; abe3eURl ""6T8=" DESCRI PTI ON *@00002* ETCHI NG METHOD FOR

~ ALUM NUM MOLYBDENUM LAM NATE FI LM 5 Technical Field The preilmmwm‘mmmﬂmgn
relates to a nethod of formng lam nate wirings for use as S
of liquid crystal display devices, etc.) nore specifically rel ategsst 0 a
met hod of etching a lamnate filmon a substrate, which conprises 10 an

al um num based netal filmand a hi i tal film contgpm
nol ybdenum etc., to formreliabl ﬂ%%ﬁlrllg?g@vl\\;rfi ngs. Backgro'mm,mmm”mmm
active matrix-type liquid crystal display devices in which 15 trapsparent

pi xel el ectrodes such as ITO (indiumtin oxide), etc. in matrix aof)?ogngerrent
on a gl as NEFEOP 1 j i NTAVSLAMIN ATI | oyed
a TFT panzl?ﬁg?{ril Eﬂ‘?&? g in %F??%nggmw%?g% drive TFT,AEEiﬁTq?qnes
and data lines each extending fromthe gate el ectrode, etc. are forned on
the sane gl ass substrate. 20 The structure of the nost comon inverted
staggegy ed TFT panel will be outlined belowwith reference to a
cross-sectional illustration shown in Fig. 1. TFT is constructed of a

nor mal - t ajfedigdcgafeld®! ectrode 2 forned on a glass substrate 1, and a source
electrode 6 and a drain electrode 7 which are 25 di sposed so as to oppose

t he gate el ect rBhe pResdrs iavgatienirakdesito agnéthorhd forming laymaase wireesuct or
film4 and n-type sem conductor film5. Generally, the i-type senjconductor
film 4 isfororsesas sigoal wirlngs 06 hauideisistaladispkayedaviceppetes anprospreatienlly i | m 5
is formed froman n+a-Si. containing n-type inpurity. The gate el ectrode 2

i s fornedrelaten tala methad @étemhmétacla,mlaﬁ}ée il o weubirn i adhich compratesof ar e

made into nornal tapers so as 1o ensure, 00od ste era wi.th the
i -t ypd sedn@dnminusy basedymetalhilma r?eﬁé%ﬁgﬁﬁensm‘gtﬁig\fw%ﬁ%%u ng

strength Pllfobtfl:t] e a&l?eécqstlcj)lfg}'llnnx%li];'bienfa%iinate wirings.

Background Art

In active matrix-type liquid crystal display devices in which
15  transparent pixel electrodes such as ITO (indium tin oxide), etc. in matrix
arrangement on a glass substrate are driven by TFT (thin film transistor), is
employed a TFT panel structure in which a gate electrode to drive TFT, gate
lines and data lines each extending from the gate electrode, etc. are formed on
the same glass substrate.
20 The structure of the most common inverted staggered TFT panel will
be outlined below with reference to a cross-sectional illustration shown in Fig.
1.
TFT is constructed of a normal-tapered gate electrode 2 formed on a
glass substrate 1, and a source electrode 6 and a drain electrode 7 which are
25  disposed so as to oppose the gate electrode 2 via a gate insulating film 3, an
1type serhiconductor film 4 and n-type semiconductor film 5. Generally, the
i-type semiconductor film 4 is formed from a non-doped a-Si, and the n-type
semiconductor film 5 is formed from an n*a-Si containing n-type impurity.

The gate electrode 2 is formed from Al-based metal, etc., and the side surfaces
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To provi de normal tapers, the gate el ectrode 2 nmade of Al -based netal, 5
etc. and gate |lines extending therefrom have been conventionally forned by
~depositing a Al -based netal filmthroughout the entire surface of the glass
substrate 1 by sputtering, etc., formng a resist pattern selectively on
t he deposited film and isotropic- and wet-etching the deposited filmwth

2 Con s L o Ay LR T
m s %5 okt senlRhRttuctl hll 4 Sl AL AR ail Ehfidns! NI agAROWN 10

structureg f

Fig- %gpg][?&qﬂ AnkPWy §Si stance Al -based netal wiring 21 (Al
gate el ecjtroeélstge(l)rflghg matfa Wlarlngg 22 (Mo gate 15 electrode) of a
hi gh-nel ting netglogyde AsrmRl apdes U Qe eld@foderR madefif A\l bhsed et
wiring 22 of a high-nelting netal such as M is disposed on each of the

upper sur (ac e mhgalcoNBds Sttehdes tHeraflo@vhhes beémasevetidiadhdforaiedl byv ri ng
21. In these lamnate wiring structures, the insulating strength can be

enhanced alepositihd@ il igsbhanestad éilsuthiranghowt thehentimet sirfader ofitpe2glass a 20
hi gh-nmel ting netal such as Mo into normal tapers. Acid m xtures of
phosphor i gubstrdte Aily sputderidgaets., fomning acesishpatiehe eelecomelymn theal | y used
as the wet-etching solution for Al -based netal filnms (Japanese Patent

Appl i cat i alepbsited Gden aNdsisozopivs 800, wat-atzbinsthedapopsmd) ilnp ity he it s
quite difficult to nake the [am nate structure of the Al -based 25 netal
film and trheishpghteraisinggsme®mabkii| minto normal tapers simultaneously by

th id mxt , , b th | ti i th

etchi A operati O tBaaeeent AR Tdiatels.dAcosbER Heron et brteen & Broed msiel .
tenti al of Al t tal t | i t Pat [ i ti

Dol o Cpen wsiniang 39 B preyepd too BMG A AR ERRLTLEE. BB oF (b

| am nat ed ,fil. in.t.h t -etchi £ a. M/, j.nat j . id

mxt U es. IBHEREe VB SCRr TR L BioG 2 A Bl b Yl o

thor oughl ., HAGE8! Ofie 1kt AETRRISHicRuRY SVFE 22.0RRINRA LRAARL Bstince

et chi ng 59 NE as descCri ove to have good nornmal tapers.

D sci osur ey obaddaVRIAIONirHg 20 (A8 ol cloBioRERERTL hBkAM iR 23 (Vb gitbve the

above problens in pr for art and to provide a nethod of wet-etching an
al um M has@dod®ictla AEH ieMinpdidtal héh hy nollybdémanheMo)l thieedoran In Fig.

al um num based netal filmand a high-nelting netal film containing
nol ybdenurs, geifetalbwinifig 22 dfavkighoma]ting medtat syehr as Misisadispesdd omeaelxvnsi ve
research for achieving the above object, the inventors have found that a
| ami nat e fthemmuonpmnirfacegamd ldvearssurfme of a low resistance Al-based metal wiring
21. In these laminate wiring structures, the insulating strength can be
enhanced also by making the side surfaces of the metal wiring 22 of a
20 high-melting metal such as Mo into normal tapers.
Acid mixtures of phosphoric acid, nitric acid and acetic acid have been
conventionally used as the wet-etching solution for Al-based metal films
(Japanese Patent Application Laid-Open Nos. 7-176500, 7-176525, 9-127555).
However, it is quite difficult to make the laminate structure of the Al-based
25  metal film and the high-melting metal film into normal tapers simultaneously
by the acid mixtures, for example, because the cell reaction occurs during the
etching operation due to the difference between the standard electrode

potentials of Al and the metal to be laminated.

Japanese Patent Application Laid-Open No. 6-104241 describes to
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15 al um num based netal filmand at |east one nol ybdenum based hi gh-nelting
~netal .filmis etched to have good normal taper s by using an etching

sol ution conprising an aqueous sol ution containi ng phosphoric acid, nitric
acid, an organic acid and a cation-generating conponent, when the water
content of the etching solution is maintained within a range of 10 to 30%

b i ght duyi 20 t chi. : ' '
."’:‘-che”‘li?i & R2NTh B Phich gl £qU Q' NS ALod fiiie Bh BRE Wet WA i MEBADEED
I g. IS | - 1 | v\ ¢ '
0 o o AR ByOESRISAL 003 bl B BlophobORBROATAE LR tho,
| am nat e %%698&)%3%Mdr§hgﬁ’ly§ hi gh-nelting nmetal wiring on a

| owr esi st ance ased netal "wiring Fig. 3 is a schematic illustration

showi ng a | am ngliRefortiCit 46 Bemanded ABRrbeideth MehRodagesblbioflatetEhgi ng net al
W ring between upper and | ower |owresistance Al -based netal wirings Fig. 4

i's a fhow]ginagsaiEhews desédibed abowrd iodiaw geod sp@nslttapans.nate 5 structure
of Al -based netal wiring/M-based high-melting netal wiring in normal form
Fig. 5is a schematic view showing a tapered |am nate structure of Al -based
metal w ring/M-based high-nelting netal wiring in non-normal formFig. 6
is a fl owDiselgsars shbwiendiovhe formati on of a tapered |aninate 10 structure
of M-based high-nelting netal wiring/A -based netal )
An object of the present invention is to solve the above problems in
prior art and to provide a method of wet-etching an aluminum-based metal
10 film, particularly a laminate film of an aluminum-based metal film and a
high-melting metal film containing molybdenum, etc. so as to have good
normal tapers.
As a result of extensive research for achieving the above object, the
inventors have found that a laminate film comprising at least one
15 aluminum-based metal film and at least one molybdenum-based high-melting
metal film is etched to have good normal tapers by using an etching solution
comprising an aqueous solution containing phosphoric acid, nitric acid, an
organic acid and a cation-generating component, when the water content of the
etching solution is maintained within a range of 10 to 30% by weight during

20 the etching treatment. The present invention has been accomplished on the

basis of this finding.

Brief Description of Drawings

Fig. 1 is a schematic cross-sectional view of a common inverted
25  staggered TFT panel structure;
Fig. 2 is a schematic illustration showing a laminate structure
comprising a high-melting metal wiring on a low-resistance Al-based metal
wiring;

Fig. 3 is a schematic illustration showing a laminate structure
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W ring/ Mo- based high-nelting nmetal wiring in normal formand Fig. 7 is a
~schematic view showing a tapered |am nate structure of 15 M- based
high-nmelting netal wring/ Al -based netal w ring/ M-based high-nelting netal
wiring in non-normal form Best Mbdde for Carrying Qut the Invention The
wet -etching solution used in the present invention is an agqueous 20 25

solution ¢oMaidhpe MIARAHiEH A Hing iretd G BEh L beAedt (PpbCanEIswand 2

cation-generating-conponent. e con tration of phosphoric acid is 50 to

80% by mﬁ&?&egﬂ?&;&&rﬁpwse@n&%ﬂ@fﬁr@ ;wei ght of the wet-etching solution.
a

Phosphori ¢ aci es part mainly in the etching of the Al -based netal
film If less thgp SA0 Mow\Riaghhm $HivieletheTBrmationaf at tapeféd haahthtoet al

filmis | owered, Whereas the etching rate undesirably beconmes excessively
high if tReeearest ABbhSH fxteledirissMbhavel Bigh-mblngendval Airingsied et al
film referred to herein means alumnumfilmand filns of alum num all oy
havi ngs an nakrid] Hermeont ent of 80% by wei ght or nore. The all oying netal may
be Nd, Zr, Cu, Si, etc. The concentration of nitric acid is 0.5 to 10% by
wei ght, prefer aliffiy. 4id a s8hemptinaiigmtshoinge taperast ingte stawctare of\i tri ¢
acid takes part mainly in the -4 etching of the M-based high-nelting
metal fil Al-hdsedenstalivaiing/Be bysedehight meltiag setal Wiringdn non 2o@nab- pased
high-nelting netal filmis |owered, whereas the etching rate undesirably
becones efew8sively high if the concentration exceeds 10% by wei ght. The
term " M-based high-neltjng . petal filni' 5 referred tq herein ans

mol ybdenum fi | mEd8d6 4§ Prﬂé’%fhar%?%mgaqheo{?r ngo%éa %B%E‘ﬂﬁ%%nt ent

f 80%b i ght . T || oyi l. . tcq EX I f th
or gani® acPeitire pEME hesC e RE RATAL AR A S RE o o Boetic
id, i.oni id . but yr . i.dy di. | i ' h 10 i
RN aNREb SRR R PR R e i acl 10, 2 oxalic
aci d, malefic aghg 7fyihéndtdiandbNife!d GpRfld!dihid A8 Bt Eonc! ds
such as trimellitPc aci ylalroxyrmnocar bo 3?1 I g aci ds such as hydroxyacetic

aci d, |actyi6-1aekd ARH- Malktiy etalakih ntasyd anbeivhgMadadedsuch as
malic acid and tartaric acid hydroxytricarboxylic acids such as citric acid

and 15 amyipRanbRiy hietaCwikifgeh nea-wea@adlifoemaci d and glutanmi c acid. The
concentration of the organic acid is 0.5 to 10% by weight, preferably 5 to
8% by1Bei ght of the wet-etching solution, while suitably sel ected accordi ng
to the concentrations of phosphoric acid and nitric acid, etching

condi ti onBegttMod@ orkarmytieg oft thednyantion- gener ati ng conponent i ncl ude
ammoni a

The wet-etching solution used in the present invention is an aqueous
solution containing phosphoric acid, nitric acid, an organic acid and a
cation-generating component.

20 The concentration of phosphoric acid is 50 to 80% by weight, preferably
60 to 75% by weight of the wet-etching solution. Phosphoric acid takes part
mainly in the etching of the Al-based metal film. If less than 50% by weight,
the etching rate of the Al-based metal film is lowered, whereas the etching rate
undesirably becomes.excessively high if the concentration exceeds 80% by

25 weight. The term “Al-based metal film” referred to herein means aluminum
film and films of aluminum alloy having an aluminum content of 80% by
weight or more. The alloying metal may be Nd, Zr, Cu, Si, etc.

The concentration of nitric acid is 0.5 to 10% by weight, preferably 1 to

8% by weight of the wet-etching solution. Nitric acid takes part mainly in the
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ammoni um sal ts such as ammoni um hydr oxi de al i phatic am nes such as
~met hyl am ne, dinmethylamne, trinmethylam ne, ethylam ne, diethylam ne,
triethylam ne, propylam ne, dipropylamne) tripropylamne, butylam ne,

di butyl am ne and tri butyl am ne~ al kanol am nes such as nonoet hanol am ne, 25
di et hanol am ne and tri et hanol am ne~ pol yam nes such as et hyl enedi am ne,
propyl enedj am ne) .t r ket hyl = (P a I8 i C
B nes SutnPanE §L phEMEb SR R, BRI Bital Bl TH K0 PREE S, W

quat er nar ﬁ%%%qhwgk %! ) }@H&%ﬁgﬁ%&f / hbta/ll TR WEraY S B¥ &R

tetraethy ydr oxi tri ydr oxyet hyl ) ammoni um -5

hydr oxi deﬂ?é BrAGHE trh @M h @ AFMPIR oAl BRSessfliedy RiglRINtharsymeestFativdr oxi des,
etc., alkall nmetal salts such as sodi um hydroxi de and pot assi um hydroxi de

may be usggecddstitrs BtdQABhEENER&tdiE “MypaRahighthel tieg altdbfilm”
cation-generating coimponents, ammonium salts are particularly preferred. 5

The conceptfeatd O Réreih endeald MmohydIRauad fihg anhfibneof nidybddnum a6 by
wei ght, preferably 1 to 10% by wei ght of the wet-etching solution. If |ess

t han 0. 1%, Byinieh ghélybibsu st @ntagt sH80%ibynweighit loy theeomithed alddiagtmetal whil e
the etching rates of the Mb-based netal filmand the Al -based netal film
undesi r abiyaybbe Wmtbow i f the concentrati on exceeds 20% by wei ght. 10 The
opti mum water content of the wet-etching solution is characteristic of the
ki nds of netal Examplasdf threprganiepeisisinelne memocagbexdiqagds speh Agd

according to the netal filnms to, be actual et ched.. Ceneral l.y, the water
cont ent i fonpnisfacidgpticmcid rIOPagR)C \%‘!,éidgfh‘?l“s ¥F9fr1‘é§%llﬁp &&ar{wwl{gaq(gﬁis Eﬁﬁi‘ ent

is 15 20% by, wei gh referabl y .16 19% b i.ght. f.or the.wef. 15
Zg ohi lé:gﬁs waﬁa\%’g e, ﬁ%w%%ﬁi E@ui%é/?’ilatc?‘i’!ﬁﬁ%ﬁ%‘b?@l@gfdﬁ‘grﬁch %_a#l’ghﬁg 18 to
% I , . . 229 . . r.
Mo- baged ﬁﬁi}fn- e{q ﬂ‘@‘an}éli/‘a?ﬂF i apd B’i‘éﬁ%‘h%&?lgr %flf’?‘??roﬁﬁ&ﬁ%gg{ed%%@gha%nm ting
| film. The,etchi. b ) 1] Wi
A ag‘pghefiﬁpgtra%g(ggbc{@y%@nggﬁbg&ggg %gﬁggafﬁ NV GRFA L mﬂe{ any

ringi I'ms i nto contact wt

etching solp Lﬁgisgliicﬂg@an%@?gg&m&uﬁ b6y 11 0adREkul o§ahOheill dhd 0 3 M n.

The et ching con 0 surtably term ned, taking the kind,

t hi ckness ¢, aheic Khidi RediaYiiai®okylidhtidsuchRaiqik ¢lpaaansi deration.
EXAMPLE 1 25 The present invention is described in detail with reference to

Fi gs. 18( aaniifiot&dboxflicakidaach bé hspafticmdiy kadnglatamnioycifli | m 22 (750
[alumnumalloy film21 (750 ~) was forned on a TFT gl ass substrate 1 by
sputtering al unTheeodlckntratide. dfittheyorgenizhacidis Q5 tarkD% by éghdei ght of Zr)
and then sputtering nol ybdenum al | oy C85% by wei ght of M and 15% by wei ght
of W as pireferably 560 8% by weight) of theovelr etching sdusion, waulestitaldynol ybdenum
al l oy/alum num alloy |am nate filmwas exposed through a patterned nmask
prepar ed isplegtedaeerding tethe eopsantrgtionsnl phopplherigast e adpattern
(Fig. 4(b)). The substrate of Fig. 4(b) was just-etched at 45C by each of
the 5 fol letehing wonditigasethg sol utions: (1) 65% by wei ght phosphoric acid,

nyoroRde. and FoRBReRAN 4Rt eaioBieensye GReshrREr BT B A T 0T
\r,ﬁ:j?g;l giafarr%%&%i’iég% %ﬂag%%éhm% gg{“é&% &?9@%;@%?t‘é§%g%h%sp or ?%:l maci d, 9%
nyar oxt oe SR R0, e bnleotEeg HaRiRY L, Sy bt L BIARTNTE aci o,
v oxd de. e S B, e ot T ed, and ¢ hon

t he phot or@piigflagdndand @BWMSThiid) alltaddlamiihoeshes s niinoepipamgasnhef i on.
The results of observation under scanning

95 diethanolamine and triethanolamine; polyamines such as ethylenediamine,

propylenediamine, trimethylenediamine and tetramethylenediamine; cyclic
amines such as pyrrole, pyrroline, pyrrolidine and morpholine; and quaternary
ammonium hydroxides such as tetramethylammonium hydroxide,

tetraethylammonium hydroxide and trimethyl(2-hydroxyethyl)ammonium
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el ectron m croscope (SEM showed that the resultant nol ybdenum
~alloy/falum numalloy lamnate filmhad good normal tapers as shown in Fig.
4(c). COVWPARATI VE EXAMPLE 1 20 The substrate of Fig. 4(b) was just-etched
at 45C by each of the following two etching solutions: (5) 62% by wei ght
phosphoric acid, 9% by weight nitric acid, 5% by weight acetic acid, 2% by

O o ISR RS Bica R BRI, ML (NGB did Sonlih DY 1ol O
by wei ght hgg@awgﬁfeyghgggﬂget@%lﬁgggyawanm Wod fixidé hAdgdtiddiimnat er

and dried,”a oresi st was renoved wth the am ne-based

stri ppi ngp$Qldkl k t tiASRMEAAIIRR coRPOheAE.ANOT Eige 8bES I ON
m cr oscopg§?{s(éhl\*lgs %}\;I/\'Eg utslglgftégttﬁg(a%elgul élnt rlmgybglg)nu% al I oy/ al um num al | oy

l'am nate EidighHadePoiind e6iponbARS hin@enElAwWalts Arkipdrtioularly prefotrednat t he
normal taper as shown in Fig. 4(c) was not attained. EXAMPLE 2 The present
inventjon i s deYheidoadentratiohaiflthwication efepeeating tompbgent B @)l tbRW% by A

|l am nate filmof nolybdenumalloy film22 (750 /alum numalloy 5 film21
(1500 / mokwsthglen pireferhbly T td A0%2by Welght)ofwhs Wetretebingisadutipl. gllbless shastrat e
1 by sputtering nol ybdenum al |l oy C85% by wei ght of M and 15% by wei ght of
W, al umi 6uk® dlyl weigh®Othieteliingsahtionfeasily bedowes dneffectisiegmhiles ther )  and
then sputtering nol ybdenum al |l oy (85% by wei ?1;“ of Mo and ﬁg% by wei ght of
W as shoetchingFates &f(the Mpthased enetal fdm anpthedl-basedhmatabithate 10 film
was exposed through a patterned mask prepared in advance and devel oped to
form an i nndegiwabbnbecsmes;loyw ifihercopgentragongppgeds 59 by gerehts ¢ of Fig.
6(b) was just-etched at 45C by each of .the fol|ow n ur_etching

sol ut1®ns: (7) E%QNI%F@Wtat eapRBE P%h%ficwage%%%%ﬂ]é‘\%b%mni tric acid, 5%

by wei ght 15 acet.ic agid, 2% by. wej anmonium hydr oxi 0

wei ght \Naféﬁrf(f%‘;’néﬁ%og&h%i‘b‘?ﬁ X%WS@%HIHHSC&%‘Q%I&‘?“fé%%sﬁoﬁiﬁhﬁﬂgisﬁ@ cid,
5% by wei ght aceti,c aci % i.g [ lode. @lrdh}

wei ght vvaggﬁerﬁl)negb%%cgr l\i/\l/gi?téﬁﬁxp os?g o@%@i%%ff %gaﬂ\ﬁg'ght nlrtg ?ﬂmaéci d,
5% by wei |t3E e fo2IBIYING] S0H6 RIWRIHHEM e, tRBGVRQ%6 by

wei ght m%te%ﬁﬁﬁ%&t?%??efg%ﬁ% yl(y\/\\gilgd;:%o phos{)gr}]lgri gwsgg?gm%g%mtgs wei ght nitric
acid, 5% hyny&ita8t 536850% b@%é’i’gh@%ﬂﬂeﬁé@gjﬂ 6 8 TOVNby Wiyl rithe wend 19% by
wei ght water, rinsed with water and dried, and then, the photoresist 23 was
renoves WigkdhihgefaTh Masbd hegh sidltipg metL dllu/Abbasdhmetabfilmsand 18kser vat i on
under scanning el ectron m croscope (SEM showed that the resultant

nol ybdenum3a2s baiweighal prefarablal oy 2604 yp senghn fak Ithy wedrstolsing dfiMmbasddgood
normal tapers as shown in Fig. 6(c). EXAVPLE 3 The substrate of Fig. 6(b)
was | ust - étighedelin imEtilyfiloa/ct -hefsed meetad filmiMogp #sedrhighunelipssieiel ons: g

film.

The etching may be performed under known conditions without any

20 limitation, for example, by bringing metal films into contact with the etching
solution at room temperature (20 to 25°C) to 50°C for 0.5 to 3 min. The
etching conditions may be suitably determined, taking the kind, thickness, etc.
of the laminate film to be treated into consideration.
EXAMPLE 1

25 The present invention is described in detail with reference to Figs. 4(a)
to (¢). Alaminate film of molybdenum alloy film 22 (750 A)/aluminum alloy
film 21 (750 A) was formed on a TFT glass substrate 1 by sputtering aluminum
alloy (99.1% by weight of Al and 0.9% by weight of Zr) and then sputtering
molybdenum alloy (85% by weight of Mo and 15% by weight of W) as shown in
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(11) G3% by wei ght phosphoric acid, 8% by weight nitric acid, 5% by wei ght
~propionic acid, 2% by wei ght ammoni um hydroxi de, and 22% by wei ght water
(12) 64% by wei ght phosphoric acid, 8% by weight nitric acid, 5% by weight
propi onic acid, 2% by wei ght ammoni um hydroxi de, and 21% by wei ght water 5
(13) 65% by wei ght phosphoric acid, 8% by weight nitric acid, 5% by wei ght

2 23 o R PO AR g stz
vt DrSERSOLE 5] o A Bled A ATPROR A NR a1 0B A O

removed WikoloBed 39TAn 5o BRbAGeAS bAlof (e alpyul (s of observation

under scanning el ectron m croscope owed that the resultant

mol ybdenum al | oxphal dibsBiite %_ng./aﬂag %@gﬁ%@hb@mlmw éadh bffiHead good
normal tapers as shown in Fig. 6(c). 15 EXAMPLE 4 The substrate of Fig.

6(b) vgs felidwiigcioad edthiapGobyti@@ch of the follow ng four etching

solutions: (15) 62% by wel ght phosphoric acid, 8% by weight nitric acid, 5%
by wei ght (Bo@i% byaweight3Fhosphusi gbid, 9e6bywdightt nitiribencid,nibe 239w bightei ght
water 20 (16) 63% by wei ght phosphoric acid) 8% by weight nitric acid, 5%
by wei ght aaetit acida@Paby 3%éiplyt aminydniusoydrodigelr 48% bpnweiglvh watexei ght

wat er (17) 64% by wei ght phosphoric acid, 8% by weight nitric acid, 5% by
wei ght  acé) %%diydwe@gbththgm asbbliﬂ%rbﬁmléh{ gitricoanid 2oy wakgbdht wat er
and (18) 65% by wei ght phasphoric acid, 8% hy wei htorlié)?]ric acid, 5% by

wei ght 25 agelde peida @%by 3ost tmwl%hb’dﬁ?’ﬁéﬂr d8% nweighh wotatei ght

?@Eﬁimr h?ﬁgz%%yzw%iﬁaéggh&i‘p%‘ém,%»%%Rz:a?’gegﬁftfﬁ%&%ﬂ@ WFEeer vat i on
' I, (SE h I .
o %@ﬁﬁ%éﬁ?a@iﬁ%ﬁﬁgﬁléﬁféﬁfrﬁﬁmZ&eﬁqéﬁ’%,ovﬁeri&m?grﬁ%ﬁvﬁﬁ%’ 884
; in .Fi VE. .
D0 ot SR Satedy Wi PO B, 6 by MR BB B
SLORing SBcbtib B 29f Bt gxn}g@g,g{;ﬁ &gpgﬁgﬁw&d 389y SN WREGNt Nitric

I
acid, 5% b)? wei ght "acetic ammoni um Hydr oxi de, and 25% by

wei ght wat.gisedndithd0atef WAPAriv8] 814 tREDSRBYH oG, 237Wa B Ye MidlEA twibh fahi C
acid, 5% by weight acetic acid, 2% by wei ght amoni um hydr oxi de, and 16% by

wei ghi 5 Wata@iinethsed stiippingbelutivid dMectbsubtadf bbedkvation wpiddroscasniniing 23 was
renmoved with 10 the am ne-based stripping solution. The results of

obser vat i eledtrsiemiswasspa(SEMS chowedrthat dse paml{aSEMholybdendnt hat t he

resul tant nol ybdenum al | oy/ al um num al | oy/ nol ybdenum al l oy | ami nate film
had non- naillvglaluapaos aHoyp kanvmate flinghad goadhahorivad tapersresy shaiwn apdlig.as
shown in Fi % 6(c) was not attained. 15 COVPARATI VE EXAMPLE 3 The substrate
of Fig. 6(469-vvas just-etched at 45C by each of the follow ng two etching

solutions: (1 0% [ hosphoric acid, 8% by weight nitric acid, 5%
by wei ght C@B@%fbﬁﬁﬁ%ﬁ%b& hei ght anmoni um hydr oxi de, and 25% by

wei ght water 20,.and (2 699 haht .phosphori I 8%.b ight nitric
aci d, &g% by wei &ﬂ}e #ﬁ%ﬁi(’flﬁéi %&’5 %%St}g‘sﬁgf%’ﬁfi a(é‘trﬁ%me % %%ﬁede, and 16%

by wei ght ter rinsed wth r..and dried, and then, the photoresist 23
was rermvﬁﬁﬁ?\nwmg tvﬁ%egﬁlﬂéﬁgﬁgﬁe‘) Stri ppi ng solution. The results of

observat | 1B) H%et;y weight phosphoric acid, 9% by weight nitric acid, 5% by weight
acetic acid, 2% by weight ammonium hydroxide, and 22% by weight water; and
(6) 71% by weight phosphoric acid, 9% by weight nitric acid, 5% by weight
25  acetic acid, 2% by weight ammonium hydroxide, and 13% by weight water,
rinsed with water and dried, and then, the photoresist 23 was removed with
the amine-based stripping solution. The results of observation under
scanning electron microscope (SEM) showed that the resultant molybdenum

alloy/aluminum alloy laminate film had non-normal tapers as shown in Fig. 5,
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25 'scanning el ectron mcroscope (SEM showed that the resultant nolybdenum
~alloy/alum num al | oy/ nol ybdenum al l oy | am nate film had non-normal tapers
as shown in Fig. 7, and that the normal taper as shown in Fig. 6(c) was not
attained. -10 I ndustrial Applicability By the etching nethod of the
present invention, an alum num based netal film particularly a | am nate

filmof a |y I . hi gh-nel ti ng
real 11 AL PHEERRGT e s BEHIE ATE) VLRI EAREE D I NE WiT 1 s
CLAI MED | Ewyﬁm gt ching nethod conprising a step of bringing a |amnate
filmwhic ornmed on a substrate and conprises at | east one

al um num based gL 3resedt PeABidnal des@TS PHLISREYRABERRAE do Figh6(R) i ng
metal filminto contact wth a wet-etching solution conprising an agueous

sol ution gpEal Ailﬁﬁliﬁﬁﬂéﬂhﬁrdfﬁin@l?bden@intélﬂtfy filih @2 @500k )gelnininaeh dllepd a
cation-generating conponent, while maintaining a water content of the

wet - etghi AlmsZl ([X500nAWidly dehumadioy @i 02 (3@ Admns feeinglton 4 TET glise
etching nethod according to Claiml, wherein the lamnate film conprises an
al um num babstilatel by sputtering iudylsddmim ailloyd88%abywieygiteofuMozasktic% by
high-nelting netal filmon the alum num based netal film 3. The etchjng
met hod acweighthof W0, Slvanim@n allogr(89.1% he weigkt otAhant0.9% byswemht of Zods by
wei ght. 4. The etching nmethod according to 1, wherein the |amnate

fil m conprhddben Smﬂtwm;rmlbbé@wmiaéhyr@ﬁ%qbg”@m}%ﬁ ofiMpransh1§%edYsubst r at e,
11 m - andweisiel G B0 AROATLt RTEy0(Pel HHRIOHELEh 24 RPN OF B ARBIHGEm based
vt ot Gonfbwps expores SEomEY s rmetenarhe ety whtss ML or i ng 1o
orY e, oho B 5 4 S BT A R GRPRETh ALt glpphor e eetd i o0
scoord ng {0 gy euRk AT s HEPLENARSARRAR Sall ol 1111
at1oast o R "G oup consi st ng of Torme iz
(7) 64% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight
15 acetic acid, 2% by weight ammonium hydroxide, and 22% by weight water;
(8) 65% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight
acetic acid, 2% by weight ammonium hydroxide, and 21% by weight water;
(9) 66% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight
acetic acid, 2% by weight ammonium hydroxide, and 20% by weight water; and
20 (10) 67% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight
acetic acid, 2% by weight ammonium hydroxide, and 19% by weight water,
rinsed with water and dried, and then, the photoresist 23 was removed with
the amine-based stripping solution. The results of observation under
scanning electron microscope (SEM) showed that the resultant molybdenum
25  alloy/aluminum alloy/molybdenum alloy laminate film had good normal tapers
as shown in Fig. 6(c).
EXAMPLE 3
The substrate of Fig. 6(b) was just-etched at 45°C by each of the

following four etching solutions:



aci'd, acetic acid, propionic acid, butyric acid, oxalic acid, malonic acid,
~succinic acid, glutaric acid, adipic acid, pinelic acid, malefic acid,
fumaric acid, phthalic acid, trinellitic acid, hydroxyacetic acid, lactic
acid, salicylic acid, malic acid, tartaric acid, citric acid, aspartic acid
and glutamc acid. 5 9. The etching nethod according to any one of Clains 1
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of the wet-éetchin e et ching nhethod according to any one of
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The substrate of Fig. 6(b) was just-etched at 45°C by each of the
following four etching solutions:
(15) 62% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
acetic acid, 3% by weight sodium hydroxide, and 22% by weight water;
20 (16) 63% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
acetic acid, 3% by weight sodium hydroxide, and 21% by weight water;
(17) 64% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
acetic acid, 3% by weight sodium hydroxide, and 20% by weight water; and
(18) 65% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
25  acetic acid, 3% by weight sodium hydroxide, and 19% by weight water,
rinsed with water and dried, and then, the photoresist 23 was removed with
the amine-based stripping solution. The results of observation under

scanning electron microscope (SEM) showed that the resultant molybdenum

alloy/aluminum alloy/molybdenum alloy laminate film had good normal tapers

.9.



109Z& ()- 3 109%&& ()-109%Z& ()-Y 109%Z& ()- F 109%Z& ()- O ydE~_ @ 3- #10!
- &$109Z&' () - mLO%Z& ()-1 109%&Z& ()-Lt10%&Z& ()-F 109&Z& ()- f "109%Z& ()-
y.ndE~_@ 3- #10! 3109Z& ()- 1109%Z& ()- [/ 109%&Z& ()- ,109&& ()- & #109%&Z& () -
"3"109Z& ()- " defgdYNC 3-#10! 10Z 10Z 10Z=109%Z& ()- ; 109Z& () -
3;)9&102/32&' ()-3F7f 109%Z& ()- y510%Z& ()-geqdEYNC 3-#10! 109%&Z& () -
0Z& 09Z&' ( & ()- S109Z& ()-° 10%Z& () - qEHIEYNC 3- #10!
y109Z& () aiéb}&‘g"(‘%ﬂ F’fo}?%z @o9%z& ()- 109%&Z& ()- 109%&Z& ()-

COMPARATIVE EXAMPLE 2
The substrafe of Fig. 6(b) was just-etched at 45°C by each of the
following two etching solutions:
5 (19) 61% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight

acetic acid, 2% by weight ammonium hydroxide, and 25% by weight water; and
(20) 70% by weight phosphoric acid, 7% by weight nitric acid, 5% by weight
acetic acid, 2% by weight ammonium hydroxide, and 16% by weight water;
rinsed with water and dried, and then, the photoresist 23 was removed with

10 the amine-based stripping solution. The results of observation under
scanning electron microscope (SEM) showed that the resultant molybdenum
alloy/aluminum alloy/molybdenum alloy laminate film had non-normal tapers
as shown in Fig. 7, and that the normal taper as shown in Fig. 6(c) was not
attained.

15 COMPARATIVE EXAMPLE 3

The substrate of Fig. 6(b) was just-etched at 45°C by each of the

following two etching solutions:
(19) 60% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
propionic acid, 2% by weight ammonium hydroxide, and 25% by weight water;

20 and
(20) 69% by weight phosphoric acid, 8% by weight nitric acid, 5% by weight
propionic acid, 2% by weight ammonium hydroxide, and 16% by weight water;
rinsed with water and dried, and then, the photoresist 23 was removed with
the amine-based stripping solution. The results of observation under

25  scanning electron microscope (SEM) showed that the resultant molybdenum
alloy/aluminum alloy/molybdenum alloy laminate film had non-normal tapers
as shown in Fig. 7, and that the normal taper as shown in Fig. 6(c) was not

attained.
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10/ 5  film and at lease one molybdenum based high-melting metal film into contact
with a wet-etching solution comprising an aqueous solution containing
phosphoric acid, nitric acid, an organic acid and a cation-generating component,
while maintaining a water content of the wet-etching solution within a range
of 10 to 30% by weight.

10 2. The etching method according to Claim 1, wherein the laminate film
comprises an aluminum-based metal film on the substrate and a
molybdenum-based high-melting metal film on the aluminum-based metal
film.

3. The etching method according to Claim 2, wherein the water content is

15 15 to 20% by weight.

4. The etching method according to Claim 1, wherein the laminate film
comprises a molybdenum-based high-melting metal film on the substrate, an
aluminum-based metal film on the molybdenum-based high-melting metal film,
and a molybdenum-based high-melting metal film on the aluminum-based

20 metal film.

5. The etching method according to Claim 4, wherein the water content is
18 to 23% by weight.

6. The etching method according to any one of Claims 1 to 5, wherein a
concentration of phosphoric acid is 50 to 80% by weight of the wet-etching

25  solution.

7. The etching method according to any one of Claims 1 to 6, wherein a
concentration of nitric acid is 0.5 to 10% by weight of the wet-etching solution.
8. The etching method according to any one of Claims 1 to 7, wherein the

organic acid is at least one acid selected from the group consisting of formic
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concentration of the organic acid is 0.5 to 10% by weight of the wet-etching
solution.
10. The etching method according to any one of Claims 1 to 9, wherein the
cation-generating component is at least one compound selected from the group
10  consisting of ammonia, ammonium salts, aliphatic amines, alkanolamines,

polyamines, cyclic amines, quaternary ammonium hydroxides and alkali metal
salts.
11. The etching method according to any one of Claims 1 to 10, wherein a

concentration of the cation-generating component is 0.1 to 20% by weight of

15 the wet-etching solution.
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