, which are finally nade

into W rings; TheSpRReAt jﬁ@ﬁﬁd}grélate%rﬂo%’@lﬁea'hﬂﬁ%]lliqhicpé\n(i lal dIBagidghmashad | i con
oxide films for insulating electroconductive thin filns and wirings on a

substrate fyGBnvingietdltiag resideies farmédpnahelsuirficed ofiBe@yY&Tidtichsr devices
phot osensitive |l ayer by coating a 20 photoresist uniformy; a step of

form ng a paddesplag deidestinftheprofuetipathereof, andopstticnlarlg toubdegnaiy
devel opnent of the photosensitive |ayer; a step of patterning the
under | yi ngligtidiahd landlefying metlost forareaiovimggtahiing rasidges,hehighafitratyned resi st
filmas a mask; and a step of renoving the remaining patterned resist film
conpl et el yadRéreRacidiet durfacsfeendomductoiedéviess andwlisplapelevidesgwathedit mor e
highly, and the formation of a pattern of 0.18 mor snaller is required. As
t he pridcesdamggink tiee siatariads ofsemierndecter deviceemnd dispbiyydeticds suphhas cone
to domnate in the selective etching process. In the dry etching process,
it is knowmethbwirings,igtedayerinsatatiorofilnisyetet chi ng gas, resist, filmto be
etched and materials of 1 the treating chanber of dry etching apparatus
( her ei naf t 8rDesdriptien pf the Pridr|Art
At present, semiconductor devices such as highly integrated LSI are
generally produced by lithographic methods. The lithographic production of
15 semiconductor devices generally includes sequential step: a step of forming
electroconductive thin films, such as metal films, which are finally made into
wirings; a step of forming interlayer insulation films such as silicon oxide films
for insulating electroconductive thin films and wirings on a substrate such as
silicon wafer; a step of forming an overlying photosensitive layer by coating a
20  photoresist uniformly; a step of forming a patterned resist film by a pattern
exposure and subsequent development of the photosensitive layer; a step of
patterning the underlying thin films by a selective etching utilizing the
patterned resist film as a mask; and a step of removing the remaining
patterned resist film completely.
25 Recently, semiconductor devices come to be integrated more highly, and
the formation of a pattern of 0.18 um or smaller is required. As the processing
dimension becomes extremely finer, the dry etching has come to dominate in

the selective etching process. In the dry etching process, it is known that

residues derived from dry etching gas, resist, film to be etched and materials of



be referred to as "etching residues”) are fornmed. The etching residues
remai ni ng inside and around via holes unfavorably increase the resistance
and cause electric short circuits. 5 As the cleaning liquid for renoving
etching residues forned during the formation of metal w rings, organic

am ne-containing stripping liquids conposed of a mxture of an al kanol am ne

d [ | b iscl JR. 62- 49355 P 64-42653A) .
When the prsealnEEReBIRtS iF GurHet ae hetpineti the Brvdber 0 g
t chi d d 1 emmini st . o . d by th
absor bed v oRed Ok T RpEeS ST Bl bR eI richifie FEAGNE T ot et a
fN;'t gf ﬁLgljte T@%Exg%g{@get%glgoéxﬁﬁlgl:dﬁviﬁ%‘h?&gnfat%?&blgzin%Pea[as'ﬁ%?@q]fesits'théH 258 of
, g I'rquid, to reduce e satety and

i ncrease e({&\(%g%rllér&pfc_a%mlrggﬂc #s the cleaning liquid nore powerful in
etc

removi ng I'ng residues an 15 resist filns than the organic

am ne- gant ai ni 3 $ir A8RAAG b G B8 re bUAY ARnEPRLANRLO ByElER AL Ll b1 dS

conposed of a uorine c an organic sofvent, a corrosion-inhibitor,

etc. haventgfﬁx'&tﬁins&ﬂ 19%%1 &i}?%gg, %9&5&6%&%-&%1:&%@7&%@6% tﬂgﬁ g recent

severe conditions of dry etching rn the production of uct or

devi ces, tdgnfSelsfs HigtHRUrAILAkInGHhife Md Yn HBEniY APSEITh L6k BEGRANI C

am ne-containing stripping Iiquids and fluorine-containing cleaning |iquids

are | ess efit@ebéd €JP @2- 49858 L4 84 VP 6422659A 5 U h L tHAF R 0cES sblifpingSi NCe the
organi c am ne-containing stripping liquids and the fluorine containing

cl eani ng |]iguiddsare Gashedl withawe toradfeei e ndbviaEEAchih gSdlsidisSand FémHHfng
thereof in the production of sem conductor devices necessitates undue 25

pr ecagoi onesisd tisah atiyie andidsociataliby ithg aBsvibednagitralnd tledstripidigdidibe
treatnment of liquid wastes. To renove such drawbacks, acid-contai ning

cl eani ng |hegontisalkadineaso asrrade egatal Sibng}f éten THeraforel ganirganici dlvwend an
aqueous solution of nitric acid, sulfuric acid and phosphoric acid have
been propoamt aq R aléolitid Slviglaaa df 32 tef) aFIB6EEA) as Hwveiusing ligeidyrtoposed
acid-containing 2 cleaning liquids are less effective for renoving firmy
adher ed etrelducg thesafetysand increase environmental load.

As the cleaning liquid more powerful in removing etching residues and

15 resist films than the organic amine-containing stripping liquids, fluorine-
containing cleaning liquids composed of a fluorine compound, an organic
solvent, a corrosion inhibitor, etc. have been disclosed (JP 7-201794A and JP
11-67632A). Under recent severe conditions of dry etching in the production of
semiconductor devices, the resists are degraded significantly. The proposed

20 organic amine-containing stripping liquids and fluorine-containing cleaning
liquids are less effective for completely removing such degraded resists.

Since the organic amine-containing stripping liquids and the fluorine-
containing cleaning liquids contain a large amount of organic solvents, the use
thereof in the production of semiconductor devices necessitates undue

25  precautions for safety and for reducing environmental load, such as the
treatment of liquid wastes. To remove such drawbacks, acid-containing
cleaning liquids such as an aqueous solution of an organic acid and an aqueous

solution of nitric acid, sulfuric acid and phosphoric acid have been proposed

(JP 10-72594A and JP 2000-338686A). However, the proposed acid-containing



particularly, etching residues containing silicon, silicon oxides, copper

oxi des, etc. Therefore, there has been a strong demand for a cl eaning
liquid that 5 renoves etching residues, particularly, etching residues
containing silicon, silicon oxides, copper oxides, etc. conpletely w thout
damaging the wiring materials, particularly, copper and that is highly safe

and envir I St Qf@ew ‘FérEf Mgg T

inventi on%l S glhgeléz elggtdggg‘?sosw de a c egﬁllgrég_}- qlﬁ Eﬁh%dg élgﬁ E‘ggﬂggfﬁ’od
for qui Pk'é&srhl%ﬁpﬂlﬁ%teﬁﬁ@ RgidiRs! dnesiniRgiicon! &flicknxtddd)Gopp&SbAHES,
containing silicon, silicon oxides, copper oxides, etc. which are forned

during drytgtching in the wiring process in the production of sem conductor
15 devi ces and di spl ay devices w thout oxidizing or corroding the naterials

of copper W r Thggefordlthesd hAS bbbh ABstr&h € dertiaindl, fol ReclPa @iTRTiqhidviiati on
provides a cleaning liquid for sem conductor devices and display devices

havi ngsmetraindvies ieteisingesidudss paitiAdH gLt chioh ¢l téHBue s estital Min@dsilieéd,i ¢ aci d,
sul furic acid, a fluorine conpound, and a basic 20 conmpound, wherein a

cont ent ofsiMedreoxides SEppey owtdeghbtco conpletedf witlputldeanagiag theguirthgnd a pH
value of the cleaning liquid is form1l to less than 3. The present invention

further praxiaesisaparttaiarly, coppes dnd thaydshighigusifo andvvigmmedtadlyspl ay

devi ces having nmetal wirings, which includes a step of bringing the

sem condudtenddevi ces and di spl ay devices into 25 contact with the cleaning
l'iquid nentioned above. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
partially cross-sectional view of a sem conductor device after subjected to
etching and renoval of remaining resist, showing the formation of 3 etching

resi di€s STUMMARYIOMMNEE NVENREANoorti on.  DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The concentration of each of nitric acid and sulfuric acid in the
cl eani ng The present invention is directed to provide a cleaning liquid and a
cleaning method for quickly removing etching residues, particularly etching
residues containing silicon, silicon oxides, copper oxides, etc. which are formed
during dry etching in the wiring process in the production of semiconductor
15 devices and display devices without oxidizing or corroding the materials of
copper wirings, insulating films, etc.

Thus, the present invention provides a cleaning liquid for semiconductor
devices and display devices having metal wirings, which is an aqueous solution
containing nitric acid, sulfuric acid, a fluorine compound, and a basic

20 compound, wherein a content of water is 80% by weight or more of the cleaning
liquid and a pH value of the cleaning liquid is form 1 to less than 3.

The present invention further provides a cleaning method of

semiconductor devices and display devices having metal wirings, which

includes a step of bringing the semiconductor devices and display devices into

25  contact with the cleaning liquid mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partially cross-sectional view of a semiconductor device after

subjected to etching and removal of remaining resist, showing the formation of



51liquidis preferably fromO0.001 to 10% by wei ght, and nore preferably from
0.005 to 8% by weight. The concentrations of nitric acid and sulfuric acid
may be the sanme or different. Preferably, the weight ratio of sulfuric
acid/nitric acid is from0.1 to 1000, and nore preferably from1 to 100.
Exanpl es of the fluorine conpounds include hydrofluoric acid, acidic 10

anmoni um f r ' f ri.des represented by the
fol | owi ng %t?{&hg%eiﬁq%rsq%a@ﬁl&éwﬁgg?@} ?g Ik@uel\f\)/ftllérei n each of RlL, R2, R3
and R4 is independently al kyl group, aral kyl group, al kenyl group, aryl

group, hydroxyal kyl group or al koxyal kyl group. Specific 15 exanples of the
quat er nar y o RILEDN DRSCRACEIPN dRTHRMWENIrTON | ude tet ranmet hyl ammoni um

fluoride, tetraethyl anmonium fluoride, triethylnmethylamoniumfluoride,

trimet hyl hydr oxygg Ebfh@ﬂf?@ﬂlyﬁbf bHEK bfRitrict R aﬁmaﬂﬁiﬁmaal Mnﬂhfe' Aesnhighg, and
met hyl tri et hanol ammoni um fl uori de, w th ammoni um fl uori de and

t et rames hy i@ ind YrefelalsliifeamTe00D toN16HEDy digh) ahdessrd hrcferatdyFasmounds
may be used ‘al one or in conbination of two or nore. The content of the

fluorine comuBasg% by %1%}“63].’\1'1@@015(16@1‘111‘&161% ofpiigFieraatd ¥nd rsaifu@iO4did triazt 5% by
wei ght, and nore preferably fromO0.005 to 10% by wei ght. Exanples of the

basi ¢ conpbuyriitie damed urldifferens PreferhbBl ¥haweigls, ratidbofsadindanyidAmitrie aicid
tertiary am nes, imnes, alkanolam nes, heterocyclic conpounds which nmay

have Cl_8 & Kym Oahtb 3009,ermhmoramieferabiynfromokital@804 represented by the
following formula 2: R5 + R6- i R8 OH (2) R7 wherein each of R5, R6, RY
and R8 is i ndepBrampilésofitheyflugrinepompoankylingudahydrofluoric acid, acidic
10 ammonium fluoride, and quaternary ammonium fluorides represented by the
following formula 1:

B 1+

RZ—N—~R* | F~ 1)

wherein each of R1, R2, R3 and R is independently alkyl group, aralkyl group,
alkenyl group, aryl group, hydroxyalkyl group or alkoxyalkyl group. Specific
15 examples of the quaternary ammonium fluorides of the formula 1 include
tetramethylammonium fluoride, tetraethylammonium fluoride,
triethylmethylammonium fluoride, trimethylhydroxyethylammonium fluoride,
tetraethanolammonium fluoride, and methyltriethanolammonium fluoride,
with ammonium fluoride and tetramethylammonium fluoride being preferred.
20 These fluorine compounds may be used alone or in combination of two or
more. The content of the fluorine compound in the cleaning liquid is
preferably from 0.001 to 15% by weight, and more preferably from 0.005 to
10% by weight.
Examples of the basic compounds include ammonia, primary amines,
25 secondary amines, tertiary amines, imines, alkanolamines, heterocyclic

compounds which may have Ci_g alkyl, and quaternary ammonium hydroxides



al kenyl group, aryl group, hydroxyal kyl group or al koxyal kyl group. 5
Exanpl es of the primary am nes include ethylam ne, n-propylam ne,

but yl am ne, 1-ethyl butylam ne, 1, 3-diam nopropane, and cycl ohexyl am ne;
exanpl es of the secondary am nes include diethylamne, di-n-propylam ne, di-
n- butyl am ne, and 4, 4'-di am nodi phenyl am ne; exanples of the tertiary am nes
i ncl ude di i |, et l.ami ne, triethylamne, and 10
tr|butyIan?%%n%egg%%bggh€$b4¢ﬁﬁﬁ4¥$kg§f?%%Iude 1- propanei m ne and
bls(dlalkyLanlno)lnlne;_%xanples of the al kanol am nes i ncl ude

nmonoet hanollani ne,RYi et hanol ani ne, triethanol ani ne, diethyl et hanol ani ne, and
pr opanol amjne; exphnpl es |of the heterocyclic conpounds which may have G .-s
al kyl incl Jdespyr Lﬂf?silﬁ ol e, pyrazehe, pyridine, pyrrolidine, 2 15
pyrroline igidaz l'i di nqg, gﬁgyrazoline,@%yrazolidine, pi peri di ne,

pi per azi ne,j and e.[Evﬁ)rpholine; and exanpl es of the quaternary anmoni um
hydr oxi des lof th formlla 2 i nclude tetranethyl amoni um hydr oxi de,
tetraet hyl anmoni um hydroxi de, tetrabutyl ammoni um hydr oxi de,

trimet hyl hyeaeyebhvh afRBTRER7 A4 RBxE ¢edd J@?ﬂbhﬁl@)ﬂk?[‘@rd@ raalibAangbaproni um
r oxl

hydr oxi de, with 20 tetranethylannnnlun1hy de and

Lri et hyl hydkenstenbubBmnhu D, hydfowgatleyl(@bap obelkbejaliy Derf.r ed because
of their strong basi C|ty wth no netal ion. These basic conmpounds may be
used al®ne or i rExeanpleraifithe peimbwp aarinesimdtudd bthylanras) ngiropplaahinehe basi c
conpound in the cleaning liquid is 25 preferably selected froma range of
0.01 to 15%ntylameirghtl -athyHsutytaméagy|1a3-didienoprbpanhe .t dxed cydahexydahiigei d
within the intended range. 5 To enhance the wetting properties, the cleaning
l'i qui d may ekanigles of theseiondary aniiaes antlude diethyleamie, idom-prepylaadhendi- an
anionic surfactant, a nonionic surfactant and a fluorine-containing

sur f act ant n-hirtylantise smhdri4- dismihediphrnybenimg: pxamplesef thertértiary amines

pol yoxyet hyl ene al kyl ether phosphate and 5 polyoxyethylene al kyl aryl et her
phosphat e, lsd@lldeahm@hylalihy ameireCdiethy hngdnydaming, thsthyaminewgpd Sei yaku

Co., Ltd.) and "Phosphanol RS-710"
10 ° tributylamine; examples of the imines include 1-propaneimine and

bis(dialkylamino)imine; examples of the alkanolamines include
monoethanolamine, diethanolamine, triethanolamine, diethylethanolamine,
and propanolamine; examples of the heterocyclic compounds which may have
Ci-s alkyl include pyrrole, imidazole, pyrazole, pyridine, pyrrolidine, 2-

15  pyrroline, imidazolidine, 2-pyrazoline, pyrazolidine, piperidine, piperazine, and
morpholine; and examples of the quaternary ammonium hydroxides of the
formula 2 include tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrabutylammonium hydroxide, trimethylhydroxyethylammonium
hydroxide (choline), and tetraethanolammonium hydroxide, with

20 tetramethylammonium hydroxide and trimethylhydroxyethylammonium
hydroxide (choline) being preferred because of their strong basicity with no
metal ion.

These basic compounds may be used alone or in combination of two or
more. The concentration of the basic compound in the cleaning liquid is

25  preferably selected from a range of 0.01 to 15% by weight so as to regulate the

pH of the cleaning liquid within the intended range.



(tradenane of Toho Chem cal Industry Co., Ltd.), being nore preferred. The
surfactant may be used singly or in conbination of two or nore. The
concentration of the surfactant in the cleaning liquid, if used, is
preferably 10 from0.001 to 5% by weight, and nore preferably fromO0.01 to
1% by weight. To enhance the anti-corrosion properties against copper

such 9, but not® rieeadHe e pshltiod Rk A Aflg Miluia S0AY Rl SO0
conpound, Qod;?ég%ra sd’ljf&&Qgg suffds &Rﬁdxﬁk Fu?ﬁm{?gn ajxﬁf)giri]cgﬁf{ﬂjf%caﬁ{ 4 he

aromati c hy Xy compoun I ncl ude phenol, cresofl, Xy pyr ocat echol ,

tert-butyl gaheshe Furfa%?zlﬂgt%ﬂg F%‘{%P‘{@%&Lﬁ%§§ %%9&9&?{1{: Qiith the anionic

1,2, 4-benzenetriol, sa p- hydr oXybenzyl &l cohol,

o- hydr oxy bg{ifﬁékgﬁlﬁ' t;eqhghyreﬁl-rwcﬂoamwpa%ﬂmylléﬂecm% et APRHACH ghg

m am nopheno am nophenol , am noresorci nol, p-hydroxybenzoic acid,

0- hycr 0%y bRERQIGoaRIne ofYIArsrihBy daba? o a6y shrbadi bu oxybenzol ¢

acid, 3,4-dihydroxybenzoic acid, roxybenzoi'c acid, and gallic

aci d. Exanpirfgehmens D4ioRhi 1)e50 Buipalin CouderdsIos i ' Phesphéridl ®S-ang"

pal atinit. Exanples of the triazole conpounds include benzotriaol e,

anm not r i az¢fradapsmansfohet Chanlic:] IhdasmyeCo., Dtd ), Neeinpehareeprefdmedndthe ncl ude
phosphori c aci d-based conmpounds such as 25 1, 2 -prop anedi am netetranet hyl e

nep hosphogugfaatdrtt ma§ behyshdoginglyhaniapesabhicition éftiwl o€ aideexyhec aci d- based
compounds such as ethyl enedi am netetraacetic acid, dihydroxyethylglycine,
nitrilotri aewédntration of thxahrfactaitdn thietdéamiagilijuidpifiedcisdpreddrchbiyart ari c
aci d; am ne conpounds such as bipyridine, tetraphenyl porphyrin,
phenant®r offtane 0.G0WtR25%- Iy wiedighite dindl momxprefeabdy dpon d@l smdt layg weight.
di et hyl gl yoxi me and di phenyl gl yoxi ne; and acetyl ene conpounds such as
phenyl acet yl ene TarthhZfse dheeinty torFobienypreprtiesiagdinst by wirings; ¢he osi on
agents may be used alone or in conbination of two or nore. The
concent r at ckranohg liqguidmay funthes centazig entantircotresivneageantguchs, butinot5 used,
is preferably fromO0.001 to 10% by wei ght, and nore preferably from 0.005
to 5% by wdingited to, an aromatic hydroxy compound, a triazole compound, a sugar

alcohol, and a chelate compound.

15 Examples of the aromatic hydroxy compounds include phenol, cresol,
xylenol, pyrocatechol, tert-butylcatechol, resorcinol, hydroquinone, pyrogallol,
1,2,4-benzenetriol, salicyl alcohol, p-hydroxybenzyl alcohol, o-hydroxybenzyl
alcohol, p-hydorxyphenethyl alcohol, p-aminophenol, m-aminophenol,
diaminophenol, aminoresorcinol, p-hydroxybenzoic acid, o-hydroxybenzoic acid,

20 2,4-dihydroxybenzoic acid, 2,5-dihydroxybenzoic acid, 3,4-dihydroxybenzoic
acid, 3,5-dihydroxybenzoic acid, and gallic acid. Examples of the sugar
alcohols include sorbitol, xylitol and palatinit. Examples of the triazole
compounds include benzotriaole, aminotriazole and aminotetrazole. Examples
of the chelate compounds include phosphoric acid-based compounds such as

25 1,2-propanediaminetetramethylenephosphonic acid and
hydroxyethanephosphonic acid; carboxylic acid-based compounds such as
ethylenediaminetetraacetic acid, dihydroxyethylglycine, nitrilotriacetic acid,

oxalic acid, citric acid, malic acid, and tartaric acid; amine compounds such as

bipyridine, tetraphenylporphyrin, phenanthroline, and 2,3-pyridinediol; oxime



O her additives used in known cleaning liquids my be also usable in the

cleaning liquid of the invention, if necessary, as long as the incorporation
thereof is not adversely affect the effects of the invention. Such additives
may 10 include, but not Iimted to, organic acids, their salts, nucleophilic
am nes, and their salts. Exanples of the organic acids include formc acid,

acetic aci@mpyiRiCfich a@8ifetiPiglyosiaéiadd diphenyiglpsiithe; BRUaice tydehd,

succinic acid, adipic acid, lactic acid, butyric acid, malic acid, pyruvic
acid, citrdognfiirlls Lezeé phagydcetyléne bndZptrdhegthyledrbeRy seH2{®digl. acid,
ascorbic acid, isoascorbic acid, salicylic acid, and am nocarboxylic acids

such as etThdsenadti@otrsiai agacts hag badisdd alone or in combination of two or

hydr oxyet hyl et hyl enedi am netriacetic acid, 1, 3-prop anedi anm netetraacectic
aci d, di etihytenTheicentaepativaatehe andcestrosivheideyk énehetleaming hiepadciét i c
acid, nitrilotriacetic acid and hydroxyethyli m nodi acetic acid. Exanples of
t he 205nucksedpls piefeeablpdBomrdc00t ¢o AYYUr lox weaghthanddnetrdptdfgchaldyfr@am ne,
hydrazi ne, and N, N-di net hyl hydrazi ne. These may be used al one or in

conbi nat i dn005 to ¥ bprwerght. The concentrati on of such additives in the
cleaning liquid, if used, is preferably fromO0.001 to 10% by wei ght and

mor e pref er abl yOthemadditiyss tused Skinpwieclghting@BqUids mbly de dlse usabkrninng
liquid is from1l to |less than 3, preferably from2 to |less than 3. The
upper | i nithegieaning lanidofgbeiinvenaoryifpegessagy, arengtasi the ineprnorationr om t he
above range according to etching conditions and the kinds of @ materials of
seni condudhereafdginas adyepesie sffectthe aifegs of theinventiampOnelh additives wagani ng
met hod of the jnvention is conducted, fqr exanple, in_a _7 nmanner descri bed
bel owl0An iarkide; bas m@tdimited i or saniGragigs pidepmsrlts, musleephilip ganings, apd
insulating filmare successively forned on a substrate. Then, a photoresist
is applie heHes . The photoresist filmis patterned by exposure to a

pattern of lig and.devel.opnent. Usi.ng th atterne hot oresist filmas 5
D sk, the nonCBs BRMA SLihe GEaBic TRES Tatie Aoryratiin SGS U RBRGRIGT oheq.

Thereafter,qid il BRPIR RS i leil htil L3RIy EY, Mipte Nhii91adf SAgM 11
butyric acid, malic acid, pyruvic acid, citric acid, benzoic acid, 1,4-

15 naphthoquinone-2-sulfonic acid, ascorbic acid, isoascorbic acid, salicylic acid,
and aminocarboxylic acids such as ethylenediaminetetraacetic acid,
hydroxyethylethylenediaminetriacetic acid, 1,3-propanediaminetetraacectic
acid, diethylenetriaminepantaacetic acid, triethylenetetraminehexaacetic acid,
nitril_otriacetic acid and hydroxyethyliminodiacetic acid. Examples of the

20  nucleophilic amines include hydroxylamine, diethylhydroxylamine, hydrazine,
and N,N-dimethylhydrazine. These may be used alone or in combination of
two or more. The concentration of such additives in the cleaning liquid, if used,
is preferably from 0.001 to 10% by weight and more preferably from 0.005 to
5% by weight.

25 The pH of the cleaning liquid is from 1 to less than 3, preferably from 2
to less than 3. The upper limit of each pH range is preferably 2.9. The pH is
selected from the above range according to etching conditions and the kinds of
materials of semiconductor device components and display device components.

The cleaning method of the invention is conducted, for example, in a



Fig. 1, the etching residues 4 remain on the etched surface and its
vicinities even after the renpoval of the photoresist film Then, the
etching residue are renoved by bringing the sem conductor device into
contact with the cleaning 10 Iiquid. The contact treatnent is perfornmed by
spray, application, imersion, etc., utilizing ultrasonic wave, if needed.

The cont aglahsWEEribed lew! 2 eleefibasitdudtiRy tHiRdilth @b igads Ghiong
conditions and the materials of sem conductor device conponents, and

pref er abl witid® 410D ahtigsekkRigUfiBn tade sQB&assHRly firhted6e haidistyatel Oadh,m t o 30
mn. After renoving the etching 15 residues, the rinsing wwth only water is

suffici enF)hioﬁoﬁelsﬁstr'IETah)pﬁedfthéf@n. | ke phbtoresiat filinhie pasternkddygespasuzel vent
such as al cohol is not needed. The cleaning liquid and cl eani ng nmethod of

t he i nvento arpdtsedppf lighbhad devekbpmmearindisingrthd pattarned thatosgdistyfilbeaisces
i ncl udi ng substrate materials such as silicon, anorphous silicon,
pol ysi% i canmask, theansn-protctead arep oftttherinabhlatsg film4e sakectivelycetechedi de and
silicon nitride, barrier materials such as titanium titaniumnitride,
t ant al um Jhcreafteslthmmeintaintieg photoregsthiitoris aémoved hyashingppershowumyst en,
titani umtungsten, alum num chrom um and chrom um alloys; conpound
seni condudtigr §, Bucétchingrasiduen 4remnin ondghke|etchadsiodpemand itavidinities
i ndi um phosphor us; and oxi de sem conductor_such as chronmi um oxi de. 25
Parti cul aevgn after teczemonpliof §he @hotorepist filmenthem the edehing regtdyoare enovi ng
the etching residues containing silicon, silicon oxides, cupper oxides,
etc. fromremeveddidoningingiths gamicanduetios slexicedato eentaghwiitytheckaning i ngs
made of on]y . copper or lam nated nmetgl wirings of copper. and a barrier
mat er}@I  digand ad ' he candactreatmenhispgriornediby spaaY ARRHCAHAN: HRMATEMI t 1 de.
8 The present Lnyentign wi ||l be ex Iain%q In nore detail by refar%gce to
the fol | offhguBliding Brapenip Waysy ! erntackteapenatiye apAdhecope of
the present invention. EXAMPLES 1:10 and .COMPARATI VE EXANPLES 1-3 5 On a
substr at e,co’étac?ﬁﬁb"é‘fe %ppflﬁd)ﬂ?ﬁ}%tfﬁ%cq Heps a8 iIEﬂE‘él Fl%con nitride
Film 2 and aelld 9B 8588 HhlpBudnlE S EHERERIAY Blokn S0 DR £
90°C, and more preferably from 0.5 to 30 min. After removing the etching
15 residues, the rinsing with only water is sufficient in the method of the
invention, and the use of organic solvent such as alcohol is not needed.
The cleaning liquid and cleaning method of the invention is applicable to
semiconductor devices and display devices including substrate materials such
as silicon, amorphous silicon, polysilicon and glass; insulating materials such
20  as silicon oxide and silicon nitride; barrier materials such as titanium,
titanium nitride, tantalum and tantalum nitride; wiring materials such as
copper, tungsten, titanium-tungsten, aluminum, chromium and chromium
alloys; compound semiconductors such as gallium-arsenic, gallium-phosphorus
and indium-phosphorus; and oxide semiconductor such as chromium oxide.
25  Particularly, the clezning liquid of the invention is effective for removing the
etching residues containing silicon, silicon oxides, cupper oxides, etc. from
semiconductor devices and display devices having metal wirings made of only

copper or laminated metal wirings of copper and a barrier material such as

titanium, titanium nitride, tantalum and tantalum nitride.



phot oresi st was applied onto the silicon oxide film 3, exposed to a pattern
of |ight and devel oped, to forma patterned resist. Using the patterned
resist as the nask, the silicon nitride film2 and the silicon oxide film3
were selectively 10 etched, and then, the remaining resist was renoved by
ashing, to obtain a sem conductor device A partially cross-sectional view

of the sem condygp res@tﬁﬁ’fn%n’tl%ns\pﬂme eRphifed ilng’{%me%&ﬂ%j fdléfericB]o €t Chi ng

residues 4 renmin sidewal | s of t e et che ortion. "The sem conductor

devi ce haviflOffARRASE éﬁéa"nhﬂ% wihieh GhealPHAotbd Box?ﬁ?ﬂed %&hﬂiltttﬁg s€b
I|qU|ds shown 1 n Tab es 1T and 3 under the conditions shown in ables 2 and

4, rinsed ?yégéngqiqeén@bﬁe water, and dried. The surface of the dried
sem conduc devi ce was observed under a scanni ng el ectron m croscope

(SEM to epxAMPL.ESE-N6MRECOMPARNTIVE EXAMPEFTRNd3t he corrosion of

copper wrings according to the followng ratings. The results are shown in

Tables 2 20 an@rfa sabatrdsd,i deogpriri wigtn A Vielaefolehed) dtgwiash duglcor:
Conpl etely renoved. B: Nearly conpletely removed. 25 C: Partly remained. D

Subst ant i ahitpidd filerrandd. siliésat ogidiedilno 8 vwaepaiccyssivelg formedibycOVIDRsAon. B:
Substantially no corrosion. 9 C Apparent crater or pit corrosion. D: Copper
filmwas rphgturosdt exsrapliedent torthesilié@cexidodilne8cesmided tda paard ob6m Tabl e
2, in Exanples 1 to 10 where the cleaning liquids of the invention were
used, the Hghhiand deeiaheds tovforen agattamedyresstoésing the tpadternedresidi ag
cOPper- Tai?}llee mlask, the silicon nitride film 2 and the silicon oxide film 3 were selectively
10 etched, and then, the remaining resist was removed by ashing, to obtain a
semiconductor device. A partially cross-sectional view of the semiconductor
device is shown in Fig. 1 which shows that the etching residues 4 remain on
the sidewalls of the etched portion.
The semiconductor device having copper wirings was cleaned with each
15  of the cleaning liquids shown in Tables 1 and 3 under the conditions shown in
Tables 2 and 4, rinsed with super pure water, and dried. The surface of the
dried semiconductor device was observed under a scanning electron microscope
(SEM) to evaluate the removal of etching residues and the corrosion of copper
wirings according to the following ratings. The results are shown in Tables 2
20 and 4.
Evaluation Ratings
Removal of etching residues
A: Completely removed.
B: Nearly completely removed.
25 C: Partly remained.
D: Substantial part remained.
Corrosion of cooper wirings

A: No corrosion.

B: Substantially no corrosion.



Concentrations (% by weight) Nitric Sulfuric Fluorine Conpound Basic
Compound Acid Acid Exanples 1 0.1 4 AF 0.06 TAH8.8 2 0.1 4 TAF 0.10 TAH
6.5 30.14AF0.15 TAH7.2 4 1.0 4 TAF 0.10 TAH8.0 5 0.1 8 TAF 0.10 TAH
10,9 6 0.1 4 AF 0.05 choline 6.5 7 0.1 4 TAF 0.30 TAHG6.4 8 0.1 4 AF 0.05
TAHG6.7 9 0.1 4 TAF 0.10 TAH 2.5 10 0.1 4 AF 0.05 TAH 6.7 AF: anmmoni um

fluoride TAF: tetqg@#&g%rw ilrtgﬁxlrxjogﬁm TAH tetranet hyl anmoni um

hydr oxi de Tabl e nce ons (% by weight) H Anti-corrosion
t/Additi ’ - i.C ' - -
59750 2.0 5 ¢ L RECabey gjiﬂ4t!%@%@%ﬁ%@@%ﬂ%ﬁ%ﬁ%géﬁgrrenQensggg._ 5 80. 40

2.9 6 Phosphangl (R f-dfh Pable? iaE£afples PRPEORANGE tReclddhilglifiRd99f 2- 9
formc acid 0.1 8 EDTA 0.01 88.64 2.0

the invention were used, the etching residues were completely removed

5 without corroding copper.
Table 1

Concentrations (% by weight)

Nitric  Sulfuric

Acid Acid Fluorine Compound Basic Compound

Examples

1 0.1 4 AF 0.06 TAH 8.8
2 0.1 4 TAF 0.10 TAH 6.5
3 0.1 4 AF 0.15 TAH 7.2
4 1.0 4 TAF 0.10 TAH 8.0
5 0.1 8 TAF 0.10 TAH 10.9
6 0.1 4 AF 0.05 choline 6.5
7 0.1 4 TAF 0.30 TAH 6.4
8 0.1 4 AF 0.05 TAH 6.7
9 0.1 4 TAF 0.10 TAH 2.5
10 0.1 4 AF 0.05 TAH 6.7

AF: ammonium fluoride
TAF: tetramethylammonium fluoride

TAH: tetramethylammonium hydroxide
Table 1 (contd.)

Concentrations (% by weight) H
Anti-corrosion agent/Additive Water P
Examples
1 L-ascorbic acid 1.0 86.04 2.0
2 - - 89.30 2.0
3 - - 88.55 2.9
4 EDTA 0.01 86.89 2.9
5 hydroxylamine 0.5 80.40 2.9
6 Phosphanol RS-710 0.1 89.25 2.0
7 Phos.phar.lol RS-710 0.1 89.00 2.9
formic acid 0.1
8 EDTA 0.01
hydroxylamine 0.5 88.64 2.0
9 Phosphanol RS-710 0.1
hydrazine 0.5 92.70 2.0
10 EDTA 0.01
formic acid 0.1 89.04 2.0

10



hydr oxyl am ne 0.5 9 Phosphanol RS-710 0.1 92.70 2.0 hydrazine 0.5 10 EDTA
0.01 formc acid 0.1 89.04 2.0 10 Phosphanol RS-710: tradenane of Toho

Chem cal Industry Co., Ltd. EDTA: ethylenediam netetraacetic acid Table 2
Cl eaning Conditions Cleaning Results Tenperature Tinme Renoval of (C) (mn)
etching resi dues Corrosion of copper Exanples 1 302 AA 2302 AA 330

A “10 30 o R ARSI, fellerurl ol W Cpomt b PR A i e 0 ° 7

A 10 30 2 y welg Ni'tric Sulfuric
Fl uori ne L | Qi SR LeheRd Acid Acid Conparative Exanples 1
A e i NI et Mo

Table 2
Cleaning Conditions Cleaning Results
Temperature Time Removal of Corrosion of copper
(°C) (min)  etching residues pp
Examples
1 30 2 A A
2 30 2 A A
3 30 2 A A
4 50 1 A A
5 30 2 A A
6 30 2 A A
7 30 2 A A
8 30 2 A A
9 30 2 A A
10 30 2 A A
Table 3

Concentrations (% by weight)

Nitric Sulfuric . : pH
Acid Acid Fluorine Compound Basic Compound Water

Comparative Examples

1 - 4 AF 0.05 TAH 7.0 8895 29
2 0.1 - TAF 0.1 - - 9980 29
3 0.1 4 - - TAH 74 8859 29

AF: ammonium fluoride
5 TAF: tetramethylammonium fluoride

TAH: tetramethylammonium hydroxide

Table 4
Cleaning Conditions Cleaning Results
Temperature Time Removal of Corrosion of co
(°C) (min)  etching residues ot copper
Comparative Examples
1 30 5 C A
2 30 5 C A
3 30 5 D A
~ The cleaning liquid of the invention is safe and environmentally friend.

Using the cleaning liquid, the etching residues on semiconductor devices and

11



30.14- - TAH 7.4 88.59 2.9 AF:. ammonium fluoride 5 TAF:

t et ranet hyl ammoni um fl uori de TAH tetranet hyl anmoni um hydroxi de Table 4
Cl eani ng Conditions Cleaning Results Tenperature Tinme Renoval of (C) (min)
etching resi dues Corrosion of copper Conparative Exanples 1 30 5 CA 2 30
5CA 3305DA The cleaning liquid of the invention is safe and

envi r onmentighlay ddvi@tchreUsiy fefgoveldemithivg alshavt feribh@feimbi Sinéetieues on
sem conductor devices and 11 display devices are easily renoved within a

short perivw@ind mdtetialShie ot frroded,ithe uselofthalctesaiifg Mefuid @habladthet he use
of the cleaning Iiquid enables the production of higﬁ preci sion and high
qual i ty ciproduttivh fof hggh préeciswdi sndhigh feality ciseniaftieingst datadditiont thé he
cleaning liquid is effected by using only water 5 wi thout needing an organic
sol vent sutihiseasftat twlading with Wi dleaming liqiddDs leffecled By alsaanomnky watpri d f or
sem conductor devices and display devices having netal wirings, which is an
agueous swithoubneedimgaamorgpmc solvenasiich asalléalolc acid, a fluorine
conpound, and a basic conmpound, wherein a content of water is 80% by wei ght
or nore of the cleaning liquid and a pH value of the cleaning liquid is
froml to less than 3, wherein a weight ratio of sulfuric acid/nitric acid
is fromO0.1 to 1000, wherein the

12



fluorine compound is anmmoni um fluoride or tetranethyl amoniumfluoride and
a content of the fluorine conpound is fromO0.001 to 15% by wei ght of the
cleaning liquid. 2. The cleaning liquid according to Claim1, wherein the
basi ¢ conmpound is a strong base containing no netal ion. 3. The cl eaning
liquid according to aim1l, wherein the basic conmpound is

t et r amet hyfgamong um,Awer oxi e or  tri net hyl hydr oxyet hyl ammoni um hydr oxi de.
4. The cleaning liquid according to Claim1, further conprising a
surfactant and/or an anti-corrosion agent. 5. The cleaning |iquid according

Claimi4 h f al
E?ean?hg1I|qU|§r:Lnor%%§%EEE aﬁ?qﬂ%ilsfgg anﬁgbﬁdﬁBEE?CE%$%é§§%n6ﬂ§

pol yoxyet h av Hgdﬁﬁﬁﬁ 8 rﬁgpﬁdx“giﬁgﬁene A K ? ry?sether
phosphat e. >~ uﬁ%%“cl&&ﬁl anP§U| bE%b?dlﬁﬁl o AUt hePERT tHR neta
wirings arElReEEN®f SAMHOEBPper 2BF tRe RECAC \AFIRRGE tave'l earrﬁjrf};\te%l
structure @@n%%®%e®faﬂat9rbaﬁrﬁéﬁ byptielighlt. oF. menfetHodtht ¢l eaming
sem conduct bguikdvacésaopt dRdpkapidéviec ed claaningg listuald viis i fign Whikeh
conpri ses hesst epheh bri,ngi wgetéénser corglidttor devices odr dsspfayicdevi ces
into contagtiaMtihcthe cheaai ngsli quioth a® .def itred 1000, anwiosweidd CGléns 1 to
7. 13 fluorine compound is ammonium fluoride or
tetramethylammonium fluoride and a content of the
fluorine compound is from 0.001 to 15% by weight of the
cleaning liguid.

2. The cleaning liquid according to Claim 1, wherein
the basic compound is a strong base containing no metal
ion.

3. The cleaning liquid according to Claim 1, wherein
the basic compound is tetramethylammonium hydroxide or
trimethylhydroxyethylammonium hydroxide.

4. The cleaning liquid according to Claim 1, further
comprising a surfactant and/or an anti-corrosion agent.

5. The cleaning liquid according to Claim 4, wherein
the surfactant is an anionic surfactant.

6. The cleaning liquid according to Claim 4 or 5,
wherein the surfactant is polyoxyethylene alkyl ether
phosphate or polyoxyethylene alkylaryl ether phosphate.

7. The cleaning liquid according to Claim 1, wherein
the metal wirings are made of only copper or the metal
wirings have laminated structure of copper and a barrier
material.

8. A method of cleaning semiconductor devices or
display devices having metal wirings, which comprises a
step of bringing the semiconductor devices or display
devices into contact with the cleaning liquid as defined
in any one of Claims 1 to 7.
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