
Specification  Etching Composition for Metal Material and Method for
Manufacturing Semiconductor Device by using same  Technical Field [00011
The present invention relates to an etchant composition  employed for
selectively and efficiently 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; and to a method for producing  a
semiconductor device by use of the etchant composition.  Background Art
[00021  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. [00031  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 1 insulating material having high
dielectric constant, A1203,  HfO2, a rare earth element oxide, for example
Y203 and ZrO2,  or a lanthanoid oxide. When such an insulating material
having high dielectric constant is employed for forming a  gate insulating
layer, even if the length of the gate is  reduced, the thickness of the gate
insulating layer can be  controlled to such a level that prevents tunnel
current,  while the capacitance of the gate insulating layer is  maintained
on the basis of the scaling law. [00041  In order to reduce problematic
signal delay or reduction of 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.
[00051  Production of a semiconductor device from such an  insulating
material having high dielectric constant, an  2 insulating material of
silicon oxide film or silicon nitride  film, and a metallic material
requires a step of selectively  etching the metallic material. For example,
in a process of  patterning a metallic material only in a first gate region
of  a dual gates transistor, an insulating material having high  dielectric
constant and the metallic material are deposited  on an insulating material,
followed by a step of etching only  the metallic material within a second
gate region. When a  conventional dry etching technique employing plasma gas
is  applied to this etching step, etching selectivity fails to be  attained
between the metallic material, the insulating  material and the insulating
material having high dielectric  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  [00061 The present invention relates to an
etchant employed  3 



for selectively and efficiently etching a metallic material  in production
of a semiconductor device from an insulating  material having high
dielectric constant, an insulating  material of oxide film or nitride film,
and a metallic  material, which materials are essential for reduction of
tunnel current, reduction of signal delay, and enhancement of  driving force
in the semiconductor device. An object of the  present invention is to
provide an etchant composition for  selectively and efficiently etching a
metallic material while  reducing corrosion to an insulating material having
high  dielectric constant or an insulating material of oxide film  or
nitride film. [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 4 present invention has been
accomplished on the basis of these  findings. Accordingly, the present
invention is directed to an  etchant composition for a metallic material,
and a method for  producing a semiconductor device by use of the etchant
composition, which are described below. [0008]  1. 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, 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  5 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 2 above, 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  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%. 5. An etchant composition as described in 2 above, wherein  the
amount of the fluorine compound is 0.001 to 10 mass%, the  amount of the
organic acid is 15 mass% or less, 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%. 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. S. An etchant composition as described in 2 or 5 above,



wherein the organic acid is at least one species selected  6 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 1 to 8 above,  wherein the metallic
material is Al, Co, Cr, Cu, Fe, Hf, Mo,  Nb, Ni, Pt, Ru, Ta, Ti, W, or Zr;
or a material containing  any of these metals and a silicon atom and/or a
nitrogen atom.  10. An etchant composition as described in any of 1 to 8
above, wherein the insulating material having high dielectric  constant is
A1203, CeO3, Dy203, Er203, Eu2O3, Gd203, Hf02, Ho2O3,  La203, Lu2O3, Nb2O5,
Nd203, Pr203, SC03, Sm2O3, Ta205, Tb203, TiO2,  Tm2O3, Y203, Yb203, or ZrO2;
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 7 fluoroborate, monoethanolamine hydrofluoride,
methylamine  hydrofluoride, ethylamine hydrofluoride, propylamine
hydrofluoride, tetramethylammonium fluoride,  tetraethylammonium fluoride,
triethylmethylammonium fluoride,  trimethylhydroxyethylammonium fluoride,
tetraethoxyammonium  fluoride, and methyltriethoxyammonium fluoride; and
metal- fluorine compounds such as lithium fluoride, sodium fluoride,  acidic
sodium fluoride, potassium fluoride, acidic potassium  fluoride, potassium
fluorosilicate, potassium  hexafluorophosphate, magnesium fluoride, calcium
fluoride,  strontium fluoride, barium fluoride, zinc fluoride, aluminum  



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 massl. 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. 8 [0011]  Examples of chelating agents
employed in the present invention, each of which has, in the molecular
structure  thereof, a phosphorus oxo-acid as a functional group, include
phosphonic acid chelating agents such as methyldiphosphonic  acid,
aminotrismethylenephosphonic acid, 1-hydroxyethylidene- 1,1-diphosphonic
acid, ethylaminobismethylenephosphonic acid,
dodecylaminobismethylenephosphonic acid, nitrilotrismethylenephosphonic
acid,  ethylenediaminebismethylenephosphonic acid,
ethylenediaminetetrakismethylenephosphonic 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 9 phosphinic acid group in
the molecule thereof; ammonium salts,  organic amine salts, and alkali metal
salts of these  phosphinic acid chelating agents; and N-oxide forms thereof,
whose nitrogen atom in the molecules is oxidized. Of these  chelating
agents, diphosphonic acids,  nitrilomethylenephosphonic acids, and
pentamethylenephosphonic acids are preferred. [00121  The aforementioned
chelating agents, each having, in  the molecular structure thereof, a
phosphorus oxo-acid as a  functional group, may be employed singly or in
combination of  two or more species. The etchant 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 masss or less,
precipitation of crystals can be prevented in the etchant  composition.
[00131  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 sulfamic
acid, nitrous acid, and amidosulfuric acid are  preferred. [0014]  The
concentration of the inorganic acid in the etchant  composition-which is
appropriately determined on the basis  of the solubility of the inorganic
acid in water contained in  the compositionis preferably 50 mass% or less.
Setting  the concentration of the inorganic acid to 50 mass% or less  can
prevent etching of a material which is basically not  



desirable 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 compositionis preferably 15 mass% or less. When
the  concentration of the organic acid is 15 mass% or less, 11 precipitation
of crystals can be prevented in the etchant  composition. [0017]  In the
present invention, the aforementioned inorganic  acids or organic acids may
be employed singly or in  combination of two or more species. Through
addition of any  of the aforementioned organic acids or inorganic acids, an
insulating material of silicon oxide film or silicon nitride  film is less
likely to be etched, and a metallic material can  be etched more
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 [00201  The etchant composition of the present invention
may contain a conventionally employed additive, for the purpose  of
improving performance of the etchant composition; for  example, improving
wettability of the etchant composition,  preventing deposition of particles
on a wafer or 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 present invention is
employed, and the time for which the  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 A1203, CeO3,  Dy203,
Er2O3, Eu2O3, Gd203 , Hf02 , Ho2O3, La203, Lu2O3, Nb2O5, Nd203,  Pr203,
SC03, Sm2O3, Ta205, Tb203, Ti02 , Tm2O3, Y203, Yb203 , and  ZrO2, more
preferably selected from among A12O3, Hf02 , Ta205,  and ZrO2. 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 14
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. Examples  [00251  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.
[00261  Examples 1 to 14 and Comparative Examples 1 to 14 On a silicon wafer
substrate were provided th-Si02, 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: 



0: virtually no etching of HfSiON (5 A/minute or less);  A: slight etching
of HfSiON (5 to 50 A/minute); and x: etching of HfSiON to a large extent (50
A/minute or  more). [00271  On a silicon wafer substrate was provided
th-SiO2, that  is an insulating material, to thereby form a wafer sample. 15
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 th-Si02, that
is an insulating material,  according to the following ratings: 0: virtually
no etching of th-Si02 (5 A/minute or less);  A: slight etching of th-Si02 (5
to 50 A/minute); and x: etching of th-Si02 to a large extent (50 A/minute or
more). [00281  On a silicon wafer substrate were provided th-Si02, 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: 0: clear etching of Ti; A: slight etching of Ti; and  x: no etching
of Ti. [00291  Examples 15 to 28 and Comparative Examples 15 to 28  HfSiON,
that is an insulating material having high dielectric constant, and th-SiO2,
that is an insulating  material, were treated with an etchant composition
having a  16 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: 0: clear etching of HfSi; A: slight
etching of HfSi; and  x: no etching of HfSi. [00301  Examples 29 to 42 and
Comparative Examples 29 to 42  HfSiON, that is an insulating material having
high dielectric constant, and th-Si02, 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
ratings:  0: clear etching of HfN; A: slight etching of HfN; and  x: no
etching of HfN. [0031]  Examples 43 to 56 and Comparative Examples 43 to 56
HfSiON, that is an insulating material having high dielectric constant, and
th-Si02, 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: 



0: 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  18 etchant 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. [00341  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 Hf02, HfSiON, Ta205, or ZrO2, 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. [00351 19 U ja v m ~ O O O O O O O  f E C m  }J 1 0  Lay
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Ir Ln %D  in F  C. 8 0  z Industrial Applicability  [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. 36 Claims  [1] 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, 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 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 37 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%. [5] 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 organic acid is 15 mass% or less, 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%. [6] An etchant
composition as described in any of claims 1  to 5, 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 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 38 containing any of these metals and a silicon atom
and/or a  nitrogen atom. [10] An etchant composition as described in any of
claims 1  to 8, wherein the insulating material having high dielectric
constant is A12O3, CeO3, Dy203, Er203, Eu203, Gd203, Hf02, Ho2O3,  



La203, Lu2O3, Nb2O5, Nd203, Pr203, SC03, Sm2O3, Ta205, Tb203, TiO2,  Tm2O3,
Y203, Yb203, or ZrO2; 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. 39 




