W09 - 1 - DESCRIPTION Title of Invention ETCH NG SOLUTI ON

FOR TI TANI UM BASED METAL, TUNGSTEN- BASED 5METAL,

TI TANI UM TUNGSTEN- BASED METAL OR THEI R NI TRI DES Techni cal Field w709
The present invention relates to an etcHThb'éqution for

titanium based netal s, tungsten-based netals,

10titani unm tungsten-based netals, or phmergrswtdgy des. In particul ar,

the invention relates to an etching solution with excellent selective
etching properties for titaniumbased netals, tungsten-based netals,
titani um tunggtienkasesd Imtcalts.opr their nitrides, with respect to

metal s 15ot her [ I t - e
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nmetals, are utilized for sem conductor devices, liquid crystal

di spl ays, MEMS (Mcro Electro Mechanical Systens), printed wring
boards and t h&elchkécadndisd dground | ayers and cap | ayers for precious
metal , alum num ( Althcapd cCRRet %%MH%@%Q?%W%%%?%mum
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hydrof [ uori ¢ &1ty i ibFodiFenthendrahBher &P aBr PESPéRJoFolution

shllcon srbstmatﬁse&&@lgbﬁiss%&E&E&&Eeétéﬁlh@|broﬁ@@th@é phebtehhSum-
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W rings, also%ﬁﬁﬁgr §§8h|%3%5§§ agéggﬁ %gnggég%éﬁgﬁﬁPafﬁbﬁﬁsteﬂ“

(ethylenedlanbaebdtmaaa&hlcrathdﬁrnhxtu&desandlbhdkegp@ﬁt to metals

per oxi phos X have een .dis

overco%ﬁ%g thg g%gwggc& ag&g gg?uglgﬁg ?ﬁTL Engﬁ e?)baﬁﬁéengais
t hese have IowmﬁltaMEunumdsedgﬁEEaneseﬁlmgtaases whil e

deconposi tion of hydrogen peroxide is rapid, making stable etching

i npossi bl e, and therefore etching 5sol utions conprising hydrogen
perOX|de/phos&ﬁéﬁgéoa@ddﬁaﬁnnnla m xt ures have been proposed as
modi fi cations of sy¢hanQLmt khens1(RTL) 3)t1¥gﬁguﬁuﬁh¥fﬂﬁg'Q@l??lﬁﬁﬁons
however, the etching rate is inproved but Intense foamn
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sol ution conpﬁb§% gﬂdogg@glﬁ ggig ammoni um salt in 20hydrogen

per oxi de/ anmoni a/ wat € rogen peroxide- containing cleaning
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net al s. corrosion, such as Al wirings, also undergo etching.

35 Hydrogen peroxide/ammonia/EDTA
(ethylenediaminetetraacetic acid) mixtures and hydrogen

peroxide/phosphate mixtures have been disclosed as means



35Tungsten or tungsten alloys are used for gate el ectrodes of
thin-filmtransistors, wrings, barrier layers, or for filling of
contact holes or via holes in - 3 - liquig crystal displays and

sem conduct or devices. They are al so used as tungsten heaters in MENMS
(Mcro Electro Mechani cal Systens). Tungsten or tungsten alloys are
usual Iy formedfi mrveBidanimgy ltylecmamnbamhst toér isngh ¥bentfiohes (@re 1 and
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t ungst en allom$weWe&hetmboéu@hu@@ gheps iaf imprbeeRdHGEO ndBML5ECSoaming
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whi ch dd not Z@eequbserame samﬁabevehndfe%@hkhggd@égChstOpraéeed at
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probl ems of c ﬁ@@ﬁ?goﬁﬁpdﬁyaPﬁgeﬁnﬁeﬁéR|E@ Bﬁ@bﬁe@@th¢n@rgmlum$ons
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peroxide/carboxylate/water. The purpose of the
composition is removal of resist residue after ashing of
the resist, and it is not intended for etching of
titanium-based metals.

35 Tungsten or tungsten alloys are used for gate
electrodes of thin~film transistors, wirings, barrier

layers, or for filling of contact holes or via holes in



Non- PTL 1: Sakanoto, M, ed., Shima, K, publ., 30"Sem conduct or
Production Process Materials and Chem cal s", Septenber 30, 2006, 1st
Edition, p.144. Summary of the Invention_ Ergblens to be Sol ved by
the Invention 35The invention, which overconmes the problens
ment i oned above, provides an etching solution for titani um based

met al s, tungstlenrqtnasetermaau slispldys drid asnitdndgsican-deased et ahsey
or thelr nitri unlforn1etch| f tar ets to be
et ched and hasaqgessatla %cg%usﬁecunﬁs STy S TR 21%3”‘%1”4«%’ (9f Blgetro
et chi ng soILnlMﬁFhﬂﬂhQﬁﬂeﬁxﬁﬂamy An addltlon it Sprovides an etchlng

solution with no ¢ e cel.l.ent. sel ect.i
et chi ng ropertlesq?gr J%?%g%hn}g§ é%jé?ﬁggm;F%%b é Flgds &G 7HE aﬁ§
titani un?t ungstidihdve FVhetoal SRt tehding -ni W’lledle§llwst areespecked by
netal s ot her Hﬂ&gséIﬁéﬂHd&Elﬂﬁa%év%%tak%eyl 1%%9%B%%ﬁ%a§%dgﬁ%%%Eﬁxgnd

tltanlunitungsten based metals. Means ol vi n
result of mucH"@tiSdeR? GreSastech dV#é%@éﬂrﬁﬁﬁarHa§@K0|ﬁ@gﬁﬁe on the

aforenentlOne@xm@MﬂaﬂﬂhaHHMBdﬁ“ﬁ%ﬂﬂFf%&hﬁ%%nhgbﬁrﬁ%ﬁ%e%oﬁﬂg tRabyxhanst
usi ng an aqueous sol ution c%ﬁpr|5|n% hydr ogen per oxi de and an organic
acid salt canPrERcm 28 ASSHTG 0 @eeﬁéﬁpﬁé §é?@?PéﬁfQﬁ@1ﬂ€déééaS in

nonun|KU}n1et¢MEn@emhcbaﬁ@em$rt@eb&c%bqh@ﬂd aReycaBest abifl bag EABse to

etching rate. further found, that 20usi et ching sol ution
of the inventi on gg%bmétggpggtlvg'gFgﬁF&gOBftggt3&?@@95a§86mﬁﬁﬁaﬁ§eas
t ungst en- base&hn§taBssometamBantbungsmed-bgsedmﬂe&aQStﬁé thebhted film

ntrides, withauh shelng al obhet iRt al 3.sugh, g0 kel copper o

alunlnun1or base materi a ass, “sil'i con, Flicon
nitride), andaﬂﬁénﬁﬁe§éﬁﬁanﬁ@@ﬁtm@hemaslbeen menpkefedahmentbhemploy

finding.s h1§B§?ebk%@bb¥1vghﬁe%n¥@EBFHQI g?%%éf??; %aseaggfor

aspects, for exanp An etchlng
met al s, 30tun§§P€ﬁt88386 frepgpsent p éﬁwanﬂﬂuhgstEn06359d0nesabpsoof

t heir n|tr|de§ wabeHueepr 4 % e
mass% of an °r§§Ek§M§8'd6§aF?eig%g mg%g?§§ %Pyﬁﬁggtgﬁgﬁigg ?ﬁ??g%%¥§és

titani um based d§§ﬂﬁﬁ§steWeBa§€ﬂhhﬁgaF§ partlcularly suitable

titani un tungstenihgsed ﬁeyataloﬂlbb@aysnahalﬁﬁﬁs M\Qbféegoﬂﬁiéﬁsdc?fnot
10- 40 s% ¥grogen QEFOXIde 1 15 _mass% of an organic acid salt,
and -6 - Ee °[ 371An gYﬁﬁlﬂﬁ gBFE%P%np¥%?l§¥@%n?%n}based

nmetal s, tungssemibasdédchetralisyitesani um tungsten-based netals or

their nitrides, ac [ ch_further conprises 50.005-4.5
nMass% anmoni a. EQQFHFQ n8£t%%dﬁg@i8?ﬁf?oﬁc?%ra??t%h?ﬁh?b%%bﬁ are
met al s, tungsWéﬁebasbdoweta$s¢tthiag|ﬂuiuUngm$emn@aﬁeﬂoﬁfm@l§oDmtlons

their n|tr|de§@ra§ﬁ959tgﬂ ﬁgségymggg &%Al%f%[f] %%ﬁgrgln %ﬁhﬂqbut

organic acid salt is at |east one om a
salts 6P C|trF%e%%lﬂref@@ﬁ1Er%E$§re@xb¢¢@ua@|@113©@m|$ubﬁmrbtéardﬁrlc

aci d, benZOlCSﬁLiQoﬁn@1§§§@énfflﬁ§'Qnd glass[§%bé¥E§%ég"éﬁgécéfgséﬁhe.

for titaniumpased netal s, tungsten-based
titani um t ungst R BRsRECERR| S ofhat metals that are prone to

corrosion, such as Al wirings, in the devices are also
etched. Hydrogen peroxide water-based etching solutions

30 are also known from PTL 6-9, for example, and PTL 9
summarizes in detail the problems of conventional
hydrogen peroxide-based etching solutions. According to
this publication, the etching speed is slow and the PH
varies as tungsten dissolves, resulting in a variable

35 etching rate and poor etching selectivity. 1In addition,
it is stated that dissolution of tungsten drastically

increases the hydrogen peroxide decomposition rate. A



15their nitrides, according to [4], wherein the ammoniumsalt of an
organic acid is at |east one selected from anong di amtmoni um hydr ogen
citrate, triamoniumcitrate, ammoni um oxal ate, anmmoni um fornmate and
anmoni um acet at e. [6] An etching sol4itton for titani um based
metal s, 20tungsten-based netals, titaniumtungsten-based netals or

their nitridesi-ace® @ﬂ@iﬂ@%ﬁd&@e t@f hlydlroly@nl %]ea:o‘kﬁ@l'ée'lg HQ%C&@EE@
of the etchin rate for tlt%nlun}based nmetals or their nitrides to

that for A, N° %of°¥ a,thgs QFOQPFEyéPg&nﬁéseéuﬁaﬂﬁpﬁbéFlon of
t hese e|enent$ydr@g&ttZﬁhﬁﬁSUGZQecomp081thBh A etahilngnsalt ceBntor
titani um base | s, L4ngst en- based tals, .titapium tungsten-based
netals O the::cjlrnrg3 %TI es% e PN g St 8°4n g FaRE Sof Ek StonFSPraﬁﬁeFéﬁ
the ratid of tiyslretgem M@Hummdef@BtEKFbBBEd}b&&hdn@OHBﬂ&tioﬁrybheERlstS
nitrides to t for _al as i |I| xi de

h-'h
nitride, is at Teast 20 B 3rablil Fg?g 5h i prg800|n ﬁungSten
el ectronic de@ﬁ@@lHWhﬁ@ﬁe@@ﬁﬁﬂtyegnd etépngfseﬂuhnng aifet ani um based
nmetal, tungsten-based netal, titanium tungsten-based netal or a
35nitride thereof usi ng _an etchlng solution according to any one of
[1] to [7]. Z£rior PeteRefefenke [nvention The etching sol ution

of the igwent iparchas 1ar8x%6elkent sel ective etching property for
titani um based npetal s, tungsSten-based netals, titanium tungsten-based

Smetal s or thér® &.EPPaeesewPPﬁX@eéﬁeetPﬁéeﬁétgpeléeﬁ§#0ﬂh p- 08-
titani um basedisatal s, tungsten based nmetal s and

titani unm tung &en-b ed neta base_materials ag ass, silicon
silicon oxide%, PFn§§el PFF@mFBEHIRGteﬁﬁdPPHe pbien ¥pngZ PR~

et ching sol ut Baagsf. t he |nvent|on 10 all ows unlforntetchlng to be

acconpljisshed it ased netal - base
tltanlunitung%?%ngagg glgnexa ? ﬁ?#?ﬁg gubg?Fa lﬁﬁs@?rpgpgﬁ of
the Drawi ngs 115BP§. 1 |s a graph shomnng the change in titani um

etching rate withati e u h opgposi tions
o oo ats pirk P ngfssebégkgﬂllﬁ% bLPDR: 9Mt>tgc5t9toﬁ B! O%Erjaph
showi ng the f88AB82state of a Ti flln}attached sanple pi ece when

di pped in thep@tChlngaﬁégEubhegaﬁinééaﬁQténg ubllcgfg kS 005~
photog«%Ph shomnn foamed state of a Ti n}attac e% sanpl e

pi ece en d| Pn the etching solution of Conparative Exanple 3.
Fig. 4is a gPaDh6Sbﬁpfaﬁgsehﬁnéﬁéﬁﬂﬁeﬁn}?gééhtaphyﬂiéé!ﬂﬂéﬁe@HéTNW 62—
etching rate Tﬂhg %bne for etching solutions having the conpositions
of Exanple 12 ] nparative Exanple 2. Mddes for Carrying Qut the

| Eventi ﬁn 30Fhe I?nUafphhéﬂemhéxaﬁ%hbﬁdEZ’Qéﬂt anblﬂcQEﬁ@ﬁglﬁo dgeait;oclaz
The etching s tLo or titaniunmbas st en-base

net al s, tltanghﬁt? QSE?Bﬁ?Ea@88Xﬁ%%3?§ ng t ?uﬁftgtaé%n Becof ¥ hg
to the2ﬁnvent66684conprises an 35aqueous sol ution containing hydrogen
peroxi de and 0KQ d [ e roxide is pr

in the etch|n§'@L : §Qb§n?§%lgﬁQL%miggﬁop%ggg E%%?%C%te er%% f@@f
mass% and evealwBte preferably 20-35 nass% If t he hydrogen perOX|de
concentrati onghg- bgg@ﬁttmggeggtﬁ?és@b the etching rate for titanium
tungsten or tjtaniumtungsten oys will be reduced, making it

i npractical . N?ntﬁeLhydrgQEﬁm%E@odee edncePimai of. i soWbhher than 40
mass% 30n the"QéhﬁéoﬁaﬁétoﬂDPﬁo@MQEPQEnPF@&@ééQEaMéfiaP§C£ﬂ@OSG

| i kew se naklng fgractlcal The_organic acid salts useful for the
i nvention aretiiemica September 30, 2006, lst Edition, p.l44.

Summary of the Invention

Problems to be Solved by the Invention

35 The invention, which overcomes the problems
mentioned above, provides an etching solution for

titanium-based metals, tungsten-based metals,



10not particularly limted, but when an organic acid salt is used for
production of an el ectronic device such as a sem conductor which is
preferably void of metal inpurities, it isgmore preferred to use an
anmonium salt. The organic acid salt is present in the etching
15solution at 0.1-15 mass% nore preferably 1-10 mass% and even nore
preferably 3-8 Heasipn/fundrt v dmsas] avitd lsalar dordentriatriioresi,s whower
than 0.1 mass%ed e £t r in

inpractical. If the céﬁ%gﬂ?$zﬁgéﬁ9%€§ qg% #%%%’tgpﬁﬁsg)q €¥%ﬁ%§\ﬁqq
be no 20si gni & Fﬁﬁ:k%l@as%tqut%éfaéit%hlhygmm@lﬂh@ diogaviing adi dhe

salt is not pasddicid@ardy) e iklathg adHmy .be @ s@ld «QfCi tiki C
acid, formc aC|dJﬁ§¥aI|c acid, acetlic acid, tartaric acid, succinic

acid, maric adl®®Viffi%id® LD RSS9 ity woaos resaend ofadi pi ¢

acid, D- gl ucaniub=stoiated tARDRIIG A xGe 10idntaeRNict taGlked o tRBI AGONI C
aci d, 2-0xog|§;ar|c acid,_trimellitic acid, endothall, glutamc acid,

met hyl succi ni & 2Ed 8% A&l Gid 220 -5esere meitied s - A§u§gF§§GFPa§ﬁd

eval uating etmmuﬁjqnwnxﬂamuﬂmﬁhmnqsﬂsmnbu@de&eha&%do&etﬁbir nitrides,
t ungst en- baseq,;!

L hel n|tr|d th S i nvent ors hav
found that neutra é%%hlngng 23S © i@ F%Fﬁa% g@P&PF ﬁé?dt@ﬁaaﬁéf
have hikher eﬂ%ﬁ%ﬁﬁ1¥3¢@§edAme¢Bg&na@damudaaabm/tanseéanasbﬁlmetals.
reason. Salts of citric acid, formc acid, oxalic acid, 35acetic
acid, tartaric acid and succinic acid are preferred, mnth di anmoni um
hydr ogen citrate, Heieagndeiry Sodiviingt &heaRwobilemsoxal at e, anmoni um
formate and ammoni wy o r3su1acelakGhClng:GLRR HRLEARERT AELEd, Jhese
may be used alone or in conbinations of n organi ¢ acid
amoni um sal t ﬁ&?rﬁeSQ&@&“&StPﬁeaéPé&Wﬁéta@deaﬁﬁ@hﬂamﬁsathelPsebént

or it ney be usednasvrisheaveagbi.en phaduckiah ahhgqQrganI coaatdoand
ammoni a in the etchlngg ﬁg@tlon W t hoyt any particular restrictions.

Ammoni a may b& A8ded " E§§§Ppr5°?ﬁ9?e§§§ fReCEFRRALAgafatiesaltt pen
titani um basedimgtmilzg tfoagshegnobasad éebahngtbb@ﬂtﬂﬂhtﬂﬂgskéauéésﬁgn—

metal or its ni a he concentration in

t he etching sgbagfgﬁ ?ﬁgﬁggghg%ngﬁﬁgekﬁ g 06% ﬁg ﬁéss@@ dnBRR
preferably 0. 65321ﬁ3$39&aade90hmngnretprefEtabhy OuitRedb ABESG0 thét
the ammpni a cgaggpt Lat han mass% . the etching rate
f or tltanlun}baseg %gtgeghagg Eghggé% baseaéﬁefﬁVg%B?O?h@#foﬂ?tr|des
will |ncreaseSeB@Pt#ﬁ?aBEChmnghefdewtaelumabaaee mebmbstotnmgsaémen
by alkalis, sggBeaSmétaiwi !t ther ore
undeS|rabIe Theeetghlﬁg sol ﬁ?%%%u%?tﬁﬁégﬁggeﬁ g%%“h%%%% gh
ZOConp05|t|on“aE§6??Bedwé569éth@%chiﬂgl@ff@hhengmﬂUalﬂgse¢hhaﬂgnn¢kel

t|tan|un}basedoﬁpé@|5r éyﬁﬁ§ﬁ§ﬁ Qﬁsﬁgsgﬁﬁéférléléaﬁﬁf?géungfi dspased
netals2%r their.nitrid it therefore al orn1etc ing.

The et €Ri ng ngﬁfFBH 8Fl?ﬁe ?h%éﬁ??oﬂlF§1§%ber@%¢ ihe tpEgsent has a

| ow et ching 25naeéetion hﬁkabée@tBQmpléﬁédtu§@@|@Wl@aﬁﬁgdfﬁéal5

t ungst en- based net Sc anl nitun st en- based netal s, or base
materials (gl ass, |con chB o&?g%nt%??lfﬁwp?ﬂ§?$d%ﬁe vl g
sel ective etchsmgcpﬁopéoryeiampletanlun}based nmetal s, tungsten-based
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organi ¢ sol vents, RS R Hok Ot %tt%wﬂé{%maﬂyqomﬁt@rk%&
The teBm "ti tamgsdaseddPiadtans, useth e thiRansh 3ddanigupE! 3,

their nitrides, which consists of 10-40 mass$% hydrogen

peroxide, 0.1-15 mass% of an organic acid salt, and



exanple. A specific exanple of a titaniumalloy is 10titanium

silicide (TiSi). Simlarly, "tungsten-based netal"™ means tungsten

metal (W or an alloy conprising tungsten gs_the mai n conponent (at

| east 70 nass% . A nitride of a tungsten netal is a nitride of

tungsten netal or a tungsten alloy, of which tungsten nitride is a

15t ypi cal exarfiter-Specific exarrpl es of tungsten alloys incl ude

m)l ybdenum t ungst en MWy t licid ' erm
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nitride of such tltanlun1tungstena
forming a fil M c?fa%t"ﬁj‘ef’tl“iaza?‘rﬁ"uﬁnﬁ‘é’é’éd‘ -nmet aI t ungst en- based metal or

titaniumt ungst en- b[aage@nz@malngo&otm@@Hb%b&att%t&aﬁlnﬁtba%a' pukanky
restricted, a an hod such sputtering or vapor

ne
deposi tion ma seéld%a\%q SR Sf'| ItﬁthBﬂHi“r{ﬁuc‘}SﬁG?Pl 8ﬁ§e§I Bgtagle or
not restrict ectheAmmtlalrmlteher a’fcl’c]:@ﬁtd&n'ﬁgl tankug basedrnegtal o [3]

t ungst en- base tltanl urrltun 30based netal, as used
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device in th|§u8§§§epsbésﬁﬁqﬁﬁéaéﬁysFataaiE@Véyngsbﬁncbadadtmetals or

devi ce,15VEMS dawiieenipriated wekbpgihga a d
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tit t L.d Th th t d
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has a step of tBpésonitngdesi afcohdienttoetyyobns h@ft[l}ant@nfb}i,sed
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et chi ng sol ution, eeveﬁg?nﬂao Bgnjlc%%] é?%%@?e% or f anlﬁ?ﬁ{%g?se%d
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nltrldg hereg %ﬁpan etching solution according to e i nvehtion
will dal |y b828kcoplished by a di pping method, but other methods
such as spraying of75pim @&@Hﬂiﬂﬂ@ é@yu@foﬂsﬁgrfﬁtéﬁlﬁxﬁlk%%é@’]ﬁetal@

condi ti ons 25f or t{eat nent 1Tgﬂgcannot be specified for al

cases since t hayISrfT %‘?7?% FyH- e %Qﬁférp%’%ﬁ%ﬂ%@ls or

concentr ati onthe¢he m@nxﬁ@sacadc@fﬂmmums;aig drypesand cofd emd] andI

the filmth based netal , t ten-b et a
Cani unt t unger e i e R I A e £ o gt

titaniunltungsten- ase a;Fed
t he tré8t nentMeedperer urkeein |11 tel @gs 80C ik e quraefsr ahil i &h,60C.

Such treat merds meyol e e SATL £l gty WL anpl viing Ul Ly aseni c

waves. 35Exanples present I nven i 1 19 oW e éXpl ai ned
in greater detail bhked W@éﬂarﬁﬂ%@%ﬂiﬁl@d@mtamtrom desxiarg! es,

wi th the undesisi@ndidigpthats thesddyenti i t
descri pti ons. Nbasurde}g.riewjllt of Ti é{}\ﬁll é)&HlSn oqI élregigg%b%%er&e%etal

substrates ha# Y IR F rﬁl?%?lhﬂé‘ﬁ’tungSten based metal or a

35 nitride thereof using an etching solution according to
any one of [1] to [7].



5by sputtering (filmthickness: 50 nmeach) of Ti, Wor A on a

non- al kal i ne gl ass substrate for an LCD (liquid crystal display) were
each cut to approximately 0.5 cm square to,obtain sanple pieces. In a
100 m beaker there was | oaded 20 ml of an’ etching sol ution having

t he 10conposition of each of the exanples and conparative exanples
listed in Table 1 BElfmet afd Hheatlinvgmwesnper f ormed to 50C. One each
of the Ti, W A fi : l.e._pi was _si nul t aneously

| oaded into the et cﬂﬁgﬁg&%ﬂ)ﬁﬁrﬁgﬁ g ﬁgtct%?ir?el&r‘ﬁ?inltlfj& ps an

di sappear ance 56T l€ath ssg@atdmien g tichlimowes opiestigl Ifprobsernnédm-bheed
same nmeasur emgit Mas %@Vlg\% (ol I d s, far

t he etch$' ng rates of Ti, tgﬁldb%ISte\l(/jvenﬁgtgg?éu}tg?gg\iﬁ'%zgﬁgg%%ﬁm% Fles
the etching r &S0 Teddifist nikeidrgmpéshane spenpatat netadranphes.
The portion i nh2@additindir-®alee &eRSY L UeRhgcPRRORSOLS ﬂfet?%h nd

et ching sol ut iton shown_ in Table 1 is water (ultrapure water). The

et chi ng sol ut iONE P FE R kP B SEAIMES A ar aPvBASExBRBEES2NEr éTbaBA,

prepared w t hstilgicongospdsicohonsideh t hatl eapupe WatelcagoRRERSSALNA
' b

usi ng a speci roduct .250f , 35 s% hydrogen peroxi de water by
< shida chen chPrERd B AR g SR B g L G HRE R ot bt sV By it o
Kagaku 1¢b. , Ledlowandnafoommetchahbytavael abbempl ganee a6+ dt apERDLMM

salt. 30Measu t chi S r .metals other than,Ti, Wand
A N EETRR et Og bR o B R R e F St at B4t who el s
for nmeasur eneRESed WRéasanernthaér mstmbdssrenent of the Ti, Wand A
etching rates, except 35that the sputtering filmmaterials were
changed fromTi, Wand Al to Ni, Cu, O, Ru, Ta and Si, and the

et ching rat esBfefé PgpenfEéan Fhptbe2Dhevbngshows the results - 13
- of nEa&Esurenent usigg et ¢hi ROGSQLKT - havi Siti f
Exanples 1, 2 ?ng.&gI\/Easurerre%t ?%f %ﬁgﬁgg&i %}Q% &Eﬁ(ﬁ?%r%%&ﬁ%ﬁ’a
100 m beaker StherBInAELFolHER BEnRl foF QRckieni solvblens dmhbng righe

the conpositi oompbsExaopbeot ERanpb €1 lan@ncohsatd Novias, fgsforyed to
50C. One Ti film gttac ed sag&lgg iece was | oaded into the etching

sol ution kept at 5087 wthSth FEADR BT b2 e 10ped sl theof a
starting poi nTi(fihovasiachae Tamplé npiets ached SBEREE@ M 698 WAS:hing
| oadedogvery hgu r eaf ile keeping the tenperature at 50C,

and the etching ?%%gﬁugﬁt%}?%m%%rg'ther eafter was neasured. The

met hod of measuri nglg he3etehd nohoxteraws $ieySagretlas tdwma®tdatte of a
15descri bed above;1hs;a: SONPAr At an experinent_was .
conducted in the %sarrea nmanner u%r%f%?f e%c iq“mfnso lLFE)Ffeo ot Sty
mass% hydr oge?P bt bt def Crmpaeasise Hospimie c3aci d, 0.02 nass%

ammoni a and 69. 68 suidra WV et rg}fé ' anmple 3). The
resul tgzare ZOShOV\}gﬁ?n Fi g. 1%Ea\€pal uatiwolnr@(;f ogégl{a\r%]%%?ti on of

et chi n§~sol ut T O TR CHFHE b1 (REWDn Heahinyy it & oripdsittinen fofc

Exanpl e 1 in dathing sebupiepared el deptcdpsiGonsians &
25t enper at ur e, of 50 o Rl (50 nm *ample 12

C._AU0O5 S
t hi ckness) - at1 achedn%%%ﬁjev%ikg{ﬁaé“ i pped in the etching sol ution
for 1 mnute. The foam ng condition of the solution at that tinme was

recorded i n aypliol Q@ ARy AR A, SRIPALA e SXATRI e the foami ng

conditi on was
30

The invention will now be explained in greater
detail.

The etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to the invention, comprises an

35 aqueous solution containing hydrogen peroxide and an

organic acid salt.

The hydrogen peroxide is present in the etching



30eval uated in the same manner using an etching solution conprising
30 mass% hydrogen peroxide, 0.3 mass% phosphoric acid, 0.02 nass%
anmoni a and 69. 68 mass% ul trapure water (Conparative Exanple 3). The
results are shown in Figs. 2 and 3. 35 Measurenent of change in TiW
etching rate - 14 - In a 50 nl beaker there was |oaded 20 m of an
et chi ng sol ut isshtyiavimgtt H@”C@Tm's_t%'\;\??r}oorfe @r@rf;eltt J:Eéo%lg; !1r5i_§§2hﬁ§;§§r and
heati ng was Wl atta Si

pi ece ?approgsin‘};ﬁﬁgeﬁ(% %r%%%\rfsa(?l}(;’r -eE,O _ﬂSV\%ﬁSISr?ft _h?‘ckngses. y%ﬁgﬁﬁj was
| oaded into t REEEKhFRGIaRtaT leepti satl s, tWarh 10heasaipl €he

i ece-loadin iHit ] R N rs). &1l .
1?: Fﬁﬂr att cheg élerrHr}lnegagfiafatcl}g f?t/afg tllg%glé} %évgﬁl&%gtﬁﬁgu% tt%g_r gaF&FuWFI g
keepi ng the téﬁgé‘ryét e latessedugsd t e kiost éiti Agpracsinvasd . medsutbd

up to 66 hour siicheigeaf RiroxEhe rRbhedtohTeasyLi ARG hhe ehshi ng fnatsg%,
was the same as the hod descri bed above. As a conparative exanple,
an experinent WadtEom ed3D t 9182 Y OXRAREr PEEPHG I8N WAL &hHAGOMPOSe,

sol ution conpriiSdetwgs&Omai&sLS&’p hydhiageacperaxi.de 15 and 70 mass%
ultrapure water ( pparative Exaq%gai% The results are shown in

Fig. 4. The Ti ch#posﬁ’u‘%ﬁ‘l&sé‘& Snits§&rti Fosothgsdvyptionygre

Tabl e 110 3202 npitape%y: iNH3 afiws $HYniCedanbataghdhorgasikganetdasakit salt

Etching rate ﬁ@”&@%ﬁ)f§§lﬁgghﬁkaon o¥ygg g?@%trggig%ag%igéAguch as a
semiconductor which is preferably void of metal
impurities, it is more preferred to use an ammonium salt.

The organic acid salt is present in the etching

15 solution at 0.1-15 mass$%, more preferably 1-10 mass% and
even more preferably 3-8 mass$%$. If the organic acid salt
concentration is lower than 0.1 mass$, the etching rate
will be reduced, making it impractical. If the
concentration is higher than 15 mass$%, there will be no

20 significant increase in the etching rate.

The organic acid salt is not particularly
restricted, and may be a salt of citric acid, formic
acid, oxalic acid, acetic acid, tartaric acid, succinic
acid, malic acid, maleic acid, malonic acid, glutaric

25 acid, adipic acid, D-glucanic acid, itaconic acid,
citraconic acid, mesaconic acid, Z2-oxoglutaric acid,
trimellitic acid, endothall, glutamic acid,
methylsuccinic acid, citramalic acid or the like. As a
result of evaluating etching properties for titanium-

30 based metals, tungsten-based metals or their nitrides,
the present inventors have found that neutral etching
solutions rather than acidic ones tend to have higher
etching rates. An organic acid salt is used for this
reason. Salts of citric acid, formic acid, oxalic acid,

35 acetic acid, tartaric acid and succinic acid are
preferred, with diammonium hydrogen citrate, triammonium

citrate, ammonium oxalate, ammonium formate and ammonium



Ti/Al WALl Exanples 30 0.1 Triammoniumcitrate 5.0 100 375 <1.0 >100
>375 2 30 0.1 Anmonium formate 5.0 91 250 1.4 65 179 3 30 0.1
Amoni um oxal ate 5.0 83 333 1.1 75 302 4 30_0.01
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acetate being even more preferred. These may be used
alone or in combinations of two or more. An organic acid
ammonium salt may be used as the organic acid ammonium
salt itself, or it may be used as the reaction product of
the organic acid and ammonia in the etching solution,
without any particular restrictions.

Ammonia may be added as necessary to increase the
etching rate of the titanium-based metal, tungsten-based
metal, titanium/tungsten-based metal or its nitride.

When ammonia is added, the concentration in the etching
solution is in the range of 0.005-4.5 mass%, more
preferably 0.05-2 mass$% and even more preferably 0.1-0.5
mass%. If the ammonia concentration is higher than 4.5
mass®, the etching rate for titanium-based metals,
tungsten-based metals or their nitrides will increase,
but metals in the device that are prone to corrosion by
alkalis, such as Al, will also be etched, and this is
therefore undesirable.

The etching solution of the invention having the
composition described above has little foaming during
etching of titanium-based metals, tungsten-based metals,
titanium/tungsten-based metals or their nitrides, and it
therefore allows uniform etching. The etching solution
of the invention is superior in that it has a low etching
rate for metals other than titanium-based metals,
tungsten-based metals and titanium/tungsten-based metals,
or base materials (glass, silicon, silicon oxide, silicon
nitride), and the selective etching property for
titanium-based metals, tungsten-based metals,
titanium/tungsten-based metals or their nitrides {the
ratio of the etching rate for titanium-based metals,
tungsten-based metals or their nitrides with respect to
the etching rate for metals other than titanium-based
metals and tungsten-based metals or base materials
(glass, silicon, silicon oxide, silicon nitride)) is at
least 20. The etching solution of the invention may also

contain components other than those mentioned above, such
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as meistening agents, surfactants, coloring agents, foam
inhibitors and organic solvents, in ranges that do not
affect the etching property.

The term "titanium-based metal” as used herein means
titanium metal (Ti), or an alloy comprising titanium as
the main component (at least 70 mass%). A titanium-based
metal nitride means a nitride of titanium metal or a
titanium alloy, of which titanium nitride is a typical
example. A specific example of a titanium alloy is
titanium silicide (TiSi). Similarly, "tungsten-based
metal” means tungsten metal (W) or an alloy comprising
tungsten as the main component (at least 70 mass$%). A
nitride of a tungsten metal is a nitride of tungsten
metal or a tungsten alloy, of which tungsten nitride is a
typical example. Specific examples of tungsten alloys
include molybdenum-tungsten (MoW) and tungsten silicide
(WSi).

The term "titanium/tungsten-based metal™ as used
herein means an alloy including both titanium and
tungsten, with a total of at least 70 mass% of both. A
nitride of a titanium/tungsten-based metal is a nitride
of such a titanium/tungsten alloy.

The method of forming a film of the titanium-based
metal, tungsten-based metal or titanium/tungsten-based
metal on the substrate is not particularly restricted,
and any method such as CVD, sputtering or vapor
deposition may be used, while the film-forming conditions
also are not restricted. A metal other than a titanium-
based metal, tungsten-based metal or titanium/tungsten-
based metal, as used herein, is Al, Ni, Cu, Cr, Ru, Ta,
Si or an alloy comprising any of these elements as the
main component (70 mass% or greater) (or a total of 70
mass®% or greater when it contains more than one element),
and it may contain the other elements.

There are no particular restrictions on the device
employing the titanium-based metal, tungsten-based metal,

titanium/tungsten-based metal or its nitride, and it may



>333 8 20 0.1 Triammoniumcitrate 5.0 75 300 <1.0 >75_ >300 _9 20 0.5
Triamoniumcitrate 3.0 86 800 3.8 23 211 10 30 2.0 D ammoni um
hydrogen citrate 5.0 250 800 4.0 63 200 _ 11} 30

be used in general electronic devices. An electronic
device in this case is a liquid crystal display,
semiconductor device, MEMS device, printed wiring board,
organic EL display, field emission display, electronic
5 paper, plasma display, or the like. The term "etching"
as used herein refers to a process utilizing the etching
phenomenon, and it naturally includes patterning of
titanium-based metals, tungsten-based metals and
titanium/tungsten-based metals, as well as purposes of
10 cleaning off of titanium-based metal, tungsten-based
metal or titanium/tungsten-based metal residues. Thus,
the electronic device may further include electronic
derices of which production process has a step of
dissolving off of the entirety of the titanium-based
15 metal, tungsten-based metal or titanium/tungsten-based
metal by an etching solution, even if no titanium,
tungsten or titanium/tungsten alloy remains on the final
product.
Treatment of a titanium-based metal, tungsten-based
20 metal or titanium/tungsten-based metal, or a nitride
thereof, with an etching solution according to the
invention will usually be accomplished by a dipping
method, but other methods such as sprayling or spin
etching may be used for the treatment. The conditions
25 for treatment by dipping cannot be specified for all
cases since they will differ depending on the hydrogen
peroxide concentration, the organic acid ammonium salt
type and content, and the film thickness of the titanium-—
based metal, tungsten-based metal, titanium/tungsten-

30 based metal or nitride thereof, but generally the
treatment temperature will be 20-80°C and more preferably

30-60°C. Such treatment may also be carried out while

applying ultrasonic waves.

35 Examples
The present invention will now be explained in

greater detail based on examples and comparative
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examples, with the understanding that the invention is
not limited to these descriptions.
Measurement of Ti, W and Al etching rates

Sample substrates having Ti, W and Al films formed
by sputtering (film thickness: 50 nm each) of Ti, W or Al
on a non-alkaline glass substrate for an LCD (liquid
crystal display) were each cut to approximately 0.5 cm
square to obtain sample pieces. In a 100 ml beaker there
was loaded 20 ml of an etching sclution having the
composition of each of the examples and comparative

examples listed in Table 1 below, and heating was

performed to 50°C. One each of the Ti, W, Al film-
attached sample pieces was simultaneously loaded into the
etching solution, and the time until total disappearance
of each sputtering film was visually observed. The same
measurement was conducted 3 times, and the average values
for the etching rates of Ti, W and Al were calculated.
Table 1 summarizes the etching rates for each of the
examples and comparative examples. The portion in
addition to the constituent compeonents of each etching
solution shown in Table 1 is water (ultrapure water).

The etching solutions of the examples and comparative
examples were each prepared with their compositions, with
ultrapure water as necessary, using a specialty product
of 35 mass? hydrogen peroxide water by Kishida Chemical
Co., Ltd., EL grade 28 mass% ammonia water by Kanto
Kagaku Co., Ltd., and a commercially available organic

acid ammonium salt.

Measurement of etching rates for metals other than Ti, W
and Al

Ni, Cu, Cr, Ru, Ta, Si film-attached sample pieces
were used for measurement in the same manner as
measurement of the Ti, W and Al etching rates, except
that the sputtering film materials were changed from Ti,
W and Al to Ni, Cu, Cr, Ru, Ta and Si, and the etching

rates were calculated. Table 2 below shows the results
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of measurement using etching solutions having the

compositions of Examples 1, 2 and 3.

Measurement of change in Ti etching rate

In a 100 ml beaker there was loaded 20 ml of an
etching solution having the composition of Example 1 in
Table 1, and heating was performed to 50°C. One Ti film-

attached sample piece was loaded into the etching

solution kept at 50°C. With the sample piece-loading
point as the starting point (0 hours), one Ti film-

attached sample piece was loaded every hour thereafter

while keeping the temperature at 50°C, and the etching
rate up to 6 hours thereafter was measured. The method
of measuring the etching rate was the same as the method
described above. As a comparative example, an experiment
was conducted in the same manner using an etching
solution comprising 30 mass$% hydrogen peroxide, 0.3 mass%
phosphoric acid, 0.02 mass$ ammonia and 69.68 mass$
ultrapure water (Comparative Example 3). The results are

shown in Fig. 1.

Evaluation of foaming condition of etching solution
An etching solution having the composition of

Example 1 in Table 1 was prepared and kept at a constant

temperature of 50°C. A 0.5 cm-square Ti film (50 nm
thickness)-attached sample piece was dipped in the
etching solution for 1 minute. The foaming condition of:
the solution at that time was recorded in a photograph.
As a comparative example, the foaming condition was
evaluated in the same manner using an etching solution
comprising 30 mass$ hydrogen peroxide, 0.3 mass$
phosphoric acid, 0.02 mass$% ammonia and 69.68 massg
ultrapure water (Comparative Example 3). The results are

shown in Figs. 2 and 3.

Measurement of change in TiW etching rate



Ammoni um succi nate 5.0 55 300 <1.0 >55 >300 19 30 0.0 Tri potassium
citrate 5.0 50 300 <1.0 >50 >300 20 30 0.0 Trisodiumcitrate 5.0 50
300 <1.0 >50 >300 21 30 0.0 Sodium oxalatg 5.0 23 200 <1.0
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In a 50 ml beaker there was loaded 20 ml of an
etching solution having the composition of Example 12 in
Table 1, and heating was performed to 45°C. One TiW film-
attached silicon wafer piece (approximately 0.5 cm

square, TiW film thickness: 200 nm) was loaded into the

etching solution kept at 45°C. With the sample piece-
loading point as the starting point (O hours), one TiW
film-attached sample piece was loaded every 6 hours
thereafter while keeping the temperature at 45°C, and the
etching rate was measured up to 66 hours thereafter. The
method of measuring the etching rate was the same as the
method described above. 2As a comparative example, an
experiment was conducted in the same manner using an
etching solution comprising 30 mass$ hydrogen peroxide
and 70 mass% ultrapure water (Comparative Example 2).

The results are shown in Fig. 4. The TiW composition

used was 10 mass% Ti, 90 mass$% W.



>23 >200 22 30 0.0 Sodium acetate 5.0 50 300 <1.0 >50 >300 2_3 30
0.0 Potassium benzoate 5.0 24 200 <1.0 >24 >200 24 30 0.0 Sodium

benzoate 5.0 25 200 <1.0 >25 >200 25 30 Qg _

Table 1
Organic acid/organic Etching rate .
Ho04 NH; acid salt {rm/min) Selectivity
(mass¥) | (masst) Type conc. | W AL | Ti/al | w/al
mass$

1 30 0.1 Triammonium 5.0 [ 100 | 375 | <1.0 | >100 | »37s
citrate

2 30 0.1 Ammonium formate 5.0 91 250 1.4 65 179

3 30 0.1 Ammonium oxalate 5.0 83 333 1.1 75 302

4 30 0.01 j Ammonium acetate 5.0 60 600 <1.0 >60 >600

5 3C 0.1 |Ammonium tartrate| 5.0 64 250 | <1.0 | »64 | >250

[ 30 0.1 Ammonium benzeate| 5.0 55 300 <1.0 >55 >300

7 30 0.1 Anzonium 5.0 75 333 | <1.0 | »>75 | »333
succinate

8 20 0.1 Trlamnonium 5.0 75 300 | <1.0 | »75 | >300
citrate

9 20 0.5 Triamuonium 3.0 86 | 800 | 3.8 23 211
citrate

10 30 2.0 Diammonium 5.0 | 250 | soo0 | 4.0 63 200

hydrogen citrate

11 30 0.1 Triammonium 15 75 375 | <i.o | »75 | »37s
citrate
= T T

2 12 | 30 0.0 Triammoniun 5.0 | 55 | 300 | <1.0 | »55 | »300
5 citrate

S, 13 30 0.0 | Ammonium formate | 5.0 0 215 | <1.0 | »60 | >215

o 14 30 0.0 | Ammonium oxalate | 5.0 33 231 <1.0 | >33 [ >231

15 30 0.0 Ammonium acetate 5.0 60 300 <1.0 >60 >300

16 3Q 0.0 Ammonium tartrate|] 5.0 25 200 <1.0 >25 >200

17 30 0.0 [Ammonium benzoate| 5.0 33 200 | <1.0 | >33 | »200

18 30 C.c Anmon.ium 5.0 55 300 | <1.0 | »55 | »300
succinate

19 | 30 0.0 Tripotassium | o o | 55 | 300 | <1.0 | »50 | »300
citrate

20 20 0.0 |Trisodium citrate| 5.0 50 300 | <1.0 | 50 | >300

21, 30 0.0 Sodium oxalate | 5.0 23 200 | <1.0 | »23 | >200

22 30 0.0 Sodium acetate | 5.0 50 300 | <1.0 | 550 | >300

23 30 0.0 Potassium 5.0 | 24 | 200 | <1.0 | s2a | >200
benzoate

24 30 0.0 Sodium benzcate 5.0 25 200 <1.0 >25 >200

25 30 0.1 Triammonium 0.5 67 | 210 | <1.0| s67 | >65
ciltrate

26 15 0.2 Trlammonium 5.0 51 180 | <1.0 | »51 | »180
citrate

Comp. 1 5 0.1 Triammonium 5.0 15 40 | <1.0 | »15 | >40
Examples Citrate

2 30 0.0 - 0.0 11 150 | <1.0 | >11 | >150




Triammoniumcitrate 0.5 67 210 <1.0 >67 >65 26 15 0.2 Triammoni um
citrate 5.0 51 180 <1.0 >51 >180 Conp. Exanples 1 5 0.1 Trianmoni um
citrate 5.0 15 40 <1.0 >15 >40 2 30 0.0 {50 11
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Table 2

Cu Ni Ru Ta Cr Si SiOZ Si3N4
Example 1 | <1.0 | <1. <1.0 | <1.0 |<1.0 | <1.9 |<1.0 [<1.90
Example 2 | <1.0 | <1. <1. <1.0 [<1. <1.0 | <1.0 |<1.0
Example 3 {<1.0 | <1.0 |[<1.0 [<1.0 [<1.0 [<1.0 {<1.0 J<1.0

o

<
o
o

As shown in Table 1, the ratio of the etching rate
for Ti and W to the etching rate for Al, using etching
solutions having the compositions of Examples 1-26, was
20 or higher, indicating an excellent selective etching
property for Ti and W. The etching rate was generally
satisfactory, at greater than 50 nm/min, although the Ti
etching rate was somewhat lower with some of the
compositions. On the other hand, all of the W etching
rates were satisfactory at 150 nm/min or greater. 1In
contrast, both the Ti and W etching rates were
inadequately low at below 50 nm/min with the etching
solution of Comparative Example 1. The Ti etching rate
was also inadequately low at below 50 nm/min in
Comparative Example 2.

Table 2 shows that the etching solutions of the
invention had low etching rates for Ni, Cu, Cr, Ru, Ta,
Si, 8i0; and SiiN; as for Al, and therefore had
satisfactory selective etching properties for titanium
and tungsten with respect to these as well. In addition,
Fig. 1 shows that the reduction in titanium etching rate
with time was lower with the etching solutions of the
invention, and therefore excellent stability was
exhibited. With the etching solution of Comparative
Example 3, on the other hand, the initial Ti etching rate
(150 nm/min) was higher than the etching solution in
Example 1, but the change (reduction) in the etching rate
with time was large, and therefore the stability was
inferior.

When the etching rates were measured for WN, TiW and
TiN in the same manner as the composition of Example 1,

they were found to be 320 nm/min, 200 nm/min and 120



150 <1.0 >11 >150 - 16 - Table 2 Cu N Ru Ta C Si 3i02 Si 3N4
Exanmple 1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 Exanple 2 <1.0 <1.0
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 Exanple 3 <1;0 <1.0 <1.0 <1.0 <1.0 <1.0
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nm/min, respectively. The TiW composition was 10 mass$

and 90 mass% for Ti and W, respectively. The WN and TiN
used had the compositions represented by their chemical

formulas.

Figs. 2 and 3 show the foaming conditions of the
etching solutions when a Ti film-attached sample piece
was loaded into each etching solution. The photographs
are taken from above the beaker. Considerable foaming of
the etching solution is seen in Fig. 3 {the etching
solution of Comparative Example 3), but virtually none is
seen in Fig. 2 (the etching solution of Example 1). This
demonstrated that an etching solution of the invention is
advantageous for uniform etching of titanium-based
metals, because it has little foaming during etching.

Fig. 4 shows that the reduction in TiW etching rate
with time was lower with the etching solutions of the
invention, and therefore excellent stability was
exhibited. With the etching solution of Comparative
Example 2, on the other hand, the change (reduction) in
the TiW etching rate (50 nm/min) with time was large, and

therefore the stability was inferior.

Industrial Applicability

By using an etching solution according to the
invention it is possible to accomplish uniform etching of
titanium, tungsten and alloys thereof, or their nitrides.
In addition, an etching solution of the invention has a
low etching rate for other metals such as copper, nickel
and aluminum, and for glass, silicon and silicon oxide
films, and is therefore useful for production of
electronic devices such as semiconductor devices and
liquid crystal displays, without damage to substrates and

silicon oxide films.
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excel l ent sel ective etching property for Ti and W The etching rate
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the other hand, alliof tihe Wetohd nebratas, Weie ﬁaéaxﬁ-{]ﬁmbogyeoaﬁnelt%qs,
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accordi ng to emscRbimvealitonfi&ni srpasscbheidioiacsonpiish o f ETRcted
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titani um based netals, . :
elr nitrides, according to any one of claims 1 to 5,

wherein the ratio of the etching rate for titanium-based
metals or their nitrides to that for Al, Ni, Cu, Cr, Ru,

35 Ta, 81 or alloys composed mainly of these elements, is at
least 20,

7. An etching solution for titanium-based metals,



tungst en-based netals, titaniunftungsten-based netals or their
nitrides, which conprises 10-40 nmass% hydrogen 5peroxi de, 0.1-15
mass% of an organic acid salt, and water. _ 2. An etching
solution for titaniumbased netals, tungsten-based netals,

titani um tungsten-based netals or their nitrides, which consists of
10- 40 mass% hyerogerenopesoXine:a s 1- B amiss¥toingat or-gaHad asthls or
salt, and watefheir nitri n i t] i tani. ased
nmetal s, tungsten- basedtrﬁ%%%s_,%%%lﬂjﬁoét&undg e({lrg{)aotsfe(f’al%e#{;}g 2Cro >
their nitrides"NeEor ditRy L€ 2 he i fumater fx8c driprarsiesn-based
0.005-4.5 massfe@I®Nb @ their nideid¥s &tShig Sf%lruﬁ:jl%sf,orsilico
titani umbased tals, t.u&gst en-pbased netal s, titan um tungst en- Based

metals of thei T 99T d¥sl IR orth WP Mty isife dfs @tailasst 26 -3,

wherein the organi @aci & sedthdd Bir l@asiuang sel ealed 20firom
ammonium salts ,of .citric acid, faormc acid, oxalic acid, acetic acid,

tartaric acid, " beny TG it SiRiGh Stahigs @ titangumshasechmegal,
sol ution for tiureydten-zsed mettalls, titrgshen-hased selalssd metal or a
titani um tungsi.en-: t r. 25t hei.r_nitrides, .according.to
claim4, wher ﬁlﬂlﬁﬁé%%&%r{g 5 &t Vg E‘lLétlé:il&mi SCLOTERSt tone
sel ect el f r omay M aicdimmidium Hydrcogen citrate, triamoniumcitrate,
ammoni um oxal ate, ammoni um format e and amoni um acetate. 306. An
etching solution for titaniumbased netals, tungsten-based netals,
titani um tungsten-based netals or their nitrides, according to any
one of clains 1 to 5 wherein the ratio of the etching rate for
titanium based netals or their nitrides to that for Al, Ni, Cu, Cr,
Ru, 35Ta, Si or alloys conposed mainly of these elenents, is at |east
20. 7.An etching solution for titaniumbased netals, - 19 -

tungst en-based netals, titaniumtungsten-based netals or their
nitrides, according to any one of clainms 1 to 5, wherein the ratio of
the etching rate for titaniumbased netals or their nitrides to that
for glass, silicon, silicon oxide or silicon nitride, is at |east 20.
8. A nethod for producing an el ectronic device, which conprises a step
of etching a titaniumbased netal, tungsten-based netal,

titani um tungsten-based netal or a nitride thereof using an etching
solution according to 10any one of clains 1 to 7.



