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DESCRIPTION
TITLE OF THE INVENTION: DRY ETCHING AGENT COMPOSITION
AND DRY ETCHING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a method for plasma-etching
silicon-based material, a dry etching agent composition to be used for it, and
to a storage container in which the dry etching agent composition is filled.
BACKGROUND OF THE INVENTION

[0002] In recent years, in semiconductor processing, fining 1s under study,
and there is tendency that as a working line becomes thin, an aspect ratio
that is a ratio of the working line to the depth of a trench or hole increases
dramatically. With the development of a semiconductor processing
technique, an etching agent to be used in an etching process has been
developed.

[0003] In this etching process, an etching device using plasma is widely
used, and as a treatment gas, it is required to highly selectively etch only a
S102 or SiN film with respect to a photoresist (hereinafter, referred to as PR)
film and an amorphous carbon (hereinafter, referred to as a-C) film with a
selective ratio of, for example, 3.0 or greater and at a high rate such as an
etching rate of 50 nm/min. or greater.

[0004] Heretofore, as such an etching gas, for example,
fluorine-containing saturated hydrocarbons and fluorine-containing

unsaturated hydrocarbons, such as CF4 gas, ¢-C4Fs gas and C4Fs gas have
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been known. However, in the conventional gases, selective ratio is not
sufficient and linearity of an etching shape during processing cannot be kept,
and it gradually becomes difficult for dealing with a fining technique in
recent years.

[0005) In addition, since these fluorine-containing saturated
hydrocarbons each are a substance having a long life in the atmosphere, and
each have a high global warming potential (GWP), they are specified as
emission control substances in the Kyoto protocol (COP3).

[0006] The semiconductor industry thus has a demand for alternative
low-GWP substances of high cost efficiency and capable of fine processing.
As a gas satisfying these, for example, in a patent document 1, as a method
for selectively etching SiO2 or SiN, a method using
1,3,3,3-tetrafluoropropene (HFO-1234ze), an additive gas and an inert gas
has been disclosed.

[0007] On the other hand, since the life of hydrofluorcolefins in the
atmosphere, such as HF0O-1234ze, is long, its stability is also considered. A
gas such as a hydrofluorcolefin is generally stored in a container, such as a
storage tank and a filling cylinder for transportation. As a material of the
storage container, carbon steel, manganese steel, chromium-molybdenum
steel and other low alloy steel, stainless steel, aluminum alloys or the like is
used. Although the stability of high purity HFO-1234ze is sufficient if it 1s
under the condition that HFO-1234ze does not come in contact with the
atmosphere, in case where the atmosphere, especially, oxygen 1s mixed

therein, there is case where decomposition of HFO-1234ze proceeds and then
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acidic substances are generated, depending on a storage state. Therefore,
to actually use it, it is necessary to take measures to suppress the generation
of the acidic substances by suppressing the progress of the decomposition.
However, details of decomposition behavior are not known for sure a lot, and
most of them depend on experimental technique.

[0008] In particular, when HFO-1234ze is used as etching gas, there is a
problem that the acidic substances generated by the decomposition during
storage corrode metal materials of the storage container, pipes and an
etching chamber, and metal components are mixed into a treatment gas, and
then a semiconductor water that is an object to be treated 1s contaminated by
the metal components. Therefore, high storage stability is demanded of the
etching gas.

[0009] As a method for suppressing the decomposition of a
hydrofluoroolefin used as a refrigerant composition for a refrigerator and the
like, for example, in a patent document 2, a method has been disclosed in
which alcohols, such as methanol and ethanol, are added to HFO-1234ze and
the Iike. In addition, in a patent document 3, a method has been disclosed
in which phthalic acid mono-alkali metal salt is added to the same kind of
tetrafluoropropene.

[0010] On the other hand, a method has also been disclosed in which by
regulating the concentration of oxygen becoming the original cause of the
decomposition, the stability in the storage container is improved. For
example, 1n a patent document 4, a method has been disclosed in which by

adding oxygen such that the concentration of oxygen in the gas phase in the
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storage container is in the range from 3 volume ppm to 3000 volume ppm
deliberately, the decomposition of the tetrafluoropropene is suppressed. In
addition, in a patent document 5, a method for suppressing the deterioration
of a refrigerant by a method in which in case where tetrafluoropropene is
used as a refrigerant in a refrigerator, an air suction means for removing the
air, especially, oxygen mixed in the refrigerator is provided has been
described.

[0011] In consideration of the corrosion of the storage container and the
pipes, it can be considered that the removing of moisture contained in
HFO-1234ze is also an effective means. As to the moisture contained in
HFO-1234ze, as described in a patent document 6, a method for removing
the moisture by bringing HFO-1234ze into contact with zeolite has been
known. In addition, as described in a patent document 7, it has been known
that the content of the moisture can be largely lowered by a method 1in which
HF0-1234ze is brought into contact with an aqueous solution containing
lithium chloride.

PRIOR ART REFERENCES

PATENT DOCUMENTS

[0012] Patent Document 1: Japanese Patent Application Publication
2012-114402

Patent Document 2: International Publication 2010/098447

Patent Document 3: International Publication 2010/098451

Patent Document 4: International Publication 2013/161724

Patent Document 5: International Publication 2009/157325
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Patent Document 6: Japanese Patent Apphcation Publication 2010-83818
Patent Document 7: Japanese Patent 4952834

SUMMARY OF THE INVENTION

[0013] In the patent document 1, although an etching method using an
additive gas and an inert gas has been disclosed, the purity of HFO-1234ze is
not described.

[0014] The use of an refrigerant composition, in which alcohols had been
added, as etching gas, which is described in the patent document 2, is not
preferable, because there are concerns that alcohols largely affect etching
performance. In addition, it is a well-known fact that the contamination of
metal onto a wafer affects semiconductor characteristics, and the gas in
which metal salt had been added, which 1s described in the patent document
3, 1s not preferable as etching gas.

[0015] On the other hand, in the method described in the patent
document 4, in which the concentration of oxygen in the gas phase in the
storage container is regulated in the range from 3 volume ppm or greater to
less than 3000 volume ppm, when tetrafluoropropene is used as etching gas,
if oxygen and HFO-1234ze coexist in a cylinder, oxygen with a lower boiling
point is largely contained at the mitial flowing stage, and its composition is
changed between the initial flowing stage and the final flowing stage. In
particular, in an etching process, oxygen is a component to be generally used
as acidification gas, and if the concentration of oxygen is changed with time,
the decomposition behavior of HFO-1234ze in plasma is not stable, and it is

therefore not preferable in a semiconductor manufacturing process.



10

15

20

[0016] In addition, when it is used as etching gas, since the gas does not
circulate in a process, even if the air suction means described in the patent
document 5 1s provided, it does not lead to the reduction of the oxygen
concentration in the cylinder.

[0017] As mentioned above, there is a method for reducing the moisture
contained in a system to suppress the actions of acid generated by the
decomposition of HF0O-1234ze. However, in the manufacturing of
HFO0-1234ze, a washing process of HFO-1234ze by water is general, and
even if a drying process is carried out, a certain quantity of moisture is often
contained in HFO-12343ze. Although it is possible to suppress a moisture
value extremely low with cost, it 1s industrially not realistic.

[0018] Due to such a background, a method for suppressing corrosion of a
storage container, pipes and an etching chamber by suppressing the
generation of acidic substances by improving the storage stability of
FHO-1234ze without losing excellent etching characteristics of HFO-1234ze,
1n a semiconductor manufacturing process, has been required.

[0019] Therefore, as a result of an eager study to achieve the object by the
inventors, it has been found that, when used as etching gas, if a certain
quantity of a hydrochlorofluorocarbon, such as R22 (CHCIFg), is contained in
HFO-1234ze, the stability of HFO-1234ze in which a minute quantity of each
of moisture and oxygen had been mixed in a storage container is improved,
and the generation of acidic substances during the storage can be suppressed,
and thereby the corrosion of the storage container and pipes can be

suppressed.
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In addition, in the etching using the mixed gas, it has also found that
it has sufficient selectivity between PR and SiOg, and thus, the present
invention was completed.

[0020] That 1s, the present invention provides a dry etching agent
composition including: 1,3,3,3-tetrafluoropropene; and a
hydrothoroﬂuorocarbon represented by CHClyF; (wherein x, y and z are
mtegers of 1 or greater and x + y + z = 4), wherein a concentration of the
hydrochlorofluorocarbon relative to 1,3,3,3-tetrafluoropropene is 3 volume
ppm or greater to less than 10000 volume ppm, and provides a storage
container filled with and sealed therein the dry etching agent composition
[0021] In addition, the present invention provides a dry etching method,
mcluding the steps of: converting a dry etching agent to plasma, the dry
etching agent in which 1,3,3,3-tetrafluoropropene and a
hydrochlorofluorocarbon represented by CH,Cl F, (wherein x, v and z are
integers of 1 or greater and x + y + z = 4) are contained, and a concentration
of the hydrochlorofluorocarbon relative to 1,3,3,3-tetrafluoropropene 1s 3
volume ppm or greater to less than 10000 volume ppm; and etching silicon
oxide or silicon nitride by using plasma gas converted into plasma.
EFFECTS OF THE INVENTION

[0022] According to the present invention, by suppressing the generation
of acidic substances caused by the decomposition of HFO-1234ze during
storage, the corrosion of a storage container, pipes and an etching chamber

can be suppressed, and, in addition to this, it is possible to obtain a dry
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etching agent composition with excellent etching characteristics, which
contains HFO-1234ze.
BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is a schematic diagram of a storage test container 10 used
m Examples and Comparative Examples.
FIG. 2 is a schematic diagram of a reactor 20 used in Examples and
Comparative Examples.
DETAILED DESCRIPTION
[0024] In the following, an embodiment of the present invention will be
described below. In addition, the scope of the present invention is not
limited to the description, and the present invention can be preferably
modified without departing from the scope and spirit of the present
invention other than the following examples, and then can be carried out.
A dry etching method according to the present invention is a dry
etching method including the steps of: converting the dry etching agent to
plasma; and etching silicon oxide or silicon nitride by using plasma gas
converted into plasma. A dry etching agent composition of the present
invention is characterized by including: 1,3,3,3-tetrafluoropropene; and a
hydrochlorofluorocarbon represented by CHxCLyF, (wherein x, y and z are
integers of 1 or greater and x + y + z = 4), wherein a concentration of the
hydrochlorofluorocarbon relative to 1,3,3,3-tetrafluoropropene 1s 3 volume
ppm or greater to less than 10000 volume ppm. In addition, hereinafter,
values of volume ppm and volume % are values under one atmospheric

pressure at 25 °C.
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[0025] 1,3,3,3-tetrafluoropropene to be used in the present invention is
also referred to as HFO-1234ze, and either of cis and trans isomers or Z and
E isomers can be used, and it can be manufactured by a conventionally
well-known method. For example, by the present inventors, in Japanese
Patent No. 3465865, a method for obtaining HF0O-1234ze by acting HF on
1-chloro-3,3,3-trifluoropropene, which can be obtained on an industrial scale,
in the presence of a gas phase fluorination catalyst has been disclosed. In
addition, in Japanese Patent No. 3821514, a method for obtaining
HFO0O-1234ze by acting HF on 1,1,3,3,3-pentachloropropane has been
disclosed.

[0026] A hydrochlorofluorocarbon represented by CHxCLyF, (wherein x, y
and z are integers of 1 or more, and X + y + z = 4) which is used in the present
ivention is one of chlorodifluoromethane, dichlorofluoromethane and
chlorofluoromethane. Among them, it is preferable to use
chlorodifluoromethane. Chlorodifluoromethane is also referred to as R22 or
HCIFC-22, and its chemical formula is CHClF2. When the content of the
hydrochlorofluocrocarbon was 3 volume ppm or greater relative to
HFOQ-1234ze, a sufficient effect of suppressing generation of acid caused by
decomposition of HFO-1234ze was recognized. In particular, the content of
the hydrochlorofluorocarbon relative to HF0O-1234ze may be 50 volume ppm
or greater, or may be 100 volume ppm or greater. In addition, in a test
using a molecule having a structure similar to that of R22, such as CF4 and

CH., the same effect was not recognized.
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[002’7] Here, unlike metal salt, the hydrochlorofluorocarbon does not
cause contamination of metal to a wafer.

[0028] On the other hand, when paying attention to an influence on
etching characteristics, in the patent document 1, it has been described that
a side wall protection is affected by a double bond included in HFO-1234ze.
On the other hand, the hydrochlorofluorocarbon does not include a double
bond inside its molecule, and it can be considered that an influence on the
side wall protection is poor. Therefore, the content of the
hydrochlorofluorocarbon relative to HFO-1234ze is preferably less than
10000 volume ppm, in consideration of the influence on the etching
characteristics. In addition, the content of R22 relative to HFO-1234ze 1s
preferably less than 1000 volume ppm, in consideration of the influence on
the etching characteristics.

[0029] As a storage container for HFO-1234ze, if it is an airtight
container which is capable of sealing gas-liquid mixture thereinside, one can
be used which does not need a special structure and constituent material,
and which has wide ranges of modes and functions. For example, general
manganese steel and stainless steel cylinders that are storage containers for
high-pressure gas can be used. In a manufacturing process, a purification
process and a fulling process, there is case where, relative to HFO-1234ze, 10
volume ppm or greater to 10000 volume ppm or less of oxygen and 1 volume
ppm or greater to 10000 volume ppm or less of water are mixed in the
storage container. In particular, when 100 volume ppm or greater of oxygen

is contained and 5 volume ppm or greater of water is contained, the present
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invention can be preferably applied thereto, and when 500 volume ppm or
greater of oxygen is contained and the 10 volume ppm or greater of water is
contained, the present invention can be further preferably applied thereto.
[0030] In the present invention, it is preferable that HFO-1234ze and the
hydrochlorofluorocarbon to be used are each highly purified to be a purity of
at least 99.9 volume % or greater.

[0031] Next, an etching method using a dry etching agent in the present
mvention will be described.

[0032] The etching method of the present invention can be carried out
under various dry etching conditions. A mixed gas of HFO-1234ze and the
hydrochlorofluorocarbon only can be used for the etching agent. However,
in general, from the point of view of cost effectiveness and the stability of
plasma, various additive gasses and inert gasses can be added so as to be a
desired etching rate, etching selection ratio and etching shape.

[0033] As an additive gas, at least one gas selected from the group
consisting of Oz, O3, CO, CO2, COClz, COF2, CF2(0OF)2, CF30F, NO2, NO, Ity
NFs3, Clg, Bre, Iz and XF, (In the formula, X represents Cl, Br,or [, nis an
integer, and 1 <n £7) can be used. In addition, to obtain a desired etching
shape and etching rate, etching can be performed by adding one or more
kinds of reducing gasses, fluorocarbons, hydrofluorocarbons and
halogen-containing compounds (for example, at least one gas selected from
the group consisting of He, HF, HI, HBr, HCl, NH3, CF4, CFsH, CI:Hs, CFHs,
CoFe, CoF4Hs, CoFsH, Cslfs, CsF7H, CsFsHa, CsFsHs, CsFyHy, CsFsHs, CaFsH,

CsF3H, C3ClFsH, CaFs, CsFe, CsFs and CsF1p). As an inert gas, at least one
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gas selected from the group consisting of Ng, He, Ar, Ne, Kr and Xe can be
used.

[0034] A preferable composition ratio of an etching agent containing the
mixed gas of HF0-1234ze and the hydrochlorofluorocarbon or the mixed gas
of HFO-1234ze and R22 and further containing the additive gas and/or the
inert gas 1s shown below. In addition, the total of the volume % of each gas
is 100 volume %.

[0035] The concentration of the mixed gas of HFQ-1234ze and the
hydrochlorofluorocarbon relative to the total of the mixed gas, the additive
gas and the inert gas is preferably 1-50 volume %, more preferably 5-40
volume %, further preferably 10-30 volume %.

[0036] In addition, the concentration of the additive gas relative to the
total of the mixed gas, the additive gas and the inert gas is preferably 0-50
volume %, more preferably 0-10 volume %.

[0037] Moreover, the concentration of the inert gas relative to the total of
the mixed gas, the additive gas and the inert gas is preferably 0-98 volume %,
more preferably 5-95 volume %, further preferably 60-90 volume %.

[0038) The etching method to be used in the present invention can be
carried out without being limited to various etching methods, such as
capacitive coupling type plasma (CCP) etching, reactive ion etching (RIE),
induction coupling type plasma (ICP) etching, electronic cyclotron resonance
(ECR) plasma etching and microwave etching.

[0039] As components contained in the etching gas, they can be

independently introduced into a chamber, or can be introduced into the
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chamber, after being prepared as a mixed gas in advance behind the storage
container. The total flow rate of the dry etching agent to be introduced into
the reaction chamber can be properly selected, in consideration of the
above-mentioned concentration condition and pressure condition, depending
on the volume of the reaction chamber and the exhaust capacity of an
exhaust portion.

[0040] To obtain stable plasma and to suppress side etching by improving
linearity of ions, the pressure at the time when the etching is performed is
preferably 5 Pa or less, especially preferably 1 Pa or less. On the other
hand, if the pressure inside the chamber 1s too low, 1onized ions decrease,
and sufficient plasma density cannot be obtained. Therefore it is preferably
0.05 Pa or greater.

[0041] In addition, a substrate temperature at the time of the performing
of the etching is preferably 100 °C or less, and in particular, to perform
anisotropic etching, it is preferably 50 °C or less, especially preferably 20 °C
or less. If the temperature exceeds a high temperature of 100 °C, the
formation of a protection film onto mask material, such as PR and a-C, is not
sufficiently performed, and selectivity deteriorates. In addition, at a high
temperature, the formation of a side wall protecﬁon film is not sufficiently
performed, and there is possibility that shape abnormality called a so-called
bowing in which the etching shape becomes a rounded shape occurs.

[0042] As to a bias voltage between electrodes, which is generated at the
time of the performing of the etching, it is simply selected in consideration of

a desired etching shape. For example, when anisotropic etching is
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performed, it is desirable that a voltage between the electrodes of
approximately 500V-10000V is generated to make ions high energy states.
If the bias voltage is too high, the energy of the ions increases, and it may
cause the deterioration of the selectivity.

[0043] In consideration of the efficiency of an element manufacturing
process, an etching time 1s preferably 30 minutes or less. Here, the etching
time is a period of time during reacting the dry etching agent with a sample
by generating plasma inside the chamber.

EXAMPLES

[0044] In the following, although Examples of the present invention are
cited with Comparative Examples, the present invention is not limited to the
following Examples.

[0045] [Example 1]

(Storage stability test)

To evaluate corrosion of a container caused by generation of acid, a
stability test using a test piece was carried out. FIG. 1 is a schematic
diagram of a storage test container 10 used in Examples and Comparative
Examples. A pressure-resistant container 14 made of SUS316 of which
internal volume was 100 cc and in which a test peace 11 (2.0 mm x 10 mm x
30 mm) made of iron was sealed was made. The pressure-resistant
container 14 is sealed by a lid 13, and the lid 13 includes a valve 12 which is
capable of introducing gas to the pressure-resistant container 14. Forty
grams of a mixed gas prepared by adding R22 to HF0-1234ze (E) which had

been purified to be a high purity of 99.9 volume % or greater in advance, such
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that the content of R22 is 3 volume ppm, was sealed into the
pressure-resistant container 14. Then, oxygen in an amount of 4000 volume
ppm in gas phase components was added thereto, in consideration of mixture
of air. In addition, the content of moisture contained inside the container
was 10 volume ppm. This container was kept at 100 °C for 80 days.

[0046] Thirty days later, the test piece was taken out, and its mass
change was measured and the state of its surface was visually observed. As
a result of this, the mass change of the test piece was less than 0.01 %, and a
change in appearance of the test piece was also not observed.

[0047] (Etching test)

To investigate an influence on etching characteristics by R22, an
etching test was carried out, using the mixture of HFO-1234ze (E) and R22
before the addition of oxygen. FIG. 2 is a schematic diagram of a reactor 20
used in Examples and Comparative Examples. A lower electrode 24 that
functions to support a wafer and also functions as a stage, an upper electrode
25 and a pressure gauge 22 are disposed inside a chamber 21. In addition, a
gas introduction port 26 1s connected to the upper part of the chamber 21.
The pressure instde the chamber 21 is adjustable, and it 1s possible to excite
the dry etching agent by a high frequency power source (13. 56 MHz) 23.
With this, the etching of a sample 28 can be carried out by bringing the
excited dry etching agent into contact with the sample 28 placed on the lower
electrode 24. The reactor 20 is configured such that, in a state in which the
dry etching agent is introduced, when a high frequency power is supplied

from the high frequency power source 23, a DC voltage called as bias voltage
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is generated between the upper electrode 25 and the lower electrode 24 by
the moving speed difference between ions and electrons in the plasma. The
gas inside the chamber 21 is discharged via a gas discharge line 27.
[0048] As the sample 28, a silicon wafer A having a Si0q film and a
silicon wafer B having a PR film were placed on the stage which was cooled
to 15 °C. The SiOs film was formed by a CVD method. In addition, the PR
film was formed by applying.
[0049] Then, the etching was performed in a manner in which the flow rate
of the mixture of 1,3,3,3-tetrafluoropropene (HF0O-1234ze (E)) and R22, the
flow rate of the Oz and the flow rage of Ar were respectively set to 25 scem,
25 scem, and 500 scem, and the gas of the sufficiently mixed these gases was
circulated in the chamber, and the high frequency power was supplied at 400
W to convert the etching agent into plasma.
[0050] After the etching, an etching rate was obtained by changes in the
thickness of the Si0z film of the silicon wafer A and the thickness of the PR
film of the silicon wafer B, before and after the etching. Moreover, as each
etching selection ratio, a value calculated by dividing the etching rate of SiO2
by the etching rate of PR was obtained.
[0051] As a result of this, in Example 1, the etching rate of S102 was 77.7
nm/min., and the etching rate of PR was 15.1 nm/min. Therefore the
selection ratio of PR to S102 (S102/PR) was 5.15.
[0052] [Example 2]

A storage test sample was prepared under the same condition as that

of Example 1, except that HF0-1234ze (E), in which the content of R22 was

16



10

15

20

235 volume ppm, which was obtained by adding R22 to HFO-1234ze was
used. In addition, the content of moisture contained in HF0-1234ze (E)
filled in the pressure-resistant container was 12 volume ppm. As a result of
this, a mass change of the test piece before and after the test was less than
(.01 %, and a change 1n appearance of the test piece was also not chserved.
In addition, in the same manner as in Example 1, an etching test was carried
out, using the mixture of R22 and HF0-1234ze (E) before addition of oxygen.
As a result of this, the etching rate of Si02 was 79.2 nm/min., and the etching
rate of PR was 15.8 nm/min. Therefore the selection ratio of PR to $i0s
(S102/PR) was 5.01.

[0053] [Example 3]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E), in which the content of R22 was
986 volume ppm, which was obtained by adding R22 to HFO-1234ze (E) was
used. In addition, the content of moisture contained in HFQ-1234ze (E)
filled in the pressure-resistant container was 15 volume ppm. As a result of
this, a mass change of the test piece before and after the test was less than
0.01 %, and a change in appearance of the test piece was also not observed.
In addition, in the same manner as in Example 1, an etching test was carried
out, using the mixture of R22 and HF(0-1234ze (E) before addition of oxygen.
As a result of this, the etching rate of 5102 was 78.5 nm/min., and the etching
rate of PR was 15.6 nm/min. Therefore the selection ratio of PR to Si02
(5102/PR) was 5.03.

[0054] [Example 4]

17
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A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E), in which the content of R22 was
3098 volume ppm, which was obtained by adding R22 to HF0O-1234ze (E)
was used. In addition, the content of moisture contained in HFO-1234ze ()
filled in the pressure-resistant container was 11 volume ppm. As a result of
this, a mass change of the test piece before and after the test was less than
0.01 %, and a change in appearance of the test piece was also not observed.
In addition, in the same manner as in Example 1, an etching test was carried
out, using the mixture of R22 and HFO-1234ze (E) before addition of oxygen.
As a result of this, the etching rate of SiOs was 76.1 nm/min., and the etching
rate of PR was 17.2 nm/min. Therefore the selection ratio of PR to SiQs
(S102/PR) was 4.42.

[0055] [Example 5]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E), in which the content of R22 was
8029 volume ppm, which was obtained by adding R22 to HFO-1234ze (E)
was used. In addition, the content of moisture contained in HF0O-1234ze (E)
filled in the pregsuremesistant container was 13 volume ppm. As a result of
this, a mass change of the test piece before and after the test was less than
0.01 %, and a change in appearance of the test piece was also not observed.
In addition, in the same manner as in Example 1, an etching test was carried
out, using the mixture of R22 and HFO-1234ze (E) before addition of oxygen.

As a result of this, the etching rate of Si0s was 76.8 nm/min., and the etching

18
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rate of PR was 17.4 nm/min. Therefore the selection ratio of PR to SiOq
(S109/PR) was 4.41.
[0056] [Example 6]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFQ-1234ze (E), in which the content of R22 was 3
volume ppm, was used and oxygen in an amount of 500 volume ppm in gas
phase components was added. In addition, the content of moisture
contained in HFO-1234ze (E) filled in the pressure-resistant container was
14 volume ppm. As a result of this, a mass change of the test piece before
and after the test was less than 0.01 %, and a change in appearance of the
test piece was also not observed.

[0057] [Comparative Example 1]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E) in which the content of R22 was
less than 1 volume ppm was used. In addition, the content of moisture
contained in HFO-1234ze (E) filled in the pressure-resistant container was
22 volume ppm. As a result of this, 4 mass change of the test piece before
and after the test was 0.03 %, and coloring that seems like rust was observed
on the surface thereof. Moreover, in the same manner as in Example 1, an
etching test was carried out, using HFO-1234ze (E) before addition of oxygen.
As a result of this, the etching rate of S10z was 77.3 nm/min., and the etching
rate of PR was 14.9 nm/min. Therefore the selection ratio of PR to Si0s
(8102/PR) was 5.19.

[0058] [Comparative Example 2]

19
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A storage test sample was prepared under the same condition as that
of Example 1, except that HFOQ-1234ze (E), in which the content of R22 was
12521 volume ppm, which was obtained by adding R22 to HFO-1234ze (E)
was used. In addition, the content of moisture contained in HFO-1234ze (E)
filled in the pressure-resistant container was 19 volume ppm. As a result of
this, a mass change of the test piece before and after the test was less than
0.01 %, and a change in appearance of the test piece was also not observed.
In addition, in the same manner as in Example 1, an etching test was carried
out, using the mixture of R22 and HFO-1234ze (E) before addition of oxygen.
As a result of this, the etching rate of 510z was 68.9 nm/min., and the etching
rate of PR was 17.5 nm/min. Therefore the selection ratio of PR to Si0s
(5109/PR) was 3.94, and the selection ratio of 4.0 or greater that is generally
required was not obtained.

[0059] [Comparative Example 3]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E) containing 288 volume ppm of CFy,
instead of R22, was used. In addition, the content of moisture contained in
HFO-1234ze (B) filled in the pressure-resistant container was 17 volume
ppm. As aresult of this, a mass change of the test piece before and after the
test was less than 0.02 %, and coloring that seems like rust was observed on
the surface thereof. Moreover, in the same manner as in Example 1, an
etching test was also carried out, using HFQ-1234ze (E) before addition of

oxygen. As a result of this, the etching rate of S102 was 75.1 nm/min., and
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the etching rate of PR was 18.2 nm/min. Therefore the selection ratio of PR
to 5109 (S102/PR) was 4.13.
[0060] [Comparative Example 4]

A storage test sample was prepared under the same condition as that
of Example 1, except that CH4 was used instead of R22, and the content of
CH4 was set to be 9030 volume ppm. In addition, the content of moisture
contained in HFO-1234ze (E) filled in the pressure-resistant container was
35 volume ppm. As a result of this, a mass change of the test piece before
and after the test was less than 0.01 %, and a change in appearance of the
test piece was also not observed. In addition, in the same manner as in
Example 1, an etching test was also carried out, using HFO-1234ze (E)
before addition of oxygen. As a result of this, the etching rate of Si0Qz was
60.1 nm/min. On the other hand, the etching of PR did not proceed, and a
deposition was observed on a film, and the selection ratio of PR to Si102
(S102/PR) was therefore infinite in theory. However, if a deposition occurs
on the film, trenches and holes needed to be etched are covered with a
deposition film and then are closed. Therefore, such a condition 1s not
practically adopted.

[0061] [Comparative Example 5]

A storage test sample was prepared under the same condition as that
of Example 1, except that CHs was used instead of R22, and the content of
CH,4 was set to be 14 volume ppm. In addition, the content of moisture
contained in HFO-1234ze (E) filled in the pressure-resistant container was

16 volume ppm. As a result of this, a mass change of the test piece before
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and after the test was 0.03 %, and coloring that seems like rust was slightly
observed on the surface thereof. Moreover, in the same manner as in
Example 1, an etching test was also carried out, using HFO-1234ze (E)
before addition of oxygen. As a result of this, the etching rate of Si0z was
74.7 nm/min., and the etching rate of PR was 15.1 nm/min. Therefore the
selection ratio of PR to SiOz (Si0«/PR) was 4.95.

[0062] [Comparative Example 6]

A storage test sample was prepared under the same condition as that
of Example 1, except that HFO-1234ze (E) in which the content of R22 was
less than 1 volume ppm was used and oxygen in an amount of 500 volume
ppm in gas phase components was added. In addition, the content of
moisture contained in HFQ-1234ze (E) filled in the pressure-resistant
container was 19 volume ppm. As a result of this, it was observed that a
mass change of the test piece before and after the test was 0.02 %, and
coloring that seems like rust was observed on the surface thereof.

[0063] [Reference Example 1]

In Reference Example 1, HFO-1234ze (E) of which a moisture value
was lowered to less than 1 ppm by performing sufficient dehydration was
used. In addition, R22 was not mixed to HFO-1234ze (E), and it was
confirmed that the content of R22 was less than 1 ppm. Except that, a
storage test sample was prepared under the samercondition as that of
Example 1. Moreover, in the same manner as in Example 1, an etching test
was also carried out, using HFO-1234ze (E) before addition of oxygen. Asa

result of this, a mass change of the test piece before and after the test was
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Iess than 0.01 %, and a change in appearance of the test piece was also not
observed.
[0064] [Reference Example 2]

As the sample 28, by using one in which 5 pm of a 8103 film was
formed on a single crystal silicon wafer and a resist in which opening
portions each having 0.3 um in line width were provided was applied onto
the film, etching was carried out under the same condition as that of
Example 1. After the etching, the cross section of the silicon wafer was
observed with SEM, and, as a result, shape abnormality such as bowing was
hardly observed. In addition, it was confirmed that excellent etching
characteristics having an aspect ratio of 10 or greater could be obtained.
[0065] [Reference Example 3]

As the sample 28, by using one in which 5 um of a 810 film was
formed on a single crystal silicon wafer and a resist in which opening
portions each having 0.3 pm in line width were provided was applied onto
the film, etching was carried out under the same condition as that of
Example 5. After the etching, the cross section of the silicon wafer was
observed with SEM, and, as a result, shape abnormality such as bowing was
hardly observed. In addition, it was confirmed that excellent etching
characteristics having an aspect ratio of 10 or greater could be obtained.
[0066] [Reference Example 4]

As the sample 28, by using one in which 5 pm of a Si0¢ film was
formed on a single crystal silicon wafer and a resist in which opening

portions each having 0.3 pm in hne width were provided was applied onto
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the film, etching was carried out under the same condition as that of

Reference Example 2. After the etching, the cross section of the silicon

wafer was observed with SEM, and, as a result, the etching proceeded

halfway. However, a resist part on the surface was burnt by the etching,

and the surface of the 810, film was etched.

[0067] [Table 1]
Component | Addition Corrosion resistant test
amount of |Moisture|Period of Change
. Content . Temperature |
Kind oxygen time 1N mass
[ppm] | [ppm] | [ppm] | [day] [°C] (%]
Example 1 | R22 3 4000 10 60 100 None
Example 2 | R22 235 4000 12 60 100 None
Example 3 | R22 986 4000 15 60 100 None
Example 4 | R22 | 3098 4000 11 60 100 None
Example 5 | R22 | 8029 4000 13 60 100 None
Example 6 | R22 3 500 14 60 100 None
Comparative
R22 <1 4000 22 60 100 0.03
Example 1
Comparative
R22 | 12521 4000 19 60 100 None
Example 2
Comparative
CFy4 288 4000 17 60 100 0.02
Example 3
Comparative
CHs | 9030 4000 35 60 100 None
Example 4
Comparative
CH. 14 4000 16 60 100 0.03
Example 5
Comparative
R22 <1 500 19 60 100 0.02
Example 6
Reference
- - 4000 <1 60 100 None
Example 1
[0068]
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[Table 2]

Component Etching test
. Content Si0- PR Si10+/PR
Kind
fppm] [nm/min.]
Example 1 R22 3 77.7 15.1 5.15
Example 2 R22 236 79.2 16.8 5.01
Example 3 R22 986 78.5 15.6 5.03
Example 4 R22 3098 76.1 17.2 4.42
Example 5 R22 8029 76.8 17.4 4.41
Comparative
R22 <1 77.3 14.9 5.19
Example 1
Comparative
R22 12521 68.9 17.5 3.94
Example 2
Comparative
CF4 288 75.1 18.2 4.13
Example 3
Comparative
CH. 9030 60.1 0 depo
Example 4
Comparative ,
CH. 14 747 15.1 4.95
Example 5

[0069] The above results are shown in Tables. In each of Comparative
Example 1 and Comparative Example 6, although the etching characteristics
were excellent, corrosion occurred to the test piece. This can be considered
that acid generated from HFQO-1234ze (E) decomposed by a radical generated
from oxygen reacted with moisture existing in the system, and then iron
corroded.

[0070] On the other hand, as shown in the result of each of Examples 1 to
6, when HFO-1234ze (E) containing R22 was used, the corrosion did not
occur. Although there are many unclear points about the process of
suppression of the corrosion, it can be considered that R22 suppressed the
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decomposition of HF0-1234ze (E) due to the oxygen radical, or activation of
the acid due to the moisture. In particular, in each of Examples 1 to 5,
although the content of oxygen is 3000 volume ppm or greater, and it is
considered that polymerization reaction and the like proceed with this
content thereof in the patent document 4, by containing 3 volume ppm or
greater of R22, the corrosion of the test piece did not occur.

[0071] However, the etching rate to PR was changed in accordance with
the content of R22 in HF'Q-1234ze (E). In each of Examples, the selection
ratio to Si0z (S102/PR) was sufficient. In particular, in each of Examples 1
to 3 in which the content of R22 was 1000 volume ppm or less, the
Si09/PR-etching selection ratio exceeded five, and etching characteristics
were excellent. As shown in each of Reference Examples 2 and 3, also in
hole pattern etching, closing of pores did not occur. Therefore, it can be said
that excellent etching characteristics were obtained, in case where
HFO-1234ze (E) in which 3 volume ppm or greater to 10000 volume ppm or
less of R22 was contained was used.

[0072] On the other hand, as shown in each of Comparative Example 2
and Reference Example 4, when the content of R22 exceeded 10000 volume
ppm, the SiOs/PR-etching selection ratio was lowered. In pattern etching,
the resist part was burnt by etching gas, and the surface of the Si0s film was
etched, and it resulted in deterioration of a function as the etching gas.
[0073] HFO-1234ze (E) i1s a compound with high polymerizability when
decomposed in a plasma state, because it has an unsaturated bond in its

molecule in its structure. Therefore it can be considered that a deposition
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film that becomes a protection film is formed on the PR that is an organic
film, thereby contributing the increase of the selectivity. On the other hand,
R22 does not have such an unsaturated bond, and polymerizability is poor.
In addition, in a system in which a large amount of R22 is contained, it can
be considered that in addition to the low of protection film formability of R22
itself, when activated by plasma, chlorine attacked the unsaturated bond,
and the polymerizability deteriorated, and consequently, it led to the
lowering of the selectivity.

[0074] On the other hand, in each of Comparative Examples 3 to 5, an
influence caused by an additive other than R22 was investigated. Asa
result of this, as shown in Comparative Example 3, an effect of reducing the
corrosion of the test piece was not observed when CF4 was contained, as was
seen an effect by R22. As shown in Comparative Example 4, when a large
amount of CHy was contained, the corrosion of the test piece was not
observed, probably because the decomposition of HFO-12343ze was
suppressed. However, the influence on the etching characteristics was large,
and it was not preferable as an additive. On the other hand, as shown in
Comparative Example 5, in case where a small amount of CH4 was contained,
an effect of suppression of the corrosion of the test pilece was not observed,
differently from case where R22 was contained.

[0075] In addition, in Reference Example 1, the relation of the corrosion
between moisture, oxygen and HF0-1234ze (E) and the test piece was
confirmed. By this result, it was confirmed that if a moisture value was low,

HF0O-1234ze (E) and Og did not directly corrode the test piece.
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[0076] In each of Reference Example 2 and Reference Example 3, an
excellent etching shape was obtained, and it was found that HFQ-1234z¢ (E)
containing 3 volume ppm or greater to less than 10000 volume ppm of R22
acted as an excellent etching agent practically. On the other hand, in
Reference Example 4, HF0O-1234ze (E) containing 10000 volume ppm or
greater of R22 did not act as an excellent etching agent, because a resist part
was burnt by etching.

INDUSTRIAL APPLICABILITY

[0077] The present invention can be used for a selective etching process
of S10g, in a process for manufacturing a semiconductor.

EXPLANATION OF SIGNS

[0078] 10: Storage test container

11: Test piece

12: Valve

13: Lad

14: Pressure-resistant container

20: Reactor

21: Chamber

22: Pressure gauge

23: High frequency power source

24: Lower electrode

25: Upper electrode

26: Gas mtroduction port

27. Gas discharge line

28



28: Sample
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CLAIMS

1. A dry etching agent composition, comprising:

1,3,3,3-tetrafluoropropene; and

a hydrochlorofluorocarbon represented by CHClyF, (wherein x, y and
z are integers of 1 or greater and x +y + z = 4),

wherein a concentration of the hydrochlorofluorocarbon relative to
1,3,3,3-tetrafluoropropene is 3 volume ppm or greater to less than 10000

volume ppm.

2. The dry etching agent composition according to claim 1, wherein the

hydrochlorofluorocarbon is chlorodifluoromethane.

3. The dry etching agent composition according to claim 1 or 2, wherein
a concentration of the hydrochlorofluorocarbon in the dry etching agent

composition is 3 volume ppm or greater to less than 1000 volume ppm.

4. A storage container, wherein a dry etching agent composition

according to any one of claims 1 to 3 is filled and sealed therein.

5. The storage container according to claim 4, wherein, relative to
1,3,3,3-tetrafluoropropene, 10 volume ppm or greater to 10000 volume ppm
or less of oxygen is contained, and 1 volume ppm or greater to 10000 volume

ppm or less of water is contained in the storage container.
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6. A dry etching method, comprising the steps of:

converting a dry etching agent to plasma, the dry etching agent in
which 1,3,3,3-tetrafluoropropene and a hydrochlorofluorocarbon represented
by CHxCl,/F. (wherein x, y and z are integers of 1 or greater and x +y +z=4)
are contained, and a concentration of the hydrochlorofluorocarbon relative to
1,3,3,3-tetrafluoropropene is 3 volume ppm or greater to less than 10000
volume ppm; and

etching silicon oxide or silicon nitride by using plasma gas converted

mto plasma.

7. The dry etching method according to claim 6, wherein the

hydrochlorofluorocarbon is chlorodifluoromethane.

8. The dry etching method according to claim 6 or 7, wherein the
concentration of the hydrochlorofluorocarbon in the dry etching agent is 3

volume ppm or greater to less than 1000 volume ppm.

9. The dry etching method according to any one of claims 6 to 8,
wherein, relative to 1,3,3,3-tetrafluoropropene, 10 volume ppm or greater to
10000 volume ppm or less of oxygen is contained and 1 volume ppm or
greater to 10000 volume ppm or less of water 1s contained in the dry etching

agent.
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10. The dry etching method according to any one of claims 6 to 9,
wherein the etching agent contains an additive gas, and

wherein the additive gas is selected from the group consisting of Og,
O3, CO, COs, COCls, COF2, CF2(0OF)2, CF30F, NOg, NO, Fg, NF3, Cla, Brs, I2
and XF, (wherein, in a formula, X represents Cl, Br, or I, n is an Integer, and

1<n<7).

11. The dry etching method according to any one of claims 6 to 10,
wherein the dry etching agent further contains an inert gas, and
wherein the inert gas 1s selected from the group consisting of N3, He,

Ar, Ne, Kr and Xe.

12. A storage method for 1,3,3,3-tetrafluoropropene, wherein the storage
method is a method in which a composition containing
1,3,3,3-tetrafluoropropene and a hydrochlorofluorocarbon represented by
CH:ClyF; (wherein x, y and z are integers of 1 or greater and x +y + z = 4) is
filled and sealed in a storage container, and

wherein a concentration of the hydrochlorofluorocarbon relative to
1,3,3,3-tetrafluoropropene in the storage container is 3 volume ppm or

greater to less than 10000 volume ppm.
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