DESCRI PTI ON NOVEL CLEANI NG AGENT AND CLEANI NG PROCESS USI NG THE

SAME  TECHNI'CAL FI ELD The present invention relates to a cl eaning
agent which conprises an oxidizing agent and a chelating agent and to a
process for producing sem conductor devices and substrates for liquid
crystal display panels using said cleaning agent. More particularly,
the present invention relates to a cleaning process which conprises

repoving a | ayer of a phOtoreSiStdBE$Cﬁﬁi; formed froma photoresist in
the process for producing sem conductor integrated circuits, a process for
cl eaning gl ass substrates for liquid crystal display panels in the process
for producing substrates for liquid crystal display panels and a cl eaning

process whi CNOVED/CEEANING AGENE AN SLEANING PROCESE OSTRG irtyl e
production of thin filmcircuit devices nade of materials such as tantal um

al um num chrom um niobi um and i ndi UBANIEN oxide (referred to as I TO
hereinafter) which are used for producing substrates for |iquid crystal
di spl ay panel s. BACKGROUND ART Li t hography has generally been used
in the production of sem conductor devices such as IC and LSI and
substrat es THCHNICAL FIEEDh di spl ay panels. Wien seni conduct or devi ces
and substrates for liquid crystal display panels are produced in accordance
with the |ithogrApRypregent invention relates fo a cleaning agent which comprises
an oxidizing agent and a chelating agent and to a process for producing
semiconductor devices and substrates for liquid crystal display panels
using said cleaning agent.
More particularly, the present invention relates to a cleaning
process which comprises removing a layer of a photoresist and residues
formed from a photoresist in the process for producing semiconductor
integrated circuits, a process for cleaning glass substrates for liquid crystal
display panels in the process for producing substrates for liquid crystal
display panels and a cleaning process which comprises removing residues
formed by dry etching in the production of thin film circuit devices made of
materials such as tantalum, aluminum, chromium, niobium and indium-

tin oxide (referred to as ITO, hereinafter) which are used for producing

substrates for liquid crystal display panels.

BACKGROUND ART

Lithography has generally been used in the production of
semiconductor devices such as IC and LSI and substrates for liquid crystal
display panels. When semiconductor devices and substrates for liquid

crystal display panels are produced in accordance with the lithography, in



1 s general, the follow ng series of procedures are conducted: an
insutation frlmsuch'as a filmof silicon oxide and a conductive thin film
for conductive wirings such as a netal filmare formed on a silicon wafer
or a substrate made of a material such as glass; the thus fornmed filns are
uniiformy coated with a photoresist and a photosensitive layer is forned on
the filnms; the photosensitive layer is treated by sel ective exposure to

using the i EPARERY SlbwheBEEr S tobalied ark"eoAOL otk Shebagtdl 100
| ower Iayerﬂ@ﬁ@&i&&ﬁﬂ%ﬂéﬂ%&h&ﬁd@@ﬁ& Bt diiivel thih FHEQr caRduétied the

pattern of otoresist is conpletely renoved. 1n recent years,

sem conduct @4 fingBGusHR 4 3hétal filin hirélfrinéd vAtabilikoARkaferRANELabar8te
integrated to greater degrees and formation of patterns having di mensions

of a quartemdtiecoPa Ailatefial lsthade gl ithe thudsforhrddfilis sdxenuaiformixi ng
becones extrenely small, dry etching is nainly used for the selective

et chi ng andceasted withid phatoyesist ghd aphdtesarsitdvd ayetrhie foramad o thé filhve;
pattern of the photoresist. However, in the dry etching, it is known
t hat resi duthe qdwatosahsitiven layer dsytreatdd hy gelectivecexpostive doi Eghtirahd he
conductive thin film(referred to as resist residues, hereinafter) are
formed i n pdevelopmentandiatdesited paitepaet thenphatpzesishis formied; using thes are

present in portions around the pattern, in particular, inside and around

via hol es, invaad patiesn ohehe mioRasT 2k anash dheddans af thalosyemlayennd
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crystal panglgegeames, q{ﬁﬁﬁeérysgéls Hkéiﬂay eﬁéﬁaﬁ are integrated to greater
degrees and formation of patterns having dimensions of a quarter micron
or smaller are required. As the dimension of working becomes extremely
small, dry etching is mainly used for the selective etching and ashing with
oxygen plasma is used for the removal of the pattern of the photoresist.
However, in the dry etching, it is known that residues derived from
the dry etching gas, the photoresist and the conductive thin film (referred
to as resist residues, hereinafter) are formed in portions around the formed
pattern. When the resist residues are present in portions around the
pattern, in particular, inside and around via holes, undesirable
phenomena such as an increase in resistance and short circuits arise.
Therefore, to obtain semiconductor devices and substrates for liquid
crystal display panels having high qualities, removal of the resist residues
is very important.
Moreover, as the surface area of glass substrates for liquid crystals

which are used for liquid crystal panels becomes greater, display devices



2 : tend to have a greater nunber of pixels. Under such

ci rcunstances, the degree of cleaning of the entire surface of glass
substrates for liquid crystals is directly related to the yield of the
production and, as the result, inprovenment in the cleaning ability is
strongly desired. As the cleaning agent for glass substrates for
liquid crystals, alkali cleaning agents such as inorganic alkalis and

. | kal | q i d : _ . ;
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cl eani ng ang.tha rigamleak R3ldtalitotRE YidaGEThR b Mctien 88 dP he Rhe FEswls,
el ectric properties of the substrates, in particular, the substrates of

thin film tﬁﬁ?ﬁiv%&ﬂér& ihTtE'E)oleéE’ﬁQF(‘dkEHW Roste@eglydegivedg organic al kalis have
a problemin that a sufficient effect of cleaning cannot be obtained and

adhesi on of t hi nAkithercléaiingchdent fore ghiss cabdtrges fepkiquiccayistals) alkdlecones
poor. Moreover, when the cleaning is conducted using a conventional
cl eani ng agelehning mgeats sughnes snarganite atkalisandobrganis silkabs tarst @sidas
damages formed by the etching and mnute particles also forned bé t he
et chi ng ar ecleening rageate | suche psvewlfuripeaeidphysireflyorie cagidcaninjulferrd al  as
the liquid crgstal s_are nore highly integrated agglt e surface area of the
gl ass subst budeafluarie acideaye qurrently usetg Howeyey.daeiqieaning agemis fSiRE net hod
to overcone, these, prqbl e I s devel oped. As.t he progess f.0 enovi ng
resist resi HAFganyg @-ﬁ#ﬂlmnﬁﬁ’%ﬁi pro ?’g ¥ that alkaly H@%fecﬁaﬁ%‘%lﬁfli e{’ Xt ur es
of al kanol anines and organic solvents .are.discla i e t
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These cl eamo&%\sionally cause problems on electric properties of the substrates, in
particular, the substrates of thin film transistors (TFT). The cleaning
agents using organic alkalis have a problem in that a sufficient effect of
cleaning cannot be obtained and adhesion of thin films formed in the
succeeding steps occasionally becomes poor. Moreover, when the cleaning
is conducted using a conventional cleaning agent, minute roughness of the
surface of glass substrates as damages formed by the etching and minute
particles also formed by the etching are not completely removed. These
problems are becoming crucial as the liquid crystals are more highly
integrated and the surface area of the glass substrates increases. It is
strongly desired that an effective method to overcome these problems is
developed.
As the process for removing resist residues, cleaning liquids of
organic amine which comprise mixtures of alkanolamines and organic

solvents are disclosed in Japanese Patent Application Laid-Open Nos.

Showa 62(1987)-49355 and Showa 64(1989)-426563. These cleaning



3 ) | i qui ds have drawbacks in that the cleaning |iquids are

fl ammabl e because relatively high tenperatures are required for the
treatnment and fl anmabl e organi ¢ conpounds in the cleaning liquids are
vapori zed and that netal filns are corroded because the organic amnes are
al kal i ne when rinsing is conducted with water alone w thout an organic

sol vent such as an al cohol after the renoval of resist residues and,

ther ef or e, BifiRishil dfhrdadkedithie BAL YRALISHEG A0 A0 ALESRALCRRGEESSarY.

Aqueous sol ut'i ons of uorine conprisin

sol vents angblaAveRs! Bigh Nitnibdrabirai & Pelubldd FoPakBe. dhlont! hdgmove

resi st residues than the cleaning |iquids organi ¢ am nes do and can be

used at | owgamireskler Glgdnts dhds liasge £léan 1Gatd on
Lai d- Open Nos. Hei sei gl%( 19821)@301792 and Hg?sg?g{ﬁ?g%dg)a?gg%géﬁ%a%dl n

recent yearthatt hetabfilinsi ars corredbé@ csvange thkederganic tdeiie8eales afkidinas dry
etching and ashing in the process for produci ng sem conductor devices and

substr at es when| rigsing ts pendiictdd swithywpbere hlonePivithorut sas oz ghnicesdlvent er
transformati on due to this change in the conditions and conpl ete renoval of
resi st resi#i@ds asaammlcpholagfien\the remomealngl resistresidues emnd, nthdrefprieds of

al kalis or the aboye aqueous, solutions_of fluorine. Wen the resist

resi dues ar®DFE Vatoen ereanis solvant such asan alechol is ngeesshrxt rAqueous oubl es
such as an i ci.easefié.pq resi stance, breaking of wirjngs, short circuits and

di sor der i nSWRPPR§SL darine soraprise flugrineccompepndse preamicaelvents e eve
when the ol OxHcaig8 phRkES of EEh Rl rpated Ehiler B2 e moue roiet e wed ni ng
cont ai i ng. (2K thEIGRE 1EE0 of oFeaficramil ETHY Sog, foh hELTR4R, 86 RHE” sucn
as buf f er edeeyGhblirdy dre dicidsdPint'FEhMdePatellt A?)"p:fication Laid-Open Nos.

Heisei 7(1995)-201794 and Heisei 8(1996)-20205.

In recent years, the conditions are becoming harder in treatments
such as dry etching and ashing in the process for producing semiconductor
devices and substrates for liquid crystal display panels. Photoresists
have greater transformation due to this change in the conditions and
complete removal of resist residues cannot be achieved by using the above
cleaning liquids of alkalis or the above aqueous solutions of fluorine.
When the resist residues are not removed completely and left remaining,
electrical troubles such as an increase in resistance, breaking of wirings,
short circuits and disorder in wirings arise. Therefore, a cleaning agent
which can achieve complete removal of resist residues is strongly desired.

Moreover, when the cleaning liquids of organic amines are used,
residues containing tantalum left after dry etching are hardly removed.
To remove the residues containing tantalum completely, a cleaning agent

containing fluorine such as buffered hydrofluoric acid is used after the dry



4 ' etching. However, the cleaning agent containing fluorine has a
problem in that materials of switching devices such as anorphous silicon
and polysilicon and gl ass substrates are corroded. DI SCLOSURE OF THE
| NVENTI ON An object of the present invention is to provide a cleaning
agent which can effectively renove resist residues forned in the process
for produci ng sem conductor devices and residues derived from conductive
thin filns al p | fi . . t chi ‘mask and
cont am nantggc(l)ln 1 aggalggg@ﬁhaet %ggﬁn%f%@ngr%oégggﬂﬁgﬁlﬁé%gﬁgga gh@g?’?“at es
for liquid & ¥hhe! mdtePAIRY o 3R%ching deviceBNOMdIE rasoﬁhﬁﬁ‘%HB{xs té?ﬁcxﬂ{ eafsa‘?f't .
invention is to provide a cleaning %rocess I'n which a photorésrs ormng a
mask on i nop@lgsilicodrantl gkisk GubsiatdsPdRcorfsliddesi st residues remaining after
dry etching can be renoved in a short tinme in the wiring process of
sem conductors used in sem conductor integrated circuits while no wring
materials or insulating nmaterials are corroded. Still another object
U RO K FHIEDINVEINTEON process for cl eaning gl ass
substrates for liquid crystals which are used in the process for producing
liquid crystal dAspbbigchafidhe present irStentionaimthgrovidecat cledningeapests ent
i nvention is_tqQ provide a cleaning process in which residues forned by dry
et chi ng f or Whighhwanoaffestively removec nesist gesidnes Jorxmpdt imths moeessefmved

easily whil e&ghe. | ass .sullg%t}ratgg, .the thin filmcircuit devices or the
Wi ring mat ePFeduCIlg sepyrondcior deviges sand segiduessderived from rorductive yst al

di spl ay panﬁhﬁ #1305 (t))ie m%lcaelg ?(()arcrlm\a/(f, rﬁilo%glfelsfsft%igsy used as the etching mask and

contaminants on glass substrates in the process for producing substrates

for liquid crystal display panels.

Another object of the present invention is to provide a cleaning
process in which a photoresist forming a mask on inorganic or plastic
substrates and resist residues remaining after dry etching can be removed
in a short time in the wiring process of semiconductors used in
semiconductor integrated circuits while no wiring materials or insulating
materials are corroded.

Still another object of the present invention is to provide a process
for cleaning glass substrates for liquid crystals which are used in the
process for producing liquid crystal display panels.

Still another object of the present invention is to provide a cleaning
process in which residues formed by dry etching for formation of thin
circuits on glass substrates are removed easily while the glass substrates,
the thin film circuit devices or the wiring materials are not corroded at all
and substrates for liquid crystal display panels can be cleaned very

efficiently.



5 As the result of intensive.studies by the present

i nventors to achieve the above objects, a cleaning agent which conprises
an oxidi zing agent and a chel ating agent and a process for cleaning using
this cleaning agent were discovered. The present invention has been

conpl eted based on the know edge. As the first enbodi nent of the
present invention, a cleaning agent conprises 0.1 to 60% by wei ght of an

oxi di zi ng agent OreBfiftloflifter vy stilis by Che Pré&dadit dhtEtoPO8H hchieve  AS

ok
t he second enbodi nent 09 e present |nven¥| on, a process for cFeanl ng

sem conduckRg aBgvé SB]%cfso %Pdléﬁﬁ%g%g%ht Rehieh cbRRriiaBiah &ﬁd%ﬂg TaF@nﬂiﬁ&t rate
with a photoresist til formng a mask with the photoresis ilm dry

et chi ng porgtdhstifg a"g@ﬁt aHl sl piicesy ol elealifig WRin @M@rciﬁhn/ihﬁfagbhevfﬁék and
removi ng resi dues of the photoresist forned by t e dry etching and/or the

phot or esi stdiddoverddir nThe presentsikventibnahas desenngompdetieddbased ad thbove. | n
t he above process, where desired, ashing nay be conducted after the dry

et chi ng an(kmmdbégeresi dues forned by the dry etching may be renoved with

t he above cl eaning agent thereafter. the third enbodi ment of the
present inventi dks the firstcembodiment eﬁmmgr@sﬂmtmam‘@onoa clezt;une agepé:t al

di spl ay panels conprises form ng a cqgnductive thin filmon a %

substrat e: cpmn#sw@ Q1 3p 856 bséﬂel;g&lhoéﬁﬁ Fridizing ggent AediGO0GHTe ﬁeﬁ by

conductive thi sing the pattern of the photoresist as an etching
mask, reer\)’Y‘f’rgﬂf'ﬁkPnbﬁgatmgg?ﬁ%nfconduct ive filmwhich are not covered with

der ved 1rom t neit heSeoryE eiottperl b Psett aptBidy Do Bcn ng
wth & ol eqfl nanpaeiicHRacEP oyl B isdd GonthY BuRiRFER e WP FIA8HILSS T o0

ashi ng may e
substrate with a photoresist film, formmg a mask with the photoresist film,

dry etching portions of the substrate which are not covered with the mask
and removing residues of the photoresist formed by the dry etching and/or
the photoresist film forming the mask with a cleaning agent described
above. In the above process, where desired, ashing may be conducted
after the dry etching and resist residues formed by the dry etching may be
removed with the above cleaning agent thereafter.

As the third embodiment of the present invention, a process for
cleaning substrates for liquid crystal display panels comprises forming a
conductive thin film on a glass substrate; forming a prescribed pattern
with a photoresist on the conductive thin film; using the pattern of the
photoresist as an etching mask, removing portions of the conductive film
which are not covered with the pattern of the photoresist by dry etching;
and removing residues derived from the conductive thin film which are
formed by the dry etching with a cleaning agent described above. In the

above process, where desired, ashing may be conducted after the dry



6 : etching and residues may be renoved with the above cl eaning
agent thereafter. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows
a sectional view of a circuit device of an alum num alloy used in Exanpl es
and Conparative Exanpl es which had been treated by etching, followed by
ashi ng. Figure 2 shows a sectional view of a tantalumthin film
circuit device used in Exanples and Conparative Exanpl es and havi ng a
resist fil ; e |

secti onal \%ﬁg@vi‘g? éaiﬁ{tjggfﬁgpg%n t%ls’ng? b%érﬁéc‘féracwltch él\?l gte)g%%tégﬁearé é@?eam ng
the thin fidyereafieelit device shown in Figure 2. Figure 4 shows a
sectional view of a niobiumthin filmcircuit device used in Exanples and
Conpar ati ve Exanpl es and having a resist filmwhich had been treated by

et chi ng. Fi gure 5 shows a secti onal vi ew of a niobiumthin film
circuit devBiBé , € DRAWAINIGSi | m circuit device shown in
Fi gure 4. THE I\/DST PREFERRED EMBODI MENT TO CARRY OUT THE | NVENTI ON

The cl eani ng ageKiguwe 1 Bhows @ssactional siew off accinquit slesicerofan dlumigumgent
and a chel ating agent and preferably an aqueous_sol ution_containing an

oxi di zi ng ajdex wsed ancBaampl eﬁg ange {fomparativesBaashples owhidle kad dieenng
agent i nclude gani.c pe h as hydrogen peroxi de, ozone and
perchloric fé'@?"ﬁ?‘ﬁﬁﬂ etehyng; @%ngﬁﬁ Bfch

Figure 2 shows a sectional view of a tantalum thin film circuit

device used in Examples and Comparative Examples and having a resist
film which had been treated by etching.

Figure 3 shows a sectional view of a tantalum thin film circuit
device obtained by cleaning the thin film circuit device shown in Figure 2.

Figure 4 shows a sectional view of a niobium thin film circuit device
used in Examples and Comparative Examples and having a resist film
which had been treated by etching.

Figure 5 shows a sectional view of a niobium thin film circuit device

obtained by cleaning the thin film circuit device shown in Figure 4.

The cleaning agent of the present invention comprises an oxidizing

agent and a chelating agent and preferably an aqueous solution containing
an oxidizing agent and a chelating agent.

Examples of the oxidizing agent include inorganic peroxides such as
hydrogen peroxide, ozone and perchloric acid and organic peroxides such

as benzoyl peroxide. Among these oxidizing agents, inorganic peroxides



as benzoyl peroxide. Anmong these oxidizing agents, inorganic peroxides

7 -are preferable and hydrogen peroxide is nore preferable. The
oxi di zing agent nmay al so be used as a solution in an organic solvent. The
concentration of the oxidizing agent used in the present inventionis 0.1
to 60% by weight and preferably 0.5 to 30% by wei ght of the entire cleaning
agent. Wien the concentration is smaller than 0.1% by wei ght, the desired

¢l eani ng ehLEGroRANDR! aR LA 'g%ﬁgﬁg 88 ib MiofOPFABIIAL! OTHEXGAARIE0% DY

wei ght, there-rs € possi wring materials such as conductive

thin film gpaf iﬂla? 3l bR’ uRE®las a solufidh™ & Yrghlife %ﬂé{ézi. ngrRgent
n o1 § S suc

used in the“prese I nvention 1 nclude am nopol ycarboxylic aci as

et hyl enedi aghaRite4Ati6R € the oRIdigingdbM used in the A)resent invention is 0.1 to
hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA), dihydroxy-

et hyl et hyl goeslbiriéighe amdageiférabie 05 (OBERTBY welght of ﬂi@@ﬁﬁk@@lmﬂng
tetraacetic acid (1, 3-PDTA), diethylenetriam nepentaacetic acid (DTPA),
t ri et hyl enaigent.aniWisdre ihacedneenscEtiby 19 Napaller tthahoOrli%cley i weighitd th&lTA) and
hydr oxyet hyli m nodi acetic acid (H MDA); and ammoni umsalts, netal salts and
or gani ¢ al klabired atleaniig teffect eceompbubelsobtained. FiVhdrerthex sopteadrationhe
chel ating agent_include chel ating agents of phosphonic acids which have one
or nore phedgdeastsi €0%diiwgightpthene lsﬁbemﬂsetbailw thattwiingae aberiilpisuchhoni c
acid, am notrismethyl eﬁ,e-gfhospho,ni c acid, ﬁt&yl i denedi phosphoni ¢ aci d,
1- hydr oxye@gyerpdugidave thin flpraateniale are geyrgded.
1- hydr oxypropyl igdene-1, 1-di pho onic acid . . .
et hyl ani nobi sm@ﬁiﬂ%ﬂéﬁh%ﬁﬁﬁ%n‘fﬁﬁeqﬁgpg,a%&e@??‘&ﬂinn%‘i’ FREERDE SREEDBABS phoni ¢
acid, nitri.l gtnisnoethyl oni- . aci.d hvl enedi ami_pe- . .
b1 et hy! e ARNAE ABEEOTRERPERANLids AidiEnr EMMIeEARRRRERTrrgresireacia
(EDTA), hydroxyethylethylenediaminetriacetic acid (HEDTA), dihydroxy-
ethylethylenediaminetetraacetic acid (DHEDTA), 1,3-propanediamine-
tetraacetic acid (1,3-PDTA), diethylenetriaminepentaacetic acid (DTPA),
triethylenetetraminehexaacetic acid (TTNA), nitrilotriacetic acid (NTA)
and hydroxyethyliminodiacetic acid (HIMDA); and ammonium salts, metal
salts and organic alkali salts of these compounds.

Further examples of the chelating agent include chelating agents of
phosphonic acids which have one or more phosphonic acid groups in the
molecule such as methyldiphosphonic acid, aminotrismethylehe-
phosphonic acid, ethylidenediphosphonic acid, 1-hydroxyethylidene-1,1-
diphosphonic acid, 1-hydroxypropylidene-1,1-diphosphonic acid,
ethylaminobismethylenephosphonic acid, dodecylaminobismethylene-
phosphonic acid, nitrilotrismethylenephosphonic acid, ethylenediamine-
bismethylenephosphonic acid, ethylenediaminetetrakismethylene-

phosphonic acid, hexanediaminetetrakismethylenephosphonic acid,

diethylenetriaminepentamethylenephosphonic acid and 1,2-propane-



phosphoni c. acid, hexanedi am netetraki snet hyl enephosphonic acid,

di et hyl enet ri am nepent anet hyl enephosphoni ¢ acid and 1, 2- propane-

8 di am net et r anet hyl enephosphoni ¢ aci d; and oxi des, ammoni um
salts, organic amne salts and alkali netal salts of these chelating
agents. The oxides of the chel ating agents of phosphonic acids are
conpounds obtai ned by oxidation of a nitrogen atomin the nol ecule of the

chelating agiaiiebétrhaicthilentpB¥igitmic acid; Sid | ofitgd et AithheaRl ¢
chel ati ng agent include condensed phosphoric acids sdch as netaphdosphoric

acid, tetr aoidamidasiine saltsanidlallieiaeeoal105 ohtidse chellifddgents. The

tri pol yphosphoric acid; and anmonium salts, netal salts and organi c am ne

salts of thexidesdftisechglacingiugents of pHesphonic aciddite ConigttndROtRafitd at i ng
agents may be used as the chelating agent. The chel ati ng agents of

phosphoni ¢ g oalatiuc bf Aaitrogen atonmniy ﬂa@hﬂﬂeﬂftﬂeioﬁfthé@h@htiﬂ%hﬁ&ﬁ@do%u' e
are preferable and_che] ating agents of phosphonic acids whic ave 2 to 6
phosphoni ¢ fermjan™opide.n t he nol ecul e are nore preferable. Specifically,
1, 2- propanedi am net et r aet hyl ene- phosphoni ¢ aci d,

di et hyl enet ri ani BdPefirther Ramplen fpthmichelating agent include condensed

et hyl enedi amj ne etrakiiamet hgl enephosphoni c, aci,d are preferable and 1, 2-

pr opanedi anf¥ § (S8R rﬂ‘%@ﬁl‘iﬂ’h‘lﬁ rg ﬁ@dﬁ&ﬁt@@ﬁﬁﬁMDh@ic acid, The
T L T T
o the.ent et and OFpRE REo T A e YRR e o RosRRgEis o The -
\(/:vlesgﬂlt _ngV\ﬁ]:aLetCLeﬁfw SCHP Thovd RReEANGS WobAtd WMy BePL&ILRE%% s alttitnog 3% by
agent. The chelating agents of phosphonic acids which have two or more
phosphonic groups in the molecule are preferable and chelating agents of
phosphonic acids which have 2 to 6 phosphonic acid groups in the molecule
are more preferable. Specifically, 1,2-propanediaminetetramethylene-'
phosphonic acid, diethylenetriaminepentamethylenephosphonic acid and
ethylenediaminetetrakismethylenephosphonic acid are preferable and 1,2-
propanediaminetetramethylenephosphonic acid is more preferable.
The above chelating agent may be used singly or in a suitable
combination of two or more.
The concentration of the chelating agent is not particularly limited.
The concentration is generally 0.0001 to 5% by weight of the entire amount
of the cleaning agent. From the standpoint of the cleaning effect and
economy, the concentration is preferably 0.01 to 3% by weight. When the
concentration is smaller than 0.0001% by weight, the desired cleaning

effect cannot be obtained. When the concentration exceeds 5% by weight,

there is the possibility that conductive thin film materials are corroded.



concentration is snmaller than 0.0001% by wei ght, the desired cl eaning

ef fect cannot be obtained. Wen the concentration exceeds 5% by wei ght,
there is the possibility that conductive thin filmmaterials are corroded.
9 pH of the cleaning agent of the present invention is not
particularly Ilimted. In general, the cleaning agent is used at a pHin
the range of 3 to 12. pH can be suitably selected in accordance wth the

etching conditi ¢ ofﬂ&@preaﬁiﬁglageﬂﬁ of 2 piegent RVedRUnCisSiiiSidrdicalatihen t he

cl eaning agent is used in an al kaline condition, amonia, an am ne or a

quat er nary lingftg@ni IWEBEQF&QMMI_&NE@@?&RE& ased Ay haiHeRitherhxgs ekRBde may be
added. Wien the cleaning agent is used in an acidic condition, an organic

aci d or anl2nopfhoas becultably sblectaltizraccordancewithnirecetehinpecomtitiong
property of the cleaning agent of the present invention, a surfactant may
be added wiamkotte tyme qfrthelused. indrganit subsirate.c Winehahiearle aningoagemtiis
surfactants and anionic surfactants may be added in an anmount such that the
effect of wisedpiressntalkalisat conditionycammprdasany aminectogda AusternalEse
surfactants, surfactants of sulfonic acids, surfacfants of polycarboxylic
aci ds and emmepiwm: Bydyoxade, pueh asolgtarmathylammanium hydrpgidecmay be ~ The

tenperature in_th | eani process of the .present,invention is generally
in the ran@édﬁﬁ-tmﬁwgﬂﬂgﬁ’ﬁm%ﬁg‘?%ﬁr‘@e dngdt %q,lh}ccgon g0y 2B PEEHIGr e may

be suitably selected in accordance w he etching conditi-ons and the type
of the mat @ﬂ“ﬁ?r 8P IPAEEARE gC fh{;[%é(i]edt Exanpl es of the material of

e TSR SR 88 Bk Y RABERS ook B R Gi68e
invention, a surfactant may be added without any problems. Any of
cationic surfactants, nonionic surfactants and anionic surfactants may be
added in an amount such that the effect of the present invention is not
adversely affected. Among these surfactants, surfactants of sulfonic acids,
surfactants of polycarboxylic acids and surfactants of ethylene oxide
adducts are preferable.

The temperature in the cleaning process of the present invention is
generally in the range of the ordinary temperature to 80°C. The
temperature may be suitably selected in accordance with the etching
conditions and the type of the material of the used substrate.

Examples of the material of the inorganic substrate used in the
cleaning process of the present invention include silicon materials such as
silicon, amorphous silicon, polysilicon, silicon oxide and silicon nitride;
materials of insulating thin films and conductive thin films such as
aluminum, aluminum alloys, titanium, titanium alloys, titanium nitride,

tungsten, tungsten alloys, tantalum, tantalum oxides, tantalum alloys,

chromium, chromium oxides, chromium alloys, niobium, niobium alloys
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silicon, anorphous. silicon, polysilicon, silicon oxide and silicon nitride;
materials of insulating thin filnms and conductive thin filnms such as

al umi num alum numalloys, titanium titaniumalloys, titaniumnitride,
tungsten, tungsten alloys, tantalum tantalum oxides, tantalum all oys,
chrom um chrom um oxi des, chrom um al | oys, ni obium niobium all oys

10 and I TO (indiumtin oxide); and conpound sem conductors such as

gal || um ar 5508 areh2fhiThRReS BRREYS 230 cbitlTHP REBRNA Rl Ao a0 he

mat eri al I'c su ate’’i nc poXy resins, acrylic resins,

pol yest er :%‘% - aRRyEt iuwF58%6&§iﬂﬂ iﬂ&i‘tﬁ@i)‘l%kﬁﬁ@rds‘?SiEr}%mples

pol yet heri e resins, polyarylate resins, polyimde resins a

pol year bongjf¢he aeatsial of the plastidSubvtPfesiachille ddok3 VeBihs; ARHARHTAR
devices of the present invention, a prescribed pattern is formed with a

phot or esi stpolyestér | NeshE)i Cpolybtlierat eulfonet | pasingf polyarbplate Corudingd,i ve
thin filmwhich are not masked by the photoresist are renoved by dry

et chi ng; anpdlyehetineitlel oresidsby polyarslate et rdsimg apelyimide/ edeminsh thd above
cl eaning agent. After the dry etching, ashing may be conducted, where
desired, arpblycarbenatecrasins.r esi dues formed by the dry etching may be
renoved with the above cl eaning agent. ) In the process for cleaning
substrates for |lngthel rregessaforgelepning semicendyrctom depices «aft thenpeesanin, a

Port i ons. ofFRRA@Bo v RIGRERIEEY VEAWATIH 6i Corued Rtk & APOLGHRSIESdOB aBhe
prot or sl st 8 2 LETRNERL S SLEN B (BN ESSANS DLRE MRSy
ashing may r?oef; Pty tbgrdthewﬁﬁgﬁ)rgggis El%j removed by dry etching; and residues
formed by the dry etching are removed with the above cleaning agent.
After the dry etching, ashing may be conducted, where desired, and
subsequently residues formed by the dry etching may be removed with the
above cleaning agent.
In the process for cleaning substrates for liquid crystal display
panels of the present invention, a prescribed pattern is formed with a
photoresist on a glass substrate; portions of the above conductive thin film
which are not masked by the photoresist are removed by dry etching; and
residues formed by the dry etching are removed with the above cleaning
agent. After the dry etching, ashing may be conducted, where desired,
and subsequently residues formed by the dry etching may be removed with
the above cleaning agent.
In the ashing described above, a photoresist made of an organic
macromolecule, for example, is removed as CO and CO, by the burning
reaction with oxygen plasma which is generated in a plasma. Specific

procedures are as follows: a substrate for the treatment and an ashing gas

11



and subsequently residues fornmed by the dry etching may be renoved with the
above cl eani ng agent. In the ashing descri bed above, a photoresi st
made of an organic macronol ecule, for exanple, is renoved as CO and CO2 by
the burning reaction with oxygen plasma which is generated in a plasna.
Specific procedures are as follows: a substrate for the treatnent and an
ashi ng gas 11 Is sealed into
a contai ner; ' i [ , ' t ; | Qh.
froquency of SopieA fufo sl GRRERE: SRR diuRbd pekwBeR e S0 SR oI UbA: by

ashi ng gas Highﬁﬁ?&fﬁéﬁ 1b&ricSow&iPapilied &6 the BldcBivdel;Na ?l‘é‘sxﬁg Rgreaked

pl asma are réacted wth the substance 'at the surface of the substrate; and
the phot or ggh$hg i gasvaPgehsRBedth (RER¥Athiner; activd ibss NAt tHreeeAsAtEdt hat an
organi c sol vent such as an al cohol is used for rinsing after the cl eaning
agent of t hdagmasaet reabtednwithntheasulizesiiceusicthe Stfacaof thiel substite; aad
sufficient. The present invention also provides a process for

cl eani ng gltheplmibrdsisitie vapbrized bndsemaviedt he cl eani ng agent conprising an
oxi di zing agent and a chelating agent. The gl ass substrates cleaned in
accor dance wit h Ithé nopnecesssrmthatoa arganje solvent sueki agant dlgokelistusetdes f or
various liquid crystal djsplay, panels. |In the process for cleaning

subst r at es Ipprinsipgaies the cloaning peent olihe rregent inveptiondras beprensedn,

substrates i ch have been, cl ned in advance in accordance with the above
process for @S%Wﬁé‘@aé%"swﬁ]’ggﬁlte&?es may be used. The present

' ti AR d I hed I fical,l i th ref i I
and Conpar at i ve EXSTIPESTY B B, RO ARt o pEPoss O FIGCRINE BNt | on

's not 11 md 5l e SRR 2R RitHO ThE @dnife AW Enprising an oxidizing

agent and a chelating agent. The glass substrates cleaned in accordance

with this process are advantageously used as the substrates for various
liquid crystal display panels. In the process for cleaning substrates for
liquid crystal display panels of the present invention, substrates which
have been cleaned in advance in accordance with the above process for
cleaning glass substrates may be used.

The present invention will be described more specifically with
reference to Examples and Comparative Examples in the following.
However, the present invention is not limited to Examples and
Comparative Examples. |
Example 1
(1) Preparation of a cleaning agent

A cleaning agent was prepared by adding 50 g of a high purity
hydrogen peroxide as the oxidizing agent and 2 g of 1,2-
propanediaminetetramethylenephosphonic acid as the chelating agent to

948 g of ultra-pure water, followed by mixing the resultant mixture to
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Exanple 1 (1) Preparation of a cleaning agent A cl eani ng agent was
prepared by adding 50 g of a high purity hydrogen peroxide as the oxidi zi ng
agent and 2 g of 1, 2- propanedi am net et ranet hyl enephosphonic acid as the
chelating agent to 948 g of ultra-pure water, followed by m xing the
resultant m xture to 12

prepare a honbgeneous solution. (2) Renpval of resist residues Onh a

silicon su Fﬁ#f%}%@@@n‘éﬁug%mﬁﬁ.ba”i er metal filmof titanium a

barrier neta titantumnitride, a conductive thin filmof an

al um num al®py Rephovdllof 2B6isrddduésr nmetal filmof titaniumnitride were
successively fornmed and the resultant | am nate was coated with a

photoresist. A [@htgrgilives sebsteste\ Al dxtide philth Oree Yagtier nmidgabriilancst Wit h
the lithography. Dry etching with a gas containing fluorine was conducted
usi ng t he ftpramtdm)atbarierahetdidilphof titasium niridd)a comsluctiSe thas Gdnt ofy,
ashing with oxygen plasma was conducted. The sectional view of the obtained
al umi num aldmplwnivent aleyi(Ad-Gw amdbwnbarriét guetal film of Eitgniwminitride oxi de
film2, the barrier nmetal filmof titanium3, the barrier nmetal film of
titani um niweredsucressively fumred andethehresultant ldminate wias soated with 8 and
the barrier netal filmof titaniumnitrjde 4b_were sucgessively fornmed on
the silicorPhatprasish e 4 Patierpnwas; foemesh path rthe nehetoresist In rgegprdancesi dues

6 i ned. . f , Lh l.um [ ' it devi di d
Pt o the. civeith the IEAERRNSa Y SEE Wibs e Ao Sontring BT Rentas con

rinsgd Wi th uItrge-égure t%r and riets. Th urf Co% cg‘.ttheq i ed devi ce was
exan ned bfoflﬂélc r]l’r’ﬁnﬁ% e COPBFC A %Ig{:ooge 5 OEFETt &P PRRSr espect

to the

Subsequently, ashing with oxygen plasma was conducted. The sectional
view of the obtained aluminum alloy circuit device is shown in Figure 1.
In Figure 1, the oxide film 2, the barrier metal film of titanium 3, the
barrier metal film of titanium nitride 4a, the conductive thin film of an
aluminum alloy 5 and the barrier metal film of titanium nitride 4b were
successively formed on the silicon substrate 1. On the side walls of these
films, resist residues 6 remained.

Thereafter, the aluminum alloy circuit device was dipped into the
cleaning agent prepared above in (1) at 50°C for 5 minutes, rinsed with
ultra-pure water and dried. The surface of the dried device was examined
by the scanning electron microscope (SEM) observation with respect to the
removal of the resist residues and the corrosion of the conductive thin film
of an aluminum alloy and the results of the examination were evaluated in
accordance with the following criteria. It was found that the resist
residues were completely removed and no corrosion of the aluminum alloy
was found at all.

The criteria of the evaluations by the SEM observation are as
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renoval of the resist residues and the corrosion of the conductive thin
filmof an alum num-alloy and the results of the exam nation were eval uated
in accordance with the following criteria. It was found that the resist
resi dues were conpletely renoved and no corrosion of the alum num all oy was

found at all. The criteria of the evaluations by the SEM observati on
are as 13 fol | ows:

(Renoval ofgi&edé:st residues) excel | ent conpl etely renoved
good al nost conpl etely renoved fair a portion
remai ni ng (RemovaP6Pfesist residuspt of the resist residues remaining
(Corrosi on) excel | ent no corrosion at all good
al nost no corrosion excellent coinplétely removebrrosion in a crater shape or
a pit shape poor rough surfaces on the entire face of

t he good c ailnhost complebely reiovedf an al um num al | oy;
depression of the surface of the conductive thin

filmof an al unmi num dhiroy Exanmal pyrt®dntreneaining Al umi num al l oy circuit
devices were prepared in accordance with the sane procedures as those
conducted i n Exanpl e PROr The pr apested the vesistkregsdwesirgmpainingt o cl eani ng
agents having the conpositions shown in Table 1 in the conditions shown in
Table 1, rinsed (PrIesiawy a- pure water

excellent no corrosion at all

good almost no corrosion
fair corrosion in a crater shape or a pit shape
poor rough surfaces on the entire face of the

conductive thin film of an aluminum alloy;

depression of the surface of the conductive

thin film of an aluminum alloy
Examples 2 t0 9

Aluminum alloy circuit devices were prepared in accordance with

the same procedures as those conducted in Example 1. The prepared
devices were dipped into cleaning agents having the compositions shown in
Table 1 in the conditions shown in Table 1, rinsed with ultra-pure water
and dried. The surface of the devices was examined by the SEM
observation with respect to the removal of the resist residues remaining at
the sides of the films and the corrosion of the surface of the conductive thin
film of an aluminum alloy and the results of the examination were
evaluated. The results of the evaluation are shown in Table 1.
Comparative Examples 1105

The devices prepared in accordance with the same procedures as
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and dried. The surface of the devices was exani ned by the SEM observation
Wth respect to the renoval of the resist residues remaining at the sides
of the films and the corrosion of the surface of the conductive thin film
of an alum numalloy and the results of the exam nation were evaluated. The
results of the evaluation are shown in Table 1. Conparative Exanples 1 to 5
The devices prepared in accordance with the sanme procedures as

14 S i i d o] I W+Qg avi ng
the composi Y anctehons a8uE Rkt \Ehped! BST ceiing FEMAIRAGRN S

rinsed w t hoWlgdsttions Showhan Pabledl i:2¥he cdhitfosf oRvi®fin DAY kiR NS
exam ned by the SEM observation with respect to the renoval of the resist

resi dues r egighnivlgradputchavstiedeandl dirfed. f i The atefakcheof AhieoHe@ies| wide
surface of the conductive thin filmof an alumnumalloy and the results of

t he exam naixanfinedrlsyy theeSEM ebservationowith rgspert th ehalremeval of tid fesist t he
sanme manner as that in Exanples. The results of the evaluation are shown in
Table 1. residues remaining at the sides of the films and the corrosion of the surface
of the conductive thin film of an aluminum alloy and the results of the
examination were evaluated in according to the above criteria in the same

manner as that in Examples. The results of the evaluation are shown in

Table 1.
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15 Table 1
Conposi ti on -of Condi ti on of Eval uation .
cl eani ng agent cl eani ng oxi di zi ng chel ati ng
water tenper- tine renoval corrosion agent agent
ature of resist
resi dues Table 1
Composition of Condition of Evaluation
cleaning agent cleaning
oxidizing chelating water temper- time removal corrosion
agent agent ature of resist
residues
(% by wt.) % bywt) &bywt) (°C) (min)
Example 1 HP (5) PDTP (0.2) 94.8 50 5 excellent excellent
Example 2 HP (10) PDTP (0.05) 89.95 50 5 excellent excellent
Example 3 HP (8) PDTP (1) 96.0 50 5 excellent excellent
Example 4 HP (5) DTPP (0.2) 94.8 50 5 excellent excellent
Example 5 HP (10) EDTA (1) 89.0 50 5 excellent excellent
Example 6 HP (5) EDTP (0.3) 94.7 50 5 excellent excellent
Example 7 HP (5) PDTP (0.2) 94.8 30 15 excellent excellent
Example 8 HP (5) PDTP (0.2) 94.8 70 1  excellent excellent
Example 9 HP (0.5) PDTP (1.5) 98.0 60 10  excellent excellent
Comparative HP (5) - 95 50 5 fair  excellent
Example 1
Comparative - PDTP (0.5) 95.5 50 5 poor  excellent
Example 2
Comparative HP (10) - 90 50 b fair  excellent
Example 3
Comparative HP (10) - 90 70 20 good good
Example 4
Comparative - EDTA (2) 98.0 50 10 poor  excellent
Example 5

HP: Hydrogen peroxide

PDTP: 1,2-Propanediaminetetramethylenephosphonic acid

DTPP: Diethylenetriaminepentamethylenephosphonic acid

EDTA: Ethylenediaminetetraacetic acid

EDTP: Ethylenediaminetetrakismethylenephosphonic acid
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(A by wt.) (%by wt.) (%by w.) ([err]C (min.) Exanple 1 HP (5)

PDTP (0. 2) 94. 8 50 5 excellent excellent Exanple 2 HP (10)
PDTP (0. 05) 89. 95 50 5 excellent excellent Exanple 3 HP (3)
PDTP (1) 96. 0 50 5 excellent excellent Exanple 4 HP
(5) DTPP (0. 2) 94.8 50 5 excellent excellent Exanple 5

HP (10) EDTA (1) 89.0 50 5 excellent excellent Exanple 6
HP (5) Ffmg,@e 390 94.7 50 5 excellent excellent Exanple 7
HP (5) PDIP 0.72) 94.8 30 15 excellent excellent Exanple 8

HP ('5) F’DTF’( | ggt e le 9
HP (0.5) PDTP (11}l g"gc cordagﬁee'mth th samtzamﬂ-r og%gﬁseﬁtg %}?ggl +deﬁu0t%?rfp%r ative

HP (15) -Example 1, the sai@e films as tl‘iﬁse described 1nf]§§tdmpl@écleiﬂc‘?ﬁ&1n@<ﬁ'{63| el
Conparative - PDTP (0.5) 95.5 poor

excel | ent Eomdpictivd thomfilmadfi arealudkinful alloy(Al- Cu) were formeQQ)n a silicorb0
5 fair excellent Exanple 3 Conparative HP (10) - 90

70 20 sujstrhte. Jhedpreperpd damitate weast coaded -with a photd@@dsist(2d a
98.0 50 10 poor excellent Exanple 5 HP: Hydrogen peroxi de
PDTP: 1, 2- pafferredwas fermed ametiny teephotopesiat cimcactordmme with the
Di et hyl enet ri.am ne ent thy enephqgsphoni ¢ aci d EDTA:

Et hyl enedi dﬂﬁh@&’é}’ &vac ctahing wgﬁ;rp gas contammg fluorine was conducted

Et hyl k I h
thyl enedi a&gqutt%terfgnln%ge pa%/er%ngip tqaosﬁmotglrecsm as the mask. Thereafter, the

aluminum alloy circuit device having the photoresist forming the mask
| and resist residues formed by the dry etching was dipped into a cleaning
agent having the same composition as that of the cleaning agent used in
Example 1 at 50°C for 5 minutes, rinsed with ultra-pure water and dried.
The surface of the dried device was examined by the scanning electron
microscope (SEM) observation with respect to the removal of the
photoresist forming the mask and the resist residues and the corrosion of
the conductive thin film of an aluminum alloy and the results of the
examination were evaluated in accordance with the above criteria. It was
found that the photoresist forming the mask and the resist residues were
completely removed and no corrosion of the conductive thin film of an
aluminum alloy was found at all.

Example 11

(1) Preparation of a cleaning agent

A cleaning agent was prepared by adding 50 g of a high pﬁrity

hydrogen peroxide as the oxidizing agent and 3 g of 1,2-
propanediéminetetramethylenephosphonic acid as the chelating agent to

947 g of ultra-pure water, followed by mixing the resultant mixture to
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16 - . Exanpl e 10 I n accordance with the same procedures as

t hose conducted in Exanple 1, the sane filnms as those described in Exanpl es
1 including the conductive thin filmof an aluninumalloy (A -Cu) were
formed on a silicon substrate. The prepared | am nate was coated with a
photoresist and a pattern was fornmed with the photoresist in accordance
with the lithography. Dry etching wwth a gas contai ning fluorine was

conduct ed ?ﬁ%%rggehgﬂgg%ngeﬁtgoﬁﬁoﬂf t he photoresist as the nask.

Thereafter umn oy circuit device having the photoresist
form ng the(gjas@egmin esi st residues fornmed by the dry etching was di pped
into a cleani'ng agent having the sane conposition as that of the cleaning

agent used in Exanmghin filh 80[tahtdleni Ofad forfiededsn i p38sh WubbBtrakd rax pure
wat er and dried. The surface of the dried device was exam ned by the

scanni ng el gedoi@ancaniveithstind epffeldng) bsThy aformiedwilh wespesdtetowttle o enoval
of the photoresist formng the mask and the resist residues and the

corrosi on ophttoeesishdndt a pattdrnnwhs [forméd anithltheiphotordsistyinaactorégneesul t s
of the exam nation were evaluated in accordance with the above criteria. It
was found twith the lithogvapky.st Dpretchipg withvss gasmontaining fluirinesvakies
e O ddetod Waing the formed pattem of the photoresist as the mak, The .
sectional view of the obtained tantalum thin film circuit device is shown in
Figure 2. In Figure 2, the pattern 8 of the photoresist remained on the
thin film of tantalum 9 which was formed on the glass substrate 7. On
the side walls of the thin film of tantalum, resist residues 11 were formed.
Residues of tantalum such as fine particles of tantalum 10 which were
formed by dry etching were scattered and remained on the glass substrate
7.

The above tantalum thin film circuit device was dipped into the
cleaning agent prepared in (1) described above at 50°C for 10 minutes,
rinsed with ultra-pure water and dried. The sectional view of the
tantalum thin film circuit device after being cleaned is shown in Figure 3.

Then, the surface of the dried device was examined by the scanning
electron microscope (SEM) observation with respect to the removal of the
fine particles of tantalum and the result of the examination was evaluated
in accordance with the following criterion. It was found that the
tantalum residues such as the tantalum fine particles were completely
removed. The result of the evaluation is shown in Table 2.

The criterion of the evaluation by the SEM observation is as follows:

(Criterion of the evaluation of the removal of residues)
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alumi num all oy was found at all. Exanple 11 (1) Preparation of a cleaning
agent A cl eani ng agent was prepared by adding 50 g of a high purity
hydr ogen peroxi de as the oxidizing agent and 3 g of 1, 2-

pr opanedi am net et r anet hyl enephosphoni c acid as the chelating agent to 947
g of ultra-pure water, followed by mxing the resultant m xture to

17 prepare a honobgeneous solution. (2) C eaning Athin film

of tantalumwas for %%c@{f?r?t gl 33 ﬁ%ﬁ E%ﬁvé&l accordance with the

sputtering. The for m was C a photoresist and a pattern was
formed wth the phot ist in 30 i t hography. Dry etching
with a gas containi n?@ﬁuon ne msggg&gggtgj%é%% he forned pattern of
the photoresist as thgjmask. The,sRfdd RRAinthgW of the obtained tantal um
thin filmcircuit device is shownh in Figure 27 In Figure 2, the pattern 8
of the photoresist reqgirned on rhbg dftthe rekidiesrefnihizligum 9 whi ch was fornmed
on the glass substrate 7. On the S|de vvaIIs of the thin filmof tantalum
resi st kiafplel M  andd pasitiveeExafpledttal8im such as fine particles
of tantal um 10 whi ch were fornmed by dry etchl ng were scattered and renuai ned
on the gl ass sulntalemzhin film cifdwit dbvices wamne areparediin decordagiceomth devi ce

was di pped into the
the same procedures as those conducted in Example 11. The prepared

tantalum thin film circuit devices were dipped into cleaning agents having
the compositions shown in Table 2 in the conditions shown in Table 2,
rinsed with ultra-pure water and dried. The surface of the glass
substrates 7 of the obtained tantalum thin film circuit devices was
examined by the scanning electron microscope (SEM) observation with
respect to the removal of the fine particles of tantalum and the results of
the examination were evaluated in accordance with the above criterion in
the same manner as that in Example 11. The results of the evaluation

are shown in Table 2.
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cl eaning agent prepared.in (1) described above at 50[err]C for 10 m nutes,
rinsed wwth-ultra-pure water and dried. The sectional view of the tantalum
thin filmcircuit device after being cleaned is shown in Figure 3.

Then, the surface of the dried device was exam ned by the scanning el ectron
m croscope (SEM observation with respect to the renoval of the fine
particles of tantalumand the result gf,tye exam nation was eval uated in
accordance with the following criterion. It was found that the tantal um
resi dues such as the tantalum,iine, parjicles werge & [ etely_renoyed. The
result of the evaluation is gﬁ%\?fs’ltﬁg? ble 2. ocom m.‘[ﬁ:‘éf cri t BEESRl of the

eval uation by the SEM observabfBh*§28°HE fol | ouns: F°*™P8 (vt ¥f8R of the

eval uation of the rem})\ﬁdiziﬁé re&xbﬂﬂﬁé) water temper- time particles -

18 agexCel | enfgengonpl etely refmyed of good

al nrost conpl etely renoved fair a portion rgpeLghng

poor nmost of the @wesiwddes wayaithi NGs Pl eecd2 t@inl6 and Conparative
Exanmpl e 6 t6—8——Fantatumthrr—f+Hmcrrett—devices—were—prepared in
accor dance Exambletlie s&FGpr oc RRFRG.32s t Wdde condifct ed ¥0n Exemsplleat 11. The
prepar ed  ghalipt hi e @) M s osglevi gay wer e g ppedg nt Oefhiggpi ng -
agent s havi ng e conpositions shown in Table 2 in the conditions shown in

Tabl e 2, riExamgledBt h @h- purEPRROP and4dri ed. Fhe suldr aceexstllanhe gl ass
substr at es gzampletide olragned tEmrAloby t higasfi | m cgo cui tisdevi gRslends

exam ned by the scanni | ect 1. croscope (SEM,. observation wth respect
to the rerré?ﬁ’i‘-‘p]&flgt he'}%g(tll par]{I?@)I @]Sg of t8§ t al uml\qa%d t res?ﬁcf]i\gngf t he _
exam nat i oExwmple 18val EER @Y | n BRTDOSBANCe 967 h t hesbovellcri t exceliamti N t he
same manner as that in Exanple 11. The results of the eval uation

Comparative  HP (5) - 95.0 50 10 fair
Example 6

Comparative - PDTP (0.3) 99.7 50 10 poor
Example 7

Comparative - DTPP (0.3) 99.7 50 10 poor
Example 8

HP: Hydrogen peroxide

PDTP: 1,2-Propanediaminetetramethylenephosphonic acid
DTPP: Diethylenetriaminepentamethylenephosphonic acid
EDTA: Ethylenediaminetetraacetic acid

EDTP: Ethylenediaminetetrakismethylenephosphonic acid

Comparative Example 9

A tantalum thin film circuit device which was the same as that
prepared in Example 11 was cleaned with a cleaning liguid containing 60%
by weight of monoethanolamine and 40% by weight of N-

methylpyrrolidone at 80°C for 10 minutes, rinsed with isopropanol and
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are shown in Table 2

19 : . . Table 2

Conposi tion of Condi ti on of Renoval

cl eani ng agent cl eani ng of fine oxi di zi ng
chel ati ng wat er tenper- tine particles agent

agent ature of

tantal um guod  The dried device was examined by the scanning electron

microscope (SEM) observation and it was found that most of the fine

particles of tantalum shown in Figure 2 were left remaining.

A thin film of niobium was formed on a glass substrate in
accordance with the sputtering. The formed film was coated with a
photoresist and a pattern was formed with the photoresist in accordance
with the lithography. Dry etching with a gas containing fluorine was
conducted using the formed pattern of the photoresist as the mask. The
sectional view of the obtained niobium thin film circuit device is shown in
Figure 4. In Figure 4, the pattern of the photoresist 13 was present on
the thin film of niobium 14 which was formed on the glass substrate 12.
Residues of niobium such as fine particles of niobium 15 which were
formed by the dry etching were scattered and remained on the glass
substrate 12. The above niobium thin film circuit device was dipped into
a cleaning agent having the composition shown in Table 3 in the conditions
shown in Table 3, rinsed with ultra-pure water and dried. The sectional
view of the tantalum thin film circuit device after being cleaned is shown
in Figure 5.

Then, the surface of the glass substrate 12 was examined by the
scanning electron microscope (SEM) observation with respect to .the
removal of the fine particles of niobium and the result of the examination
was evaluated in accordance with the above criterion in the same manner
as that in Example 11. The results of the evaluation are shown in Table

3.
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(% by w.) (%bywt) (%by wt.) ([err]C (mn.) Exanple 11 HP (5)
3) 94 50

PDTP (0. .7 10 excel l ent Exanple 12 HP (5)
DTPP (0. 3) 94. 7 50 10 _excell ent Exanple 13 HP (5)
EDBP (0. 3) 94. 7 50 10 excel | ent Exanple 14 HP (5)
EDTA (0.5) 94.5 50 15 excel | ent Exanple 15 HP (10)
PDTP (0. 3) 89.7 40 10 excel l ent Exanple 16 HP (3)
PDTP (0. 3) 96. 7 60 10 excel l ent Conparative HP (5)

- 95.0 50 10  mgpegfair Exanple 6 Conparative -
PDTP (0. 3) 99.7 50 10 poor Exanpl e 7 Conparative -
DTPP (0. 3) 99. 7

50 poo [e 8 HP._Hydr.ogen
peroxi de PDTP: 1, 2- Propanedi (g mznﬁf‘té?nr%net hyl ene@%ﬁﬁl c acﬁegm"ﬂTPP
Di et hyl enetri am nepentanet hyl EERRBERRGNI ¢ aci d fine

Et hyl enedi am net et raacg,glalgm Ci dchelﬁgl;llg. .

Et hyl enedi am net et r aki sagetnlagl eneg@gﬁphonlvtv:atgm dti?lf:er C(glrlﬁ:?ara | v engarrpl e 9

A tantalumthin filmcircuit device which was the sane as thq{mbn%epared i n
Exanpl e 11 was cl eaneol(%/%ytdit)a c(w‘@nwrpg k%wwd,)cor(b@l m@gn@O% by wei ght of

nmonoet hanol=a : A0 by —wer g N dorfre—at—86ferr] C for

10 mi nut es, Exemplecly wi (HP @opro

QRD KO 3And 94.7 50 10 excellent

Example 18 HP (5) DTPP (0.3) 94.7 50 10 excellent

Example 19 HP (5) EDBP (0.8) 94.7 50 10 excellent

Example 20 HP (5) EDTA (0.5) 94.5 50 15 excellent

Example 21 HP (10) PDTP (0.3) 89.7 40 10 excellent

Example 22 HP (3) PDTP (0.3) 96.7 60 10 excellent

Comparative  HP (5) - 95.0 50 10 fair
Example 10

Comparative - PDTP (0.3) 99.7 50 10 poor
Example 11

Comparative - DTPP (0.3) 99.7 50 10 poor
Example 12

HP: Hydrogen peroxide

PDTP: 1,2-Propanediaminetetr:‘amethylenephosphonic acid
DTPP: Diethylenetriaminepentamethylenephosphonic acid
EDTA: Ethylenediaminetetraacetic acid

EDTP: Ethylenediaminetetrakismethylenephosphonic acid

Comparative Example 13
A niobium thin film circuit device which was the same as that
shown in Figure 4 was cleaned with a cleaning liquid containing 60% by

weight of monoethanolamine and 40% by weight of N-methylpyrrolidone at
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20 - dried. The dried device was exam ned by the scanning el ectron
m croscope (SEM observation and it was found that nost of the fine

particles of tantalum shown in Figure 2 were left remaining. Exanples 17 to
22 and Conparative Exanple 10 to 12 A thin filmof niobiumwas forned
on a glass substrate in accordance with the sputtering. The fornmed fil mwas
coated with a photoresist and a pattern was forned with the photoresist in

ST AR AR, PO I R B R
sect Tonal QAL ebubls B4R g U ek (SRM BN A oo | 1

thin film fqi wisaBUHA thét msfefe_fméﬁhg ?Hﬁﬁcl%g of BfobILiAS £5 SHEW .ri%:]ﬁgﬁ'r’e 4

Resi dues of niobrumsuch as fine particles of niobium 15 \/\/%l wer e formed
by the dryv@éﬁqbﬂgre\méﬁliﬁg_attered and remai ned on the glass substrate 12.
The above niobiumthin filmcircuit device was dipped into a cl eaning agent
havi ng t he Eamphd 28on shown in Table 3 in the conditions shown in Table 3,
rinsed with ultra-pure water and dried. The sectional view of the tantal um
thin filmcircuiA giess subsifaterwheclegnet eeithc tleanimgwmgemt Eorgaiming. 5%

Then, the surface of the glass substrate 12 was exam ned by the scanning

el ectron nilyr osweight( SBf) ghmmgeat i peroxide; r @s3¥%ect byo weightenwfal 18- t he
fine particles of niobiumand the result of the exam_nation was eval uated

i n accor dariepanediaminedeizamethyleaepbosnhonie acih sadnihe sestael Weder iat

Exanpl e 11'3&’%eforreiglx§1fngges:[ hgﬂ%\ll'ﬂl)elfgéir?ﬂsead’ gnah(?rvi\gd,i trheTgPa{s% g’tibstrate
was examined by the scanning electron microscope (SEM) observation and
no damages or rough surfaces were found at all.

On the glass substrate cleaned above, a thin film of tantalum was
formed to the thickness of 3,000 A in accordance with the sputtering. A
resin tape was adhered to the formed thin film and the peeling test of the
thin film was conducted. The thin film of tantalum was not peeled at all.
Comparative Example 14

A glass substrate was cleaned with a buffered aqueous solution of
hydrofluoric acid at 23°C for 15 minutes. After being rinsed and dried,
the glass substrate was examined by the SEM observation and damages
were clearly found on the surface of the glass substrate.

Comparative Example 15

A glass substrate was cleaned with a 0.5% by weight aqueous
solution of TMAH (tetramethylammonium hydroxide) at 23°C for 15
minutes. After being rinsed and dried, the glass substrate was examined
by the SEM observation and no rough surfaces were found at all.

On the glass substrate cleaned above, a thin film of tantalum was
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21 - _Table 3

Conposi tion -of Condi ti on of Renpval S
cl eani ng agent cl eani ng of fine oxi di zi ng
chel ati ng wat er tenper- tine particles agent

agent ature of _

ni obi um (%by wt.) (%by w.) (%by w.) (O (mn)
Exanpl e 17 fornﬂéa 1fo5i)he th1cEﬁHé% 6103 @bO A 1ﬁAacZordance v@ﬁh the sﬂtgcterm | I'ent
Exanpl e 18 Xcé€l | ent
Exanpl e 19 resni'l[“alﬁ@))vas adm tthS)forme&‘l;th film andSQhe peehﬁg test GFQR] | ent
Exanpl e 20 HP (5) EDTA (0.5) excel | ent
Exanpl e 21 thinHilng 03s con®@ited( 0 The th1n8ﬂlxﬂ of tantaﬁQm was pdtled a2Xg8) | ent
Exanpl e 22 HP (3 PDTP (0. 3) 96. 7 10 excel | ent
Conpar at i veentlrd:pt(lftgons of the surface and it was shown that':'iﬂxe adhesidh was pootai r
Exanpl e 10 Conparative - PDTP (0. 3) 99.7 50 10
poor ExanplBxampdmBbarative - DTPP (0. 3) 99. 7 50

10 poor

Exﬁ1 accor%.ance with the same procedures as those conducted in
Example 11, a thin film of tantalum was formed on a glass substrate in
accordance with the sputtering. The formed film was coated with a
photoresist and a pattern was formed with the photoresist in accordance
with the lithography. Dry etching with a gas containing fluorine was
conducted using the formed pattern of the photoresist as the mask and
then ashing with oxygen plasma was conducted at 170°C for 3 minutes.
The above tantalum thin film circuit device was dipped into a cleaning
agent having the same composition as that of the cleaning agent used in
Example 11 at 50°C for 10 minutes to remove tantalum residues formed by
the dry etching, rinsed with ultra-pure water and dried. Subsequently,
the surface of the glass substrate of the obtained tantalum thin film circuit
device was examined by the scanning electron microscope (SEM)
observation with respect to the removal of the fine particles of tantalum
and the result of the examination was evaluated in accordance with the
criterion described above. It was found that the tantalum residues such

as the tantalum fine particles were completely removed.

INDUSTRIAL APPLICABILITY

Using the cleaning agent of the present invention, a photoresist film

formed on an inorganic or plastic substrate, resist residues and resist
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HP. ‘Hydrogen peroxi de PDTP: 1, 2-Propanedi am netetranet hyl enephosphoni c
acid DTPP: -Di et hyl enetri am nepent anet hyl enephosphonic acid EDTA:

Et hyl enedi am netetraacetic acid EDTP:

Et hyl enedi am net et r aki snet hyl enephosphoni ¢ aci d Conpar ati ve Exanple 13
A niobiumthin filmcircuit device which was the sane as that shown in
Figure 4 was cleaned with a cleaning liquid containing 60% by weight of

r2712)noet hanolrgggﬁgsﬁé%,?ﬁigl?ﬁgé%i 8 eiél,%f cdti m%ﬁwer& ghs#OnE Alshort time

_ _ r _ m nu rinse I sopriopanol™and ‘dried. The
obser vat 1 on g i AR ded ot eI e, [T Darti ol 5 of i obium 15
shown in Fi gur e tsing the cleaning agent of the present invention, residues derived

from conductive thin films which are formed by dry etching can be
removed easily. The cleaning can be sufficiently conducted without
corrosion of switching devices or wiring'materials used for glass substrates
and thin film circuit devices. Therefore, clean liquid crystal display
panels of high qualities containing very little impurities can be obtained.
Moreover, the cleaning agent of the present invention can be used
very effectively for cleaning glass substrates themselves. Glass

substrates cleaned with this cleaning agent can be advantageously used as

substrates for various liquid crystal display panels of high qualities.
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were.left remaining. Exanple 23 A gl ass substrate was .cleaned with a
cl eani ng agent containing 5% by wei ght of hydrogen peroxide, 0.2% by wei ght
of 1,2- propanedi anm netetranet hyl enephosphoni c acid and the rest of water

at 30[err]C for 15 mnutes. After being rinsed and dried, the glass

substrate was exam ned by the scanning electron m c[ﬂﬂmnmqm"mll

observation and no damages or rough surfaces were fo I I”II'Ch
the gl ass substrate cl eaned above, a(-JtIme il mof tanthl Um was"fofned to
the thickness of 3,000 A in accordancé Wth the sputtering. A resin tape

was adhered to the fornmed thin filmand the peeling test of the thin film
was conducted. The thin filmof tantalumwas not peeled at all. Conparative

Exanpl e 14 1 A cléatindSagetttiohicBlB c&l @28 G0% b weibhi bEAR GxRdiLRRS
solution of hydrofluoric acid at 23[err]C for 15 mnutes. After being

rinsed and ggdrittand 0DAD1p5% Wysiweighe ofaschelketihgpagehy t he SEM observati on
and damages were clearly found on the surface of the glass substrate.

Conpar ati ve Exanple 15 A gl ass substrate was cleaned with a 0.5% by
wei ght aqueous sol ution of TMAH (tetranet hyl anmoni um hydroxide) at 23[err]C
for 15 m nuResA déaringoagent adcosditigaodClidinedl, whireiyl thesoxidizing agentids

exam ned by the SEM observation and no rough surfaces were found at all.

On the gl ashydragenrparexisleeaned above, a thin filmof tantal um was

23 formed to the thickness of 3,000 A in accordance with the
sputtering. A resin tape was adhered to the formed thin filmand the

peel i ng tesé- OI& élggning agent according to Claim 1, wherein the chelating agent is
at least one agent selected from the group consisting of
aminopolycarboxylic acids, chelating agents of phosphonic acids and

condensed phosphoric acids.

4. A cleaning agent according to Claim 3, wherein the chelating agent of
phosphonic acid is at least one compound selected from the group
consisting of methyldiphosphonic acid, aminotrismethylenephosphonic
acid, ethylidenediphosphonic acid, 1-hydroxyethylidene-1,1-diphosphonic
acid, 1-hydroxypropylidene-1,1-diphosphonic  acid, ethylaminobis-
methylenephosphonic acid, dodecylaminobismethylenephosphonic acid,
nitrilotrismethylenephosphonic  acid, ethylenediaminebismethylene-
phosphonic acid, ethylenediaminetetrakismethylenephosphonic acid,
hexanediaminetetrakismethylenephosphonic acid, diethylenetriamine-
‘pentamethylenephosphonic acid and 1,2-propanediaminetetramethylene-

phosphonic acid.

5. A cleaning agent according to Claim 3, wherein the

This Sheet Has Been Replaced
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thin filmwas conducted. The thin filmof tantalumwas peeled at the entire
portions of.- the surface and it was shown that the adhesi on was poor.

Exanpl e 24 " In accord m u“mmaﬁma procedures as those conducted
in Exanple 11, a thin filmaﬂm“ ‘\ ornmed on a glass substrate in
accordance with the sputtering.¢ THe forfed fil mwas coated with a

phot oresi st and a pattern was fornmed with the photoresist in accordance

with the | biﬂlﬂ%té‘ﬁgéirbﬂyﬂceé&@ id8t wfaf%b ofte 38ihpoaRUAeldcied Ho the §r

conduct ed usl ng formed pattern of the photoresist as the rraska\gﬁld t hen

ashing wit RoRui¥eag Rifasdthylaiedifnitbidasétid 7QbRY, r IHydrokyethiidthyRne- The
above tantalumthin filmcircuit device was dipped into a cleani ng agent

havi ng t he dsamEnspineesictdcid, dihydbetysthyldtkylehediiminetgirancatiedcidnl,Bxanpl e
11 at 50[err]C for 10 mnutes to renove tantalumresidues fornmed by the dry
et chi ng, rippopsnedinminktatraguetie watil; adidtlddenetrifinhepenenddeyic t heidsur f ace
of the glass substrate of the obtained tantalumthin filmcircuit device
was exan nériethylehetraasimehagaadedict r oracid,cr osuityiboteiBEnfic obsacidat i oandi t h
respect to the renpval of the fine particles of tantalumand the result of
t he exani naydoexyetbylimingdiaseticacidbcor dance with the criterion descri bed
above. It was found that the tantal umresi dues such as the tantalumfine
particles were conpletely renoved. | NDUSTRI AL APPLI CABI LI TY Usi ng

the cl eaning agent of. the present j.nventiqQn, a_photoresi filmforged on

an i nor gane o FleRtipE 8gRE: rzperdipger ClAbs g ow baraitr by spondensed

24 oHEShONES b NP %3l e RS REAEICHER Y 'olf @
consisting of metaphosphoric acid, tetrametaphosphoric acid,

hexametaphosphoric acid and tripolyphosphoric acid.

7. A process for cleaning semiconductor devices which comprises coating
an .inorganic or plastic substrate with a photoresist film, forming a mask
with the photoresist film, dry etching portions of the substrate which are
not covered with the mask and removing residues of the photoresist
formed by the dry etching and/or the photoresist film forming the mask

with a cleaning agent described in Claim 1.

8. A process for cleaning semiconductor devices which comprises coating
an inorganic or plastic substrate with a photoresist film, forming a mask
with the photoresist film, dry etching portions of the substrate which are
not covered with the mask, ashing the photoresist film forming the mask
and removing residues of the photoresist formed by the dry etching with a

cleaning agent described in Claim 1.
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while wiring materials are not corroded at all. Usi ng the cl eaning-
agent of the present invention, residues derived fromconductive thin filns

whi ch are formed by dry etching can be renoved easi l can be
sufficiently conducted w thout corrosion of smﬁtchi*ulunuﬂuﬂuﬂﬂﬂlmﬂ"ing
materials used for glass substrates and thin filmcircu‘t Hevtces. *
Therefore, clean liquid crystal display panels of high qualities containing

very littlegi bl abt ai s Mo ean agent
of the predsnt PLcess SBF iR SiliRfaes Ly NAEHRAL dEpiay pRA, 200

substrat es &chﬂﬁe&ﬁdﬁﬁses fohmpse SRphaakieve AhiRlh Vid by el shiBstrhfs agent
can be advantageously used as Substrates for various liquid crystal display
ggne| s of Hbekikkal préRsibed pattern with a photoresist on the conductive thin

film; using the pattern of the photoresist as an etching mask, removing

portions of the conductive film which are not covered with the pattern of

the photoresist by dry etching; and removing residues derived from the

conductive thin film which are formed by the dry etching with a cleaning

agent described in Claim 1.

10. A process for cleaning substrates for liquid crystal display panels
which comprises forming a conductive thin film on a glass substrate;
forming a prescribed pattern with a photoresist on the conductive thin
film; using the pattern of the photoresist as an etching mask, removing
portions of the conductive film which are not covered with the pattern of
the photoresist by dry etching; ashing the photoresist; and removing
residues derived from the conductive thin film which are formed by the dry

etching with a cleaning agent described in Claim 1.

11. A process for cleaning glass substrates which comprises cleaning

glass substrates with a cleaning agent described in Claim 1.
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REPLACEMENT SHEET , 2 5 JUL 2001 CLAI M5 1. A
cl eani ng agent which consisting of 0.1 to 60% by wei ght of an oxidi zi ng

agent, 0.0001 to 5% by weight of a chelating agent and water. 2. A
cl eani ng agent according to Caim1l, wherein the oxidizing agent is
hydr ogen peroxi de. 3. A cleaning agent according to Claim1l, wherein the

chel ating agent is at | east one agent selected fromthe group consisting of
anm nopol ycarboxylic acids, chel ati ngggggr@rof phosphonic acids and
condensed phosphoric acids. 4. A cleaning agent according to Caim 3,
wherein the chel atilognR@eabert WhRRPEOMbSisas 0111 fo A0% Wtwagﬁtmaund

sel ected fromthe group consisting of nethyldi phosphonic acid,

anmi not r i sMeixidizpNe aResP A 3.0001 do 5% byl weihe difnh ekslacitigCagiitd, In the
1- hydr oxyet hyl i dene-1, 1- di phosphoni ¢ aci d,

1- hydr oxy prprpyddsifon radicitignensiptmductor dntegratedd diyduits, ropattern layer of
nmet hyl enephosphoni ¢ aci d, dodecyl am nobi snet hyl enephosphoni ¢ aci d,
nitril otri sanphioptresisthusesh@si an etzbing mask dreh edsidues dormedt frphe rthe
phosphoni ¢ aci d, ethyl enedi an net et raki smet hyl enephosphoni ¢ aci d,
hexanedi anipheteresisti Byrdri gtahingirandmessilaremoved aitly the eleaining magent.

pent anmet hyl enephosphoni ¢ acid and 1, 2- propanedj am net et r anet hyl ene-
In the process for producing substrates for liquid crystal display panels,

residues derived from a conductive thin film formed by dry etching can also
be easily removed. In the cleaning processes using the cleaning agent,
wiring materials or insulating materials in thin film circuit devices or
other materials used for producing substrates of semiconductor integrated

circuits and liquid crystal panels are not corroded.
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phosphoni ¢ aci d. 5. A cleaning agent according to Caim 3,
wherein the 26

am nopol ycar-boxylic acid is at | east one conpound sel ected fromthe group
consi sting of ethyl enedi am netetraacetic acid, hydroxyethyl et hyl ene-

diam netriacetic acid, dihydroxyethyl ethyl enedi am netetraacetic acid 1, 3-
pr opanedi am netetraacetic acid, diethylenetriam nepentaacetic acid,
triethyl enetram nehexaacetic aci d, nitrilotriacetic aci d and

hydr oxyet gl InlBadi aketic acid. 6. A cleaning agent according to Oaim 3,
wher ei n- t he condensed phosphoric acid is at | east one conmpound sel ected
fromthe group consisting of~~mnetaphosphoric acid, t ramet aphosphori c
aci d, hexanet aphosphoric acid agyd tri pol yphosphoric 7.nA process

f norgani c or’
pl astic substrate with a photoyedist film formngfa frask with the

photoresist film dry etching tions of the subs te which are not
covered with the mask and renowy np residues of thg ppotoresist formed by
the dry etching and/or the photorFsist filmformirg fhe mask with a
cl eani ng agent described in ddinfl. 4b
44—
’-\\___/5
4a
"\\/3
—-\/2
—\/1
FIG. 2
8
9
10

1/2



8. A process for cleaning sem conductor devices which conprises coating an,
i norganic or plastic substrate with a photoresist film formng a mask with
t he photoresist film dry etching portions of the substrate which are not
covered with the mask, ashing the photoresist filmformng the mask and
removi ng resi dues of the photoresist forned by the dry etching with a
cleaning agent described in Caiml.

process for cleaning substrétes for liquid crystal display
paneIE?mL g%-co rises formng a conductive fhin filmon a glass substrate;
formng a prescribed pattern with a photoredi st on
film using the pattern of the photoresis
portions of the conductive flln1mh|c-

he conductive thin
i , renoving
ir the pattern of
ved fron1t e
conductive thin fi [
agent described i ert=~11
liquid crystal dis Iay panels mhlch conpri ses fornlng a conductive
filmon a glass suldstrate; form ng a prescribed pattern with a phot¢
on the conductive thin filnm ysing the pattern of the photoresi st a$ an

et chi ng mask, renoyi ng portlons\ga\the conductive filmwhich are gw
0 t he

covered with the gattern of the toresist by dry etching; ashin
phot oresi st; and renovi ng residuesyderived fromthe conductive thin film
whi ch are forned by the dry etchina with a cleaning agent described in

Claima1l.
13
FIG. 4
14 15
(ooo /oooo /
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11. A process for cleaning glass substrates which conprises cleaning gl ass
subst.rates with a cl eaning agent described in Caiml.
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REPLACEMENT SHEET

CLAIMS

|

1. A cleaning agent which consisting of 0.1 to 60% by weight of an oxidizing

agent, 0.0001 to 5% by weight of a chelating agent and water.

2. A cleaning agent according to Claim 1, wherein the oxidizing agent is

hydrogen peroxide.

3. A cleaning agent according to Claim 1, wherein the chelating agent is
at least one agent selected from the group consisting of
aminopolycarboxylic acids, chelating agents of phosphonic acids and

condensed phosphoric acids.

4. A cleaning agent according to Claim 3, wherein the chelating agent of
phosphonic acid is at least one compound selected from the group
consisting of methyldiphosphonic acid, aminotrismethylenephosphonic
acid, ethylidehediphosphonic acid, l-hydroxyethylidene—l,1-diphosphonic
acid, l1-hyd'roxypropy1idene-1,l-diphosphonic acid, ethylaminobis-
methylenephosphonic acid, 'dodecylaminobismethylénephosphonic 'acid,
nitrilotrismethylenephosphonic  acid, ethylenediaminebismethylene-
phosphonic acid, ethylenediaminetetrakismethylenephosphonic acid,
hexanediaminetetrakismethylenephosphonic acid, diethylenetriamine-

pentamethylenephosphonic acid and 1,2-propanediamihetetramethylene-

- phosphonic acid.

5. A cleaning agent according to Claim 3, wherein the

26 - Decsc=35¢-
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