Specification Etching Conposition for Metal Material and Method for

. Manuf acturi ng Sem conduct or Devi ce by using sane Technical Field [00011

The present invention relates to an etchant conposition enployed for
selectively and efficiently etching a netallic material in production of a
sem conductor device froman insulating material having high dielectric
constant, an insulating nmaterial of silicon oxide filmor silicon nitride
film and a netallic material; andpewisfirettheh for producing a

sem conduct or device by use of the etchant conposition. Background Art

‘[ 00021 Recent progress in highly integrated sem conductor devices and thin

gate insulating |ayers causes problens during application of gate bias,
i ncl udi ngEarhiingr €aswpoisi t iowndelr d@ﬁﬁénwbthﬂuwghamd|M&nhqd|ﬁquayer si gna

‘del ay, a”ﬁan{ﬁgg?ihk%. Ols e fff; 108G A Brevls! %&r Ut gfs h Qtid! € approach for

suppressi ng probl'ematrc 1 ncrease 1 n tunne npl oynent of an
insulating material having a dielectric constant of 10 or nore instead of
silicon oxide, which has a dielectric constant of 3.9. Attenpts have been
made to efptbpicad &iedddi date for such an 1 insulating nmaterial having high
dielectric constant, Al1203, H 2, a rare earth el enent oxide, for exanple
Y203 and Zp@1l or a | anthanoi d oxide. Wien such an insulating nmateri al
havi ng high dielectric constant is enployed for formng a gate insulating
| ayer, even if Theeplresgnlt dhvendt igat ealateseduced) dtivhariti cdomsssidficome gate
insulating |ayer can be controlled to such a |evel that prevents tunnel
current, empilbgetihforapadetanvelyf ande efdtie iiemtulyateitmdpilngy er mexalimiat ai ned
on the basis of the scaling law. [00041 |In order to reduce problematic
si gnal dehayepialedncproductidni vifng Bemieondiictapt slelvdve Frem rmade to
enpl oy, as a gate electrode material, a netallic material instead of
pol ysi | i consult thghmatbeéalchaveny highl diededt e comstaeitgl larc materi a
is enployed as a gate el ectrode material,

insulating material of silicon oxide film or silicon nitride

film, and a metallic material; and to a method for producing

a semiconductor device by use of the etchant composition.

Background Art

[0002]

Recent progress in highly integrated semiconductor

devices and thin gate insulating layers causes problems

during application of gate bias, including an increase in

tunnel current through an insulating layer, signal delay, and

reduction of driving force.

[0003]

One possible approach for suppressing problematic
increase in tunnel current is employment of an insulating
material having a dielectric constant of 10 or more instead

of silicon oxide, which has a dielectric constant of 3.9.

Attempts have been made to employ, as a candidate for such an



gate and source/drain resistance can be reduced, and signal delay in a

. sem conductor device can be reduced. In addition, gate depletion, which
woul d ot herwi se be observed in a polysilicon electrode, does not occur, and
driving force can be enhanced. Wen an insulating material having high
dielectric constant is enployed in conbination with a netallic material,
synergistic effects are obtained; i.e., performance of a sem conductor

devi ce cahnpslatiingamaserdal mag'hﬂge\helgh wited eabmmiel canstant b h§sr educed.

[ 00051 Production of a sem conductor device fromsuch an insulating

‘mat eri al H&0: nga hrghe déatrebt elemenhsoxnde, afior2ekanplet YoQs ramndrizd2 of
silicon oxide filmor silicon nitride film and a netallic materi al

requi res arsaepaotheabddt oxdlde. eWbannguctheaneinkblilatiangemageriBdr exanpl e,
in a process of patterning a netallic material only in a first gate region
of a duahagyahgshtiighndiisflectrae icosgitanitng smemprlicptechdfamd dringing i el ectric
constant and the netallic material are deposited on an insulating material,
foll owed dpgta shepletiegchimwygronleyent Hed robealllengtimtody itdle \gate nisa second
gate region. Wien a conventional dry etching techni que enploying plasm gas
is appliedduocedhi shet thicgnesepofetdiei ggteelimsuilaittiyng didyent ade baat t ai ned
between the netallic material, the insulating material and the insulating
mat eri al bdamtnglhedhtdi suebt ai devednshamt prewenitise tumsig latauryearet,eri al and
the insulating material having high dielectric constant undergo etching,
resul ti ngwhildi thecubpycihaprecise theogate ngsuVbariny layert her e has not yet
been reported a technique for etching a netallic material through wet

et chi ng. mhtletasnel ohr chesbasdespfdehmndchddnagr lsen for a technique for
selectively and efficiently etching only a netallic material while reducing
corrosion[ooo4ah insulating material having high dielectric constant or an
insulating material of, for exanple, silicon oxide filmor silicon nitride
fil m (hereinaf far ordgrbeocakkdecieapedbdenatiicdeiignah delay tad de fil ni').

Di scl osure of the Invention [00061 The present invention relates to an

et chant enpieyetion3of driving force, attempts have been made to employ,

as a gate electrode material, a metallic material instead of
polysilicon, which has been conventionally used. When a
metallic material is employed as a gate electrode material,
gate and source/drain resistance can be reduced, and signal
delay in a semiconductor device can be reduced. In addition,
gate depletion, which would otherwise be observed in a
polysilicon electrode, does not occur, and driving force can
be enhanced. When an insulating material having high
dielectric constant is employed in combination with a
metallic material, synergistic effects are obtained; i.e.,
performance of a semiconductor device can be maintained at
high level, with tunnel current being reduced.
[0005]

Production of a semiconductor device from such an

insulating material having high dielectric constant, an



for selectively and efficiently etching a netallic material in production
. of a sem conductor device froman insulating material having high
dielectric constant, an insulating naterial of oxide filmor nitride film
and a netallic material, which materials are essential for reduction of
tunnel current, reduction of signal delay, and enhancenent of driving force
in the sem conductor device. An object of the resent invention is to
provi de ahnsudhsangcomsesiivilotf ¢iliseine exids ;fp qxf feichiaran yniiekdeg a
metallic material while reducing corrosion to an insulating material having
"high di efédémyi endonsmetaldd camateniladt ineguimesr idalsteP of deledtriveky
nitride film [0007] 1In order to establish a technique for selectively
et chi ng aetehahpi theametiadll icomageniiadg t Reratsawnmeat i dned ppeckissmof t he
‘present inventors have conducted extensive studies, and as a result have
found t hapatteehahbi e metedililc megeriielf iomdlyy ipr ecfssmt datmigtestarhiaofly by
use of an etchant conposition prepared by adding a chel ati ng agent havi ng,
in the nel dualagatesuttrangisitereobn dnshdsytiarumades-iadi deasirg Higicti onal
group to an aqueous solution containing a fluorine conpound or to an
aqueous sdlieleohriontensitagtaandudhenaetadipoundteanidlamrenclegmditeati d or
an organic acid; and that the etchant conposition exhibits remarkably
excel | ent onpanpéntigat ingematelréadt, c faitl owedp byl tal @teps dfess addmrpsinidey to
an insulating material having high dielectric constant or an insulating
mat eri al oheometelliibtmmeatemiibii ¢éthinhma Feeohdpyasentregivent i §hehaa been
acconplished on the basis of these findings. Accordingly, the present
i nvent i oncosvent ¢ohatd tieyaetchtinganechaipoe emplolydhga pleisaal igasratseri al
and a nethod for producing a sem conductor device by use of the etchant
conposi tiapplivdchoatbidestrhlind bekpw ef@hQdpy sklebtietitlyarfiaidenmasikdd on
enpl oyed for selectively etching a netallic material in production of a
sem conduatvainedi betweennthe mesalaticngatretdnilal thaviingulaghind el ectric
constant, an insulating material of silicon oxide filmor silicon nitride
film andmnateeiall andmaher iaknlabangchmatezedli hatialg hilgh etieharitric
conposition is an aqueous solution containing a

constant, and the insulating material and the insulating

material having high dielectric constant undergo etching,
resulting in difficulty in precise processing. Meanwhile,
there has not yet been reported a technique for etching a
metallic material through wet etching.

Under such circumstances, demand has arisen for a
technique for selectively and efficiently etching only a
metallic material while reducing corrosion to an insulating
material having high dielectric constant or an insulating
material of, for example, silicon oxide film or silicon
nitride film (hereinafter may be abbreviated as "oxide film
or nitride film").

Disclosure of the Invention
[0006]

The present invention relates to an etchant employed



fluorine conpound, and a chel ating agent having, in the nolecular structure
. thereof, a phosphorus oxo-acid as a functional group. 2. An etchant
conposition enployed for selectively etching a netallic material in
production of a sem conductor device froman insulating material having
hi gh dielectric constant, an insulating nmaterial of silicon oxide filmor
silicon nitride film and a netallic material, characterized in that the
et chant cdoposillieet iive 13N aagledifs cSi@nttliyore tadritrey rd mgetea 1 ¥4 asana tner taolhpound,
a chelating agent having, in the nolecular structure thereof, a phosphorus
"oxo0-aci d aa prbdoetiiomilof @ eéniciwtdmaeydiec famnd saandimsulbat imagani ¢
acid. 3. An etchant conposition as described in 1 above, wherein the anount
of the flmateré¢adohpound hdgh @1klerthd cessidtaartd &m tiheswatdrig of t he
‘chel ating agent having, in the nolecular structure thereof, a phosphorus
0x0- aci d matarfiadcbifonxdidegfdldm icx il deo fiQdmyassid a4 .mefra ktdant
conposition as described in 2 above, wherein the anount of the fluorine
conmpound matérffl,t @ahichmaas¥ritbtne s wiseritildle figrorgahictiaon dof s 50 mass%
or less, and the anount of the chelating agent having, in the nol ecul ar
struct ur ettthae@oturaepliqs pledidt i@n0-ofcisd g la dalist,i el ergianigenent). &O1 to
10 mass% 5. An etchant conposition as described in 2 above, wherein the
amount of drheihudbirae Ganpdendens cdndibtior Hevires% Ahhebjaepudlt @het he
organic acid is 15 mass% or | ess, and the amount of the chel ati ng agent
havi ng, i prébendoha¢ehaionstikutioupeovidieeen et dhResDRYNoOdCitbAs a
functional group is 0.001 to 10 mass% 6. An etchant conposition as

descri bedséDeatyveliylahd ef#heventwheteihinighe hWetenilie eebenind ivhidte | east
one species selected fromanong hydrofluoric acid, amoni um fl uori de,

t et ranet hybagaRAgubbtrugibae tosaal Umsllaerinde maded iRQt agsiivg Higioride. 7.
An etchant conposition as described in 2 or 4 above, wherein the inorganic
acid is agiéeastroneconaenns oel aatl et sullb@IngmaRgesulalUIdfc AGidgh fliln i C
acid, hydrochloric acid, phosphoric acid, sulfamc acid, nitrous acid, and
am dosul fyri gigeide Bi1An etchant conposition as described in 2 or 5 above,

[0007]

In order to establish a technique for selectively
etching a metallic material for solving the aforementioned
problems, the present inventors have conducted extensive
studies, and as a result have found that a metallic material
can be finely processed through etching by use of an etchant
composition prepared by adding a chelating agent having, in
the molecular structure thereof, a phosphorus oxo-acid as a
functional group to an aqueous solution containing a fluorine
compound or to an aqueous solution containing a fluorine
compound, and an inorganic acid or an organic acid; and that
the etchant composition exhibits remarkably excellent
properties; i.e., the etchant composition is less corrosive
to an insulating material having high dielectric constant or

an insulating material of oxide film or nitride film. The



wherein the organic acid is at |east one species selected 6 from anong
.formc acid, oxalic acid, citric acid, nmalonic acid, succinic acid, acetic
acid, propionic acid, malic acid, and tartaric acid. 9. An etchant
conposition as described in any of 1 to 8 above, wherein the netallic
material is Al, Co, C, Cu, Fe, H, My, Nb, N, Pt, Ru, Ta, Ti, W or Zr;
or a material containing any of these netals and a silicon atom and/or a
ni trogen aresentl@nvAmtdioohdnats deeposiadamp ldshish ot ddwe ibasisy of these §
above, wherein the insulating material having high dielectric constant is
‘A1203, CeO8npdibpge3, Er203, Eu203, Gd203, Hf 02, Ho2(08, La203, Lu2C3, Nb20s,
Nd203, Pr203, SC03, SnkOG3, Ta205, Th203, Ti 2, TnR2O3, Y203, Yb203, or ZrQ2;
or a material éewcaiding]vanythef prdssgy nistvdntodnieiss ahidrected i tormrat om
and/or a nitrogen atom 11. A method for producing a sem conductor device
char act erezedahy compoissitigns dloacti welba ldtichimag exiet aldnd a methddlfdy use
of an etchant conposition as recited in any of 1 to 8 above, w thout
causi ng cprodatcongof semicondatcitog destier dy heee mf Hilgh edicdlaedt ri ¢ const ant
or an insulating material of silicon oxide filmor silicon nitride film
Best Mydesompos€aipni, nghdeh tire desentibedd HeQ@®Q] Exanpl es of fluorine
conpounds enployed in the present invention include hydrofluoric acid,
ammoni um fbaosjde; ammoni um hydrogen fluoride; ceriumfluoride; silicon
tetrafluoride; fluorosilicic acid; nitrogen fluoride; phosphorus fluoride;
vi nyl i deng. f Anoet deanborompbsiitioar ietheloyedr dorueelecadvtEl f leamrhimey conpound
salts such as amonium 7 fl uoroborate, nonoet hanol am ne hydrof!l uori de,
met hyl am metahydleohbtieridé, iat pyloduicte ony difoll semidenducymd atawiee
hydr of | uori de, tetranethylammonium fluoride, tetraethylanmonium fluoride,
triethyl néetbyl anmbnsuietlingr mdeeritii maviiyghhdigbx deEiglycmieniaemsfdarr,i de,
t et raet hoxyamoni um fluoride, and nethyltriethoxyammonium fluoride; and
met al - flamringutatpagndatewdhlasfl stlidenf bxddedd i laodirumifliver de, acidic
sodi um fl uori de, potassiumfluoride, acidic potassium fluoride, potassium
fluorosi Intetedepbidmnsi apd hemethladiephaspidtd, whgirasitenifdadorirdehatal ci um
fluoride, strontiumfluoride, bariumfluoride, zinc fluoride, alum num
the etchant composition is an aqueous solution containing a

fluorine compound, and a chelating agent having, in the
molecular structure thereof, a phosphorus oxo-acid as a
functional group.

2. An etchant composition employed for selectively etching a
metallic material in production of a semiconductor device
from an insulating material having high dielectric constant,
an insulating material of silicon oxide film or silicon
nitride film, and a metallic material, characterized in that
the etchant composition is an aqueous solution containing a
fluorine compound, a chelating agent having, in the molecular
structure thereof, a phosphorus oxo-acid as a functional
group, and an inorganic acid and/or an organic acid.

3. An etchant composition as described in 1 above, wherein

the amount of the fluorine compound is 0.001 to 10 mass%, and



fluoride, stannous fluoride, lead fluoride, and antinony trifluoride. O
.these, preferred fluorine conpounds are hydrofluoric acid, anmonium
fluoride, tetranethylammonium fluoride, sodiumfluoride, and potassium
fluoride. [0010] In the present invention, the aforenentioned fluorine
conpounds may be enpl oyed singly or in conbination of two or nore species.
The concentration of the fluorine conpound in the etchant conposition

pr ef er abl $heahounkt bifnther ghgd agfing. @@ent favingassin tivemalrcular
concentration of the fluorine conpound is 0.001 nass% or nore, a netallic
‘materi al Btructhrd shezeohi gh pPhosphavaise@xoMediG I8¢ corfammtianalh of the
fluorine conmpound is 10 mass% or | ess, an insulating material having high
dielectrigrovpstianf.fflanoi Afumassishy naterial of oxide filmor nitride film
can be prevented from being corroded. 8 [0011] Exanples of chel ating agents
enpl oyed #n Rheeprbsafit conpestitdon ascllesicnilpesh ima, abovene wherssisl ar
structure thereof, a phosphorus oxo-acid as a functional group, include
phosphoni thaecadouht! afi hheadenos isgc l¢ompommchyilsdiop@dphenil® massk, the

am not ri snmet hyl enephosphoni ¢ aci d, 1-hydroxyethylidene- 1, 1-di phosphonic
aci d, et hghmaunhobistbehyhemgphdsphgoiidc igci5@, mass% or less, and the

dodecyl am nobi snet hyl enephosphonic acid, nitrilotrisnethyl enephosphonic
acid, etaybentdoénthebrbatthjhgnegkeospharingaciid, the molecular

et hyl enedi am net et r aki snet hyl enephosphoni ¢ aci d,

hexenedi astnettturaektbeaeebyfl eaephosphomius axodacid as a functional

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

pr opanedi groupt £sr aredhytenaphwapbkéni c aci d, each of which has a phosphonic
acid group in the nol ecule thereof; ammonium salts, organic am ne salts,
and al kal 5. nehaétshahs obmphsiséiophasplesiceibedd inhel above agdrersin\- oxi de
forms thereof, whose nitrogen atomin the nolecules is oxidized,

am noal kythpéoapbant cofictHeclighatring agepbsnsudbs as00ar thoplvosalsesi,c tha d,
pyrophosphoric acid, netaphosphoric acid, trimetaphosphoric acid,

t et r anet agphosphoof cthei drgahéraset dphespBomass&cod, lasd ,t angoltyeghosphori c
acid; ammonium salts, organic amne salts, and alkali netal salts of these
am noal kyapdasphofi thacchetheliatyi ageagehasinky, oxndehtompsiecular

structure thereof, a phosphorus oxo-acid as a functional
group is 0.001 to 10 mass%.

6. An etchant composition as described in any of 1 to 5 above,
wherein the fluorine compound is at least one species
selected from among hydrofluoric acid, ammonium fluoride,
tetramethylammonium fluoride, sodium fluoride, and potassium
fluoride.

7. An etchant composition as described in 2 or 4 above,
wherein the inorganic acid is at least one species selected
from among sulfuric acid, nitric acid, hydrochloric acid,
phosphoric acid, sulfamic acid, nitrous acid, and
amidosulfuric acid.

8. An etchant composition as described in 2 or 5 above,

wherein the organic acid is at least one species selected



t hereof, whose nitrogen atomin the nol ecules is oxidized; phosphinic acid
. chel ati ng agents such as 8-quinol yl phosphinic acid and
2- am noet hyl phosphi nic acid, each of which has a 9 phosphinic acid group in
the nol ecul e thereof; ammonium salts, organic am ne salts, and al kali netal
salts of these phosphinic acid chelating agents; and N oxide forns thereof,
whose nitrogen atomin the nolecules is oxidized. Of these chelating
agents, dfpaosphondciasmds, acid:r okgddchpicdfepleddptichiasighi e logHe
pent anet hyl enephosphonic acids are preferred. [00121 The aforenentioned
“chel at i ngagigént suceaBhchavildyg, acetichacisl epyopioniicu@qird Medrichfacid,
phosphorus oxo-acid as a functional group, may be enployed singly or in
_conbi nat i @pdotartabior agdde speci es. The etchant conposition contains a
chel ating agent having, in the nolecular structure thereof, a phosphorus
oxo-aci d 8s anfeahchanhakogprosptipneter delsgribesd isomeantafatli die & aPDE, to
10 mass% When the concentration of the chelating agent is 0.001 nass% or
nmore, ef febezeby thddinetedlot mhsechelatisndlag&at, €an I81,atfeai dd, Meher eas
when the concentration of the chelating agent is 10 nasss or |ess,
preci pi t aNbonNdf BtysRual sTeanThe Prevenfad om ehaasegtiadt cond@iosing on.
[00131 Exanples of inorganic acids enployed in the present invention
i ncl ude samyuefcthesd, matalscaadi d, shydrovhktoimc angddiod, apmdsplegernc adaimd,
hypophosphor ous acid, carbonic acid, sulfamc acid, boric acid, phosphonic
aci d, photphi Ancetchant apmpogstiaondasadgsegmitbesuliiueiny adi d. tof & hese,
sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid, 10 sulfamc
aci d, nitabogeacvideraehd thedoseghfiatingavateaiel pesfimor ddgh Gdellecthic
concentration of the inorganic acid in the etchant conposition-which is
appropri atehgtaet ei &1 AbsD:on Gelta, bBYL@:, dfrOhe BelQibi Gidk®s ofHEwe Heabgani c
acid in water contained in the conpositionis preferably 50 mass% or | ess.
Setting Ld®s:cohtedi,s 08, oNdidwe iBragan$cOaciSh:0e, SDarss Za®s | €680, ,can
prevent etching of a material which is basically not

Tmy0;, Y203, Yby03, or Zr0O,; or a material containing any of

these metal oxides and a silicon atom and/or a nitrogen atom.
11. A method for producing a semiconductor device
characterized by comprising selectively etching a metallic
material by use of an etchant composition as recited in any
of 1 to 8 above, without causing corrosion of an insulating
material having high dielectric constant or an insulating
material of silicon oxide film or silicon nitride film.

Best Modes for Carrying Out the Invention

[0009]

Examples of fluorine compounds employed in the present
invention include hydrofluoric acid; ammonium fluoride;
ammonium hydrogen fluoride; cerium fluoride; silicon
tetrafluoride; fluorosilicic acid; nitrogen fluoride;
phosphorus fluoride; vinylidene fluoride; boron trifluoride;

borofluoric acid; fluorine compound salts such as ammonium



desirable to be damaged through etching; i.e., a material other than a
.metallic material which is a target of etching. [0015] Exanples of organic
aci ds enployed in the present invention include oxalic acid, succinic acid,
mal onic acid, propionic acid, acetic acid, maleic acid, glycolic acid,
diglycolic acid, tartaric acid, itaconic acid, pyruvic acid, malic acid,

adi pic acid, formc acid, phthalic acid, benzoic acid, salicylic acid,

car bam ¢ &¢hgrobpratganmengetiancdemine fyidrofdmerdide.i mefdivlandng hese,
oxalic acid, citric acid, nmalonic acid, succinic acid, acetic acid,

“pr opi oni chudrdflupnide  aetdylamd neahysiviof laerd dere DROPYER™RE [ 0016]  The
concentration of the organic acid in the etchant conposition=Wich is

_appr opr i akgfdyodiduerifredtesranetbydipamopiumhd laemiide ity of the organic acid
in water contained in the conpositionis preferably 15 mass% or | ess. Wen
the conceatraetbylammphéunr famoridei d tird ethymesdrydammessium 1f lyaxdids t at i on
of crystals can be prevented in the etchant conposition. [0017] In the
present invémetbylhydzoayetbyeammondam fdugaride, Astdaedhaxyvgamianiamt ds may
be enpl oyed singly or in conbination of two or nore species. Through
addi ti on Bluanydeof anfematbyéheietbosyanmgaiun £diugsige ;i pdast@laci ds, an
insulating material of silicon oxide filmor silicon nitride filmis |ess

| i kel y t ofbeorinhedpmpadndsneughl es ddtdium fdaoerilde  etsoidddimdrlaioride,
efficiently. [0018] The etchant conposition of the present invention may be
enpl oyed a¢idicrendiam &luarndeur pRbtpssiuni fduofriilkde,oacddisupicdesdiaper of a
nmetallic material by use of hydrofluoric acid. Through such a prelimnary
treat nentflmohifigdrpbtassiom &didrosheéicetal | potasisénimal can be etched nore
efficiently. [0019] The etchant conposition of the present invention, which
i s gener ahéyaEhpdboygplosphatet epagheetiohi fidubhredent icadey uof fa uordtds,l i c
material (i.e., an etching target). The conposition may also be enpl oyed
for renovatrofhtaumufidttiohidepobairdnmofflubkedeet alihicc fiwmperiideal, afltugvinume
nmetallic material has been

fluoride, stannous fluoride, lead fluoride, and antimony
trifluoride. Of these, preferred fluorine compounds are

hydrofluoric acid, ammonium fluoride, tetramethylammonium
fluoride, sodium fluoride, and potassium fluoride.

[0010] |

In the present invention, the aforementioned’fluorine
compounds may be employed singly or in combination of two or
more species.

The concentration of the fluorine compound in the
etchant composition preferably falls within a range of 0.001
to 10 mass%. When the concentration of the fluorine compound
is 0.001 mass% or more, a metallic material is etched at a
high rate, whereas when the concentration of the fluorine
compound is 10 mass% or less, an insulating material having
high dielectric constant or an insulating material of oxide

film or nitride film can be prevented from being corroded.



etched, through a conventional dry etching technique enploying plasm gas,
.to such an extent that no damage is incurred to an insulating materi al
havi ng high dielectric constant or an insulating material of oxide filmor
nitride film 12 [00201 The etchant conposition of the present invention
may contain a conventionally enployed additive, for the purpose of

i nprovi ng performance of the etchant conposition; for exanple, inproving
wet t abi | i {P0afLllt he et chant conposition, preventing deposition of particles
on a wafer or metal contamnation of a wafer after treatnment of the wafer,
‘or suppressi ngxeapdgs taf arhd lesing iagents anploydkainpl Bke gireserh an

addi tive include surfactant conpounds, water-soluble polyners, and

wat er - sol dbiventionat each ©f hihd ar deasi,c irs dheemcslectilese studictiwves nay be
enpl oyed so long as they are soluble in the etchant conposition of the
present theeprbifona phdspinprines exg-awdd sisngl fwrctiprmednyraip onirefludevo or
nore species. [0021] No particular limtation is inposed on the pH of the
et chant cphpsphbnir atithehplesdmg agesrtts eucharss tnetipH diphodphateiter m ned
in consideration of, for exanple, etching conditions or the type of a

sem conduatod, maménoéalr iemelttyyd énephivesphiomd cetactiaht lcdrymbsistyedthyIsi dans oy ed
under al kaline conditions, for exanple, ammonia, an am ne, or a quaternary
amoni um hydrdiptespbogic tetidamettinyllamimobimnetrdrydarsghaemhorhies addiat],
wher eas when the etchant conposition is enployed under acidic conditions,

f or exanpledeaglamingaiisneatiyd emepliosphiogdiel acdel,d may be added. [0022] The
tenperature at which the etchant conposition of the 13 present invention is
enpl oyed, nandilbert snethel enkiptivspheniet akdd, conposition is enpl oyed are
appropriately determned in consideration of the type of a netallic

mat eri al €thglenadiamtabbigmeahgydhephosphondicgelciet,chi ng anmount. [0023)
The etchant conposition of the present invention may be applied to a
netal | i c eehgléakbdiantiacnengakt sheatylenephosphonic acid,

hexenediaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid, and 1,2-
propanediaminetetramethylenephosphonic acid, each of which
has a phosphonic acid group in the molecule thereof; ammonium
salts, organic amine salts, and alkali metal salts of these
phosphonic acid chelating agents; N-oxide forms thereof,
whose nitrogen atom in the molecules is oxidized;
aminoalkylphosphoric acid chelating agents such as
orthophosphoric acid, pyrophosphoric acid, metaphosphoric
acid, trimetaphosphoric acid, tetrametaphosphoric acid,
hexametaphosphoric acid, and tripolyphosphoric acid; ammonium
salts, organic amine salts, and alkali metal salts of these
aminoalkylphosphoric acid chelating agents; N-oxide forms
thereof, whose nitrogen atom in the molecules is oxidized;
phosphinic acid chelating agents such as 8-quinolylphosphinic

acid and 2-aminoethylphosphinic acid, each of which has a



speci es selected fromanong Al, Co, C, Cu, Fe, H, M, No, N, Pt, Ru, Ta,
.Ti, W and Zr, nore preferably selected from anong Co, Hf, N, Ta, Ti, and
W The etchant conposition may also be applied to a material containing
such a metal, and either a silicon atomor a nitrogen atom or a naterial
contai ning such a netal, and both a silicon atomand a nitrogen atom The
et chant conposition may also be applied to a mxture of two of the

af or enent bbasphimier rglid, gsoupo insthek adllegydes thedeod; amnaiiumesalts,

af orenenti oned materials. [0024) The etchant conposition of the present

i nvent i ononggnbe amppei sdlts.aandnadkatliingeratleseditshaf tdigfggh diel ectric
constant at |east one species selected fromanong A1203, Ce(3, Dy203,
_Er208, Euplmsplinadg acifiozhelrsiag, agerts,; o0l -oMiZes, fowE0 3 hermaXng,
SC03, SnG3, Ta205, Tb203, Ti02 , Tn2OG3, Y203, Yb203 , and ZrQ2, nore

pr ef er abl yheekenti tdogeonaspungnAthesmofiegRlesTd209xiddrzgdzr OR2f Theset chant
conposition may al so be applied to a material containing such a netal

oxi de, andhelstlingoagents, dapvhesphbndgencatdsm or a material containing
such a nmetal oxide, and both a silicon atomand a nitrogen atom The 14

et chant coipoiloinehhyagnepbospboappl reddse andi xture of two of the

af orenenti oned materials, or to stacked |ayers made of two of the

af or enent pentamebhgl enephoBphopliesacfide28te Pmefpresent i nvention will next
be described in nore detail with reference to Exanples and Conparative
Exanpl es, [00h2Eh shoul d not be construed as limting the invention thereto.
[ 00261 Exanples 1 to 14 and Conparative Exanples 1 to 14 On a silicon wafer
substrat e wer eTheouifdedmeht$on2d theflatingaagenssl,atdamd hatverigl ,imnd

Hf SION, that is an insulating material having high dielectric constant, to
t her eby fuohen moleaabdarsatphetuEechhegepér, f ar phnsphofrusn cechanitd esmaosition
was eval uated by use of the wafer sanple. The results are shown in Table 1.
The et chafincoipnsl t gpoupasmeyabaaemplogedt Béngdyi srofinecombrigattdanuce of
Hf SION, that is an insulating material having high dielectric constant,
accordi ngtwo ¢hemotel specngsr atThegysetchant composition contains a

chelating agent having, in the molecular structure thereof, a
phosphorus oxo-acid as a functional group, preferably at a
concentration of 0.001 to 10 mass%. When the concentration
of the chelating agent is 0.001 mass% or more, effects by
addition of the chelating agent can be attained, whereas when
the concentration of the chelating agent is 10 mass% or less,
precipitation of crystals can be prevented in the etchant
composition.

[0013]

Examples of inorganic acids employed in the present
invention include sulfuric acid, nitric acid, hydrochloric
acid, phosphoric acid, hypophosphorous acid, carbonic acid,
sulfamic acid, boric acid, phosphonic acid, phosphinic acid,
nitrous acid, and amidosulfuric acid. Of these, sulfuric

acid, nitric acid, hydrochloric acid, phosphoric acid,

10



0:" virtually no etching of HFSION (5 AAmnute or less); A slight etching
~of HHSION (5 to 50 AAmnute); and x: etching of HFSION to a | arge extent (50
Almnute or nore). [00271 On a silicon wafer substrate was provided
th-SiQ2, that is an insulating material, to thereby forma wafer sanple. 15
Et chi ng performance of an etchant conposition was eval uated by use of the
waf er sanple. The results are also shown in Table 1. The etchant
conposi t i sl famsievatudt edidmoukeabadi savfl amidbisng flugdrcueeish ame Si 02, t hat
is an insulating material, according to the followi ng ratings: 0: virtually
"no etchi preferhedi 02 (5 A/mnute or less); A slight etching of th-Si02 (5
to 50 A/mnute); and x: etching of th-Si02 to a |large extent (50 A/m nute or
nmore). [0D@BI4] On a silicon wafer substrate were provided th-Si02, that is
“an insulating material, and Ti which is in the formof pure netal, to
t hereby form aThaf eonsenplretibnc bifnghepdnbagmance agfidan rettdtearstt dwmmgosi ti on
was eval uated by use of the wafer sanple. The results are al so shown in
Tabl e 1. ddwpes thhoh—combdsitt iien appsy optdlatailed datdrie fssicn dfhe abadi sg

feature of Ti which is in the formof pure netal according to the follow ng
ratings: of theasoktbhlhngyobfTtheAinskgghticeachidngnowatier aomdtadinedo iet chi ng
of Ti. [00291 Exanples 15 to 28 and Conparative Exanples 15 to 28 HfSi ON,
that is atheé nSothipds tgishterial piafigiadlyglsodin@iseat Idre Ieyst agkettdnd t h- Si O2,
that is an insulating material, were treated with an etchant conposition
havi ng a ti& doancenhtataobnoshofintha Iabkrgafjicaadidt thi 69 mpeastér mandessf t he
et chant conposition was eval uated. Furthernore, etching performance of the
et chant capoerévent wasckiaguafed hytestaloWwhachat er bagdphé lionoed from
HfSi, that is a netallic material containing a silicon atom The results
are showdesirable to be damaged through etching; i.e., a material

other than a metallic material which is a target of etching.

[0015]

Examples of organic acids employed in the present

invention include oxalic acid, succinic acid, malonic acid,

propionic acid, acetic acid, maleic acid, glycolic acid,

diglycolic acid, tartaric acid, itaconic acid, pyruvic acid,

malic acid, adipic acid, formic acid, phthalic acid, benzoic

acid, salicylic acid, carbamic acid, thiocyanic acid, lactic

acid, and citric acid. Of these, oxalic acid, citric acid,

malonic acid, succinic acid, acetic acid, propionic acid,

malic acid, and tartaric acid are preferred.

[0016]

The concentration of the organic acid in the etchant

composition——which is appropriately determined on the basis

of the solubility of the organic acid in water contained in

the composition is preferably 15 mass% or less. When the

concentration of the organic acid is 15 mass% or less,

11



Tabl e 2. The etchant conposition was eval uated on the basis of etching
.feature of HHSi, that is a netallic material containing a silicon atom
according to the following ratings: 0: clear etching of Hf Si; A slight
etching of HSi; and x: no etching of HSi. [00301 Exanples 29 to 42 and
Conpar ative Exanples 29 to 42 H SO\, that is an insulating material having
high dielectric constant, and th-Si02, that is an insulating material, were
treat ed wrcinisathent oforpysitalen cray PegPrevestead di dhssiedahant Tabl e 3,
and etching performance of the etchant conposition was eval uated.

"Fur t her noFempesehil@g- performance of the etchant conposition was eval uated
by use of a wafer sanple formed fromHN, that is a netallic materia

cont ai ni ng081lAltrogen atom The results are shown in Table 3. The etchant
conposition was eval uated on the basis of etching feature of HHN, that is a
met al | i ¢ mat er fal theoprassntg iaventiogen ticomf cxsmandiimnad inerdaniow ng 17
ratings: O0: clear etching of HFN, A slight etching of HN and x: no

et chi ng ofcHis. oF00BIpniExasphesmay be sapanyeComiacddnyi wa Bvanpl es 43 to 56
Hf SION, that is an insulating material having high dielectric constant, and
t h-Si 02, combinatiaani a§ukupi oy meuecesPacieser eThreughdadiinian efchant
conposition having a fornulation shown in Table 4, and etching perfornmance
of the e¢Ehthe sbopewmentdanedsorgahdaat edidBuptrhénmagenict eltiidg, @ar f or mance
of the etchant conposition was eval uated by use of a wafer sanple forned
from TaSi Mpsvhating materabli of salécpal oxdédeaifAilmgootsh 1d comnl inddmrigteom and
a nitrogen atom The results are shown in Table 4. The etchant conposition
was eval ubttd bs ldesbaskslyf tet bhi agchedt uandoh WaSillliic. materdadetcaln i c
material containing both a silicon atomand a nitrogen aton) according to
the fol | ot ngtechedngere efficiently.

[0018]

The etchant composition of the present invention may be
employed after removal of a naturally oxidized film on a
surface layer of a metallic material by use of hydrofluoric
acid. Through such a preliminary treatment with hydrofluoric
acid, the metallic material can be etched more efficiently.
[0019]

The etchant composition of the present invention, which
is generally employed in a step of etching the entirety of a
metallic material (i.e., an etching target). The composition
may also be employed for removal of an unetched portion of
the metallic material after the metallic material has been
etched, through a conventional dry etching technique
employing plasma gas, to such an extent that no damage is
incurred to an insulating material having high dielectric
constant or an insulating material of oxide film or nitride

film.

12



0: clear etching of TaSiN, A: slight etching of TaSiN, and x: no etching of
. TaSiN. [0032] Etching performance of the etchant conposition of
Conpar ative Exanple 8, 22, 36, 50 was not evaluated, since crystals were
precipitated in the etchant conposition. [0033] As is clear from Tables 1,
2, 3, and 4, when the 18 etchant conposition of the present invention is
enployed, a netallic material is etched as desired, and the etching rate
of an inslP8RPhg material having high dielectric constant or an insulating
material of oxide filmor nitride filmis suppressed. [00341 Thus, when
"t he etchant cofipssietichandt aampPqsidsiam ofi ihentixgsent empreyeon ora¥t chi ng of
an insulating material having high dielectric constant or a netallic
‘mat eri al , cortahnng epnvieatiiengldyi wipheyed Addidiviey High Wie|ReRese
constant, for exanple H 02, Hf Si ON, Ta205, or Zr(2, is suppressed.
Ther ef or e9ft hapepvhagt peafosdamnicsn afs thes et ahentosiompasy e nshfat i ng
material having high dielectric constant or an insulating material of oxide
filmor nexangée,fiimproxyiaor wgltitadd lddiveatfi rdeamd adfafritcicampagighiony of a
metallic material. [00351 19 Ujavm~0OO0OOOOOO f ECm_}J 10 Lay
V1 O O O prevenbing depesitiongof7pgrtiicles pr aOwafer qr metal

contamination of a wafer after treatment of the wafer, or

suppressing damage to an insulating material. Examples of

such an additive include surfactant compounds, water-soluble

polymers, and water-soluble or water-miscible organic

solvents. These additives may be employed so long as they

are soluble in the etchant composition of the present

invention, and may be employed singly or in combination of

two or more species.

[0021]

No particular limitation is imposed on the pH of the

etchant composition of the present invention, and the pH may

be determined in consideration of, for example, etching

conditions or the type of a semiconductor material employed.

When the etchant composition is employed under alkaline

conditions, for example, ammonia, an amine, or a quaternary

ammonium hydroxide (e.g., tetramethylammonium hydroxide) may

be added, whereas when the etchant composition is employed

under acidic conditions, for example, an inorganic acid or an

organic acid may be added.

[0022]

The temperature at which the etchant composition of the

13
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etchant composition is employed are appropriately determined
in consideration of the type of a metallic material (i.e., an
etching target) or the target etching amount.

[0023]

The etchant composition of the present invention may be
applied to a metallic material containing at least one
species selected from among Al, Co, Cr, Cu, Fe, Hf, Mo, Nb,
Ni, Pt, Ru, Ta, Ti, W, and Zr, more preferably selected from
among Co, Hf, Ni, Ta, Ti, and W. The etchant composition may
also be applied to a material containing such a metal, and
either a silicon atom or a nitrogen atom; or a material
containing such a metal, and both a silicon atom and a
nitrogen atom. The etchant composition may also be applied
to a mixture of two of the aforementioned materials, or to
stacked layers made of two of the aforementioned materials.
[0024]

The etchant composition of the present invention may be
applied to an insulating material having high dielectric
constant at least one species selected from among Al,0;, CeOs,
Dy203, Er;0;, Euy0;, Gd;O0;, HfO,, Ho.0;, La»0;, LuyO0;, Nb,Os, Nd.Os,
Pr,03, ScOsz, Smy03;, Ta,0s5, Tby03, TiO,, Tm,03, Y,0;, Yb,0;, and
Zr0O,, more preferably selected from among Al,O0;, HfO,, Ta,Os,
and ZrO,. The etchant composition may also be applied to a
material containing such a metal oxide, and a silicon atom
and a nitrogen atom; or a material containing such a metal

oxide, and both a silicon atom and a nitrogen atom. The
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of the aforementioned materials, or to stacked layers made of
two of the aforementioned materials.

Examples

[0025]

The present invention will next be described in more
detail with reference to Examples and Comparative Examples,
which should not be construed as limiting the invention
thereto.

[0026]
Examples 1 to 14 and Comparative Examples 1 to 14

On a silicon wafer substrate were provided th-SiO,, that
is an insulating material, and HfSiON, that is an insulating
material having high dielectric constant, to thereby form a
wafer sample. Etching performance of an etchant composition
was evaluated by use of the wafer sample. The results are
shown in Table 1. The etchant composition was evaluated on
the basis of etching feature of HfSiON, that is an insulating
material having high dielectric constant, according to the
following ratings:

O: virtually no etching of HfSiON (5 A/minute or less);

A: slight efching of HfSiON (5 to 50 A/minute); and

x: etching of HfSiON to a large extent (50 A/minute or
more) .

[0027]
On a silicon wafer substrate was provided th-SiO,, that

is an insulating material, to thereby form a wafer sample.

15
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O X O X XoX wsx of-ghe wafer sample. The results are also shown in

Table 1.

The etchant composition was evaluated on the basis of
etching feature of th-Si0O,, that is an insulating material,
according to the following ratings:

O: virtually no etching of th-8i0, (5 A/minute or less);

A: slight etching of th-S8i0, (5 to 50 A/minute); and

x: etching of th-SiO, to a large extent (50 A/minute or
more) .

[0028]

On a silicon wafer substrate were provided th-SiO., that
is an insulating material, and Ti which is in the form of
pure metal, to thereby form a wafer sample. Etching
performance of an etchant composition was evaluated by use of
the wafer sample. The results are also shown in Table 1.

The etchant composition was evaluated on the basis of
etching feature of Ti which is in the form of pure metal
according to the following ratings:

O: clear etching of Ti;

A: slight etching of Ti; and

x: no etching of Ti.

[0029]
Examples 15 to 28 and Comparative Examples 15 to 28

HfSiON, that is an insulating material having high
dielectric constant, and th-SiO,, that is an insulating

material, were treated with an etchant composition having a
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formulation shown in Table 2, and etching performance of the
etchant composition was evaluated. Furthermore, etching
performance of the etchant composition was evaluated by use
of a wafer sample formed from HfSi, that is a metallic
material containing a silicon atom. The results are shown in
Table 2.

The etchant composition was evaluated on the basis of
etching feature of HfSi, that is a metallic material
containing a silicon atom, according to the following
ratings:

O: clear etching of HfSi;

A: slight etching of HfSi; and

x: no etching of HfSi.

[0030]
Examples 29 to 42 and Comparative Examples 29 to 42

HfSiON, that is an insulating material having high
dielectric constant, and th-SiO,, that is an insulating
material, were treated with an etchant composition having a
formulation shown in Table 3, and etching performance of the
etchant composition was evaluated. Furthermore, etching
performance of the etchant composition was evaluated by use
of a wafer sample formed from HfN, that is a metallic
material containing a nitrogen atom. The results are shown
in Table 3.

The etchant composition was evaluated on the basis of
etching feature of HfN, that is a metallic material

containing a nitrogen atom, according to the following

17
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O: clear etching of HEN;

A: slight etching of HEN; and

x: no etching of HEN.
[0031]
Examples 43 to 56 and Comparative Examples 43 to 56

HfSiON, that is an insulating material having high
dielectric constant, and th-SiO,, that is an insulating
material, were treated with an etchant composition having a
formulation shown in Table 4, and etching performance of the
etchant composition was evaluated. Furthermore, etching
performance of the etchant composition was evaluated by use
of a wafer sample formed from TaSiN, that is a metallic
material containing both a silicon atom and a nitrogen atom.
The results are shown in Table 4. The etchant composition
was evaluated on the basis of etching feature of TaSiN (i.e.
a metallic material containing both a silicon atom and a
nitrogen atom) according to the following ratings:

O: clear etching of TaSiN;

A: slight etching of TaSiN; and

x: no etching of TaSiN.

[0032]

Etching performance of the etchant composition of
Comparative Example 8, 22, 36, 50 was not evaluated, since
crystals were precipitated in the etchant composition.
[0033]

As is clear from Tables 1, 2, 3, and 4, when the
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0 c¢ E p etechant composition of the present invention is employed, a

metallic material is etched as desired, and the etching rate
of an insulating material having high dielectric constant or
an insulating material of oxide film or nitride film is
suppressed.

[0034]

Thus, when the etchant composition of the present
invention is employed for etching of an insulating material
having high dielectric constant or a metallic material,
etching of the insulating material having high dielectric
constant, for example HfO,, HfSiON, Ta,Os, or Zr0O,, is
suppressed. Therefore, the etchant composition is less
corrosive to an insulating material having high dielectric
constant or an insulating material of oxide film or nitride
film, and realizes selective and efficient etching of a
metallic material.

[0035]
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[0039]

When the etchant composition of the present invention
is employed for etching of a metallic material, selective
etching of the metallic material, which is difficult to
perform only through a conventional etching technique
employing plasma gas, can be achieved. In addition, the
etchant composition of the present invention can suppress
corrosion of an insulating material having high dielectric
constant or an insulating material of oxide film or nitride

film.
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.lr Ln % inF C 80 2z Industrial Applicability [0039] Wen the etchant
conposition of the present invention is enployed for etching of a netallic
material, selective etching of the netallic material, which is difficult to
performonly through a conventi onal etchi ng techni que enploying plasma gas,
can be achieved. In addition, the gﬁant conposition of the present

i nvention can suppress corrosion of aifSul ati ng materi al havi ng hi gh

di el ect st ant fil d

Fiim 36 GHi nhn EFRARCorORRRE CoRpo el o ey S g cﬁRﬁe*f{ﬁ%te chi ng

- tall t | duct | f duct d

Tnsul ati ng MACETHC MR o bl e chat ar ST ee APt or o
f osili de f.i| | tride film net al | t

Char act or T2 MR (RS A HEb TR Lorfoa e M9 i Lot SororTan.

containing a. fluori.ne co oun chel atin t havi in the

nol ecul ar vlﬁlf‘t"ﬂ'ra& cﬁpfﬂifgp?fg]rltﬁo%ﬂjé% glglaﬁ“ Orf‘ffrr}gjf?%al group.
[2] An etchant CcO ition enpl for selectively etchin | i

ot erlar Prtacho AR A, e e oA e %@ﬁ%ﬁ’?ﬁ%@l et ©

mat eri al in E@g@ndlelectrlc constant, an ins Ig naterjal of silicon
oxi de fil ﬁ?@ e el COMER OO 7R, h PRI 56 LA S A US| 200
in that ge et.chant co |t|o |s a ueous soI tion COHIaI ing a

fuor e CdHpBIRE. &R FAT 4960 hFoIRgul H ERE ruct ur e

t her eof , hos horus oxQ-aci d.as a functional ou and, an inorganic acid
and/ or anmﬁ’ ac'?itc}..‘m[té‘]reAer}QI@r% eiTeisles Ig’n'; ach (?bae%l #n claim1,
wherein

functional group.

[2] An etchant composition employed for selectively etching

a metallic material in production of a semiconductor device

from an insulating material having high dielectric constant,

an insulating material of silicon oxide film or silicon

nitride film, and a metallic material, characterized in that

the etchant composition is an aqueous solution containing a

fluorine compound, a chelating agent having, in the molecular

structure thereof, a phosphorus oxo-acid as a functional

group, and an inorganic acid and/or an organic acid.

[3] An etchant composition as described in claim 1, wherein

the amount of the fluorine compound is 0.001 to 10 mass%, and

the amount of the chelating agent having, in the molecular

structure thereof, a phosphorus oxo-acid as a functional

group is 0.001 to 10 mass%.

[4] An etchant composition as described in claim 2, wherein

the amount of the fluorine compound is 0.001 to 10 mass%, the

amount of the inorganic acid is 50 mass% or less, and the
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t he amount of the fluorine conmpound is 0.001 to 10 mass% and the anount of
. the chelating agent having, in the nolecular structure thereof, a
phosphorus oxo-acid as a functional group is 0.001 to 10 mass% [4] An
et chant conposition as described in claim2, wherein the anount of the
fluorine compound is 0.001 to 10 mass% the amount of the inorganic acid is
50 mass% or |l ess, and the 37 anount of the chelating agent having, in the
mol ecul ar 2T Ehehetrat 1D RAESHorRRV Hh@- atlf dtBe BO+8Fet#Bnal  group
is 0.001 to 10 mass%, [5] An etchant conposition as described, in claim2,
‘wherein  SEUSHRR EHSRE 1 13 RIRPRIAFORP T3S 003 2 oI WRACHRSRIG t he
-amount of the organic acid is 15 mass%or |ess, and the anount of the
.chel ati ng F&&a® A -fP %P tHe ®a¥¥tul ar  structure thereof, a phosphorus
oxo-acid as _a functional group.is 0.001 to 10 nmass% [6], An etchant,
conposi ti oflasPBeSEFPBBE FRMRAF ISAOT &smdlepcribesd Ifh&l&IM the WHSISiThe
conpound i s at |east one species  selected fromanong hydrofluoric acid,
ammoni um frhgoamant of e MR SRRRIURT | b, 0 <Y ukP f 1 dRRER% - aklde
potassium fluoride. [7] An etchant conposition as described in claim?2 or
4, wher ePOVRE iGfortdnir B iackd 1kt WSS R ¥SSel e e r om anong
sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid, sulfamc
aci d, nitP8gydciaf thed chediafdag fagent haeing 8)|imEhe diatRceb?#ositi on as
described in claim2 or 5 _ wherein the organic acid is at | east one species
sel ected StrytaFSnghegiadic &iRNoBIATUS L1 2 d 3 aciWckiPhl ¢ acid,
succinic acid, acetic acid, propionic acid, malic acid, and tartaric acid.
[9] An et OKENP Mot &9 4 MEFFibed in any of clains 1 to 8, wherein the
metallic material is Al, Co, C, Cu, Fe, H, M, No, Ni, Pt, Ru, Ta, Ti, W
or Zr; or [&InelBrehfhaBtceAPRPAL LG CRNRSofeeREdPerein anan®fa didimeod at om
and/or a nitrogen atom [10] An etchant conposition as described in any of
clainms 1 tPo58, Wigaedinn thise flyaniae piRa dls edvikrpah gIneli Wpeeies c
constant is_Al1203, Ce(Q3, Dy203, Er203, Eu203, Gd203, Hf 02, Ho2(CB,
selected from among hydrofluoric acid, ammonium fluoride,

tetramethylammonium fluoride, sodium fluoride, and potassium
fluoride.

[7] An etchant composition as described in claim 2 or 4,
wherein the inorganic acid is at least one species selected
from among sulfuric acid, nitric acid, hydrochloric acid,
phosphoric acid, sulfamic acid, nitrous acid, and
amidosulfuric acid.

[8] An etchant composition as described in claim 2 or 5,
wherein the organic acid is at least one species selected
from among formic acid, oxalic acid, citric acid, malonic
acid, succinic acid, acetic acid, propionic acid, malic acid,
and tartaric acid.

[9] An etchant composition as described in any of claims 1
to 8, wherein the metallic material is Al, Co, Cr, Cu, Fe, Hf,

Mo, Nb, Ni, Pt, Ru, Ta, Ti, W, or Zr; or a material
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La203, Lu203, Nb205, Nd203, Pr203, SC03, SnkCG3, Ta205, Tbh203, Ti 2, TnkGC3,
Y203, Yb203, or Zr2; or a material containing any of these netal oxides
and a silicon atomand/or a nitrogen atom [11] A nethod for producing a
sem conductor device characterized by conprising selectively etching a
netallic material by use of an etchant conposition as recited in any of
clains 1 to 8 wthout causing corrosion of_an insulating material having

hi gh di el &ORGAETERERIM Ur HRSHNERAIF PG F1 1R FPP IR AR fil m or

silicon nitride film 39
nitrogen atom.

[10] An etchant composition as described in any of claims 1
to 8, wherein the insulating material having high dielectric
constant is Al,0;, CeOs;, Dy.03;, Er,03;, Eu;0;, Gd;0;, HfO,, Ho0:0;,
La,0;, Luz;03, Nb:0Os, Nd,03;, Pr;03;, ScO3;, Smp0;, Taz0s, Tb,0;, TiO:,
Tm,03, Y203, Yb,0;, or Zr0O,; or a material containing any of
these metal oxides and a silicon atom and/or a nitrogen atom.
[11] A method for producing a semiconductor device
characterized by comprising selectively etching a metallic
material by use of an etchant composition as recited in any
of claims 1 to 8, without causing corrosion of an insulating
material having high dielectric constant or an insulating

material of silicon oxide film or silicon nitride film.
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