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1Q Menbers nade of various conduct for exanple, netals such
as gold) silver, copper, aluninum gﬁl@ﬂ‘@m ‘m\“\oys are arra m\ “\mmu\“\“\

el ectrodes or wiring nenbers on a e nade of ceram (r:mm “m In
particular, silver and silver alloys haVe 'the characteristics syghet hat
their reflectance is high and their electrical 11; resistance is small, and
therefore they are commonly aged as a reflecting material or wiring
material. In the production of inteppdERIPTIONt boards, flat panel
displays) or the like, first a nmetal thin elmof these materials is forned
on a substrate, a resist having a predeternined pattern is formed on the
thin film and the netal thin 20 filmis etched, using the resist as a
mash. For etching, an etchant sui B‘F%n#ﬁﬂmpﬂ%l {ar acteristics of the netal
is used. For exanple, Japaneee Laid-Qpen Patent Publications Nos. 10-13087Q

and 2000 100758 de.sc['l bﬁ et chant conpositions for alum num and al um num
allay thi P fi tching of silver or silver alloys, an etchant

cont ai ni ng phOSDho“Th@%fbseﬂttxh%%ﬁﬁhdrd&&%t b AL efeh A ci¥abBitich for
currently used. However)  when a substrate on which a resist pattern having
a plurality oﬁﬂveleora(mlver@ilogrt pattern unite hoe been farnmed i $ etched
using this etchant, the sizes of the resultant pattern units of silver or
30 silver alloys are not uniform between portions an the substrate, and a
di fference of BagktroundWdth wi th et chi ng and without etching is Iarge

Furth , thi t Cont { d t t
Tt e A st oo iR beraomade of Farious Songuekive mateals, e pxadime, "
probl ems suchyiga RO WuchCRE & 'rawam o|p®e¥h ;OyS%tm%ﬁFiﬁmoysw for

an et chant conposition for ver or sl at allows a pattern

havi ng patter arratigesl i eclectrodes sor evitingh anémbers o a0 sabbtriatatmaduer éface,
that causes a snmal| difference_of pattern wdth with etching and w thout
et ching, and tepgmirsear glassdvin swwaﬂ%c@ ver endhgilven allnys heveithe osure

of I nvention The pres I nv. S ac Ilshe the
above probl enf ﬁa‘ﬁ*@?ﬂﬁ%tﬂgﬁ%nﬁhe‘%m Eﬂcee‘F%lﬁﬂ &%@ﬁr ﬁfﬁ?twg? the ~
present ifenihgpteiitiaPis Sﬁﬁaﬂ %d'tﬁ&bﬁﬁ@etﬁéi bgrey/ | dopndGhly REUES RIEOT C

acid) nitric acid and water. In a preferred enbodi nent, the nulti val ence

car boxyl i ¢ acreflecting maiasialmennaig:mMriadanIm libe gn'odwctnomsf infiegyateid
oxalic acid najon|c aci d, .succinjcg,aci ta C aco cid
ketogl utaric SEFHLt bRATds; Gaﬁmaaei dis F¥$,a§ro¢hq:{tkea ﬁrstnmm%taﬂ&il&l il oty i
acid and citbeCl fhattflafs P! GERRA CSROU TRiHabrdth® BU'ckist2ERARy

carboxylic aC| I's contalnedinaratio o y welg

phosphori c acpgedstee@ihéd jRdtdrn s forhied 6h the {Hin%Sih, Riid\Wheohietabtlint he
nitric acid is contained in aratio of 0.4 to 19% by wei ght. 25 Figure 1

fig a scHifat filmy isetetady wajngrthe resist as s neskat Fopretohing, an esehant
tt f t.h bst.r.at t | t

i face. do FRBNRbIS 1% the shazaiterteti G B Buwteh 6 vapth 9% FaAmIE: o1 o
tt

pattern an a gy E.{exééé %mglﬂi%xg fg@g;ﬁ’éth@ﬂﬁ@& NbEWlétﬁ}qm @nd_2000-

cross-section t n alon ure Figure s a schenmatic
crass-sect i onabD0Y78vdedeaibiengtehamit! vempositions for aluminum and aluminum

alloy thin films.
25 For etching of silver or silver alloys, an etchant containing

phosphoric acid, nitric acid, acetic acid, and water is currently used.
However, when a substrate on which a resist pattern having a
plurality of identical resist pattern units has been formed is etched
using this etchant, the sizes of the resultant pattern units of silver or

30 silver alloys are not uniform between portions on the substrate, and a



~ striped pattern fornmed on a substrate by etching. Best Mdde for Carrying
Qut the Invention_ An etchant conposition far silver or silver alloys of
the present invention (hereinafter, nmay be referred to as "the conposition
of the 10 present invention) contains a nufti val ence carboxylic acid,
phosphoric acid, citric acid, and water. There is no particular limtation
regardi ng the nmufti val ence carboxylic acid used in the present invention
as long as it is a carboxylic acid having at |east two val ency carboxyl
groups, and a 15 nufti val ence carboxylic acid having a hydroxyl group is
al so pref er abldiffereite JOpdatibas WidtR veith! stehingnehili withlo@h Gt ckhiigh i Jdrige, aci d
include oxalic acid, malonic acid, succinic acid, glutaric acid, aconitic
aci d) ket ogl uifartherzuors, this etchanisontains: acetisradd i alhighs cpncergiration,
tartaric acid, citric, acid. anmpl es, .of r referable nufti

Val ence. car bo29ithel e ptehERt AEbee FHORR Acatie st ool SRf HRty HHEF Breci o
aconi tic aci dn.khiepsH H%ﬁ{gg ﬁﬁ*%orﬂlﬁfii‘dhlﬁ%ﬂ’ citraconic acid) malic
acid, and tarPﬁrlc sal d. gnp es of even nore preferable nmufti val ence
carboxylicsaci d i ncl Tiereford, therei td andemmhdffor arc ieticharitc sempobitiory dbrence

carboxylic 2~ acids can be used alone or in conbination. The nufti val ence
car boxyl i ¢ acPHver o silearaplloye i Hdewe B metteranbaving pettarn; MBIt eSent

i nvention in ratio of 0. 5 t 0r6 i ght,. I r.ef er t he nt ent
is 1 to 7/ by S*H §1z§n€o Ee n#ﬁf"e‘“ﬁ%e%,@%gﬁ?, é\@fgggé&%b‘%ﬂ%ﬁﬁpmﬁen
the concent r aidredioe dfpatert'Width WiLIE BEhiAR dHA Wit Stehisty Ak oAt ©! ¥

hi gh, the multi val ence "carboxylic acid may De precipitated, So that

preci se cauti does sot aduersedy affect plovkienvarominerst. pr ef er abl y contained in the
corrpositiﬁél of the present invention in a ratio of 32 to 8S% by wei ght.
Mare 5 pre€ferably, the content i$ 32 to 68% by wei ght, even nore
preferably, 3Bisdofireohnvenmtiopht, and nost preferably, 42 to 58% by
weight. Nitric acid ks preferahly contajned in the conposition of the
present invention in&'gxergqugngfmﬁ_egﬁpg %%W%%m T X0 PAUVEIRR ¢ e
content is 6 RBovd Yrohlend, oht, even mare preferably, 7 to 17% by 10 wei ght,
and nost preferably, 9 to 15% by weight. Water is preferably captained in
the conposition of tAn ptesaxtt compositiom for silvert ior af sibvér fARy of e ght .
More preferably, the content is 19 to 69 % by weight, even nare preferably,
29 to 49%%y REesant inyantisncomprises & mylti valenge sarbaxylie agidgphosnlnrie nay

t: € acid, nitric acid and water.

In a preferred embhodiment, the multi valence carboxylic acid
is at least one selected from the group consisting of oxalic acid, malonic
acid, succinic acid, glutaric acid, aconitic acid, ketoglutaric acid, maleic

20 acid, citraconic acid, malic acid, tartaric acid and citric acid.

In a preferred embodiment, the multi valence carboxylic acid
is contained in a ratio of 0.5 to 10% by weight, the phosphoric acid is
contained in a ratio of 82 to 83% by weight, and the nitric acid is
contained in a ratio of 0.4 to 19% by weight.

26
Brief D inti f Drawi
Figure 1 is a schematic view showing an area of a substrate on
which a resist pattern is formed, wherein the substrate has a silver
thin film on its surface,
30 Figure 2 is a partial enlarged view showing a striped resist



15 suppl enmented with an aqueous solution of nufti val ence carboxylic acid,
phosphoric acid, or nitric acid. The canposition of the present invention
mar contain a surfactant) an antiform ng agent and the |ike that are
commonly contained in. an etchant conposition. 20 An etchant can be
obtained by m xing the nufti val ence carboxylic acid, phosphoric acid,
nitric acid, water, and if necessary, a surfactant, an antifoam ng agent,
and the |like that are the conponents of the above-descri bed conposition.
Al ternativelty aqgueous solutions of each of the nufti val ence carboxylic
aci d, phosphopja¢teinl 6h ahhRtédteC 20 acid may be separately prepared, and
t hese solutions are m xed such that the concentration of these substances
in the resultant m xFigereaSeipresciematicedewonhewingtd ensss-Jdrtion takew

limtation to the order of nixing the solutions. Using the thus obtained
etchant a sil Qnﬁf‘ﬂ@ie)ﬁ?gpfgm‘ﬁ? | m formed an a substrate can be

et ched. For exanpl e, e erm t L S 0 he f of $
silver filmof a subgﬁglg{eeq% éﬁ'gﬂ%%g@%f é@%?'ggﬁt&gégﬁ%%{%hmaéﬁ ngg’f or med
Wi th this gesiggtipad pattEaifortedon &habedats by étchiipved Wi th a photoresi at
stripper, so that a 6 pattern of the silver tilmhaw ng the predeterm ned
shape is forned. For the etching treatnent of a Silver or silver alloy
film the sang, conditigns.can,be enployed used as when a conventionally

¥ : ety m4d% aci d, acetic acid, and

used etchant cf5kaN04elorLarung Luttnelr
i d. Th _ . i e achd
the 1p work envi f onmist efthaBtSBabosltitis R RIVALA AR GHE pRBehtl . |

a resist patt ¢nvertdun (hefeiplafied) nigy bk rederredctd apatherdnipoditiopast tleen
formed is_etched, the sizes of the patterns units era net different from
portion t30popressnt invension)cantains mgapdtinvalence carbasydicsac¢ide phosphorier
alloy film and,fhe, units,ar uanormon the whal e surface of the 15
substrate, and® éu&'lp]ag}de@&a ?fattern width with etching and w t hout

etching is small. whqRkai§ nd pw&aﬁamm%é&gﬁ th@emRiGSfdlbnce

i nvention can be used preferab or production o ntegrated circuit
board, a fl at cpplmetyliti sridiyused tihethe kppesdft Harventivnt eas lohg as citeid a

invention will he descriped by way of exanples, but the present invention
is not linmite&®&F %P@M%@) e85 Skwo g %‘FSE§35€°’€6§I ErRups gpd a

ottt on 18pe il *Geftp gl dify Oylmbid "L WG, groi’ R weo

comercial ly pyafdrablyeugabo (% by weight) nitric acid aqueous sol ution
(specific c gravity of 1:42) were m xed and than, 5 parts by volunme of 36
wt % mal ef i ¢ aci d aquExasmples wifi pref¢rable irhitlti gradence, carbaxyliz) acidsimdudel wi t h

the resultant m xture.thergb .obt ai ni ng an, et chang . arately, a,glass
substrate havPX§-4 %‘?‘fivema&"ﬁ? (”r?é‘gesﬁ G‘%’sﬁﬁ{%@ﬂc ﬁFSi(taq(n) @WLEK%@QS of
0.2 umon its WaS,: DI oV s A N SaS bt e ' tNadile

et chant at 355% P‘S lﬁg&a\e@ﬁ%é% @ﬂ??gﬁdé i |HHIP|ﬁI én‘iqgi g%ﬁvggﬁ?%ﬁ'ﬁgﬂﬁgﬁlgﬂ of
time was 2@asanddeitficarid.t NExamplesof rre preferable unaltt dalekvel carbhogyidev t he

results (Exanple 2 to 4) The sanme procedure was repeated as in Exanple 1,
except that t®Reidingindepfoxalie acidefiuscinie daciduRlutariol acido racondticoagids t s

by' 10 vol unei le 2, 7, G.parts hy volune jn Exanpl €,8 d 20.parts

by volume i n- KekTERRe e oriae foid, Blra@ple Beld) paftrcid. pnd tortanid

shows the resyei®. EaRidlds of even more preferable multi valence carboxylic acid
include oxalic acid and maleic acid. These multi valence carboxylic

25 acids can be used alone or in combination.

The multi valence carboxylic acid is preferably contained in
the composition of the present invention in a ratio of 0.6 to 10% by
weight. More preferably, the content is 1 to 7% by weight, and even
more preferably, 2 to 4% by weight. When the concentration of the



1G ~0 Exanpl e8596 Phasphorl o sold solution70% Nitric acid sol ution' 354

Mal ei ¢ said solutionEtching rateparts by voluneparts by vol uneparts by

vol umeA/ m n1840. 5581542640. 51058793840. 31548274B40. 5204202 All the etchants
of Exanple 1 to 4 could etch silver. In the etchant containing a | arge
amount of malefic acid of Exanple 4, the 25 malefic acid was slightly
precipitated) and the etching rate slightly |lowered. (Exanple 5) An etchant
containing 48.5 wt % of phosphoric acid, 11.5 ww% of nitric acid, 1 wt % of
oxalic acid, and 99 wt % of water was prepared. Separately, a glass
substrate (10 hK 5 ¥ c2asid Ve laxkhd it Righ TN um
on its surface Wais( v%?%@%%ggﬂyd,&&?lgs??td %Bﬁggg?%dl?ﬁs?lrﬁhvfﬁn?Iiﬂvxgg&f&a%len%c’i@on
the silver L [ Igarhnxyl licherid minsy baqﬂecipitc?ted,swtmbd ﬁcintﬁmttom?sré@umﬂc; bK
exposure an evel oppent .. Thi s ri ped pajjerned resist wag formed on the
silver film1l in a &f}amhqge@ ; i) prefera {Stﬁomwﬂi incther sompesitiomobi t he

ohit o thie LR8Reoyink MVefition WBpCkeha, o 18, Bive, tyh weillthy  Mar<hor
si de of 90§ umMpasRrably) tHe ldntaRe i B2A068% tﬁjﬂ%;éigﬁt,pmﬁmbw#&ew -

farmed on the surface of the silver filmw I stance of um each in
the vertical 88dortl% byrweight and mostpraferablyyd2 to 58% by whight.qgure 8 is a
schamati c cross- sectj.onal yjew taken ,along |jine X- of Figyre 2., The
silver elm 11 was fo ﬁ@acm4 A% %’Gg@!@bg’f &0%3%‘93 %éﬁem@m #@Bd’ﬂé&q st
attern 12 wa 0n st f st | t he
P DréserdtTeHLBN i 3 rittb{dRy L3N0 by GoRitits! MG ARl

pattern was f was “Tmersed in the etcha ( far 4F¥'seconds’ f or
et ching. Thi sthekehtaiteisBTovERRdsy Weight)adveh Mdte PrietichabBy07 therT% sy
resist was renoved with acetone. Thus, as shown is Figure 4, a striped
pattern 110 oweight,sind most preferably, fdonkit by waightl ees substrate 20 1. In
the areas A, B, O | nd E on the.substrate shown,in Fiqure.,l, a,dj,stance
a (gym) between adja T %gprse&‘?f@ﬁ%f Wm?iv’é’r the g0 qsggahpgftﬂ;%

uni (2 vas measybas SRGSACE b AR Xt o b BO D ARk, AMBle fraBihily, tne

di stance a (d ween t ong side of a striped-pattern u "is

closest to a vke content ikH® tn89%chy welight) evenfinore préfeeably; @9tteed9% gy si de
of its adjacent striped pattern unit was ne ed. Inthe area E, a

asur ed
di stance a (gW#ighbt 8pe mopk preferabledd do ¢1% bypweight : Watenimayhe s
in the cepter are,L shown in Figu I and {ts jacent, st r.i ped
pat torn o+ aieplnS R Wiy A Bihisoll velibBn, of Hipld Silrbes iRyl
val ues obt ai ngﬁ@*&hﬁﬁwmgﬂrﬁaﬁgdﬁ'one portion in each area. A
val ue (a-7)12 obtained by dividing the difference between the distance a

and the distance of Thdunomposition tdfe the spresentbinverdion hmayr icohtain reesi st
pattern units) b s deed, . as "one side Logs qQf, pattern width afjer
Poehing" The BuRbctatle 13 ARGIoAIng MgeR FRE e (Ur Shaf Ae WREEARBL) at od
in each of th%ﬁfﬁﬁéd'ﬁ)%ﬂ&&lﬂ?%ﬁn@oﬁ ows these anmounts. The standard

ula

devi ati ons of €se anpunts are ca {ed and shown in Table 2 as well.

(Exanple 2) 10 An et Ahaptcluiit! abAi be §btathedo By MiRbip thieC nawlitl velleReart % of
nitric acid) 3.4 wt%of citric acid, 1 w% of nalonic acid, and g.1 wt % of

wat er was pr ep_arquyliosaoilg, plswuﬂw&mﬁnid. rdt!ipi&tyli,vmatqr]?m Hone mpﬂar)tr,] Wefsarre
operations as _icg. anpl e and the qgne side Jlong of pattern wdth after
eltochi ng and tﬁE"@f’B‘%‘a %%W%t‘?‘g‘ﬁ%ge’ﬁ"né "i‘r?o‘b]g‘f gh%?"ge g}Ge EamPoneRtyy
Table 2 al ga e L i v w P

cont ai ni ng%?.ﬁgq%t’atyéﬁ(y?apﬁﬁ?g%? i é&iggp&amﬁ% 7?}1 wt % o#ﬁrllﬂ ?’ ﬁ{geg‘gifg}amu?4 wt %
of acetic aci df each of @hd tmultiovaleneet earboaylié @cfd, plrosplioridsacid drd aitrichant,

etching was perfornmed with the sanme operations as in Exanple 5, and the one
side | 0ss2®f ggid may hesepaxetely Rrepared; and theee selutinns) ave wninedosnely

these amount s gigt ¢ng U fithlribionk bt théaeSBetANRUE th'Vhe Foblibine Suixture

are predetermined concentrations. There is no limitation to the order

of mixing the solutions.

Using the thus obtained etchant, a silver or silver alloy film



Tabl 2 5 10 Measurenent areaOne side icss of pattern width after etching (
~ m Exanpl e 6Exanpl e 6Com EX.

1A0. 161. 73. 8B1. 101. 54. 9Q0, 242. 11. 6D0. 8S2. 22. 2Ep. 490. 60. 8St andar d

devi ation0.380.641.7 Fromthe results of Table 2, it can be seen that when
the etchants of Exanples b and a were used, a variation in the size of the
silver pattern on the substrate fig smaller than that when the etchant of
Conparative Exanple 1 was used. X5 In the exanples, acetic acid was net
used, so that, needless to say, no acetic acid odor was produced and thin,

the work envi "t‘&‘iﬁ@d‘tonwﬁsnﬂiﬂﬂﬁ(e' &R HeYetcHBAOY Fdr éx'iﬁﬂﬁ' d%geﬁ&ﬁééd 4

parts by volune of a comrercially avail abl e 85% phosphoric ac agueous

sol uti on ( spepatierngisaformedobn théSguriact 6 apsiiver filmvefl aisabetradé byt theal ef i c
aci d aqueous sol utlon ($p€CIfIC ravity of 1.42) were m xed sad then 0.Gb

parts by vol utdedi & resifteaudaet liatnexformoed yyith; thia segisf Ak guaght ut i on

Cronant .. Sepiirish e’ réfes " rdRoPpE i o' BRORARHE Tt e AR 1L 1O 2
filmwith g t ipattarasef the @ilver Milaw Having theapfodedermined dhdpe T8 formad.
striped resist patter. was fornmed on the silver filmof the substrate in

the same nmanndlorathe etéhiagptreatmentii of susidverape silvexhalloy filmestlse seme ern

h b f d bj ected t t b th

Sibstrate i n GRS Ak bes SEuRgupd, toeh ofs SBER TR, CHRERRHAREY uA

predet erm ned %&ﬁédﬁaﬁﬂngrﬁfd’g phofidd, lEﬁrﬁad&d Rl ¢ 1& %ﬁa\%ﬁﬁ??& ed
) as

e$cept that the 1mersing p was predeterm ned as ons as

the tine to ch@ed. oTheopredenttstchant dogs asott bmﬂammdemcheﬂ; .so [that! thee to
clear" refers to a tinme during which a silver filmhaving a thickness of

0O Z ~cm f 0 meaverk anghngmvom maaqul)sgﬁ'wad whWhem ecsuhstirateratess
ducted at, ,~5C t he t th trat

uns vashed i PHRSE A FeMEpaHErE Having | ARTeuiAE of derdtifd Pebtetd Boltpdiad,”

acetone. Wt hb@@ﬁ%ﬁﬁlehoiat aﬁgeat ﬂw@iﬂzeamwbeff Srtelh Sartit® 828 oty St

bet ween the | ong Sides of adj acent sl | ver m striped pattern units was
measur ed. The fecahygmordich to \pmbm in the obtaﬁmdepaﬂetmumw of rthedsihernme a

i B ol Al 6 b
show t he. 75 #EBAtRER Hold £0¢ gUristuh 68 Bl ek With G0 dp %ﬁaﬁfof a

commerci al |y ayéHihgblscaRall PiYsrelicyre), %@Cé&mﬂe&iﬁgéﬂtﬁh' of the z‘é%eﬂﬁ”s
by vol une of gI aC|aI acetic acid were m xed, and 5 parts by Volunme of a

commerci al | y avéntitmh eaii® nsed preferddyd’oaqmeduetlmloﬁiamntagmtadcbatmb t he
m xture, thereb bt gi nin .et.chant ng this etchant, etching was 25
per for med wi tﬁm %gﬁépég'@?aﬁlﬁﬁ%"ﬁéhfahﬁ’&anpl e 'T, and the difference of
pattern width with etching and without etching was cal cul ated. Table S al so
shows the results. 1A

20 [Examples

Hereinafter, the present invention will be described by way of

examples, but the present invention is not limited thereto.
(Example 1)
First, 64 parts by volume of a commercially available 86% (%
256 by weight) phosphoric acid aqueous solution (specific gravity of 1.69)
and 0.5 parts by volume of a commercially available 70% (% by weight)
nitric acid aqueocus solution (specific gravity of 1.42) were mixed, and
then, b parts by volume of 36 wt% maleic acid aqueous solution
(specific gravity of 1.12) was mixed with the resultant mixture, thereby



Table 3 b Etching tinedifference of pattern width with etching and w t hout
etching (um Exanpl e 7Cane. Exanple 2Tine of clearl.78.0' Twce the tine to
cl ear3.410,0l =our tines the time to clear6,718.0 The results of Table 8
indicate that the difference of pattern width with etching and w t hout
etching is small when the etchant of 1U the present invention is used.
According to the present invention, as described above, an etchant
conposition containing a nulti val ence carboxylic acid, 15 phosphoric acid,
nitric acid and water is provided. Wien this etchant conposition is used)

o be T ar med OHEARink e shéthhe. | BaBAEhEGY, 3 pifertubiirefd niias lp Bve |y o
a substrate omwhiralda of 2OV siPedrd With faaﬁﬁieﬁn@ssmﬁﬁ.zwéﬁxgt 8 sQerHck G

resist pattern units has been fornmed 1s 2U etched) t al ned pattesrn
units of the peovidedhi THie smbatrathewss ifmmersefl inhéhe whehamt at 85Culoir for m

w thout having a , different size from _portign to portion an the substrate,
sad the diff eg’éﬁ’@g wﬂ%ﬁm thin ﬁratdﬁﬂwllf#et’@ﬂ’fwra ohime waseneaswed,
thereof iexs 3. s arS ) et in a
conpound t a%r%ﬁ%eué&gﬁi eé‘l‘i% ‘85%?8%“%%‘%51 a?@gétlﬁ%%g%?@é r%ﬁgh@mk
environnment is not adversely affected. Therefore, the etchant conposition

for silver or an silver allay of the present invention is useful. in a wde
range of fiel déExamiples2tpdducti on of integrated circuit boards, production

of flat panel displa or the_ like. CLAI V5 t chant, co si,tion for
silver or a silver aﬁ‘ﬁy?aﬁﬁi B’FP%@HB? i%RE TRPRY a@a!”e#‘é@-‘en&%o&xﬁwtaci d,
phosphori c aci hWhld i =] A G Ll for
silver or a s:tﬁefé?hglﬁ?ﬁ%if @gltg?%n , éviﬁg%tgi ﬁufﬁggr?u%hp?&?/a %ér)lggoéée#ggék/l ic
acid is al0l esslumednsEkenipld & r16paits kg eolumeini Bxawmple B, and 20 pastsl,

mal oni ¢ acid, succinic add, glutaric_acid, aconitic acid, ketoglutaric

aci d) mal ef i c bacyelums in fexampleadi and eliching rateewera calculatedacRablarid
citric acid. 3 Tk)ﬁ eﬁanta}g}grrposition fox silver or a silver allay of
claim1l, wher@il??? VRS FeRPdence carboxylic acid is contained in a ratio
of 0.5 to 10% by wei ght, the phosphoric acid ie contained in a ratio of 92
to 15 8S% by weight) and the nitric acid is contained in aratio of 0.4 to
199b by weight. .A A{9.A{9. A{L.Al". A{QaeAs. AU . A{L. A{s% A" %{ 7')fC
=@<w{ uoj d_ YU] ca] cal] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] c*a] ca

] ca] ca] carta] calcalcalcalcalcalcalcRaljca /q "#49CkbowA
Ay~ytoj e’ [V] ca] ta] ca] fagsualrhasghedic | 964 mai&@&&féz%ha% Qe aEJmﬁhamlgﬁr?t}Cr] ca] ca]
calcalc
hall ca]calc

ca] ca] ca] ca] cal fBbmpif 2] eabkeiatidnca | solution solution
U cral J-S7}11 i g # e A I W= R AR
aU] ca] cal] ca] caj-ead-aed A
ajca 1 64 0.5 6154
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ca] ca] ca] ca] ca] ca] Cakﬂa llfeaetchants of Examples 1 to 4 could etch silver, In the
etchant containing a large amount of maleic acid of Example 4, the

25 maleic acid was slightly precipitated, and the etching rate slightly
lowered.

(Example 5)
An etchant containing 48.5 wt% of phosphoric acid, 11.5 wt%
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AaBbCL10‘V<iO‘V%;< 99%191/ @‘tl@ central portion of the substrate as shown in Figure 1

(the area is shown by L in Figure 1). Each unit of this striped pattern
was a rectangular pattern unit having a short side of 90 ym and a long
10 side of 300 pum, and the pattern units were formed on the surface of the
silver film with a distance of 7 um each in the vertical and horizontal
directions as shown in Figure 2. Figure 3 is a schematic cross-
sectional view taken along line X-X of Figure 2. The silver film 11 was
formed on the substrate 1, and then the striped resist pattern 12 was
15 formed on its surface. Then, the substrate on which the pattern was
formed was immersed in the etchant at 40°C for 104 seconds for
etching. This substrate was washed with water and dried, and then
the resist was removed with acetone. Thus, as shown in Figure 4, a
striped pattern 111 of the silver film was formed on the glass substrate
20 1. Intheareas A, B, C, D and E on the substrate shown in Figure 1, a
distance a (um) between adjacent long sides of the silver film striped
pattern units was measured. More specifically, in each area of A, B, C
and D, the distance a (um) between the long side of a striped pattern
unit that is closeat to a vertex of the square L shown in Figure 1 and
26 the long side of its adjacent striped pattern unit was measured. In
the area E, a distance a (um) between the long sidea of a striped
pattern unit that is in the center of the square L. shown in Figure 1 and
its adjacent striped pattern unit was measured. The measured value

a (um) is the average of values obtained by three measurements in one
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TELO%& () - ¢ GREYET (dwSen e %@‘311(12:1 m}a%%njigé)%y 2 was defined as
a “one side loss of pattern width after etching”. The one side loss of

6 pattern width after etching was calculated in each of the areas A to E.

Table 2 shows these amounts. The standard deviations of these

amounts are calculated and shown in Table 2 as well.

(Example 6)

10 An etchant containing 83 wt% of phosphoric acid, 6.6 wt% of
nitric acid, 3.4 wt% of citric acid, 1 wt% of malonic acid, and 6.1 wt% of
water was prepared. Using this etchant, etching was performed with
the same operations as in Example 5, and the one side loss of pattern
width after etching and the standard deviation of these amounts were

16 calculated. Table 2 also shows the results.

(Comparative Example 1)
An etchant containing 67.4 wt% of phosphoric acid, 0.74 wt%
of nitric acid, 31.4 wt% of acetic acid, and 10.46 wt% of water was
20 prepared. Using this etchant, etching was performed with the same
operations as in Example 5, and the one side lose of pattern width after
etching and the standard deviation of these amounts were calculated.
Table 2 also shows the results.
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Measurement area etching (¢ m)

Example 5 | Example 8 | Com. Ex. 1
0.16 1.7 38
1.10 1.5 4.9
0.24 2.1 1.6
0.85 2.2 2.2
0.48 0.6 0.8

Standard deviation 0.38 0.64 1.7

mijg|o|jmi{>

10
From the results of Table 2, it can be seen that when the
etchants of Examples 6 and 8 were used, a variation in the size of the
silver pattern on the substrate is smaller than that when the etchant of
Comparative Example 1 was used.
15 In the examples, acetic acid was not used, so that, needless to
say, no acetic acid odor was produced, and thus, the work environment

was significantly improved.

(Example 7)

20 First, 64 parts by volume of a commercially available 85%
phosphoric acid aqueous solution (specific gravity of 1.69) and 10 parts
by volume of 85 wt% maleic acid agqueous solution (specific gravity of
1,42) were mixed, and then 0.66 parts by volume of a commercially
available 70% nitric acid aqueous solution (specific gravity of 1.12) was

25 added to the mixture, thereby obtaining an etchant.. Separately, a
glass substrate (10 em x 10 em) having a silver film with a thickness of
0.2 pm on its surface was provided. Then, a striped resist pattern was
formed on the silver film of the substrate in the same manner as in

Example 5. This substrate on which a resist pattern has been formed



97910% & ()- - 9F410% & ()-)*=+S,,--|[:vU4 "3"10% & ()- H'3"10% & ()- ,
"10%8 & ()- 4, "10%!'t& ()- "10%W& ()-- O "10%! p& ()--/ W1 0nmdn0o0p01| obW4
3& 10% & ()--10!110'10! <10 & ()-s L310NW & ()-& F+ "10%8 & ()-- 9F+
"10%! y& ()-1@L23334{Y8bU4 B4"10% & ()-!H$4"10% & ()- G 10%-& ()--
CG'10% & ()--!CG 109& ()-- 3& 10% & () - - 4h5j 5k51 5mbuswWsz5vU4  10% & () -
310% & ()- ~MLO% & ()-(10"10"10" <s10% & ()-s H$4"10% & () - z5{555555hLvU4
109 > 10% & ()-J > 10% & ()-J > 10% & ()-J > 10% & ()-J > 109 & ()-J
> 109 & ()-J5555555 <vU4 #3j7& > 1098 & ()-J > 10% & ()-J > 10% & ()-J
>_10% & () - I#3paed efed¥da etthi Yok (By I8ibruirng 1R Salistrate i
ST10% & ()-3 > 1008 & ()20 > 1008 & ;b?J55§66y 6%%%4 & f_%%ﬁ*f)%the
> 10% & () - J#ebchantl 08 &4a( ) tenpersdtdrd’ (Of - BEC10% The) - ohiiee 6 Gk Usvas
predetermined as a time to clear. Separately, the same procedure was
repeated except that the immersing period was predetermined as twice
6 as long as the time to clear or four times as long as the time to clear.
The “time to clear” refers to a time during which a silver film having a
thickness of 0.2 um formed on a glass substrate was dissolved when an
etching process is conducted at 85°C using the above etchant. After
etching, the substrate was washed with water, and dried, and then the
10 resist was removed with acetone.

With respect to the obtained substrate, the distance a (um)
between the long sides of the adjacent silver film striped pattern units
was measured. The value a—7 , which is the difference between the
distance a and the distance of 7 um (i.e.,, the distance between the

16 original resist pattern unitz) was calculated, and this value was
defined as “difference of pattern width with etching and without

etching”. Table 8 show the results.

(Comparative Example 2)

20 Firat, 64 parts by volume of a commercially available 86%
phosphoric acid aqueous solution and 48 parts by volume of glacial
acetic acid were mixed, and 1.25 parts by volume of a commercially
available 70% nitrie acid aqueous solution was added to the mixture,
thereby obtaining an etchant. Using this etchant, etching was

26 performed with the same operations as in Example 7, and the
difference of pattern width with etching and without etching was
calculated. Table 8 also shows the results.
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Etching time without etching ( ¢ m)
Example 7 Gom. Example 2
5 Time of clear 1.7 5.0
Twice the time to clear 34 10,0
Four times the time to clear 6.7 16.0

The results of Table 8 indicate that the difference of pattern
width with etching and without etching is small when the etchant of

10 the present invention is used.

Industrial Applicabilit

According to the present invention, as described above, an

etchant composition containing a multi valence carboxylic acid,

16 phosphoric acid, nitric acid and water is provided. When this etchant
composition is used, patterns of a metal thin film, in particular, a silver

or silver alloy film can be formed uniformly on the surface of a
substrate. In more detail, when a substrate on which a resist pattern
having a plurality of identical resist pattern units has been formed is

20 etched, the obtained pattern units of the metal thin film on the surface
of the substrate are uniform without having a different size from
portion to portion on the substrate, and the difference of pattern width

with etching and without etching thereof is small. Furthermore, since

the etchant does not contain a compound that emits a pungent odor

26 such as acetic acid, the work environment is not adversely affected.
Therefore, the etchant composition for silver or an silver alloy of the
present invention is useful in a wide range of fields such as production

of integrated circuit boards, production of flat panel displays or the like.
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Li%;%&&éaﬁé ﬁﬁ%ﬁﬂt@ o adlvgr; 91 gpilver alloy of claim 1,
wherein the multi valence carboxylic acid is at least one selected from
the group consisting of oxalic acid, malonic acid, succinic acid, glutaric
acid, aconitic acid, ketoglutaric acid, maleic acid, citraconic acid, malic

10 acid, tartaric acid, and citric acid.

8. The etchant composition for silver or a silver alloy of claim 1,
wherein the multi valence carboxylie acid is contained in a ratio of 0.5
to 10% by weight, the phoaphoric acid is contained in a ratio of 32 to

15 83% by weight, and the nitric acid is contained in a ratio of 0.4 to 19%
by weight.
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