“DESCRI PTI ON ETCHI NG COMPCSI TION 5 Technical Field The present invention

relates to an etching conposition, in particular, which is capable of

setching a transpareént conductive |ayer under mild conditions mmmmm

.'generating etching residue. 10 Background Art A transparent c
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A transparent conductive layer including ITO (Indium-Tin Oxide) layer
has been widely used in the field of electronic devices such as an antistatic
layer, a thermal reflection layer, a photoelectric transfer element, and a
transparent electrode for various types of flat panel display. With the recent
spread of notebook-size personal computer, compact TV, personal digital
assistants and so forth, a demand therefor has been increased particularly in
the field of liquid crystal displays (LCD). A transparent conductive layer such
as ITO layer has been used as a pixel display electrode in the production of flat
panel displays and has been produced by etching employed in the
photolithographic technique.

In the field of a liquid crystal display (LCD), particularly of TFT-LCD,
polycrystalline ITO has been utilized. However, the production of uniform
polycrystalline ITO becomes difficult with increasing size of substrate. The
display electrode is formed by the steps of applying a photo resist on a
transparent conductive layer; exposing and developing the photo resist; etching
by an etching agent using the photo resist as the mask; and removing the
remaining photo resist.

As the etching agent for the transparent conductive layer such as ITO
layer, an iron chloride/hydrochloric acid aqueous solution, an iodic acid aqueous

solution, a phosphoric acid aqueous solution, a hydrochloric acid/nitric acid

In the field of a liquid
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As the etching agent for the transparent conductive



H1ayer, an iron chloride/hydrochloric acid aqueous solution, an iodic acid
aqueous 30 solution, a phosphoric acid aqueous solution, a hydrochloric
facid/nitric acid 1'aqueous solution (aqua regia) and the |ike have been
conventionally used. These wet etching agents for a transparent conductive
l-ayer corrode A" and so on during the patterning process, and, the

sel ective etobougsaucion @yahnregizd andathedtkeohavd beemadmnvhtidialBatidert. ni ng
with a good precision difficult. 5 For these reasons, the demand for an

et chi ng agdiese sysdisitehing geavs Sirmytanspareit aindpictiye daypert capvedet and sgood
preci sion has, been increased to neet the  tendency to.increase the
substrate SPATIRg the,patterningiocess; and; thepelgetdve ptcking alanggiainon, and to
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aqueous solution of oxalic acid has a problem of ‘generating etching

resi due. Thatediddslay alectedd With 28664 pARAG6ATHARDRA Bbrded thesddudehas
been desired. 15 Disclosure of Invention An objective of the present

i nventi on tendemcprtounceease the shbsigatgsint ahdrthesEFTipaneheizeeto ehaivieng of a
transparent conductive |ayer by an aqueous solution of oxalic acid, which
i s capabl ehighestrerplygiamaad teiformewiving wotlsalmboun.  Femeeatttheglemtamdng
resi due, differ{)ng fromihe prio artg af orenentj oned. 20 As a result of

ext ensi ve StRRfPeeh 1ecentlyrproprsecht ¢tk amexrhonedFIQ ke 2 wrak acient or s have
f ound fd’nat an.aquepus sol ution cont aitni ng oxalic acid and an aromatic
hydr ocar boR E(Bﬂ%ﬁ‘ daﬂf\ﬁuﬁﬁuﬁs ]r%’l(?(f”ﬁ#’ﬁ | group, or an agueous

sol ution cont aif [ 8l ' I ni v i aci d
and/or a salt H?é"f%’@? X?ls?l @S‘gg{ﬁﬂéﬁ%&@@ﬁ%ﬁ@@%ﬁ%?éﬁ?@%‘gﬁ@%fg | ayer
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has been acconplished on the basis of this finding. Nanely, the present

i nventi on pgent geseraningt whétehit®p@idudé has been desired.

15  Disclosure of Invention
An objective of the present invention is to provide an etching agent for use
in the wet etching of a transparent conductive layer by an aqueous solution of
oxalic acid, which is capable of etching under mild conditions without
generating etching residue, differing from the prior arts aforementioned.

20 As a result of extensive study in view of solving the above problems, the
inventors have found that an aqueous solution containing oxalic acid and an
aromatic hydrocarbon compound having a phenolic hydroxyl group, or an
aqueous solution containing oxalic acid and a nitrogen-containing carboxylic
acid and/or a salt thereof is capable of etching a transparent conductive layer

25 under mild conditions without generating etching residue. The invention has
been accomplished on the basis of this finding.

Namely, the present invention provides an etching composition
comprising an aqueous solution containing oxalic acid and an aromatic
hydrocarbon compound having a phenolic hydroxyl group, and an etching

30  composition comprising an aqueous solution containing oxalic acid and a
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_conprising an aqueous solution containing oxalic acid and an aronmatic

hydr ocar bon conpound havi ng a phenolic hydroxyl group, and an etching 30
.conposi tion conprising an aqueous sol ution containing oxalic acid and a 2
ni trogen-containing carboxylic acid and/or a salt thereof. Brief
Description of Drawings Fig. 1 shows a structure after formng on a gl ass
substrat e aitSbfkd-contihitg carboayke aaddmtionasaphidiesedfTO | ayer, applying a
photo resist on the anorphous ITO | ayer, and devel oping the photo resist.
Fig. 2 shows a structure after etching the substrate of Fig. 1 by a
conventionag| . and removing the photo resist. 10 Best Mde for

Carrying O Diingsesent | nvention is explained in details as

{nventTon | < C%“%fiéﬁé%%'y%%tgﬁc REE 366 BT S RS maleb B B on 1 ¢
less than Shﬁi'lihgﬁ 1a}9@x‘ d antdifio d@iafﬁﬂsrl@d fyfer! a*'%ﬂ»l The ﬁ‘g‘iﬁ'@&?«%é%ﬁﬁ@e' ar ger

than 10 % by wei ght not a nt ageous ‘bec ancenent t he
et chi ng rataihdr@h@agQTGeMyeA%M@e@l@gm@tﬁewgqa@bpn conmpound having a
phenol i ¢ hydroxyl group, the follow ng conpounds are illustrated
specifically. Higeehows hestanciome atter ieydnngahb@mbsmmo@nﬁﬂ‘lg sl bt restricted
thereto as far as it has a phenolic hydrox roup directly bonded to
aromati ¢ hyenwsdiogm atehingsagesiteand éemQMII(gléleAEg]mfﬁtm@lShydrocar bon conpound
havi ng only one hydroxyl group Phenol, cresol, ethyl phenol,
tert-ethyl phenol, tert-buthyl phenol, rret hoxyphenol sal i cyI al cohol ,

S |

chl oroﬁﬂen h oI . 8 .am dol , (2 am noet hyl )phenol
salicy naphtholsulfonlc acid, and

] 01
/- ami no- 4- hyd ﬁg@%ﬁﬂ%hﬁ&ﬂ 1§'e§#04188g9%%%t£]l s 48 fdlfowdV OBt i

hydr ocar bon conpoun groups Catechol,

resorcinol, hymnﬁéﬂﬁatﬂnmh@)ﬁ%ﬂﬁﬁéﬁ‘ghﬁed % tHé‘;h@)ééﬁWﬂlrv‘éﬁtibﬁqge

pyrogaIIoI, 1, 2, 5-benzenetriol, 1, 3,5-benzenetri ol
preferably 0.01 to 10% by welght If the concentration is less than 0.01% by

weight, the etching rate is low. A concentration larger than 10 % by weight is
15 not advantageous because no enhancement of the etching rate is obtained.

As the aromatic hydrocarbon compound having a phenolic hydroxyl group,
the following compounds are illustrated specifically. However, the aromatic
hydrocarbon compound is not restricted thereto as far as it has a phenolic
hydroxyl group directly bonded to aromatic hydrocarbon in its molecule.

20 (1) Aromatic hydrocarbon compound having only one hydroxyl group

Phenol, cresol, ethylphenol, tert-ethylphenol, tert-buthylphenol,
methoxyphenol, salicyl alcohol, chlorophenol, aminophenol, aminocresol,
amidol, p-(2-aminoethyl)phenol, salicylic acid, o-salicylanilide, naphthol,
naphtholsulfonic acid, and 7-amino-4-hydroxy-2-naphthalene disulfonic acid.

25 (2) Aromatic hydrocarbon compound having two or more hydroxyl groups

Catechol, resorcinol, hydroquinone, 4-methylpyrocatechol, 2-
methylhydroquinone, pyrogallol, 1,2,5-benzenetriol, 1,3,5-benzenetriol, 2-
methylphloroglucinol, 2,4,6-phloroglucinol, 1,2,3,5-benzenetetraol,
benzenehexaol, Tiron, aminoresorcinol, dihydroxycinnamic acid, 2,3-

30 dihydroxybenzaldehyde, 2,4-dihydroxybenzaldehyde, 2,5-



_met hyl phl orogl uci nol, 2,4, 6-phl oroglucinol, 1,2, 3,5-benzenetetraol,
_benzenehexaol , Tiron, am noresorcinol, dihydroxycinnamc acid, 2,3 30

di hydr oxybenzal dehyde, 2, 4-di hydroxybenzal dehyde, 2,5 3

“di hydr oxybenzal dehyde, 2, 6-di hydr oxybenzal dehyde, 3, 4- _

di hydr oxybenzal dehyde, 3, 5-di hydroxybenzal dehyde, 2, 3-di hydroxybenzoic

aci d, 2, 4ddiyhlrdxybeitrabdetiydleaidibiddroxlyhehabdetyelez 8j4c aci d, .
?; 6-di hydroxybenzoi c acid, 3, 4-di hydroxybenzoic acid, 3,5-dihydroxybenzoic
acid, 5 di Aindeeydesizaidrdnilee3,5dihyideoxdianzaidahyalet 2i3rdidvydxgrsdrenaoie avid.d,
2, 4- di hydroxy-6-.nmet hyl benzoi. i apht hal enedi ol , napht hal enetr.i ol

ni t r onapht h(g X hydgoxy Z@Wéf‘%@ri%t‘ﬂhﬁa H?‘P]ﬁi%’}‘f 746511&’ YBRYZAC 7 nap
ht hal enedi sulif @nj g.,aG 1. 8-di hydroxys.3. 6- napht hal enedi sul foni ¢ aci d,

di hydr oxybgﬁ%?{E{glzhg’l%’efg*%bne’dlzﬁf{"za,%&a%h‘%lgggh‘@iy?’f’%}?‘?“’fﬁl '3)

Hy dr oxyhenanpiaesenes B EuHIHR yheR triBy oy bEh Mg by Bepzophe none,
2, 6-di hydr oxy- 4- netHgiybeﬁEb%ﬁgnéﬁggqgngfngy éﬁy?ét?%ﬁygg%xygenzophenone,

and 2, 3", 4dﬂiyd@oxp6ﬁh@ﬂ)@db@m{ﬁ@aéi@ph@?ﬂﬂl@aleh&&lioﬂ‘b’&d%ﬁ%ﬁoi,' des 15

o- Hydr oxybenzani lide. (5) Hydroxyanils G yoxal bis(2-hydroxyanil). (6)
Hydr oxybi phenghapliihohemphthalenecbétphel plinaplohyldiol] 45 dilkeyddotet2,20l . 20 (7)
Hydr oxyqui nones and its derivatives 2, 3-Hydroxy-1, 4-naphthoqui none,

5- hydr oxy- 2aRbthalenedisuifemisacidi h§wibxgroxyhid, nantshelenedisulfonic acid,

2, 0yt o am ol L Jant i SOplone N N aceti e scid (common nar
triphepyl @kaﬁ?dgg§§b%%tzhgﬁgnones
Dihydroxybenzophenone, 2,3,4-trihydroxybenzophenone, 2,6-dihydroxy-4-
methoxybenzophenone, 2,2’,5,6’-tetrahydroxybenzophenone, and 2,3,4,4’,6-
pentahydroxybenzophenone.
(4) Hydroxybenzanilides
15 o-Hydroxybenzanilide.
(5) Hydroxyanils
Glyoxal bis(2-hydroxyanil).
(6) Hydroxybiphenyls
Biphenyldiol, biphenyltriol, and biphenyltetraol.
20 (7) Hydroxyquinones and its derivatives
2,3-Hydroxy-1,4-naphthoquinone, 5-hydroxy-1,4-naphthoquinone,
dihydroxyanthraquinone, 1,2-dihydroxy-3-(aminomethyl)anthraquinone-N,N'-
diacetic acid (common name: Alizarine Complexon), and
trihydroxyanthraquinone.
25 (8) Diphenyl or triphenyl alkane derivatives
Diphenylmethane-2,2'-diol, 4,4',4"-triphenylmethanetriol, 4,4'-
dihydroxyfuchsone, 4,4'-dihydroxy-3-methylfuchsone, and pyrocatechol violet
(common name: PV).
(9) Phenol derivatives of alkylamine

30 Ethylenediamine di-o-hydroxyphenylacetic acid (common name: EDDHA)
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_Di phenyl net hane-2,2' -diol, 4,4',4"-triphenyl nethanetriol, 4,4'- _
dlhydroxyfuchsone 4,4 - d|hydroxy-3-nethy|fuchsone, and pyrocatechol viol et
‘(common name: PV). '(9) Phenol derivatives of al kylani ne 30 Ethyl enedi ami ne
di - o- hydr oxyphenyl acetic acid (conmon nanme: EDDHA) 4 and

N, N- bi s(2- hydr oxybenzyl ) et hyl enedi am ne-N, N-di acetic acid (common nane:

HBED) . ( 10anBeobisietipdabiylsmzy JeeWh@aﬂmmem&ﬁﬁli&e@tr@f&&Qe@fﬁ!fn%em' S

¢11) Phenols having azo group and its derivatives D anmoni um

4, 4' - bi s(3n41rda HBEYyphenyl azo) - 2, 2-sti | benedi sul fonate (conmmon nane:
Stllbazo) 8- gwhydrox y-1-(8-hy drox -3, 6-disulfo-I nap hthylazo) - 3,6
-nap htale )d|P PPbﬂP’éV&'@V@ISOBa](klef By dr oxyazobenzene, 2-

hydr oxy-1-(2-h th enyl azo) - 4- napht al enesul fonic acid (conmon
1% narrg C((all maé;j&{g@{y i +°a‘¥{9§% henyl azonapht hol, 1, 2' -dihydroxy- 6 -

1 -4- f E hrom Bl ack T),
> hyar oy V0  PHRb IR b bR 5 e R RR PR 20) - 5. 6- napht hal e ne
di sul foni ¢ aci ®hiaRmonium 4.4'- 1s(3,4- ﬁlhﬁrd]l Oglbenﬁrlaz gsu? fstﬂbenedis%lf(zréaotrenmn

chl or o- 2- hydr oxy- 3- ( 2, 4- di'hydr oxyphe oni ¢ acl
nanme: Lunmo@aiimon)nanze:Stillbaxy), |2831K536}6§K"}1'(8§MJ0QK[3 RaRigl azo) -3 15

napht hal enesul foni ¢ acid [ comon nane: -di hydroxy-2-(4 sul fop he
nyl azo) - Baphthyazdthaimapigabinedifufinic acidgdp-o'-dihydroxyazobenzene, 2-

1, 8-di hydr 2, 7-bi s(5-chloro

2 hydr oxy- gyé{ﬂxﬂ’ obkehy AE%) 53n€thYéBhQMéﬂé¢9€‘&mpht&inneSIdﬁvrdp acid (common

bIS p he nyl ap_htal ene disulfonic

aci d. D! 55¢%e; Chlmaety mbéorﬂilwamw@m Fhaphihal, wdrcahy roxy- fepitro-

2 5 ?E?L B e“eiéi'gif@o”rhﬁgp%?we Brioahimun ash{Rnanol

(12 o ErBcaRt LR AL BB DNl S A L0 5
chloro-2-hydroxy-3-(2,4-dihydroxyphenylazo)benzenesulfonic acid (common
name: Lumogallion), 2-hydroxy-1-(2-hydroxy-4-sulfo-1-naphthylazo)-3-

15  naphthalenesulfonic acid [common name: NN], 1,8-dihydroxy-2-(4-
sulfophenylazo)-3,6-naphthalenedisulfonic acid, 1,8-dihydroxy-2,7 -bis(5-chloro-
2-hydroxy-3-sulfophenylazo)-8,6-naphthalenedisulfonic acid, 1,8-dihydroxy-2,7-
bis(2-sulfophenylazo)-3,6-naphtalenedisulfonic acid, 2-[3-(2,4-
dimethylphenylaminocarboxy)-2-hydroxy-1-naphthylazo]-3-

20  dihydroxybenzenesulfonic acid, and 2-[3-(2,4-dimethylphenylaminocarboxy)-2-
hydroxy-1-naphthylazo]phenol.

(12) Heterocyclic compound having a hydroxy group and its derivatives
8-Quinolinol, 2-methyl-8-quinolinol, quinolinediol, 1-(2-pyridylazo)-2-
naphthol, 2-amino-4,6,7-pteridinetriol, 5,7,3',4'-tetrahydroxyflavone (common

25 name: Luteolin), 3,3-bis[N,N-bis(carboxymethyl)aminomethyl]fluoresceine
(common name: Calcein), and 2,3-hydroxypyridine.

(13) Alicyclic compounds having a hydroxy group and its derivatives
Cyclopentanol, croconic acid, cyclohexanol, cyclohexanediol,
dihydroxydiquinoyl, tropolone, and 6-isopropyltropolone.

30 As the aromatic hydrocarbon compound having a hydroxy group, those
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_nhaphthol, 2-am no-4,6,7-pteridinetriol, 5,7,3 ,4"'-tetrahydroxyflavone
(comon 25 nane: Luteolin), .

73, 3-bi s[ N, N- bi s(carboxynet hyl ) am nonet hyl ] f| uorescei ne (comon nane:
~Cal cein), and 2, 3-hydroxypyridine. (13) Alicyclic conpounds having a

hydroxy group arid its derivatives Cyclopentanol, croconic acid,

cycl ohexanbhyingytwtobemaie diheholic tiydyskyoxydipguire@referhbRpol one, and

©-i sopropyl tropolone. 30 As the aronatic hydrocar bon coerOl_md ‘haV| ng a
hydr oxy group, Of ithe @bsvéesmpgunide m1efemnedaamgrﬁaﬂﬂwzrbgﬁhé@r?pugamgps,@_re -
referable, O the above conpounds, preferred are 2 3-di hyroxybenzoic acid,
IC2), 4- di hyr S8 Il?%fc@‘ﬁ,g’ %»,5551&%%363@?5@1@2&5% 26idihypoxybanegie agith &oi ¢

acid, 3,4-,4] nzoi. [ 3. 5-di hyr ox 0]. cid

2 3 nyar SHRABRRER T SR AR detifudioxbbenzaldehyde,

2, 5-di lydroxy, ,g% - di=hy: ' 9 @

3, 4-di %dr%’?y(ggggg(lg eh)%lggl,dezlgge3?1@[1&/1%157%%%?%%@2&@%%’&. rT;I)'.he ?pove -
aromati c hidiydeakiemzaiEdgdads, 408hydeoiaReh 78 del ahd 3 %5001 nat 1 .on of 1Wo
or nore, pre:‘ygrably in a concentraty:aon of 0.0001 to 5%Dby 10 weight based
on t he totdhydratibenzablghysiet i on. |f the concentration is |ess than 0.0001%
by weight, the etching residue is generated. If nore than 5% by weight,

the etching ralke abovqardmgtic hyslrocdrhvo rcahippundeen ey beruseielohsspint i on

t hereof becones inadegquate. The follow ng conpounds are illustrated, not a
limtati orﬁOI%rT'gmtaﬁl@n of Wl Q1 ogR Rrefarghbaima sgneantbatign of 0L0dstoaitd byal t s

sai 1o 10 Higu PR daP P PR SR oAy, ShidecapeenuRbpege o)
5 cont LB EIEA, PO AR SRD n LR ol
di ace tic weight, shel ihd'FatdiFTTOLLF6P i§ QR VPABIyAG W re®BF tR& S0 1l €OF -
thereof becomes inadequate.
The following compounds are illustrated, not a limitation, as the
15 nitrogen-containing carboxylic acids and salts thereof:
(1) N-containing carboxylic acid having one carboxyl group and its salts
Aminoacetic acid, dihydroxyethylglycin, and salts thereof.
(2) N-containing carboxylic acid having two carboxyl groups and its salts
Iminodiacetic acid, hydroxyethyliminodiacetic acid,
20  ethylenediaminediacetic acid, ethylenediaminedipropionic acid, and salts
thereof.
(3) N-containing carboxylic acid having three carboxyl groups and its salts
Nitrilotriacetic acid, hydroxyethylethylenediaminetriacetic acid,
nitrilotripropionic acid, and salts thereof.
25 (4) N-containing carboxylic acid having four carboxyl groups and its salts
Ethylenediaminetetraacetic acid, trans-1,2-cyclohexanediamine-
N,N,N',N'-tetraacetic acid, diaminopropanoltetraacetic acid, glycol ether
diaminetetraacetic acid, hexamethylenediamine-N,N,N' N'-tetraacetic acid,
diaminopropanetetraacetic acid, and salts thereof.

30 (5) N-containing carboxylic acids having five carboxyl groups and its salts
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.(3) N-containing carboxylic acid having three carboxyl groups and its salts
Nitrilotriacetic acid, hydroxyethyl ethyl enedi am netri acetic acid,
‘nitrilotriprop ionic acid, and salts thereof. 25 (4) N-containing
-carboxylic: acid having four carboxyl groups and its salts

Et hyl enedi am netetraacetic acid, trans- 1,2-cyclohexanedi am ne-

N, N, N, N -t et Diabgléretaeintinegbaridtetic @RRNShY 8hItaahetdog. aci d, gl ycol ether

di am netetraacetic acid, hexanethyl enediam ne-N,N,N , N -tetraacetic acid,

di ani nopr $anktemtaauegicerbaidic amds having dikenelodxyl 300459 ahd dardaaisni ng
carboxylic acjds having five carboxyl groups and its salts 6 Die thyle

netriam nep elHethdenpletraminehexagedticacideamsbsalisihaveebnt ai ni ng car boxyl i c

'?’rc: gfhc?g{w@?eé&g?ﬁpﬁegﬁg%gé{)éﬂ{’&g&i%?gdainélssZ?lt Fsst hereof (7) hOc hler rel at e(cji
_ ' i .as. triet hanol amine an
col T e T her et CREEL A St B Enfi RO SRS HE i8St A d S et e

may be usgfbregd one or in conbination of two or nore, preferably in a
concentration of 0.0001 to 5% by weight based on the total etching

conposi ti on. The aboceN-abimbaiginkaeBoRAiYAdids aaddalanthesadtnal herRal having
four or |ess carboxyl groups are preferably used. |If the concentration is
| ess t harrlongooinompineiightof twher moxhipngferalisiydne tan@anertiiedt 0.00010r e

than 5% by weight, the etching rate of ITO |layer is unfavorably |owered or
the di ssdlORHY Vhightbraspd oarthe totalateling ewompndsitine. eTohiNgontaipom ti on of
t he ﬁresent i hvent i used .in ((e:ﬁgventi onal _neans, at a tenperature from

ordi ndry PEREEYN %?lgglab € thsrees havigedounpnless carherail growes atechi ng
comoe! gt GBS ALl e Pk BB OB YRl en L 0,
as | ZO (leiehifp vsitfuddsl stilerdhAl. t A e Whbin®ios by Weight [ (1o ALRANEH18s
ITO layer is unfavorably lowered or the dissolution thereof becomes
inadequate.
15 The etching composition of the present invention is used in conventional
means at a temperature from ordinary temperature to 90°C for 0.1 to 30 min.
Further, the etching composition of the present invention is suitably applied, in
addition to amorphous ITO, to the wet etching of a transparent conductive
layer such as IZO (Indium-Zinc Oxide) and to the wet etching in the production
20  of various semiconductors.
The following examples are provided as illustrations, not a limitation, of
the present invention:
EXAMPLE 1
In Fig. 1, is shown a substrate obtained by: forming a SiN, insulation
25 layer on a glass substrate 1; forming an amorphous ITO,layer thereon;
applying a photo resist thereon; and developing the photo resist. The
substrate shown in Fig. 1 was etched for 2 h at 40°C by a washing liquid
(aqueous solution containing 3.4% by weight of oxalic acid and 0.1% by weight
of 2,3-dihydroxybenzoic acid), and washed with water. After removing the

30  photo resist 4 by a basic resist remover, the processed substrate was washed



.20 of various sem conductors. The follow ng exanples are provided as
dllustrations, not a limtation, of the present invention: EXAMPLE1L In
Fig. 1, is shown a substrate obtained by: formng a SiN, insulation 25
‘layer on a glass substrate 1; form ng an anorphous | TO3 | ayer thereon;
applying a photo resist thereon; and devel oping the photo resist. The

subst r at eyizhomatdrardd @ried. WaBe 86SHRE of BFsevih@thAOREGa by tHb r¥eEh e SERLI d
¢aqueous solution containing 3.4% by weight of oxalic acid and 0. 1% by

wei ght  delezt®ndinigrdscopeh ehewied that the aarmadphash EROwhé e tahiedrsucdédstuilly
removing the 30 photo resist 4 by a basic resist renover, the processed
subst r at @RhBO KasiHEg Wasmeticethat er and dried. The results of observi ng the

' howed that th h
70 was CrONEBAT T ERYPEATE 0" O e was not | ood.  COVPARATI VE - -
. (o} h at 409C a
vashi fg 11 quiE tagbaas P A PXRR TR £y ot 61 RIFRLION Byt Shafring ™

aci d), washgd (ﬁfqa@ougA@aafioﬁ%n@éiﬁﬂ%gggg gge‘@&gg\éio?sxm@aaaa&ygaﬂgegﬂ ‘3}%‘ by

using a basic resist renover, t strate was S

wat er andyaifeirechd dHed. r &k rsmdki0Psles ¥how fRestStby agmd HBhsieiretigler SEM
showed that the anorphous 10 | TO was etched, but many residues 5 renai ned

as shown riemdvieg. the. proGeideARAIDISIE tEXANR EsRe Byvitls iagevandditiedg Mhguid
(aqueous sol ution containing 0.1% by weight of 2, 3-di hydroxybenzoic acid),
t he substreanls gf ebsarvimx tipserfacatkereotnederf SEM showed that theammovglsted wi t h

wat e Af rengvi ng .t he photo resist 4 by ysing a 15 basic resist
rem)\r;gr, mwﬁﬁgg%}%%‘gd“’stdﬁgwé?%‘d\ﬂé% EEgeiasPIREteIn B Zdried.  The
results %Q%ﬁxﬂgﬁdﬁ%@?iﬁ t hereof under SEM showed that the

anor phous reémai ne y uhet ched.
By using a washing liquid (aqueous solution containing 0.1% by weight of

2,3-dihydroxybenzoic acid), the substrate used in Example 1 was etched for 2 h
at 40°C and washed with water. After removing the photo resist 4 by using a
15  basic resist remover, the processed substrate was washed with water and dried.
The results of observing the surface thereof under SEM showed that the
amorphous ITO remained nearly unetched.
EXAMPLE 2
By using a washing liquid (aqueous solution containing 3.4% by weight of
20  oxalic acid and 0.01% by weight of 2,3-dihydroxybenzaldehyde), the substrate
used in Example 1 was etched for 2 h at 40°C and washed with water. After
removing the photo resist 4 by using a basic resist remover, the processed
substrate was washed with water and dried. The results of observing the
surface thereof under SEM showed that the amorphous ITO was etched
25  successfully and no residue was noticed.
EXAMPLE 3
By using a washing liquid (aqueous solution containing 3.4% by weight of
oxalic acid and 0.3% by weight of 2,3-dihydroxybenzaldehyde), the substrate
used in Example 1 was etched for 2 h at 40°C and washed with water. After

30 removing the photo resist 4 by using a basic resist remover, the processed
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_EXAMPLE2 By using a washing |iquid (aqueous sol ution containing 3.4% by
wei ght of 20 oxalic acid and 0.01% by wei ght of

-2, 3-di hydr oxybenzal dehyde), the substrate used in Exanple 1 was etched for
2 h at 409C and washed with water. After renoving the photo resist 4 by
using a basic resist renover, the processed substrate was washed with

vat er andsulbisteste whe weahet tvitBfw£tes @indi diged.Ne€Thé ¥eddeLot s erihguhder SEM
showed that the anorphous | TO was etched 25 successfully and no residue was

noti ced. suEfAdPtlEgeslundengEM whewedghht the dmoapheou¥TO0kad ewwhedont ai ni ng
3.4% by weight of oxalic acid and 0. 3% by wei ght of
2, 3- di hyd$¥eosdHAy anchpeagsidupavas meticast e used in Exanple | was etched for

2 h at 40@3@2? hed with water. After 30 renoving the photo resist 4 by
usi ng a bdsi L‘\sﬁﬁzt remover, the processed 8 substrate was washed with

Soned T+ IR Gt U AR AREO R Lo
i : : S ntai nin
S hag by ETANTAE oL BRSO RS S RTL 0

aci d), theseiisExainple 1seds etrheddopRe ht W8E eindhdshal wthwater40AGand
washed with water. After renoving the photo resist 4 by using a basic

resi st rermwevingtthe ghrode essiet4 byunsd hg at leasia sesisisteanowdr] thenptceessedd dri ed.
The results of observing the 10 surface thereof under SEM showed that the
anor phousSYbrtyatasvas E’Iﬁ‘éged bl sedpuang dyiefl. nclhesecnlts efebsarningdtie EXAMPLES

By using a washing |iquid eous soj uti.on containipng 3.4% by wei ght of
oxal i ac?%\fg%t}{?%ﬁ%@/é W%é@ﬁ(rsla@'wgﬁm Hermeyphensol éZY:f%Sde,t_Ci'/lﬁ@ substrate
stteceir 15 's”uc'éé&rth% a%d\'\t@grees?i Qggvgsoﬁot?ceﬁ. at 409C and washed with water.

EXAMPLE 5
By using a washing liquid (aqueous solution containing 3.4% by weight of
oxalic acid and 0.3% by weight of 2,3-dihydroxybenzoic acid, the substrate used
15 in Example 1 was etched for 2 h at 40°C and washed with water. After
removing the photo resist 4 by using a basic resist remover, the processed
substrate was washed with water and dried. The results of observing the
surface thereof under SEM showed that the amorphous ITO was etched
successfully and no residue was noticed.
20 EXAMPLE 6
By using a washing liquid (aqueous solution containing 1.0% by weight of
oxalic acid and 0.1% by weight of 2,3-dihydroxybenzoic acid, the substrate used
in Example 1 was etched for 2 h at 40°C and washed with water. After
removing the photo resist 4 by using a basic resist remover, the processed
25  substrate was washed with water and dried. The results of observing the
surface thereof under SEM showed that the amorphous ITO was etched
successfully and no residue was noticed.
EXAMPLE 7
By using a washing liquid (aqueous solution containing 5.5% by weight of

30 oxalic acid and 0.1% by weight of 2,3-dihydroxybenzoic acid), the substrate used

9



_Tenmoving the photo resist 4 by using a basic resist renover, the processed
_Substrate was washed with water and dried. The results of observing the
-surface thereof under SEM showed that the anorphous | TO was et ched
‘successfully and no residue was noticed. 20 EXAMPLE6 By using a washi ng
l.iqui d (aqueous solution containing 1.0% by weight of oxalic: acid and

0. 1% by wey gﬁ%n&he%’ Rad By PeR 20140°@ i whbBed sk falter. Usefler i n Exanpl e
1 was etche or 2 h at 409C and washed with water. After renoving the

phot o r esi-sinodidpythishRetoarebRSidchy asingta besinvesist rhwopen tks pecce@Sedubst r at e
was washed with water and dried. The results of observing the surface

t her eof usdbstrSEMvakwveshedmaithtwatexrrordodiced. | Thewasulss ehelervingest ul |y
and no residue was noticed. EXAMPLE7 By using a,washj | i qui.d (aqueous
sol ution evnfage rﬁhﬁ’@oéPQ@’@F)@EMiSé‘ﬁweéfthaﬁéﬁﬁﬁﬂ‘?r@hﬁl'}?E'T%Waﬁgg%eﬁ]y wei ght of
2, 3-di hydr oxybeﬁﬁgj c gci d),.the subs%.ra e used 9 in Exanple 1 was etched
for 2 % afuaeses RS ROTSHAYs WAE 8PN t er renpving the photo resist 4 by

usi ng a bagi k processed substrate was washed with
wat er and@&gd&%‘%ﬁyﬁr:eﬁssuqqsip% Int"gbservi ng the surface thereof under SEM
showed that t agr%@%%hw el @lyueds BolviReesmnhaidiig By weihdwé was

noti ced. COVPARATI VE EXAMPL By using a washing liquid (aqueous sol ution
cont ai ni NG cBtid Yefyan€ DA% befweighedf 2,3adihgtdend/ benistclaeidjetlhsulastrate used

2, 3-di hydr oxybenzoic acid), the substrate used in Exanple 1 was etched for
2 h at 40Gnd&whmplhbdasidtbhedhioer? hatt4érC1and srashed gvithevasapt Alesi st 4 by
using a basic resist renover, the processed substrate s washed . with

wat er 1@nd rémiosing tiepheknrasistt by psmea Rgsicresist gemeyer the PEasesifdier SEM

showed hashbga%tg r\;v%rsvagsLEe(i v-l\-r%hrv%ggérnaergd H%%Ei! yThl(Jenr%tngg%f observing the

surface thereof under SEM showed that the amorphous ITO remained nearly
unetched.
EXAMPLE 8

15 By using a washing liquid (aqueous solution containing 3.4% by weight of
oxalic acid and 0.2% by weight of dihydroxyethylglycin), the substrate used in
Example 1 was etched for 2 h at 40°C and washed with water. After removing
the photo resist 4 by using a basic resist remover, the processed substrate was
washed with water and dried. The results of observing the surface thereof

20 under SEM showed that the amorphous ITO was etched successfully and no
residue was noticed.
COMPARATIVE EXAMPLE 4

By using a washing liquid (aqueous solution containing 0.2% by weight of

dihydroxyethylglycin), the substrate used in Example 1 was etched for 2 h at

95 40°C and washed with water. After removing the photo resist 4 by using a
basic resist remover, the processed substrate was washed with water and dried.
The results of observing the surface thereof under SEM showed that the
amorphous ITO remained nearly unetched.
EXAMPLE 9

30 By using a washing liquid (aqueous solution containing 3.4% by weight of
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. EXAMPLE 8 15 By using a washing |iquid (aqueous solution containing 3.4% by
_weight of oxalic acid and 0.2% by wei ght of di hydroxyethyl glycin), the
-substrate used in Exanple 1 was etched for 2 h at 40C and washed with
-water. After renoving the photo resist 4 by using a basic resist renover,
the processed substrate was washed with water and dried. The results of

obser vi ngotd1ec s4Af20E0 LPEbEHeight tNidemodtetidqied), thakubdieamddneus | TO
was etched successfully and no residue was noticed. COVPARATI VE EXAMPLE 4

By usi ng Bxaagtlé ngvhs qtohed(far@doas 466 umidomasiont withi wgtdr. 2%fter remiqtihg of
di hydroxyet hyl gl ycin), the substrate used in Exanple 1 was etched for 2 h
at 25 40theaplhotgarsiist 4bY Hsing @ basisfresist removendghe peogsiseed snbstirate waby

and. r | ecw ass oib ACST BRAGiASvi Ty TR G ATOREE Y inG LB FOBE FSEW Shoved
h | TO ined | t ched VPLE 0 B [
waahi o1 RRPLS R St dBREERE RtERhats TG 85 Siapp Rctme Tl staita 1 °

acid and i of imnodiacetic acid), the substrate used in
Exanpl e 1%\/\%%&%%‘7&\%{&&%9' 2 h at 409C and washed with water. After renoving

t he phot oEXesSVIPL.F}10y using a basic resist renover, the processed substrate
was washed with water and dried. The results of observing the surface

t hereof 5 undBy sy ahosetinglafuit (eqasmisdudutionh TohwkAies 8406 bg wsightdlul | y
and no residue was noticed. EXAMPLE10 By using a washing liquid (aqueous
sol uti on exalicacidmgd’0.2% by weeglyhof lnydrosyethydinaiodianetictcdd) blye wei ght  of
hydr oxyet hyl i m nodi aceti c acj di{ the 10 substrate_ used in Exanple 1 was
et ched f opubstratgrusedge Bxpmpieshsmpsgtelrediior b at A0 randewashedy iHewaken o
resist 4 R}( using a basic,resist r ver, the .proce%sed
ter removing the photo resist y using a basic resist remover, the processed
substrate was washed with water and dried. The results of observing the
surface thereof under SEM showed that the amorphous ITO was etched
successfully and no residue was noticed.
15 EXAMPLE 11
By using a washing liquid (aqueous solution containing 3.4% by weight of
oxalic acid and 0.2% by weight of nitrilotriacetic acid), the substrate used in
Example 1 was etched for 2 h at 40°C and washed with water. After removing
the photo resist 4 by using a basic resist remover, the processed substrate was
20 washed with water and dried. The results of observing the surface thereof
under SEM showed that the amorphous ITO was etched successfully and no
residue was noticed.
EXAMPLE 12
By using a washing liquid (aqueous solution containing 3.4% by weight of
25  oxalic acid and 0.2% by weight of ethylenediaminetetraacetic acid), the
substrate used in Example 1 was etched for 2 h at 40°C and washed with water.
After removing the photo resist 4 by using a basic resist remover, the processed
substrate was washed with water and dried. The results of observing the

surface thereof under SEM showed that the amorphous ITO was etched

30 successfully and no residue was noticed.
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.Substrate was washed wth water and dried. The results of observing the
.surface thereof under SEM showed that the anorphous | TO was etched
-successfully and no residue was noticed. 15 EXAMPLE1l By using a washing
-I'iquid (aqueous solution containing 3.4% by weight of oxalic acid and 0.2%
by weight of nitrilotriacetic acid), the substrate used in Exanple 1 was

et ched f oEXAMPAIE 499C and washed with water. After renoving the photo
resist 4 by using a basic resist renover, the processed substrate was 20
washed with wByersingc waslkeiohg Iiuadr(equédis eflutibaeovutaigind 8.4% by aedghhef eof
under SEM showed that the anorphous | TO was etched successfully and no

resi due wexalipacidend 2040y mcighiyf didivdgoxyeshslelyen) ithaisubgtratevasd &l ut i on

i ni . 4% ' ' id 0.2%Db ight of
ct ny! encal AR diwARetied o 2y o€ AR SaRCiael waBtvRRE A rérﬁ%quﬁgg
hed with. : t [ t oto
resi st 4 B DA A R SRR L Bepllab el T ouon it Brate o At Vi,
washed W &hshed Gt %tgihﬁg'dr-ir%ﬁ r'ﬂ?%’i‘l%%l&fof%%gﬁfe\éhgghg Qﬁrfa%grtilﬁce%f t her eof

under SEM showed that the anorphous was et successful'ly and no

resi due wagdewSEdEEhowdd EXAVPRER RorPHOUS ITO Wad\Bihol G ucbisrdllf aHHGRYUS
solution containing 3.4% by wei ght of oxalic acid and 2. 0% by wei ght of

di hydr oxymishdheginasimticetthe substrate used in Exanple 1 was etched for 2 h
at 409C and washed with water. After removing 5 the photo resist 4 by
using a A MPE4) 84 renpver, the processed substrate was washed with water
and dried. Theg results of observing the surface thereof under SEM showed
thatd]t e anorgﬁd{?éng?d"@\ﬂ‘s‘ngt %é%%%&?%ﬂlg}naﬁ@t%m& 9% bE waaghthel i ced.

EXAMPLEL4 valic acid and 0.2% by weight of dihydroxyethylglycin), the substrate used in

Example 1 was etched for 2 h at 40C and washed with water. After removing
the photo resist 4 by using a basic resist remover, the processed substrate was
washed with water and dried. The results of observing the surface thereof
15 under SEM showed that the amorphous ITO was etched successfully and no
residue was noticed.
EXAMPLE 15
By using a washing liquid (aqueous solution containing 5.5 % by weight of
oxalic acid and 0.2 % by weight of dihydroxyethylglycin), the substrate used in
20 Example 1 was etched for 2 h at 40°C and washed with water. After removing
the photo resist 4 by using a basic resist remover, the processed substrate was
washed with water and dried. The results of observing the surface thereof
under SEM showed that the amorphous ITO was etched successfully and no
residue was noticed.
25 COMPARATIVE EXAMPLE 5
By using a washing liquid (aqueous solution containing 5.5% by weight of
acetic acid and 0.2% by weight of dihydroxyethylglycin), the substrate used in
Example 1 was etched for 2 h at 40°C and washed with water. After removing
the photo resist 4 by using a basic resist remover, the processed substrate was

30 washed with water and dried. The results of observing the surface thereof

12



.10 By using a washing liquid (aqueous solution containing 1.0% by wei ght of
,oxalic acid and 0.2% by wei ght of di hydroxyethylglycin), the substrate used
.in Exanple 1 was etched for 2 h at 409C and washed with water. After
‘renmoving the photo resist 4 by using a basic resist renover, the processed
substrate was washed with water and dried. The results of observing the
surface tgnePEEM sHBWel tBEViBOawasphbBat IT0ErcMBInRA At rlyTeh¥@heg! Ched
successfully and no residue was noP| ced. EXAMPLE15 By using a washing

|l i quid (aqueous solution containing 5.5 % by weight of oxalic acid and 0.2

% by wei ght of dihydroxyethylglycin), the substrate used in 20 Exanple 1
was etcheﬂﬁmmi_c&gﬂﬂxand washed with water. After renoving the photo
resist 4 by usjng basi c resi st renover, the processeqwz;lubsira e was
washed with wateretehidedioraresitip of ERe Presesf BRI HyCan®!e ot Fis8L 8 Aer eof
under SEM showed that the angorphous | TQ was et.ched.successt ul J. N
e A T e R D S
(aqueous §%4iﬁﬁéon contai ning 5.5% by weight of acetic acid and 0.2% by
wei ght of “di hydroxyethyl glycin), the substrate used in Exanple 1 was
etched for 2 h at 409C and washed with water. After renoving the photo
resist 4 by using a basic resist renover, the processed substrate was 30
washed with water and dried. The results of observing the surface thereof
12 under SEM showed that the anorphous |1 TO remai ned nearly unetched.

I ndustrial Applicability The etching conposition of the present invention
is capable of etching a 5 transparent conductive |ayer under mld
conditions without generating etching residue. 13 CLAI M
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MWhat is clainmed is: 1. An etching conposition conprising an agueous
“.solution containing oxalic acid and an aromatic hydrocarbon conpound
~having a phenolic hydroxyl group. 5 2. The etching conposition as defined
Jin claiml, wherein the aromatic hydrocarbon conpound having a phenolic
hydr oxyl group hHas two or nore phenolic hydroxyl groups. 3. An etching
conposi tion conprising an aqueous sogidi@pgcontai ning oxalic acid and a
ni trogen-containi ng carboxylic acid and/or a salt thereof. 10 4. The
et chi ng cWipgsistclomeabisdef ined in claim 3, wherein the nitrogen- containing
carboxylic acid has four or |ess carboxyl groups. 5. The etching
conposi ti bn adndgthimeicimpediiomcbmpfrising e aquesnusesolwtia comtadhing oxalic
transparent, conductive | ayer., 6. The etchi rzg conposition as defined in
claim3, #¢d ankangramgiic hstdmeaiposrcompormd hayiogs phendimbvdnoxyberayper . 7.
The etchipg c osit.ion as defined cl.aim.5, wherein the transparent
conducti ve | a@gg ei%%hléﬁ GOHHRQARLR ﬁs&?flﬂég}lﬁﬂﬁlm &: WHREC1B: the g M8 hosi t i on
as define | al iRt - X tivye layer is_an
Codi um ti ﬁy(glx ol%gg%(fina)c/c‘ggﬁ[ﬁh@ ha@?né b PR3t @ﬁrdlg)%;]déi%up Wias' (W0 0r toré
phenolic hydroxyl groups.
3.  An etching composition comprising an aqueous solution containing oxalic
acid and a nitrogen-containing carboxylic acid and/or a salt thereof.
10 4. The etching composition as defined in claim 3, wherein the nitrogen-
containing carboxylic acid has four or less carboxyl groups.
5.  The etching composition as defined in claim 1, for use in a wet etching of a
transparent conductive layer.
6.  The etching composition as defined in claim 3, for use in a wet etching of a
15 transparent conductive layer.
7. The etching composition as defined claim 5, wherein the transparent
conductive layer is an indium-tin oxide layer.

8.  The etching composition as defined claim 6, wherein the transparent

conductive layer is an indium-tin oxide layer.
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