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ETCHING METHOD AND PLASMA ETCHING MATERIAL 

 

 

 The present invention relates to an etching method and a plasma etching 5 

material. 

Background Art 

 The step of selectively etching a silicon oxide-containing film is a process step 

that is widely used in processes for producing integrated circuits (IC), 

microelectromechanical systems (MEMS), optical devices, and so forth. 10 

 Various fluorocarbon gases have been proposed as materials that carry out the 

selective plasma etching of, for example, silicon oxide films, and silicon oxynitride 

films, in comparison with materials such as silicon nitride and photoresists. In addition, 

oxyfluorocarbon gases, which contain the oxygen atom in the molecule, have also been 

proposed for the execution of highly selective etching. 15 

Summary of  

 By using a fluorocarbon gas in combination with an oxidizer such as oxygen 

gas, the method disclosed in the PCT application No. 2015-533029 can carry out 

etching while forming a fluorocarbon polymer at the bottom and sidewalls of a 

depression (for example, a trench or hole). In accordance with this method, by 20 

controlling the amount of introduction of the oxidizer, the thickness of the fluorocarbon 

polymer deposited on the sidewalls of the depression can be controlled and etching can 

be carried out vertically while protecting the sidewalls. However, because the 

fluorocarbon gas and oxidizer are different molecules having different molecular 

weights and different molecular diameters, the uniform introduction of both the 25 

fluorocarbon gas and oxidizer in the desired concentrations all the way to the bottom of 
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a depression has been problematic. The realization of the selective etching in particular 

of a high aspect ratio depression has thus been problematic. 

 The use of an oxyfluorocarbon gas is proposed in the etching method disclosed 

in JP 2005-39277. However, the oxyfluorocarbon gas disclosed in JP 2005-39277 has 

not more than two oxygen atoms in the molecule, and the introduction of an additional 5 

oxidizer is then required in order to secure a satisfactory etching rate. Thus, the uniform 

introduction of both the oxyfluorocarbon and the oxidizer¾which is a different 

molecule having a different molecular weight and different molecular diameter from the 

oxyfluorocarbon¾in the desired concentrations all the way to the bottom of a 

depression has been problematic. Moreover, while etching can be executed with this 10 

method, either polymer deposition on the sidewalls of the depression does not occur, or 

the amount of deposition is scarce, and there is then risk of damage to the depression 

and substrate. As a result, the etching selectivity between the mask material, which is 

not the etching target, and the etching target material assumes a declining trend. 

 As a consequence, there is desire for an etching method that exhibits a fast 15 

etching rate for silicon oxide-containing films and that can selectively etch silicon 

oxide-containing films. 

 The present inventors have discovered a plasma etching method that uses an 

oxyfluorocarbon gas and a halogenated hydrocarbon in order to selectively etch silicon 

oxide-containing films. 20 

 The disclosure was achieved in order to solve at least a portion of the problem 

identified above and can be realized as the aspects or application examples provided 

below. 

 As used in this Description, the term “etching” refers to a plasma etching 

process (i.e., a dry etching process) in which, through the acceleration of the chemical 25 

reactions in the vertical direction due to ion bombardment, vertical sidewalls are formed  
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oxide-based low-k dielectric material such as the Black Diamond II material or Black 

Diamond III material from SKW Associates, Inc. The silicon-containing film may also 

contain a dopant such as B, C, P, As and/or Ge. The amorphous carbon-containing film 

may also contain a dopant such as a metal element, B, P, As, and/or Ge. 

 In a first aspect, the present disclosure provides an etching method comprising 5 

etching a Si-containing material by introducing a gas containing a halogenated 

hydrocarbon and a gas containing C4F6O3 into a plasma reaction chamber and by 

forming active species in the plasma reaction chamber by a plasma. 

 In a second aspect, the present disclosure provides plasma etching material 

comprising C4F6O3 and a halogenated hydrocarbon, the halogenated hydrocarbon 10 

containing at least one compound selected from the group consisting of CF4, CF3I, 

C2F3I, C3F5I, C3F7I, C2F6, C3F6, C3F8, C4F8, C4F6, C5F8, C6F6, CH3F, CHF3, CH2F2, 

C2HF5, C3HF5, C3H2F4, C3H2F6, C4HF7, and C4H2F6. 

Application Example 1 

 According to one embodiment of the disclosure, there is provided an etching 15 

method comprising etching a Si-containing material by introducing a gas containing a 

halogenated hydrocarbon and a gas containing trifluoroacetic anhydride (C4F6O3) into a 

plasma reaction chamber and by forming active species in the plasma reaction chamber 

by a plasma. 

 A highly precise etching can be performed in accordance with this application 20 

example through the mixing of a halogenated hydrocarbon-containing gas and a 

C4F6O3-containing gas in the plasma reaction chamber. In addition, because three 

oxygen atoms are present in each molecule of C4F6O3, the etching target material can be 

selectively etched in comparison with the mask material without the addition of an 

oxidizer.  25 

Moreover, due mainly to the effects of the halogenated hydrocarbon, it 

becomes possible to carry out an etching having a controlled deposition of fluorocarbon 
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polymer on the sidewalls of the depression, and a highly precise etching in the 

perpendicular direction with respect to the Si-containing material substrate can then be 

performed. 

 The flow rate ratio between the halogenated hydrocarbon-containing gas and 

the C4F6O3-containing gas is not particularly limited, and, for the case of use of C4F6 as 5 

the halogenated hydrocarbon, it can be, for example, 9 : 1 to 7 : 3 and can preferably be 

9 : 1 to 8 : 2. In this Description, “flow rate ratio” is the ratio between volumetric flow 

rates per unit time. 
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surface roughness can be measured using atomic force microscopy (AFM) or a laser 

microscope. 

 In accordance with this application example, there is little risk that impurities 

attached to the inner surface of the container can become admixed into the C4F6O3 that 

is supplied into the plasma chamber. In addition, the decomposition of C4F6O3 caused 5 

by impurities attached to the container inner surface can be reduced, as can the 

production of trifluoroacetic acid that accompanies this decomposition. Reductions in 

the etching capacity can thereby be controlled. 

Application Example 16 

 According to one embodiment of the disclosure, there is provided a plasma 10 

etching material comprising C4F6O3 and a halogenated hydrocarbon,  

 the halogenated hydrocarbon containing at least one compound selected from 

the group consisting of CF4, CF3I, C2F3I, C3F5I, C3F7I, C2F6, C3F6, C3F8, C4F8, C4F6, 

C5F8, C6F6, CH3F, CHF3, CH2F2, C2HF5, C3HF5, C3H2F4, C3H2F6, C4HF7, and C4H2F6. 

 In accordance with this application example, a highly precise etching can be 15 

performed through the mixing of a halogenated hydrocarbon-containing gas and a 

C4F6O3-containing gas in the plasma reaction chamber. In addition, because the oxygen 

atom is present in the C4F6O3 molecule, the etching target material can be selectively 

etched in comparison with a mask material. Moreover, because etching is performed 

while causing the deposition of fluorocarbon polymer on the sidewalls of the depression 20 

formed in the Si-containing material that is the etching target, a highly precise etching 

in the perpendicular direction with respect to the Si-containing material substrate can be 

performed. 

 In accordance with the etching method according to the disclosure, a highly 

precise etching can be performed at a fast etching rate through the mixing of a 25 

halogenated hydrocarbon-containing gas and a C4F6O3-containing gas to uniformity in  






































































