CLEANI NG LI QUI D AND CLEANI NG METHOD BACKGROUND OF THE I 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 cleapi W i removi ng

et chi ng residues, whi @ﬂ‘ﬂ?@ ﬂi@ﬁ@?’dﬁ?bﬁ‘?@?@gm#@%m conduct or

devi ces and di splay devices, without 10 damagi ng the materials of

sem conduct or devices and display devices such as netal wirings, interlayer

i nsul at i onghldEREUND @)F;]@ggggl POl the Prior Art At present,

sem conduct or Ig%w Ces suc ghly integrated LSI are generally produced

by i thogrf.ppi'e? BFi;lli'é)Fﬁven s, | i thographic production of 15 sem conductor
devi ces genera (Fy I ncludes sequential step: a step of formng

el ect r gconduct iy HFisBnt ihvEnticfdladss 1681 AleahidgdBquithh &8 addlaningahbihdrde
into wrings; a step of formng interlayer insulation filns such as silicon

oxi de fil nfor fe@foviing eteinggesideet foxned vatthe suirfticas bf kemicnd uster d@dcemn a
substrate such as silicon wafer; a step of formng an overlying

phot osensi ahd didpdsgrdelices datths pradactiguh chexeesiasid puniticulatly;toa deapiny
formng a patterned resist filmby a pattern exposure and subsequent

devel opnenliqoid 4hé apfleamingnaethodefdragerovieg stolipng residats,ewhichgfithly
underlying thin filnms by a selective etching utilizing the patterned resist
filmas a adlée artheswfagesef semrivmdugtohdevicemand displpuidestaeedwitdonust il m
conpletely. 25 Recently, sem conductor devices cone to be integrated nore

hi ghl Y10 andamiaging theratdterials ofsqmiconducter devices gmdodisplay desricesssychigas r ed.
As the processing. dinension becones extrenely finer, the dry etching has
cone to domehal winings ipterdayercmsplatiancilmg §¥€ocess. In the dry etching

process, it ILs known that _residues derived fromdry etching gas, resist,
filmto beéebeww%moggheeﬁwér&f 1 the treating chamber of dry etching

GENUEC R AR ORI RUATINC NG AR
hol es unf ageol{e%ghxr ﬂr%ﬁ{x‘é&f Bytlﬁﬁoé'xea{spih% AR89 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 pm 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



cause electric short circuits. 5 As the cleaning liquid for renoving etching
résidues fornmed during the formation of netal wrings, organic

am ne-containing stripping liquids conposed of a m xture of an al kanol am ne
and an organi c solvent have been disclosed (JP 62-49355A and JP 64-42653A).
When the proposed stripping liquids are washed with water after renoving

et chi ng r ghé dewaing Ghamber of dgy 2chingiappardtwe (heteiaafterdihesesidtesdwily t he
absorbed water and the stripping liquids becone alkaline, to corrode netal
filns, etbe rEfatred doas “atchingassidussi)\weatformedh The ebvhimgxesidyes n pl ace of
water, must be used as the rinsing liquid, to reduce the safety and

i ncrease eamainnrgemsade hoddironsd vine holesamfayorahyiincnease tlpejmlﬁ{ﬂnoprand
removing etching residues and 15 resist films than the organic

am ne- conicaisé plpcstic ishprtngirévitgui ds, fluorine- containing cleaning |iquids
conposed of a fluorine conpound, an organic _ solvent, a, corrosion inhibitor,
etc. hBve beenAditbe clpaaing Jiquzd for reoagviagetopingresgluesfaymedthuing ghent
severe condi ti Qnsﬁ%;ngr etching in . the production of. sem conguct or

devi ces, deianaEep Vﬂé’d’rg&d%’égaé’ilﬁﬁFqlg%&HPF%}m%étrﬂﬁR}ﬁ‘@slé(H“ § organic

are | ess EpmaORRdat pORCHERE oL Bk Eering Aailan GEEr TacalREGITNE B8 noe 't ha
o AR BB T A B R S

br ecaut | ong s RESHARhel hth APk GRRTERRY1 A6 Lichine TRERRSL bR il 05

treatggnt ofi } | iﬂnﬁ@e;fsecfissc-)rc@a{eﬁ th %&rﬂé@%#%ndﬁ%@tﬁ??ﬁﬁ Q¥ds

cl eaning I'rqui'ds suc S an aqueous sol ution of an organic a nd an

aqueous [ inBi id & | idteaql AR he have
been pr op(?ggﬂl&lb?%?%9%8-87%6569@,&@%%193%%{%%-%%Sgglg}ggage%p‘iv}vgéer , ﬂt3 %gﬁ%Popos ed

aci d- cont augh @ #h 61861, 18 Plhetibtgatirenis beaidedds the Fiagingligwidygofirmy
adhered etching residues, particularly, etching residues containing

silicon, sedueothoxifdeg anddppwiasexndaonmerital IcHder ef ore, there has been a
strong demand for a cleaning liquid that 5 renoves etching residues,
particul arly, Ascthéotparsngdigesd amoregiawerfukin rexooving 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



silicon oxides, copper oxides, etc. conpletely w thout damaging the wring
materials, particularly, copper and that is highly safe and environnentally
friend. 10 SUVWARY OF THE | NVENTI ON The present invention is directed to
provide a cleaning liquid and a cleaning nethod for quickly renoving
etching residues, particularly etching residues containing silicon, silicon
oxi des, copeingliqitds ae¢ esswiffectivarfer femoeuhg fitmlyngdblenede¢tchingyrésidues

W ring process in the production of sem conductor 15 devices and displ ay
devi ces wpthtictlazky, dtching residues coutaigingsilinen cgiligdw oxidesceqnper axidésgs,
insulating filns, etc. Thus, the present invention provides a cleaning

li qui d foeteseni conductor devices and display devices having netal wirings,

whi ch is an aqueous solution containing nitrié acid sulfgric acid, a
fluorine conpolinerefored thensaaacbean a stusnedemand for a cleanspediquiddbgdt er i s

80% by_wei ght or re of the cleani liquid and. a pH val ue of..the cl eani ng
li qui P i sTremeres etchingdesidygs, @rtlFHigrﬂY’é’stgm“g WM%S&?#WHEF%@% des a

cl eani ng t hod af sem conductor, devic and. di spl,ay devi ces _havi ng netal

W rings. AHIGOR oTHer GaBREROSHED P SRR VitEo SRR TEERE CBF ERELSs "and

di spl ay devices,into. .25,contact Wt he. cl eani nQe | I qui I above.

BRI EF DESEH BTy kI R RGP REGE fqg}.i‘a?‘ ié‘%‘l%gg{%% 9%&@@@%&%@1?’ onal view
of a sem ?ﬁgg&ctor device after subjected to etching and renoval of

remai ning ' resist, showing the formati on of 3 etching residues on the

sidewal I s of etched portion. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
concentration of each of nitric acid and sulfuric acid in the cleaning 5

| i quifyisgerefeARY ®F TAR INVENTION0% by weight, and nore preferably from
0.005 to 8% by weight. The concentrations of nitric acid and sulfuric acid

nmay be the saNiBe @resbidtiifveition 7§ @ireemidl 06, proftle/gcianihgliquidbndud f uri c
acid/nitric acid is fromO0.1 to 1000, andpm)re preferably from1l to 100.

Exanpl es e@feanlifg mhethiodfer qaigkdy peimoving etdhiy tesid e pactianlatly atohdhg 10
ammoni um fl uori de, and quaternary ammoni um fl uori des represented by the
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



following formula 1: -1+ wherein each of R, 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 quaternary amoni um
fluorides of the formula 1 include tetranethylamonium fluori de,

tetraet hyl ammoni um fluoride, triethylmethylammoni um fl uori de,

tri met hyl hydh s hiedrvR Mhe idewilld efetché@poagdmanol ammoni um fl uori de, and
met hyl tri et hanol ammoni um fl uori de, w th anmonium fl uori de and

t et ramet hyl anmoni um fl uori de being preferred. 20 These fl uorine conpounds
may be used alone or in conbination of two or nore. The content of the
fluori ne cOEIAIRED DESERIPFHONMOE THE INVENPI@Ner ably from 0. 001 to 15% by
wei ght, and nore preferably from0.005 to 10% by wei ght. Exanples of the
basi ¢ conpoundhenzingdntramonmnifeacprafmitnic apidnad sulfsrisasihaathe gleanéng
tertiary am nes, imnes, alkanolam nes, heterocyclic conpqunds which may
have OB s lagwid is preéerably GomPy0driooHi% byHyenehki ard mpreayeterabl:fromy t he
following formula 2. RS . ESE}RS R7 it OH (2 v\/nerei,a eadch ]gf R5,. R6, R7 and
R8 is i ndeph8RadAE% bxwsighl, dbs concenirpfiogs gof pitricagid and guldpric agid, magy oup,

hyd | kyl | | Kyl I f . pri.mary. am.

el ude. et e e G- BRERA G oAb e AHeTABE Fate oy hHHE AR RLiGacid

R U SIS b R0 ot oCone o s
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following formula 1:

_ o .

|

R>—N—-=R* | F~ (1)

1

L -

wherein each of R!, R?, 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



monoet hanol am ne, diethanol am ne, triethanol am ne, diethylethanolam ne, and
propanol am ne; exanples of the heterocyclic conpounds which may have G _s

- al kyl include pyrrole, imdazole, pyrazole, pyridine, pyraolidine, 2 15
pyrroline, imdazolidine, 2-pyrazoline, pyrazolidine, piperidine,

pi perazine, and norpholine; and exanples of the quaternary amoni um

hydr oxi desrepfreédifted i thel B113wiiAg foxdaule2r amet hyl anmoni um hydr oxi de,

t et raet hyl ammoni um hydr oxi de, tetrabutyl amoni um hydroxi de,
trimet hyl hydr oxyet hyl ampni um hydr oxi de (choline), and tetraethanol ammoni um
hydr oxi de, {|wi t h 5% t et r pret hyl anmoni um hydr oxi de and

trimet hyl hydr oxygt hyl anproni um hydroxi de (choline) being preferred because
of their s rRﬁﬁg—bIa-si-BJSty woEh no netal2) on. These basi c conpounds may be
used al one| or in|conbination of two or nore. The concentration of the basic
conpound i h the geaning liquid is 25 preferably selected froma range of
0.01 to 15% by weight so as to regulate the pH of the cleaning liquid

wi thin the intended range. 5 _To enhance the tting propertie Lhe cl eani ng
li quid nayWhGFQlﬁeqaChdlfrﬁsaM: B’ ands Bt isdmdepen a tgrQHpcagéts}kV ¥, an

T A kD0 o kPR BT R " ™
e, b S RO A
Ry e S AT PR,
g B R AR
more pr el ShaRl1dh AP, Anlly koaib bt dilamid? RARANEE of Be Alitlarg AlhARON

properties agalf nst copper W rings, eaning lrquid may furthér contain

an anti - cofchsd LRiRAea e thytdindse, dthylfleth)laMingdttiOshyddm3heeid ¢ hydr oxy
conpound, a triazole conpound, a sugar alcohol, and a chel ate conpound. 15
Exanpligs ofrilig]amonatdxaniplds of yhe dmbessnisighidec -pdep dheindhe agidesol ,  xyl enol
pyrocat echol, tert-butylcatechol, resorcinol, hydroqui none, pyrogallol,
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.



1,2, 4-benzenetriol, salicyl alcohol, p-hydroxybenzyl al cohol,

o- hydroxybenzyl al cohol, p-hydorxyphenethyl al cohol, p-am nophenol,

- m am nophenol , di am nophenol, am noresorcinol, p-hydroxybenzoic acid,

o- hydr oxybenzoi ¢ acid, 20 2,4-di hydroxybenzoic acid, 2,5-dihydroxybenzoic
acid, 3,4-di hydroxybenzoic acid, 3,5-dihydroxybenzoic acid, and gallic

aci d. Exanpl es T enlienceudrr we tthie® pebrserties) thdecleaninigh 1oduidxayhiytfakthrd

pal atinit. Exanples of the triazole conpounds include benzotri aol e,

am not r i azoheaiand sanfaptigtsuwwha ea chtianiel @sfacdant, e aheni¢ surfactaoitnds i ncl ude
phosphoric aci d-based conpounds such as 25 1, 2 -prop anedi am netetranethyle
nephosphomaniagicéuafattahy dndayButiinehotphiong sufectantcwntioidyd agiomdt d- based
conmpounds such as _ethyl enedi am netetraaceti c aci d, dihydroxyethylglycine,

ni tril ot rissefadtantbeing prefetired, ard @olyoxyeihylene dlkylwither nbpephatedndir tari c
acid; am ne_conpounds such as_ hipyridine, tetraphenyl porphyrin,

phenanbhr diolyexyeihplepe alkylaryl eihermhosphatee sych ggp Slrert A7 Qs

di net hyl gl ' d. di | | Ie:; d | h

R R o e

u | | K .

cgncent ra%/(Fr@ﬁie%ni%%} ’g‘ﬁlq 8@8@6&%“&3@'&01’ %t@h\gg%qngdﬁpppgpmfa{‘ﬁe&. The 5 ysed,

i feraply f 0. 001 to,10%b i gh 1d f f 0. 005
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! “Venibon-froﬁﬁcéloﬁf'% %%’B?v&&i htl,oadd“n 8&'&'%&3&’%12%01‘11‘ @&‘%9 1‘b/9bg]96«%igﬂt.c aci ds,

their salts, nucleophilit antnes, a elr salts. anpl es e organic

aci ds include frydfifafel the fAf$lchbfrodforlprdpePlb®AbginstebfperOwMihgs,abied, _
mal oni ¢ acid, malelc acid, succinic acid, adipic acid, lactic acid, butyric

acid, nal !c@eaﬁﬁhgylidiﬁﬂliﬁé}yi fafthdr c6htdih GrdghtlscobR7cH Ggédt suchlad bt not _
napht hoqui none- 2-sul foni ¢ acid, ascorbic acid, isoascorbic acid, salicylic
aci d, andimitedaoashaxymiaticdeydi®xgcompadnnd| Atkenreld @mpeind,rasegid ¢ aci d,
hydr oxyet hyl et hyl enedi am netriacetic acid, 1, 3 -prop anedi am netetraacectic
aci d, di e alépiadnend aahiehste comtppranet.i ¢ acid, triethyl enetetrani nehexaacetic
actd, 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



nitrilotriacetic acid and hydroxyethylim nodi acetic acid. Exanples of the 20
nucl eophi |l i ¢ am nes i nclude hydroxyl am ne, diethylhydroxyl am ne, hydrazine,
and N, N-di net hyl hydrazi ne. These may be used alone or in conbination of two
or nore. The concentration of such additives in the cleaning liquid, if
used, is preferably fromO0.001 to 10% by wei ght and nore preferably from
0. 005 to Zompounesghich sbd ibethylilgdxinieand elipheaylelypxime! anf aeatyleh® | ess
than 3, preferably from2 to |ess than 3. The upper limt of each pH range
i s prefer abnponds stich ga-phenylaedtybanedarid 8rh-dineetiiydvichexmmpe28cdmidi ng to
etching conditions and the kinds of materials of sem conductor device
conponent SThese aditporrpsigmagants sngsohe wsed ajore et Bneambinatiael BY0 phe
invention is conducted, for exanple, in a 7 manner descrjbed bel ow, .An
el ect r ocomaere: | Hae comeerrration of bhe anticcorrsion agenhi theeleanngSgrid.iifg i1 m
hot or esi_ st applied

her ook, - REdpirsReELY Boch U b GrhuiHeishtcaplanee Dre bE RBhn o
non pr ot e L0 1 B4 BY @AY psul at | ng 111 m i & Sel ectively elched. o
Filo 1, the o ed 1aRdeRlsee hERRP e Fhin A EHEN Sy b Al fnipdn" " "
ctcning + sk SYERE Ania 3P E TG, if BERUBLARETAAR ab i ind BB il
contact V“t{a@reto'??s Bb?ﬁﬂ%‘&ei}paftb&(ﬂ}% e,fm%s ﬁPfHeaﬁIve kol "Sith AdaRFAhaRd DY

spray, application, I nersion, utilizing ultrasonic wave, If needed.

The cppt aghclu@BPBLEhYE Bnfibdl td)@rghRitlfeds, thER SRS A RIdPhNE: 81iHES %Bnd
conditions and the materials of sem conductor device conponents, and

pr ef er abl yhéir@algsoom tenperature to 90'C, and nore preferably fromO0.5 to
30 mn. After renoving the etching 15 residues, the rinsing with only water

is sufficient iExdmipleswifithd opgatieacidairehidoforniodcid)acetie aoid, prgpivnic
sol vent such as al cohol is not needed. The cleaning liquid and cl eani ng
met hod of achk oxalieracidrmakrp pkids aivdleidt acid senicomiodicid, ardipvadédslaatid atid,pl ay
devices including substrate materials such as silicon, anorphous silicon,
pol ysi | i cbutyrid agidagsali¢ asidl, ayrweicrasidditricacidchenzic asidsill4-con oxi de and
silicon nitride; barrier materials such as titanium_ ) o )
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,
nitrilotriacetic 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



titaniumnitride, tantalumand tantalumnitride; wring materials such as
copper, tungsten, titaniumtungsten, alum num chrom um and chrom um
al I oys; conpound sem conductors such as galliumarsenic, galliumphosphorus
and i ndi um phosphorus; and oxi de sem conductor such as chrom um oxi de. 25
Particularly, the cle~;ning liquid of the invention is effective for
renovi ng hmmneatddsicriped delatve Ancdattaoctndpcsing thon filsi td bomade tde, cupper
oxi des, etc. from_ semni conductor devices and display devices having netal
Wi ri ngs nwdeings amd 3n inesgdptingdilm ané sraccedsivelyaformied oys sebstratpe T hemd aa
barrier material such as titamlﬂa‘titaniun1nitrLde, tant al um and tant al um
nitride. Bhotrepistieapphied Ehetegn. wihe Phetosssistafilads patiesped bytexnosyye
reference to the faollqw ng, exanpl es which shoul d not be_constru to limt
the scopet®f ptaﬁtsernpﬁtjelséma%&%\lﬁqgmen@xﬁmgéﬁ&mteaﬁ EHOBNRRR VEERAMPLES
1-3 5 On a substrate, a co r Wri f.il . forned,..o ich.a silicon
nitrids fRMASAHE BOLProteElR 'e&é’fRBFﬁP%“%’P\&P@H’B&%g@WéY&Yf hiedk by OD. A
phot or esi was. a ied ont.o the sili oxide film3, exposed {o a pattern
br ' 11 gt TRt Pl Ay e Bresidi iR St Patted b sl RS shar e
resi st asg. sk.pthe sidico L Ly ' e Silhi Lde film3
F%é\tigltgg fgc}élﬁlghrggi,ddae% dzp{e{%%{n &E tflé L@h%daéllq'fé& eIHZ(% iﬂs%@inﬁ)ﬁég

were sel et e Tenaining res was f'enoved by

ashing, t ' ' l: G ' . - ignal view
o the scoyaoaficl the rERVAPDFUE PhoRIGIEPRI-A. ABicr, Bhi K1GHARSLERER A", Chi ng
residues f.hepEd ByYrinding the deWibdidior Hvieh Shefedhtt Q?th tHeeclagfingonduct or

devi ce having copper wrings was cleaned with each 15 of the cleaning

l'iquids stigwil.i Théabhesct kréuteheh i8R forhfe IOy 8pFdy9 AppHELSMEN | ilmméEdsibas 2 and

4, rinsed with super pure water, and dried. The surtace of the dried
semi condugtcorutil¥ingeuldPssonis wavedif uedded a Theaonitad tehfwlrhturend id eheope

(SEM to evaluate the renoval of etching residues and the corrosion of
copper weantags timee deplemd) oh che leechinigl conditgonisaand ghe nfdteriad¢sof t s are shown in
Tables 2 20 and 4. Eval uation Ratings Renoval of etching residues
semiconductor device components, and preferably from room temperature to
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.



A . Compl etely renoved. B: Nearly conpletely renoved. 25 C Partly renai ned.
D: Substantial part remained. Corrosion of cooper wirings A. No corrosion.
-+ B: Substantially no corrosion. 9 C. Apparent crater or pit corrosion. D
Copper filmwas roughened over its entire surface and recessed. As seen
fromTable 2, in Exanples 1 to 10 where the cleaning liquids of the

i nvention were TEe¢reddift iavehtioa wiShalogslalvsdit fithé deediy byaRdrencd tyv t hout
corrodi ng copper. Table 1 Concentrations (% by weight) Nitric Sulfuric

Fl uori ne Gligfolloaizagiexaplpowirciehovld sbtacnl stouddtol HARD tHE SR & the
20. 14TAFO. 10TAH6.. S5 30. 14AF0. 15TAH/7. 2 41. 04TAFO. 10TAHB. O 50. 18TAFO. 10TAH10. 9
60. 14AF0. Oeiseht neéergior). 14TAFO. 30TAHG. 4 80. 14AF0. O5TAHG. 7
90. 14TAFO. 10TAH2. 5 100. 14AF0. O5TAH6. 7 AF: amoni um f | uori de
EXAMPLES 1-10 and COMPARATIVE EXAMPLES 1-3
5 On a substrate, a copper wiring film 1 was formed, on which a silicon
nitride film 2 and a silicon oxide film 3 were successively formed by CVD. A
photoresist was applied onto the silicon oxide film 3, exposed to a pattern of
light and developed, to form a patterned resist. Using the patterned resist as
the mask, 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.



TAF: tetranet hyl anmoni um fluoride TAH

1 (contd.) Concentrations (% by wei ght)

4EDTAQ. 0186. 892. 9 5hydr oxyl am ne0. 580. 402. 9 6Phosphanol
RS-7100.1 89 2 009 form c acidO.1..
hydr oxyl am ne0. 5.C: Aipwaepbartter BopitlédtrdsiBr. 2 700 hydrazi ne0. 5. .

7Phosphanol

. 89

the invention were used, the etching residues were completely removed

t et ranmet hyl amtmoni um hydr oxi de Tabl e
Anti-corrosion agent/Additive Water
+ Exanpl es pH 1L-ascorbic acidl. 086.042.0 289. 302. 0 388.552.9
RS- 7100. 189. 252. 0
8EDTAO. 01 88 2 640

10EDTAO0 01

D: Copper film was roughened over its entire surface and recessed.

5  without corroding copper.

Table 1

Concentrations (% by weight)

Nitric Sulfuric

Fluorine Compound

Basic Compound

Acid Acid
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 Phosphapol 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

As seen from Table 2, in Examples 1 to 10 where the cleaning liquids of



2 040 formc acid0.1.. 10 Phosphanol RS-710: tradenane of Toho Chem cal

I ndustry Co., Ltd. EDTA: ethyl enediam netetraacetic acid Table 2 C eaning
» Condi ti onsd eani ng Results Renoval of TenperatureTineCi f orros

(© (mn)etching residueson o copper Exanples 1302AA 2302AA 3302AA 4501AA
5302AA 6302AA 7302AA 8302AA 9302AA 10302AA Table 3 Nitric Sulfuric Acid
Aci d COWWPHI)%M%I@IWW@I faesaedf TIE CheRYcaMhabbiryftsi9Litde Conmpound
Basi ¢ Conpoun

EDTA: ethylenediaminetetraacetic acid

Table 2
Cleaning Conditions Cleaning Results
Temperature Time Removal of C ) £
(°C) (min)  etching residues Orrosion ot copper
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)

lilgéc Si]fil;lc Fluorine Compound Basic Compound Water pH
Comparative Examples
1 - 4 AF 0.05 TAH 7.0 88.95 29
2 0.1 - TAF 0.1 - - 9980 2.9
3 0.1 4 - — TAH 7.4 88.59 29

AF: ammonium fluoride
5 TAF: tetramethylammonium fluoride

TAH: tetramethylammonium hydroxide

Table 4
Cleaning Conditions Cleaning Results
Temperature Time Removal of C . ¢
(°C) (min)  etching residues Orrosion ol 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



Water pH 1-4AF0. 05TAH7. 088. 952. 9 20. 1- TAFO. 1--99. 802. 9 30. 14--TAH7. 488. 592. 9
AF: ammonium fluoride 5 TAF. tetranethyl anmonium fluoride TAN:

. tetramet hyl anmoni um hydroxi de Table 4 C eaning ConditionsC eaning Results
Renoval of TenperatureTineC i f orros (C)(mn)etching residueson o copper
Conpar ati ve Exanpl es 1305CA 2305CA 3305DA The cleaning liquid of the

i nvent i ondisplapfldevived aan\iasidnrentoxell withireadhortysénigld bheinod. edmoeghkei qui d,

t he etching residues on sem conductor devices and 11 display devices are
easi |y rewovieg matérialssarehottcoprodenld thé use nfthestleasinghbquid enallesdberi al s
are not corroded, the use of the cleaning |iquid enables the production of
hi gh pr ecipgpductiorohhigh precision agidrlightquelity wireuit wirings+ e additien, thense
after treating with the cleaning_ liquid is_ effected by using only water 5
wi t hout n&lerftemtrepbiag ¥ithghechearyngiicayd as eHfpeted bypusingoOnly vAtar VED | S:

1. A cl eani, liquid for sem conductor devices.and di spl ay devi ces havin
5 wit gout r?eedmg an organic solvent such as aﬁ:ohoﬂ play g

12



metal wirings, which is an aqueous solution containing nitric acid, sulfuric

acid, a fluorine conpound, and a basic conpound, wherein a content of water

., is 5 80% by weight or nore of the cleaning liquid and a pH val ue of the
cleaning liquid is form1l to less than 3. 2. The cleaning |liquid according

to Caim1, wherein a weight ratio of sulfuric acid/nitric acidis fromO.1

to 1000. 3WHARIsIGBAIMED Igui d according to Caim1l or 2, wherein the
fluorine 10 conpound is amonium fluoride or tetramethyl amoni um fl uori de.
4. The cl eani ng. |A deadirgchiquidi foy semieond wter dévickaand displayllevidesriesivinghe
basi ¢ conpound is a strong base containing no nmetal ion. 5. The cleaning

| i qui d aconetil wringsamshichés ah agQuabus sélutmwmiconthbrisgmitie acish sutfurenpound i s
t et ranmet hyl ammoni um hydr oxi de or 15 trinmethyl hydroxyet hyl ammoi um hydr oxi de.
6. The cl ewid,regflubnimieccoapwrmd, mgdt @ basiy composmdCwdiarsin a congentf afrwinker is
conpri si n&ﬂ% surfactant and/or an_anti-corrosion agent. 7. The_cleaning

| i qui dbac & bxgr eightiogimem, of thercieaningdiguid faxnek antl valugrof theideaning
surfactant, 20 .8. The cleaning liquid according to Claim6 or 7, wherein the
sur f act anthauid ipdoxmydytar eys Baan 3t kyl et her phosphate or pol yoxyet hyl ene

Garm 1 to 8 Lultecn RATHE LR dPRge G hdh e bR YOR FEROGE the
10, A et KBS S4iGLEHE 2elhedBRtiLar 10007 cos OF di opl ay devices having
o di spl ay deviedda e SPRERRA AP FPRdo M T P WhEE RN adhe i n” any
one OiO c %io%o{nfdoisgam;nsonium fluoride or tetramethylammonium fluoride.
4. The cleaning liquid according to any one of Claims 1 to 3, wherein the
basic compound is a strong base containing no metal ion.
5. The cleaning liquid according to any one of Claims 1 to 4, wherein the
basic compound is tetramethylammonium hydroxide or
15 trimethylhydroxyethylammnoium hydroxide.
6. The cleaning liquid according to any one of Claims 1 to 5, further
comprising a surfactant and/or an anti-corrosion agent.
7. The cleaning liquid according to Claim 6, wherein the surfactant is an
anionic surfactant.
20 8. The cleaning liquid according to Claim 6 or 7, wherein the surfactant
1s polyoxyethylene alkyl ether phosphate or polyoxyethylene alkylaryl ether
phosphate.
9. The cleaning liquid according to any one of Claims 1 to 8, wherein the
metal wirings are made of only copper or the metal wirings have laminated
25  structure of copper and a barrier material.
10. 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 9.
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