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DESCRIPTION 

Title of Invention: ETCHING METHOD USING HEXAFLUOROPROPENE 

 

Technical Field 5 

[0001] 

 The present disclosure relates to an etching method 

using hexafluoropropene. 

 

Background Art 10 

[0002] 

 PLT 1 discloses a method of etching a silicon-based 

material such as a silicon oxide film and/or a low-dielectric 

constant film containing silicon by using hexafluoropropene. 

 15 

Citation List 

Patent Literature 

[0003] 

  PTL 1: WO0221586-A1 

 20 

Summary of Invention 

Technical Problem 

[0004] 

 The present disclosure aims to provide a novel etching 

method using hexafluoropropene. 25 

 

Solution to Problem 

[0005] 

 The present disclosure encompasses the following 

features. 30 

[0006] 

 Item 1. 

 An etching gas comprising: 

 (1) hexafluoropropene; and 

 (2) at least one component selected from the group 35 
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consisting of hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer. 

[0007] 

 Item 2. 

 The etching gas according to Item 1, 5 

wherein, based on the total amount of the etching gas, 

 the hexafluoropropene (1) is present at 95 vol% to 

99.99999 vol%, and 

 the at least one component selected from the group 

consisting of hexafluorocyclopropane, pentafluoropropene, and a 10 

hexafluoropropene-derived dimer and/or trimer (2) is present at 1 

ppm by volume to 1,000 ppm by volume. 

[0008] 

 Item 3. 

 An etching method comprising etching a silicon oxide 15 

film or a silicon-based material having a silicon nitride film 

formed thereon using a gas plasma of the etching gas according to 

Item 1. 

[0009] 

 Item 4. 20 

 The etching method according to Item 3, 

wherein the silicon-based material is etched by continuously 

supplying the etching gas and (3) an inert gas separately and 

generating an etching gas mixture in a chamber. 

[0010] 25 

 Item 5. 

 The etching method according to Item 3, 

wherein the silicon-based material is etched by continuously 

supplying the etching gas and (4) an oxidizing gas and/or a 

reducing gas separately and generating an etching gas mixture in 30 

a chamber. 

[0011] 

 Item 6. 

 The etching method according to Item 3, 

wherein the silicon-based material is etched by continuously 35 
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supplying the etching gas, (3) an inert gas, and (4) an oxidizing 

gas and/or a reducing gas separately and generating an etching 

gas mixture in a chamber. 

[0012] 

 Item 7. 5 

 The etching method according to any one of Items 3 to 

6, 

wherein the silicon-based material is a semiconductor 

manufacturing substrate. 

[0013] 10 

 The etching gas of the present disclosure contains (1) 

hexafluoropropene and (2) at least one component selected from 

the group consisting of hexafluorocyclopropane, 

pentafluoropropene, and a hexafluoropropene-derived dimer and/or 

trimer. Use of the etching gas of the present disclosure for hole 15 

etching in a silicon oxide film (SiO2 film) or a silicon-based 

material including a silicon nitride film (SiN film) can reduce 

lateral etching and achieve etching in which the processed hole 

shape is well maintained. 

 20 

Advantageous Effects of Invention 

[0014] 

 The present disclosure can provide a novel etching 

method using hexafluoropropene. 

 25 

Description of Embodiments 

[0015] 

 

30 

the present specification, when a numerical range is expressed as 

are used, these mean parts by mass, parts by weight, mass%, or 

wt%. 35 
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[0016] 

[1] Etching gas 

 In conventional semiconductor production, etching of 

holes is performed using hexafluoropropene as an etching gas. 

[0017] 5 

 However, study is required because when only 

hexafluoropropene is used as an etching gas for hole etching, 

lateral etching occurs, failing to well maintain the processed 

hole shape. A currently available process uses hexafluoro-1,3-

butadiene (C4F6) or the like to maintain the processed hole shape. 10 

However, hexafluoro-1,3-butadiene is an expensive gas, and the 

hole etching cost is high in such a process. 

[0018] 

 The present disclosure encompasses an etching gas 

containing hexafluoropropene to be used for etching a 15 

semiconductor manufacturing substrate in semiconductor 

production. 

[0019] 

 The etching gas of the present disclosure contains (1) 

hexafluoropropene as a first component and (2) at least one 20 

component selected from the group consisting of 

hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer as a second 

component. 

[0020] 25 

 When etching is performed using the etching gas of the 

present disclosure, the etching gas may contain an inert gas. 

[0021] 

 When etching is performed using the etching gas of the 

present disclosure, the etching gas may contain an oxidizing gas 30 

and/or a reducing gas. 

[0022] 

 The etching gas of the present disclosure contains (1) 

hexafluoropropene as a first component and (2) at least one 

component selected from the group consisting of 35 
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hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer as a second 

component. Use of the etching gas of the present disclosure for 

hole etching in a silicon oxide film (SiO2 film) or a silicon-

based material including a silicon nitride film (SiN film) can 5 

achieve etching in which the processed hole shape is well 

maintained. 

[0023] 

 The etching gas of the present disclosure, which 

contains a second component, can reduce lateral etching by about 10 

10% to 30% at low cost in hole etching in a semiconductor 

manufacturing substrate. 

[0024] 

(1) Hexafluoropropene 

 The etching gas of the present disclosure contains (1) 15 

hexafluoropropene (CF3-CF=CF2, also known as hexafluoropropylene, 

HFP) as a first component. 

[0025] 

 The etching gas of the present disclosure contains the 

 20 

[0026] 

 In order to reduce lateral etching and achieve etching 

in which the processed hole shape is well maintained when the 

etching gas of the present disclosure is used for hole etching, 

the amount of hexafluoropropene in the etching gas of the present 25 

disclosure based on the total amount (gas volume) of the etching 

gas of the present disclosure is preferably 95 vol% to 99.99999 

vol%, more preferably 96 vol% to 99.999 vol%, even more 

preferably 97 vol% to 99.995 vol%, and particularly preferably 98 

vol% to 99.99 vol%. 30 

[0027] 

(2) At least one component selected from the group consisting of 

hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer 

 The etching gas of the present disclosure contains, as 35 
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a second component, (2) at least one component selected from the 

group consisting of hexafluorocyclopropane, pentafluoropropene, 

and a hexafluoropropene-derived dimer and/or trimer. 

[0028] 

(2-1) Hexafluorocyclopropane 5 

 The etching gas of the present disclosure contains 

hexafluorocyclopropane (c-C3F6) as a second component. Thus, the 

use of the etching gas of the present disclosure for hole etching 

can reduce lateral etching and achieve etching in which the 

processed hole shape is well maintained. 10 

[0029] 

 In order to reduce lateral etching, achieve etching in 

which the processed hole shape is well maintained, prevent or 

reduce clogging of holes (clogging) in the processed shape, and 

enable efficient etching when the etching gas of the present 15 

disclosure is used for hole etching, the amount of 

hexafluorocyclopropane in the etching gas of the present 

disclosure based on the total amount (gas volume) of the etching 

gas of the present disclosure is preferably 0.1 ppm by volume 

(ppm volume) to 1,000 ppm by volume (ppm volume), more preferably 20 

1 ppm by volume to 500 ppm by volume, even more preferably 2.5 

ppm by volume to 250 ppm by volume, and particularly preferably 5 

ppm by volume to 100 ppm by volume. 

[0030] 

(2-2) Pentafluoropropene 25 

 The etching gas of the present disclosure contains 

pentafluoropropene (C3HF5) as a second component. Thus, the use of 

the etching gas of the present disclosure for hole etching can 

reduce lateral etching and achieve etching in which the processed 

hole shape is well maintained. 30 

[0031] 

 There is no limitation on pentafluoropropene as the 

second component, and either isomer can be used. Use of 

1,1,2,3,3-pentafluoropropene (F2C=CF-CHF2), 1,1,3,3,3-

pentafluoropropene (F2C=CH-CF3), (E/Z)-1,2,3,3,3-pentafluoro-1-35 
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propene (HFC=CF-CF3), or the like is preferred. 

[0032] 

 In the etching gas of the present disclosure, one 

pentafluoropropene (including isomers) may be used alone or two 

or more thereof may be used (blended) as a mixture. 5 

[0033] 

 In order to reduce lateral etching, achieve etching in 

which the processed hole shape is well maintained, and prevent or 

reduce clogging of holes (clogging) in the processed shape when 

the etching gas of the present disclosure is used for hole 10 

etching, the amount of pentafluoropropene in the etching gas of 

the present disclosure based on the total amount (gas volume) of 

the etching gas of the present disclosure is preferably 1 ppm by 

volume (ppm volume) to 1,000 ppm by volume (ppm volume), more 

preferably 5 ppm by volume to 500 ppm by volume, even more 15 

preferably 10 ppm by volume to 100 ppm by volume, and 

particularly preferably 20 ppm by volume to 50 ppm by volume. 

[0034] 

(2-3) Hexafluoropropene-derived dimer and/or trimer 

 The etching gas of the present disclosure contains a 20 

hexafluoropropene-derived dimer and/or trimer as a second 

component. Thus, the use of the etching gas of the present 

disclosure for hole etching can reduce lateral etching and 

achieve etching in which the processed hole shape is well 

maintained. 25 

[0035] 

 In the etching gas of the present disclosure, the 

-

is a product prepared from hexafluoropropene (C3F6) and is a 

30 

 

[0036] 

(a) Method for preparing hexafluoropropene-derived dimer 

 The hexafluoropropene-derived dimer includes the cis-

isomer and the trans-isomer shown below. In the etching gas of 35 
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the present disclosure, either isomer may be used irrespective of 

its abundance ratio. 

[0037] 

 The compounds represented by Formula (I) includes the 

cis-isomer and the trans-isomer, unless otherwise specified. 5 

[0038] 

Formula (I) 

 

[0039] 

 The hexafluoropropene dimer may include (E)-10 

1,1,1,2,3,4,5,5,5-nonafluoro-4-(trifluoromethyl)-2-pentene, (Z)-

1,1,1,2,3,4,5,5,5-nonafluoro-4-(trifluoromethyl)-2-pentene, 

and/or 1,1,1,3,4,4,5,5,5-nonafluoro-2-(trifluoromethyl)-2-

pentene. 

[0040] 15 

 The hexafluoropropene-derived dimer is prepared by the 

method described in JPH06-234672A, for example. 

[0041] 

 In the total amount of hexafluoropropene (HFP)-derived 

dimers (the sum amount of compounds represented by Formulas (I), 20 

represented by Formula (I) based on the total amount of HFP 

dimers is preferably in the following order: 1 mass% or more, 10 

mass% or more, 30 mass% or more, 40 mass% or more, and 45 mass% 25 

or more. A particularly preferred mixing ratio is 50 mass% or 

more. The mixing ratio of the compound represented by Formula (I) 

based on the total amount of HFP dimers may be 85 mass% or more. 

When the mixing ratio of the compound represented by Formula (I) 

is high in the total amount of HFP dimers, the HFP dimer mixture 30 

has a lower viscosity. 
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[0042] 

 The mixing ratio of the compound represented by Formula 

(I) based on the total amount of HFP dimers is preferably in the 

following order: 99 mass% or less, 90 mass% or less, 85 mass% or 

less (or less than 85 mass%), 80 mass% or less, and 70 mass% or 5 

less. A particularly preferred mixing ratio is 60 mass% or less. 

[0043] 

 The mixing ratio of the compound represented by Formula 

(I) based on the total amount of HFP dimers is adjusted to, for 

example, 10 mass% or more and 90 mass% or less, 10 mass% or more 10 

and 85 mass% or less, 10 mass% or more and less than 85 mass%, 20 

mass% or more and less than 85 mass%, 30 mass% or more and 90 

mass% or less, 30 mass% or more and less than 85 mass%, 35 mass% 

or more and 85 mass% or less, 35 mass% or more and 60 mass% or 

less, 40 mass% or more and less than 85 mass%, 40 mass% or more 15 

and 80 mass% or less, 50 mass% or more and less than 85 mass%, 50 

mass% or more and 60 mass% or less, 55 mass% or more and 80 mass% 

or less, 60 mass% or more and 75 mass% or less, or 65 mass% or 

more and 70 mass% or less. 

[0044] 20 

 The mixing ratio of the compound represented by Formula 

(I) based on the total amount of HFP dimers is preferably in the 

following order: 30 mass% or more and 90 mass% or less, 40 mass% 

or more and less than 85 mass%, 40 mass% or more and 80 mass% or 

less, and 45 mass% or more and 70 mass% or less. A particularly 25 

preferred mixing ratio is 50 mass% or more and 60 mass% or less. 

[0045] 

(b) Method for preparing a hexafluoropropene-derived trimer 

 The hexafluoropropene-derived trimer includes the 

isomers shown below. In the etching gas of the present 30 

disclosure, either isomer may be used irrespective of its 

abundance ratio. 

[0046] 

 The compound represented by Formula (I) includes E-

diastereomer (I-(E)) and Z-diastereomer (I-(Z)), unless otherwise 35 
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specified. 

[0047] 

 
[0048] 

 The hexafluoropropene-derived trimer is appropriately 5 

selected depending on the desired abundance ratio and is produced 

by, for example, the method described in Chem Bar (1973), Vol. 

106, pp. 2950-2959. 

[0049] 

 In the total amount of hexafluoropropene (HFP)-derived 10 

trimers (the sum amount of compounds represented by Formulas (I), 

represented by Formula (I) based on the total amount of HFP 

trimers is preferably in the following order: 1 mass% or more, 10 15 

mass% or more, 30 mass% or more, 40 mass% or more, and 45 mass% 

or more. A particularly preferred mixing ratio is 50 mass% or 

more. The mixing ratio of the compound represented by Formula (I) 

based on the total amount of HFP trimers may be 85 mass% or more. 

When the mixing ratio of the compound represented by Formula (I) 20 

is high in the total amount of HFP trimers, the HFP trimer 

mixture has a lower viscosity. 

[0050] 

 The mixing ratio of the compound represented by Formula 

(I) based on the total amount of HFP trimers is preferably in the 25 

following order: 99 mass% or less, 90 mass% or less, 85 mass% or 

less (or less than 85 mass%), 80 mass% or less, and 70 mass% or 

less. A particularly preferred mixing ratio is 60 mass% or less. 

[0051] 

 The mixing ratio of the compound represented by Formula 30 

(I) based on the total amount of HFP trimers is adjusted to, for 
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example, 10 mass% or more and 90 mass% or less, 10 mass% or more 

and 85 mass% or less, 10 mass% or more and less than 85 mass%, 20 

mass% or more and less than 85 mass%, 30 mass% or more and 90 

mass% or less, 30 mass% or more and less than 85 mass%, 35 mass% 

or more and 85 mass% or less, 35 mass% or more and 60 mass% or 5 

less, 40 mass% or more and less than 85 mass%, 40 mass% or more 

and 80 mass% or less, 50 mass% or more and less than 85 mass%, 50 

mass% or more and 60 mass% or less, 55 mass% or more and 80 mass% 

or less, 60 mass% or more and 75 mass% or less, or 65 mass% or 

more and 70 mass% or less. 10 

[0052] 

 The mixing ratio of the compound represented by Formula 

(I) based on the total amount of HFP trimers is preferably in the 

following order: 30 mass% or more and 90 mass% or less, 40 mass% 

or more and less than 85 mass%, 40 mass% or more and 80 mass% or 15 

less, and 45 mass% or more and 70 mass% or less. A particularly 

preferred mixing ratio is 50 mass% or more and 60 mass% or less. 

[0053] 

(c) Amount of dimer and/or trimer 

 In the etching gas of the present disclosure, one of 20 

hexafluoropropene-derived dimer and/or trimer may be used alone 

or two or more thereof may be used (blended) as a mixture. 

[0054] 

 In order to reduce lateral etching, achieve etching in 

which the processed hole shape is well maintained, and prevent or 25 

reduce clogging of holes (clogging) in the processed shape when 

the etching gas of the present disclosure is used for hole 

etching, the amount of hexafluoropropene-derived dimer and/or 

trimer in the etching gas of the present disclosure based on the 

total amount (gas volume) of the etching gas of the present 30 

disclosure is preferably 0.1 ppm by volume (ppm volume) to 1,000 

ppm by volume (ppm volume), more preferably 0.5 ppm by volume to 

500 ppm by volume, even more preferably 0.75 ppm by volume to 100 

ppm by volume, and particularly preferably 1 ppm by volume to 50 

ppm by volume. 35 
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[0055] 

(2-4) Second component 

 In the etching gas of the present disclosure, at least 

one component selected from the group consisting of 

hexafluorocyclopropane, pentafluoropropene, and a 5 

hexafluoropropene-derived dimer and/or trimer (the second 

component) may be used alone or two or more thereof may be used 

(blended) as a mixture. 

[0056] 

 The etching gas of the present disclosure, which 10 

contains a second component, can reduce lateral etching (or 

enhance the effect of protecting the base wall) by about 10% to 

30% at low cost in hole etching in a semiconductor manufacturing 

substrate. The etching gas of the present disclosure can reduce 

the amount of sidewall etching of holes (lateral etching). 15 

[0057] 

(3) Consumption of etching gas 

 The etching gas of the present disclosure contains (1) 

hexafluoropropene (HFP) as a first component and (2) at least one 

component selected from the group consisting of 20 

hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer as a second 

component. 

[0058] 

 For successful and efficient etching, the consumption 25 

of the etching gas of the present disclosure is preferably 2 ccm 

to 100 ccm, more preferably 5 ccm to 50 ccm, and even more 

preferably 8 ccm to 15 ccm. 

[0059] 

 In the present specification, the gas consumption unit 30 

volume (cc, cm3) when the instantaneous flow rate is sustained for 

one minute under conditions of 25°C and a pressure equivalent to 

1 atmosphere pressure. 

[0060] 35 
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(4) Other etching gases 

 The etching gas of the present disclosure may contain 

(5) another etching gas as needed for successful etching. 

[0061] 

 The other etching gas preferably includes 5 

hydrofluorocarbon compounds (HFC) such as CH2F2, CHF3, C2H2F2, 

C2H4F2, and C3H2F4; perfluorocarbon compounds (PFC) such as CF4, 

C2F6, C3F8, C4F8, C4F6, and C5F8; iodides such as CF3I, C2F5I, and 

C3F7I; and SF6. The etching rate can be adjusted using such 

etching gas. 10 

[0062] 

 In the etching gas of the present disclosure, another 

etching gas may be used alone or two or more thereof may be used 

(blended) as a mixture. 

[0063] 15 

[2] Etching method 

 The present disclosure encompasses a method for etching 

a semiconductor manufacturing substrate using the etching gas of 

the present disclosure, which is supplied as a plasma-generating 

gas. 20 

[0064] 

 The present disclosure encompasses a method for etching 

a silicon oxide film (SiO2 film) or a silicon-based material 

having a silicon nitride film (SiN film) formed thereon using a 

gas plasma of the etching gas of the present disclosure. 25 

[0065] 

 The silicon-based material to be etched is preferably a 

semiconductor manufacturing substrate. 

[0066] 

 When hole etching is performed in a silicon oxide film 30 

(SiO2 film) or a silicon-based material including a silicon 

nitride film (SiN film) using a gas plasma generated from the 

etching gas of the present disclosure, good etching can be 

achieved in which the processed hole shape is well maintained. 

The conditions for the etching method (in particular, the dry 35 
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etching method) are the same as those for the conventional 

method, except that the etching gas of the present disclosure is 

used. 

[0067] 

(1) Example of etching conditions 5 

 The etching conditions may be as follows, for example. 

[0068] 

 The flow rate is adjusted to 5 ccm to 2,000 ccm, 

preferably 10 ccm to 1,000 ccm. 

[0069] 10 

 The discharge power is adjusted to 200 W to 20,000 W, 

preferably 400 W to 10,000 W. 

 The high-frequency power supply is adjusted to 13.56 

MHz and 0.22 W. 

 The bias power is adjusted to 25 W to 15,000 W, 15 

preferably 100 W to 10,000 W. 

[0070] 

 The pressure is adjusted to 30 mTorr or less (3.99 Pa 

or less), preferably 2 mTorr to 10 mTorr (0.266 Pa to 1.33 Pa). 

 The pressure refers to the gauge pressure, unless 20 

otherwise specified. 

[0071] 

 The electron density is adjusted to 109 cm-3 to 1013 cm-

3, preferably 1010 cm-3 to 1012 cm-3. 

 The electronic temperature is adjusted to 2 eV to 9 eV, 25 

preferably 3 eV to 8 eV. 

[0072] 

 The wafer temperature is adjusted to -40°C to 100°C, 

preferably -30°C to 50°C. 

 The chamber wall temperature is adjusted to -30°C to 30 

300°C, preferably 20°C to 200°C. 

[0073] 

 The discharge power and bias power vary depending on 

factors such as the chamber size and electrode size. The 

following describes preferred etching conditions that can be used 35 
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when etching patterns such as contact holes in silicon oxide 

films and the like using small-diameter wafer inductively coupled 

plasma (ICP) etching equipment (with a chamber volume of 3,500 

cm3). 

[0074] 5 

 The discharge power is adjusted to 200 W to 1,000 W, 

preferably 300 W to 600 W. 

 The bias power is adjusted to 50 W to 500 W, preferably 

100 W to 300 W. 

[0075] 10 

(2) Inert gas 

 When etching is performed using the etching gas of the 

present disclosure, the etching gas of the present disclosure may 

contain an inert gas as needed for successful etching. 

[0076] 15 

 In the etching method of the present disclosure, 

preferably, a silicon-based material is etched by continuously 

supplying the etching gas of the present disclosure and an inert 

gas separately, and generating an etching gas mixture in a 

chamber. 20 

[0077] 

 The inert gas preferably may contain one or more of a 

noble gas, nitrogen, or the like. The noble gas preferably may 

contain helium, neon, argon, xenon, krypton, or the like. The use 

of argon (Ar) is more preferred. 25 

[0078] 

 When etching is performed using the etching gas of the 

present disclosure, one inert gas may be used alone or two or 

more thereof may be used (blended) as a mixture. 

[0079] 30 

 The inert gas can change the electronic temperature and 

electron density of the plasma, and can control the balance 

between fluorocarbon radicals and fluorocarbon ions. 

[0080] 

 When etching is performed using the etching gas of the 35 
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present disclosure and the etching gas contains an inert gas (Ar 

or the like), the consumption of inert gas for successful etching 

is preferably 50 ccm to 500 ccm, more preferably 150 ccm to 400 

ccm, and even more preferably 220 ccm to 280 ccm. 

[0081] 5 

 When etching is performed using the etching gas of the 

present disclosure and the etching gas contains an inert gas (Ar 

or the like), the consumption of inert gas for successful etching 

is preferably 5 to 50 times, more preferably 15 to 40 times, and 

even more preferably 22 to 28 times the flow rate of the etching 10 

gas. 

[0082] 

(3) Oxidizing gas and/or reducing gas 

 When etching is performed using the etching gas of the 

present disclosure, the etching gas of the present disclosure may 15 

contain an oxidizing gas and/or a reducing gas as needed for 

successful etching. 

[0083] 

 In the etching method of the present disclosure, 

preferably, a silicon-based material is etched by continuously 20 

supplying the etching gas of the present disclosure and an 

oxidizing gas and/or a reducing gas separately and generating an 

etching gas mixture in a chamber. 

[0084] 

 It is more preferred to use O2, O3, NO, N2O, NO2, SO2, 25 

COS, CO, or CO2 as the oxidizing gas, and it is even more 

preferred to use oxygen (O2), whereby a good etching profile can 

be obtained. 

[0085] 

 When etching is performed using the etching gas of the 30 

present disclosure, one oxidizing gas may be used alone or two or 

more thereof may be used (blended) as a mixture. 

[0086] 

 When etching is performed using the etching gas of the 

present disclosure and the etching gas contains an oxidizing gas 35 
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(O2 or the like), the consumption of oxidizing gas for successful 

and efficient etching is preferably 2 ccm to 100 ccm, more 

preferably 5 ccm to 50 ccm, and even more preferably 8 ccm to 15 

ccm. 

[0087] 5 

 When etching is performed using the etching gas of the 

present disclosure and the etching gas contains an oxidizing gas 

(O2 or the like), the consumption of oxidizing gas for successful 

and efficient etching is preferably 0.2 to 10 times, more 

preferably 0.5 to 5 times, and even more preferably 0.8 to 1.5 10 

times the flow rate of the etching gas. 

[0088] 

 It is preferred to use hydrogen (H2), CO, CH4 or the 

like as the reducing gas, whereby a good etching profile can be 

obtained when hole etching is performed particularly in a 15 

silicon-based material including a silicon nitride film (SiN 

film). 

[0089] 

 When etching is performed using the etching gas of the 

present disclosure, one reducing gas may be used alone or two or 20 

more thereof may be used (blended) as a mixture. 

[0090] 

 When etching is performed using the etching gas of the 

present disclosure and the etching gas contains a reducing gas (H2 

or the like), the consumption of reducing gas for successful and 25 

efficient etching is preferably 0.5 ccm to 20 ccm, more 

preferably 0.8 ccm to 10 ccm, and even more preferably 1 ccm to 5 

ccm. 

[0091] 

 When etching is performed using the etching gas of the 30 

present disclosure and the etching gas contains a reducing gas (H2 

or the like), the consumption of reducing gas for successful and 

efficient etching is preferably 0.05 to 2 times, more preferably 

0.08 to 1 time, and even more preferably 0.1 to 0.5 times of the 

flow rate of the etching gas. 35 
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[0092] 

 When etching is performed using the etching gas of the 

present disclosure, one oxidizing gas may be used alone or two or 

more thereof may be used (blended) as a mixture, and one reducing 

gas may be used alone or two or more thereof may be used 5 

(blended) as a mixture. 

[0093] 

 In the etching method of the present disclosure, 

preferably, a silicon-based material is etched by continuously 

supplying the etching gas of the present disclosure, an inert gas 10 

separately, and an oxidizing gas and/or a reducing gas separately 

and generating an etching gas mixture in a chamber. 

[0094] 

[3] Semiconductor production equipment 

 The present disclosure encompasses semiconductor 15 

production equipment including a gas outlet for the etching gas 

of the present disclosure. 

[0095] 

[4] Method for producing semiconductor 

 The present disclosure encompasses a method for 20 

producing a semiconductor, the method including etching a 

semiconductor manufacturing substrate using the etching gas of 

the present disclosure. 

[0096] 

[5] Use for producing semiconductor 25 

 The present disclosure encompasses use of the etching 

gas of the present disclosure for semiconductor production, which 

involves etching a semiconductor manufacturing substrate. 

[0097] 

 The etching gas of the present disclosure contains (1) 30 

hexafluoropropene as a first component and (2) at least one 

component selected from the group consisting of 

hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer as a second 

component. Use of the etching gas of the present disclosure for 35 
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hole etching can prevent or reduce clogging of holes (clogging) 

in the processed shape, reduce lateral etching, achieve etching 

in which the processed shape of the holes is well maintained. 

[0098] 

 The etching gas of the present disclosure, which 5 

contains a second component, can reduce lateral etching (or 

enhance the effect of protecting the base wall) by about 10% to 

30% at low cost in hole etching in a semiconductor manufacturing 

substrate. The etching gas of the present disclosure can reduce 

the amount of sidewall etching of holes (lateral etching). 10 

 

Examples 

[0099] 

 The present invention is specifically described below 

with reference to Examples and Comparative Examples, which do not 15 

limit the present invention. 

[0100] 

[1] Etching method 

 After hexafluoropropene (HFP) and an additive gas (a 

second component) were introduced from a gas inlet connected to 20 

an upper electrode, the process gas was excited using a high-

frequency power supply (13.56 MHz, 0.22 W) to perform etching. 

[0101] 

 An etching gas containing HFP and the additive gas, 

oxygen (an oxidizing gas), Ar (an inert gas), and hydrogen 25 

(reducing gas when etching a SiN film) were supplied from 

separate lines to form an etching gas mixture in a chamber to 

perform etching. 

[0102] 

 A silicon oxide film (SiO2 film) and a silicon nitride 30 

film (SiN film) formed on a silicon substrate were etched using 

inductively coupled plasma (ICP) under the following etching 

conditions: discharge power: 1,000 W; bias power: 300 W; 

pressure: 10 mTorr; electron density: 8 × 1010 cm-3 to 2 × 1011  

cm-3; electronic temperature: 5 eV to 7 eV. 35 
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[0103] 

[2] Measurement of aspect ratio and lateral etching 

 A silicon wafer cross section after etching was 

observed by SEM to measure the aspect ratio and the lateral 

etching (the amount of sidewall etching). 5 

[0104] 

(1) Aspect ratio 

 In hole etching in the SiO2 film and the SiN film, the 

relative to the width (1) of the hole, i.e., etching 10 

depth/etching width (dimension). A larger aspect ratio (higher 

aspect ratio) indicates deeper etching (higher aspect ratio 

etching). 

[0105] 

(2) Lateral etching rate 15 

 In the Examples, a lower lateral etching rate (relative 

value) indicates reduced lateral etching, compared to the 

Comparative Examples (examples without the additive gas). 

Lateral etching rate R = a/b*100 

[0106] 20 
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[0111] 

 The use of the etching gases of the Examples for hole 

etching in the SiO2 films and the silicon-based materials each 

including a SiN film reduced lateral etching (the lateral etching 

rate was low as compared to the Comparative Examples), and 5 

achieved etching in which the processed hole shape was well 

maintained. 

[0112] 

 The etching gases of the Examples reduced lateral 

etching by about 10% to 30% in hole etching and successfully 10 

reduced lateral etching. 

[0113] 

[3] Industrial Applicability 

 The etching gas of the present disclosure contains (1) 

hexafluoropropene as a first component and (2) at least one 15 

component selected from the group consisting of 

hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer as a second 

component. Use of the etching gas of the present disclosure for 

hole etching in a silicon oxide film (SiO2 film) or a silicon-20 

based material including a silicon nitride film (SiN film) can 

reduce lateral etching and achieve etching in which the processed 

hole shape is well maintained. 

[0114] 

 The etching gas of the present disclosure, which 25 

contains a second component, can reduce lateral etching (or 

enhance the effect of protecting the base wall) by about 10% to 

30% at low cost in hole etching in a semiconductor manufacturing 

substrate. The etching gas of the present disclosure can reduce 

the amount of sidewall etching of holes (lateral etching). 30 
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CLAIMS 

 [Claim 1] 

 An etching gas comprising: 

 (1) hexafluoropropene; and 

 (2) at least one component selected from the group 5 

consisting of hexafluorocyclopropane, pentafluoropropene, and a 

hexafluoropropene-derived dimer and/or trimer. 

 

 [Claim 2] 

 The etching gas according to claim 1, 10 

wherein, based on the total amount of the etching gas, 

 the hexafluoropropene (1) is present at 95 vol% to 

99.99999 vol%, and 

 the at least one component selected from the group 

consisting of hexafluorocyclopropane, pentafluoropropene, and a 15 

hexafluoropropene-derived dimer and/or trimer (2) is present at 1 

ppm by volume to 1,000 ppm by volume. 

 

 [Claim 3] 

 An etching method comprising etching a silicon oxide 20 

film or a silicon-based material having a silicon nitride film 

formed thereon using a gas plasma of the etching gas according to 

claim 1. 

 

 [Claim 4] 25 

 The etching method according to claim 3, 

wherein the silicon-based material is etched by continuously 

supplying the etching gas and (3) an inert gas separately and 

generating an etching gas mixture in a chamber. 

 30 

 [Claim 5] 

 The etching method according to claim 3, 

wherein the silicon-based material is etched by continuously 

supplying the etching gas and (4) an oxidizing gas and/or a 

reducing gas separately and generating an etching gas mixture in 35 
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a chamber. 

 

 [Claim 6] 

 The etching method according to claim 3, 

wherein the silicon-based material is etched by continuously 5 

supplying the etching gas, (3) an inert gas, and (4) an oxidizing 

gas and/or a reducing gas separately and generating an etching 

gas mixture in a chamber. 

 

 [Claim 7] 10 

 The etching method according to any one of claims 3 to 

6, 

wherein the silicon-based material is a semiconductor 

manufacturing substrate. 

15 


