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DESCRIPTION

Title of Invention
ETCHING SOLUTION FOR TITANIUM-BASED METAL, TUNGSTEN-BASED
METAL, TITANIUM/TUNGSTEN-BASED METAL OR THEIR NITRIDES

Technical Field
The present invention relates to an etching solution

for titanium-based metals, tungsten-based metals,
titanium/tungsten-based metals, or their nitrides. In
particular, the invention relates to an etching solution
with excellent selective etching properties for titanium-—
based metals, tungsten-based metals, titanium/tungsten-
based metals or their nitrides, with respect to metals
other than titanium-based metals, tungsten-based metals
and titanium/tungsten-based metals.

Background Art

Titanium metal (Ti), titanium nitride (TiN) and
titanium alloys, as titanium-based metals, are utilized
for semiconductor devices, liquid crystal displays, MEMS
(Micro Electro Mechanical Systems), printed wiring boards
and the like, and as ground layers and cap layers for
precious metal, aluminum (Al) and copper (Cu) wiring. In
semiconductor devices, they are also used as barrier
metals and gate metals.

Methods of treatment with hydrofluoric acid/nitric
acid mixtures and hydrogen peroxide/hydrofluoric acid
mixtures are known for common titanium-based metal
etching, but because these contain hydrofluoric acid,
they introduce the drawback of corrosion of silicon
substrates and glass substrates as well. Another problem
is that metals in the devices that are prone to
corrosion, such as Al wirings, also undergo etching.

Hydrogen peroxide/ammonia/EDTA
(ethylenediaminetetraacetic acid) mixtures and hydrogen
peroxide/phosphate mixtures have been disclosed as means
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of overcoming the drawbacks of such solutions (PTL 1 and
2). However, these have low titanium-based metal etching
rates, while decomposition of hydrogen peroxide is rapid,
making stable etching impossible, and therefore etching
solutions comprising hydrogen peroxide/phosphoric
acid/ammonia mixtures have been proposed as modifications
of such solutions (PTL 3). With such etching solutions,
however, the etching rate is improved but intense foaming
of the etching solution causes attachment of bubbles onto
the substrate surface, and etching does not proceed at
the bubble-attached parts. BAnother problem is the low
etching rate dee to foaming and decomposition of the
hydrogen peroxide water. Such mixtures are used with
adjustment to a designated pH with ammonia, but even
slight differences in pH alter the etching rate and
foaming condition, and can be problematic from the
viewpoint of stability of the etching conditions.

There is also disclosed a semiconductor cleaning
solution comprising an organic acid ammonium salt in
hydrogen peroxide/ammonia/water, as a hydrogen peroxide-
containing cleaning solution (PTL 4). However, the
semiconductor cleaning solution is a cleaning solution
that removes extraneous contaminant such as fine
particles adhering to the . substrate in the semiconductor
production process, and although it is stated that the
difference in etching rates between doped oxide films and
non-doped oxide films is minimal, nothing at all is
mentioned regarding etching of titanium-based metals. 1In
PTL 5 there is disclosed a composition for removal of
resist residue, comprising hydrogen
peroxide/carboxylate/water. The purpose of the
composition is removal of resist residue after ashing of
the resist, and it is not intended for etching of
titanium-based metals.

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

layers, or for filling of contact holes or via holes in
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liquid crystal displays and semiconductor devices. They
are also used as tungsten heaters in MEMS (Micro Electro
Mechanical Systems).

Tungsten or tungsten alloys are usually formed into
films by CVD or sputtering. When films are formed by
these methods, however, they also adhere on substrate
(wafer) back sides, on substrate (wafer) edges, on the
external walls of film-forming apparatuses and in exhaust
pipes, in addition to the actual element-forming areas in
the semiconductor devices, and they peel off and cause to
produce extraneocus material on the element-forming areas.
This is sometimes countered by removing the unwanted film
with an etching solution. 1In addition to measures
against extraneous material, it is preferable to employ
highly productive wet etching instead of dry etching for
tungsten or tungsten alloys in the production steps of
semiconductor devices, liquid crystal display apparatuses
and MEMS devices. Wet etching is particularly suitable
for liquid crystal displays and MEMS devices which do not
require the same level of working precision as
semiconductor devices.

Mixtures of hydrofluoric acid and nitric acid are
widely known as etching sclutions and removing solutions
for tungsten-based metals (Non-PTL 1, for example), but
these are not preferred because silicon substrates or
silicon dioxide films and glass substrates also dissolve.
Another problem is that metals that are prone to
corrosion, such as Al wirings, in the devices are also
etched. Hydrogen peroxide water-based etching solutions
are also known from PTL 6-9, for example, and PTL 9
summarizes in detail the problems of conventional
hydrogen peroxide-based etching solutions. According to
this publication, the etching speed is slow and the pH
varies as tungsten dissolves, resulting in a variable
etching rate and poor etching selectivity. 1In addition,
it is stated that dissolution of tungsten drastically
increases the hydrogen peroxide decomposition rate. A
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mixture of azole added to hydrogen peroxide is disclosed

as a solution for this problem (PTL 8), but inhibition of

hydrcgen peroxide decomposition is still insufficient,
and the etching rate is not stable. Thus, no practical

hydrogen peroxide water-based etching solution yet exists

which has a stable tungsten etching rate, high tungsten
etching selectivity and a long solution life.

Prior Art Reference

Patent literature

PTL 1 Japanese Unexamined Patent Publication No. 08-
013166

PTL 2 Japanese Unexamined Patent Publication No. 2000-
311891

PTL 3 Japanese Unexamined Patent Publication No. 2005-
146358

PTL 4 Japanese Unexamined Patent Publication No. 10-
284452

PTL 5 Japanese Unexamined Patent Publication No. 2005-
183525

PIL 6 Japanese Unexamined Patent Publication SHO No. 62-
143422

PTL 7 Japanese Unexamined Patent Publication No. 8-250462

PTL 8 Japanese Unexamined Patent Publication No. 2002-
53984

PTL 92 Japanese Unexamined Patent Publication No. 2004-
31791

Non-patent literature

Non-PTL 1: Sakamoto, M., ed., Shima, K., publ.,
"Semiconductor Production Process Materials and
Chemicals", September 30, 2006, 1st Edition, p.l44.

Summary of the Invention

Problems to be Solved by the Invention

The invention, which overcomes the problems
mentioned above, provides an etching solution for
titanium-based metals, tungsten-based metals,
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titanium/tungsten-based metals or their nitrides, which
reduces non-uniform etching of targets to be etched and
has a stable etching rate, by minimizing foaming of the
etching solution during etching. In addition, it
provides an etching solution with no corrosion of
substrates and with excellent selective etching
properties for titanium-based metals, tungsten-based
metals, titanium/tungsten-based metals or their nitrides,
with respect to metals other than titanium-based metals,
tungsten-based metals and titanium/tungsten-based metals.

Means for Solving the Problems

As a result of much diligent research directed
toward solving the aforementioned problems, the present
inventors have found that using an aqueous solution
comprising hydrogen peroxide and an organic acid salt can
minimize foaming of the etching solution and reduce non-
uniform etching of targets to be etched, and can
stabilize the etching rate. It was further found that
using an etching solution of the invention allows
selective etching of titanium-based metals, tungsten-
based metals, titanium/tungsten-based metals or their
nitrides, without etching of other metals such as nickel,
copper or aluminum or base materials (glass, silicon,
silicon oxide, silicon nitride), and the present
invention has been completed upon this finding.

Specifically, the invention comprises the following
aspects, for example.

[L] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, which comprises 10-40 mass% hydrogen
peroxide, 0.1-15 mass$% of an organic acid salt, and
water.

[2] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, which consists of 10-40 mass% hydrogen
peroxide, 0.1-15 mass% of an organic acid salt, and
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water.

[3] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
thelr nitrides, according to [1], which further comprises
0.005-4.5 mass% ammonia.

(4] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of [1] to [3,
wherein the organic acid salt is at least one selected
from among ammonium salts of citric acid, formic acid,
oxalic acid, acetic acid, tartaric acid, benzoic acid and
succinic acid.

[5] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to [4], wherein the ammonium
salt of an organic acid is at least one selected from
among diammonium hydrogen citrate, triammonium citrate,
ammonium oxalate, ammonium formate and ammonium acetate.

[6] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of [1] to (51,
wherein the ratio of the etching rate for titanium-based
metals or their nitrides to that for Al, Ni, Cu, Cr, Ru,
Ta, Si or alloys composed mainly of these elements, is at
least 20.

(7] An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of [1l} to [57,
wherein the ratio of the etching rate for titanium-based
metals or their nitrides to that for glass, silicon,
silicon oxide or silicon nitride, is at least 20.

[8] A method for producing an electronic device,
which comprises a step of etching a titanium-based metal,
tungsten-based metal, titanium/tungsten-based metal or a
nitride thereof using an etching solution according to
any one of [1l] to [7].
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Effect of the Invention
The etching solution of the invention has an

excellent selective etching property for titanium-based
metals, tungsten-based metals, titanium/tungsten-based
metals or their nitrides, with respect to metals other
than titanium-based metals, tungsten-based metals and
titanium/tungsten-based metals, or base materials {glass,
silicon, silicon oxide}, as well as little foaming, and
therefore using the etching solution of the invention
allows uniform etching to be accomplished for titanium-
based metals, tungsten-based metals, titanium/tungsten-
based metals or their nitrides.

Brief Description of the Drawings

Fig. 1 is a graph showing the change in titanium
etching rate with time for etching solutions having the
compositions of Example 1 and Comparative Example 3,

Fig. 2 is a photograph showing the foamed state of a
Ti film-attached sample piece when dipped in the etching
solution of Example 1.

Fig. 3 is a photograph showing the foamed state of a
Ti film-attached sample piece when dipped in the etching
solution of Comparative Example 3.

Fig. 4 is a graph showing the change in
titanium/tungsten (TiwW) etching rate with time for
etching solutions having the compositions of Example 12
and Comparative Example 2.

Modes for Carrying Out the Invention

The invention will now be explained in greater
detail.

The etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to the invention, comprises an
aqueous solution containing hydrogen peroxide and an
organic acid salt.

The hydrogen peroxide is present in the etching
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solution at 10-40 mass%, more preferably 15-35 mass% and
even more preferably 20-35 mass%. If the hydrogen
peroxide concentration is lower than 10 mass%, the
etching rate for titanium, tungsten or titanium/tungsten
alloys will be reduced, making it impractical. If the
hydrogen peroxide concentration is higher than 40 mass%,
on the other hand, more hydrogen peroxide will decompose,
likewise making it impractical.

The organic acid salts useful for the invention are
not particularly limited, but when an organic acid salt
is used for production of an electronic device such as a
semiconductor which is preferably void of metal
impurities, it is more preferred to use an ammonium salt.

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

The organic acid salt is not particularly
restricted, and may be a salt of citric acid, formic
acid, oxalic acid, acetic acid, tartaric acid, succinic
acid, malic acid, maleic acid, malonic acid, glutaric
acid, adipic acid, D-glucanic acid, itaconic acid,
citraconic acid, mesaconic acid, 2-oxoglutaric acid,
trimellitic acid, endothall, glutamic acid,
methylsuccinic acid, citramalic acid or the like. As a
result of evaluating etching properties for titanium-—
based metals, tungsten-based metals or their nitrides,
the present inventors have found that neutral etching
solutions rather than acidic ones tend to have higher
etching rates. An organic acid salt is used for this
reason. Salts of citric acid, formic acid, oxalic acid,
acetic acid, tartaric acid and succinic acid are
preferred, with diammonium hydrogen citrate, triammonium

citrate, ammonium oxalate, ammonium formate and ammonium
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acetate being even more preferred. These may be used
alone or in combinations of two or more. An organic acid
ammonium salt may be used as the organic acid ammonium
salt itself, oxr it may be used as the reaction product of
the organic acid and ammonia in the etching solution,
without any particular restrictions.

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

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

The etching solution of the invention having the
composition described above has little foaming during
etching of titanium-based metals, tungsten-based metals,
titanium/tungsten-based metals or their nitrides, and it
therefore allows uniform etching. The etching solution
of the invention is superior in that it has a low etching
rate for metals other than titanium-based metals,
tungsten-based metals and titanium/tungsten-based metals,
or base materials (glass, silicon, silicon oxide, silicon
nitride), and the selective etching property for
titanium-based metals, tungsten-based metals,
titanium/tungsten-based metals or their nitrides {the
ratio of the etching rate for titanium-based metals,
tungsten-based metals or their nitrides with respect to
the etching rate for metals other than titanium-based
metals and tungsten-based metals or base materials
(glass, silicon, silicon oxide, silicon nitride)) is at
least 20. The etching solution of the invention may also
contain components other than those mentioned above, such
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as moistening agents, surfactants, coloring agents, foam
inhibitors and organic solvents, in ranges that do not
affect the etching property.

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

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

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

There are no particular restrictions on the device
employing the titanium-based metal, tungsten-based metal,
titanium/tungsten-based metal or its nitride, and it may
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be used in general electronic devices. 2an electronic
device in this case is a liquid crystal display,
semiconductor device, MEMS device, printed wiring board,
organic EL display, field emission display, electronic
paper, plasma display, or the like. The term "etching"
as used herein refers to a process utilizing the etching
phenomenon, and it naturally includes patterning of
titanium-based metals, tungsten-based metals and
titanium/tungsten-based metals, as well as purposes of
cleaning off of titanium-based metal, tungsten-based
metal or titanium/tungsten-based metal residues. Thus,
the electronic device may further include electronic
derices of which production process has a step of
dissolving off of the entirety of the titanium-based
metal, tungsten-based metal or titanium/tungsten-based
metal by an etching solution, even if no titanium,
tungsten or titanium/tungsten alloy remains on the final
product.

Treatment of a titanium-based metal, tungsten-based
metal or titanium/tungsten-based metal, or a nitride
thereof, with an etching solution according to the
invention will usually be accomplished by a dipping
method, but other methods such as spraying or spin
etching may be used for the treatment. The conditions
for treatment by dipping cannot be specified for all
cases since they will differ depending on the hydrogen
peroxide concentration, the organic acid ammenium salt
type and content, and the film thickness of the titanium-
based metal, tungsten-based metal, titanium/tungsten-
based metal or nitride thereof, but generally the

treatment temperature will be 20-80°C and more preferably

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

applying ultrasonic waves.

Examples

The present invention will now be explained in

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

Sample substrates having Ti, W and Al films formed
by sputtering (film thickness: 50 nm each) of Ti, W or Al
on a non-alkaline glass substrate for an LCD (Liquid
crystal display} were each cut to approximately 0.5 cm
Square to obtain sample pieces. In a 100 ml beaker there
was loaded 20 ml of an etching solution having the
composition of each of the examples and comparative
examples listed in Table 1 below, and heating was
performed to 50°C. One each of the Ti, W, Al film-
attached sample pieces was simultaneously loaded into the
etching solution, and the time until total disappearance
of each sputtering film was visually observed. The same
measurement was conducted 3 times, and the average values
for the etching rates of Ti, W and Al were calculated.
Table 1 summarizes the etching rates for each of the
examples and comparative examples. The portion in
addition to the constituent components of each etching
solution shown in Table 1 is water (ultrapure water).
The etching solutions of the examples and comparative
examples were each prepared with their compositions, with
ultrapure water as necessary, using a specialty product
of 35 mass% hydrogen peroxide water by Kishida Chemical
Co., Ltd., EL grade 28 mass% ammonia water by Kanto
Kagaku Co., Ltd., and a commercially available oxganic
acid ammonium salt,

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

Ni, Cu, Cr, Ru, Ta, Si film-attached sample pieces
were used for measurement in the same manner as
measurement of the Ti, W and Al etching rates, except
that the sputtering film materials were changed from Ti,
W and Al to Ni, Cu, Cr, Ru, Ta and Si, and the etching
rates were calculated. Table 2 below shows the results
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of measurement using etching solutions having the
compositions of Examples 1, 2 and 3.

Measurement of change in Ti etching rate

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

solution kept at 50°C. With the sample piece-loading
point as the starting point (0 hours), one Ti film-
attached sample piece was loaded every hour thereafter
while keeping the temperature at 50°C, and the etching
rate up to 6 hours thereafter was measured. The method
of measuring the etching rate was the same as the method
described above. As a comparative example, an experiment
was conducted in the same manner using an etching
solution comprising 30 mass$ hydrogen peroxide, 0.3 mass$
phosphoric acid, 0.02 mass% ammonia and 69.68 mass$
ultrapure water (Comparative Example 3). The results are
shown in Fig. 1.

Evaluation of foaming condition of etching solution

An etching solution having the composition of
Example 1 in Table 1 was prepared and kept at a constant
temperature of 50°C. A 0.5 cm-square Ti film (50 nm
thickness)-attached sample piece was dipped in the
etching solution for 1 minute. The foaming condition of-
the solution at that time was recorded in a photograph.
As a comparative example, the foaming condition was
evaluated in the same manner using an etching solution
comprising 30 mass$ hydrogen peroxide, 0.3 mass%
phosphoric acid, 0.02 mass$% ammonia and 69.68 mass$
ultrapure water (Comparative bxample 3). The results are
shown in Figs. 2 and 3.

Measurement of change in TiW etching rate
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In a 50 ml beaker there was loaded 20 ml of an
etching solution having the composition of Example 12 in
Table 1, and heating was performed to 45°C. One TiW film-
attached silicon wafer piece {approximately 0.5 cm
square, TiW film thickness: 200 nm) was loaded into the

etching solution kept at 45°C. With the sample piece-
loading point as the starting point (0 hours), one TiW
film-attached sample piece was loaded every 6 hours
thereafter while keeping the temperature at 45°C, and the
etching rate was measured up to 66 hours thereafter. The
method of measuring the etching rate was the same as the
method described above. As a comparative example, an
experiment was conducted in the same manner using an
etching solution comprising 30 mass% hydrogen peroxide
and 70 mass% ultrapure water {Comparative Example 2).
The results are shown in Fig. 4. The Tiw conmposition
used was 10 mass% Ti, 90 mass$ W.
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Table 1
Organic acid/organic Btching rate .
Hi0p NH3 acid salt {nm/min Selectivity
{mass%) | ({mass%) Conc. : :
Type Mass® Ti W al Ti/al | w/al
1 30 0.1 Triamnonium 5.0 | 100 | 375 | <i.0 | >100 | »37s
citrate
2 an 0.1 Ammonium formate 5.0 91 250 1.4 65 179
3 30 0.1 [Ammonium oxalate | 5.0 83 333 1.1 75 302
4 30 0.01 | Ammonium acetate | 5.0 60 600 <1.0 >60 >600
5 30 0.1 |Ammonium tartxate| 5.0 64 250 | <1.0 | >64 | >250
6 30 0.1 |Ammonium benzoate| 5.0 55 300 <l.0C »h5 >300
7 30 0.1 Ammon ium 5.0 | 75 | 333 | <1.0 | »>75 | »333
succinate
8 20 0.1 Txlammonium 5.0 | 75 | 300 | <l.0 | >75 | >300
citrate
9 20 0.5 Triamuonium 3.0 | 8 | so0 | 3.8 | 23 | 211
citrate
Diammonium
10 30 2.0 hydrogen citrate| 50 | 250 800 4.0 63 200
Triammonium
11 aa 0.1 citrate 15 75 375 { <1.0 | »75 | »a75
& ] r T
% Triamwonium
3 12 30 0.0 citrate 5.0 55 300 | <1.0 | >55 | >300
'S, 13 30 0.0 {|Ammonium formate | 5.0 60 215 | <1.0 | »e0 | »215
a 14 30 0.0 | Ammonium oxalate| 5.0 33 231 | <1.0 | >33 [ »231
15 30 0.0 Ammonium acetate | 5.0 60 300 <1.0Q >60 >300
16 30 0.0 |Ammonium tartrate] 5.0 25 200 <1.0 >25 >200
17 30 0.0 jAmmonium benzoate| 5.0 33 200 <1.0 >33 >200
18 | 30 0.0 Aumonium 5.0 | 55 | 300 | <1.0 | »55 | »300
succinate
19 | 30 0.0 Tripotassivm | o o | 50 | 300 | <1.0 | »50 | 300
citrate
20 30 0.0 |Frisodium citrate| 5.0 50 300 | <1.0 | >30 | >300
21 30 0.0 Sodium oxalate | 5.0 23 200 [ <1.0 | »23 | >200
22 30 0.0 Sadium acetate | 5.0 50 300 | <1.0 | >50 | »a3c00
23 30 0.0 Potassium 5.0 24 200 | <1.0 | >24 | >z00
benzoate
24 30 0.0 Sodium benzoate 5.0 25 200 <1.0 >25 >200
25 30 0.1 Triammonium 0.5 67 210 | <1.0 | >67 | >65
citrate
Triammonium
26 15 0.2 citrate 5.0 51 180 <1.0 >51 >180
Comp. 5 .1 Tr:iﬂ?gg;“m 0] 15 40 | <1.0 | »15 | >0
Examples |— 30 5.0 - 0 | 1z | 150 | <i.0 | 11 | >is0
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Table 2

Cu Ni Ru Ta Cr Si 5i0, | SizN,
Example 1 [<1.0 | <1.0 |<1.0 [<1.0 J<1.0 |<1.0 [<1.0 |<1l.0
Example 2 |<1.0 |<1.0 |<1.0 [<1.0 |<1.0 [<1.0 [<1.0 [<1.0
Example 3 [<1.0 | <1.0 J<1.0 [<1.0 [<1.0 |<1.0 |<1.0 |<1.0

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

Table 2 shows that the etching solutions of the
invention had low etching rates for Ni, Cu, Cr, Ru, Ta,
Si, Si10; and Si3N; as for Al, and therefore had
satisfactory selective etching properties for titanium
and tungsten with respect to these as well. 1In addition,
Fig. 1 shows that the reduction in titanium etching rate
with time was lower with the etching solutions of the
invention, and therefore excellent stability was
exhibited. With the etching solution of Comparative
Example 3, on the other hand, the initial Ti etching rate
(150 nm/min} was higher than the etching solution in
Example 1, but the change (reduction) in the etching rate
with time was large, and therefore the stability was
inferior.

When the etching rates were measured for WN, TiW and
TiN in the same manner as the composition of Example 1,
they were found to be 320 nm/min, 200 nm/min and 120
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nm/min, respectively. The TiW composition was 10 mass$

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

formulas.

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

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

Industrial Applicability

By using an etching solution according to the
invention it is possible to accomplish uniform etching of
titanium, tungsten and alloys thereof, or their nitrides.
In addition, an etching solution of the invention has a
low etching rate for other metals such as copper, nickel
and aluminum, and for glass, silicon and silicon oxide
films, and i1s therefore useful for production of
electronic devices such as semiconductor devices and
liquid crystal displays, without damage to substrates and
silicon oxide films.
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CLAIMS

1. An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, which comprises

10-40 mass% of hydrogen peroxide;

0.1-5 mass% of an organic acid salt, wherein the
organic acid salt is at leasti one selected from among salts
of citric acid, formic acid, oxalic acid, tartaric acid,
succinic acid, malic acid, maleic acid, malonic acid,
glutaric acid, adipic acid, D-glucanic acid, itaconic acid,
cltraconic acid, mesaconic acid, 2-oxoglutaric acid,
trimellitic acid, endothall, glutamic acid, methylsuccinic
acid, and citramalic acid; and

water.

2. An etching solution for titanium-based metals,
tungsten-pbased metals, titanium/tungsten-based metals or
their nitrides, which consists solely of hydrogen peroxide,
an organic acid salt, and water, wherein the compositional
amount of the hvdrogen peroxide is 10-40 mass$%, and the
compositional amount of the organic acid salt is 0.1-15

mass%.

3. An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, which consists solely of hydrogen peroxide,
an organic acid salt, ammcnia and water, wherein the
compositional amount of the hydrogen peroxide is 10-40

mass%, the compositional amount of the organic acid salt is
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0.1-15 mass%, and the compositional amount of the ammonia

is 0.005-4.5 mass$%.

4, An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of claims 1 to 3,
wherein the organic acid salt is at least one selected from
among ammonium salts of citric acid, formic acid, oxalic

acid, tartaric acid, benzoic acid and succinic acid.

5. An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to claim 4, wherein the ammonium
salt of an organic acid is at least one selected from among
diammonium hydrogen citrate, triammonium citrate, ammonium

oxalate, and ammonium formate.

6. An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of claims 1 to 3,
wherein the ratioc of the etching rate for titanium-based
metals or their nitrides to that for Al, Ni, Cu, Cr, Ru, Ta,
Si or alloys comprising 70 mass% or more of these elements,

is at leasti 20.

7. An etching solution for titanium-based metals,
tungsten~-based metals, titanium/tungsten-based metals or
their nitrides, according to any one of claims 1 to 3,

wherein the ratio of the etching rate for titanium-based
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netals or their nitrides to that for glass, silicon,

silicon oxide or silicon nitride, is at least 20.

8. A method for producing an electronic device, which
comprises a step of etching a titanium~based metal, a
tungsten-based metal, a titanium/tungsten-based metal or a
nitride thereof using an etching solution according to any

one of claims 1 to 3.

9. An etching solution for titanium-based metals,
tungsten-based metals, titanium/tungsten-~based metals or
their nitrides, according to claim 5; wherein the ammonium

salt of an organic acid is triammonium citrate.



