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DESCRIPTION 

Invention Title 

SEMICONDUCTOR PROCESS POLISHING COMPOSITION, POLISHING 

COMPOSITION PREPARATION METHOD, AND SEMICONDUCTOR DEVICE 

MANUFACTURING METHOD IN WHICH POLISHING COMPOSITION IS 5 

APPLIED 

 

Technical Field 

[0001] The present disclosure relates to a polishing composition for a semiconductor 

process, a method of manufacturing the polishing composition, and a method of 10 

manufacturing a semiconductor device, the method that uses the polishing composition. 

 

Background Art 

[0002] As semiconductor devices get more and more miniaturized and get higher and 

higher in density, technologies for forming a pattern smaller and smaller in size are 15 

employed. Accordingly, surface structures of the semiconductor devices become further 

complex, and topologies of interlayer films also become more and more irregular. In 

manufacturing the semiconductor device, a chemical mechanical polishing (hereinafter 

referred to as "CMP") process is performed as a planarization technology for evening out 

any irregular topography of a specific film formed on a substrate. 20 

[0003] During the CMP process, a slurry is provided on a polishing pad, and a surface 

of the substrate is polished while the substrate is pressurized and rotated. A target to be 

planarized varies according to a process step, and the slurry that is used in such a case also 

varies in physical property. 

[0004] Specifically, the CMP process is performed for planarizing a dielectric, such as 25 
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a silicon oxide (SiO2) layer or a silicon nitride layer (SiN), and is also necessarily 

performed for planarizing a metal wiring line, such as a tungsten (W) wiring line or a 

copper (Cu) wiring line. 

[0005] As semiconductor devices are downscaled at a high integration level, formation 

of a finer pattern, formation of a circuit with a multi-layer structure, and the like are 5 

required. 

[0006] For this reason, there is a need for films formed of various different materials 

having different etch selectivity characteristics. Among the films formed of various 

materials, a carbon-based organic film has significant etch selectivity characteristics with 

respect to a film containing silicon and therefore may be used as a mask film or a sacrificial 10 

film. 

[0007] In a process of manufacturing the semiconductor device, the organic film is 

required to be removed by the chemical mechanical polishing process being performed 

thereon. However, polishing compositions have not been developed that can efficiently 

polish the organic film used in the process of manufacturing the semiconductor device by 15 

performing the CMP process. 

[0008] In order to solve the above-mentioned problem, there is a need for developing a 

polishing composition for a semiconductor process. 

 

DISCLOSURE 20 

Technical Problem 

[0009] An object of the present disclosure is to provide a polishing composition for a 

semiconductor process, a method of manufacturing the polishing composition, and a 

method of manufacturing a semiconductor device, the method that uses the polishing 

composition. 25 
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[0010] Another object of the present disclosure is to provide a polishing composition 

for a semiconductor process that has an excellent polishing rate for an amorphous carbon 

layer, is supplied during a process of polishing the amorphous carbon layer, and prevents 

a carbon residue from adsorbing onto a substrate, thereby preventing a defect from 

occurring. 5 

[0011] Still another object of the present disclosure is to provide a method of 

manufacturing a polishing composition that achieves high stability for storage by 

stabilizing an accelerator in the polishing composition. 

[0012] Yet another object of the present disclosure is to provide a method of 

manufacturing a semiconductor device, the method that uses a polishing composition for 10 

a semiconductor process. 

Technical Solution 

[0013] In order to accomplish the above-mentioned objects, according to an aspect of 

the present disclosure, there is provided a polishing composition for a semiconductor 

process, the polishing composition containing an abrasive particle and a surfactant, and 15 

having a value, ranging from 0.5 to 2, which satisfies following Equation 1, ranges from 

0.5 to 2: 

[0014] [Equation 1] 

[0015]  

 20 

 

[0016] where, 

[0017] when an amorphous carbon layer (ACL) with a thickness of 2,000  is 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 25 
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inflow speed of a polishing composition is 200 ml/min, 

[0018] Ra depicts a value of a polishing rate measured and 

[0019] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 

particles. 

[0020] According to another aspect of the present disclosure, there is provided a method 5 

of manufacturing a polishing composition for a semiconductor process, the method 

including: a step of manufacturing a polishing solution by placing a stabilizer and an 

accelerator into a solvent and mixing the solvent with the stabilizer and the accelerator; a 

step of adjusting a pH of the polishing solution by mixing the polishing solution with a 

pH adjuster; and a step of mixing the pH-adjusted polishing solution with a surfactant and 10 

an abrasive particle. 

[0021] According to still another aspect of the present disclosure, there is provided a 

method of manufacturing a semiconductor device, the method including: 1) a step of 

providing a polishing pad including a polishing layer; 2) a step of supplying a polishing 

composition for a semiconductor process to the polishing pad; and 3) a step of polishing 15 

a polishing target while causing relative rotation of the polishing target in such a manner 

that a surface of the polishing target that is to be polished is brought into contact with a 

polishing surface of the polishing layer, wherein the polishing composition contains an 

abrasive particle and a surfactant. 

 20 

Advantageous Effects 

[0022] A polishing composition for a semiconductor process according to the present 

disclosure has an excellent polishing rate and is used for a CMP process for an amorphous 

carbon layer. The polishing composition can prevent a carbon residue occurring during 

the polishing process from adsorbing onto a semiconductor substrate and can prevent a 25 
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polishing pad from being contaminated. The polishing composition has excellent stability 

for storage. 

[0023] In addition, a method of manufacturing a semiconductor device, the method that 

uses the polishing composition for a semiconductor process, can be provided. 

 5 

Brief Description of Drawings 

[0024] FIG. 1 is a schematic view that is referred to for description of a process of 

manufacturing a semiconductor device according to an embodiment of the present 

disclosure. 

[0025] FIG. 2 is a graph showing results of measuring surface tension according to an 10 

embodiment of the present disclosure. 

Best Mode 

[0026] The present disclosure relates to a polishing composition for a semiconductor 

process that contains an abrasive particle and a surfactant and has a value, ranging from 

0.5 to 2, which satisfies following Equation 1: 15 

[0027] [Equation 1] 

[0028]  

 

[0029] where, 

[0030] 20 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, 

[0031] Ra depicts a value of a polishing rate measured and 

[0032] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 25 
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particles. 

Mode for Invention 

[0033] Embodiments of the present disclosure will be described in detail below in such 

a manner that a person of ordinary skill in the art to which the present invention pertains 

is enabled to practice them without undue experimentation. However, the present 5 

disclosure may be embodied in various different forms and is not limited to the 

embodiments that will be described below. 

[0034] When the expression "includes a certain constituent element" is used throughout 

the present specification, unless specifically stated otherwise, this expression means "may 

further include any other constituent element, not "excluding any other constituent 10 

element." 

[0035] Throughout the present specification, a certain constituent element, when 

described as being "connected to one other constituent element, may be "directly 

connected to" one other constituent element or may be "indirectly connected to" one other 

constituent element with an intervening constituent element in between. 15 

[0036] Throughout the present specification, that A is positioned on top of B means that 

A is in direct contact with B. Moreover, that A is positioned over B means that A is in 

indirect contact with an intermediary in between. 

[0037] Throughout the present specification, the term "combination thereof" included 

in the expression in Markush format means a mixture or combination of one or more 20 

elements selected from the group consisting of elements and means one or more elements 

selected from the group consisting of the above-mentioned elements. 

[0038] Throughout the present specification, the term "A and/or B" means "A, B, or A 

and B." 

[0039] Throughout the present specification, unless specifically stated otherwise, the 25 
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terms, "first," "second," and so forth or the terms "A," "B," and so forth are used to 

distinguish among the same terms. 

[0040] Throughout the present specification, unless specifically stated otherwise, 

according to context, use of the singular form of a word is interpreted as including a 

singular meaning and including a meaning which includes the plural. 5 

[0041] The embodiments of the present disclosure will be in more detail below. 

[0042] As a semiconductor device gets more and more miniaturized and gets higher and 

higher in density, a surface structure thereof becomes more and more complex. The 

complexity of the above-mentioned surface structure means narrow-down of the line 

width of the semiconductor device. An aspect ratio is gradually increased, and a 10 

photoresist becomes thinner in order to be consistent with the aspect ratio that is gradually 

increased. 

[0043] A phenomenon where the thinned and elongated photoresist does not remain 

unharmed and collapses occurs during an etching process. In order to prevent this 

phenomenon, a hard mask process is introduced. 15 

[0044] Amorphous carbon and SiON are used as a material of the above-mentioned hard 

mask. 

[0045] The above-mentioned amorphous carbon, when used as the material of the hard 

mask, has an excellent etching-resistant property. However, when a chemical mechanical 

polishing process is performed using a polishing composition in the related art, a carbon 20 

residue adsorbs onto a surface of a layer due to a low polishing rate and forming of a 

carbon residue, thereby causing a defect in a semiconductor substrate. 

[0046] A polishing composition for a semiconductor process according to the present 

disclosure has a better polishing rate for the above-mentioned amorphous carbon layer 

than the polishing composition in the related art and prevents the carbon residue from 25 
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adsorbing onto the surface of the layer, thereby possibly preventing the occurrence of the 

defect in the semiconductor substrate. 

[0047] Specifically, the polishing composition for a semiconductor process according 

to the present disclosure contains an abrasive particle and a surfactant and has a value, 

ranging from 0.5 to 2, which satisfies following Equation 1. 5 

[0048] [Equation 1] 

[0049]  

 

[0050] where, 

[0051] 10 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, 

[0052] Ra depicts a value of a polishing rate measured and 

[0053] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 15 

particles. 

[0054] Specifically, the above-mentioned polishing composition for a semiconductor 

process according to the present disclosure contains an abrasive particle and a surfactant 

and has an excellent polishing rate for the above-mentioned amorphous carbon layer 

during a polishing process and reduces surface tension, thereby possibly preventing the 20 

carbon residue from re-adsorbing onto the semiconductor substrate. 

[0055] More particularly, the polishing composition in the related art has a low 

polishing rate for the amorphous carbon layer. Accordingly, when the polishing 

composition in the related art is used for the polishing process, a large amount of time is 

taken for polishing, thereby causing the problem of low polishing efficiency. 25 
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[0056] Accordingly, in order to increase the polishing rate for the amorphous carbon 

layer, there is proposed a method of causing an accelerator described below to be 

contained in the polishing composition and thus increasing the polishing rate for the 

amorphous carbon layer. The above-mentioned polishing composition contains the 

accelerator and thus increases the polishing rate for the amorphous carbon layer. However, 5 

the carbon residue occurring during the polishing process re-adsorbs onto the 

semiconductor substrate, thereby increasing the occurrence of a defect in the 

semiconductor substrate. 

[0057] In order to solve the above-mentioned problem of the occurrence of the defect, 

the polishing composition for a semiconductor process according to the present disclosure 10 

contains the surfactant and thus reduces surface tension of the polishing composition. The 

containing of the surfactant, As described above, the polishing composition contains the 

surfactant and thus prevents the carbon residue, which occurs during the polishing process, 

from re-adsorbing onto a surface of the semiconductor substrate, thereby possibly 

preventing the defect from occurring in the semiconductor substrate. 15 

[0058] The polishing composition used for a process of manufacturing a semiconductor 

arbon layer, but is not limited to 

these polishing rates. The polishing composition with high efficiency may be provided 

when the polishing process is performed on the amorphous carbon layer within the above-20 

mentioned scope of the present disclosure. 

[0059] Following Equation 1 relates to a relationship among the polishing rate, the 

abrasive particle, and the surfactant for the polishing composition according to the present 

disclosure. 

[0060] [Equation 1] 25 



10 

[0061]  

 

[0062] where, 

[0063] when an amorphous carbon layer (ACL) with a 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 5 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, 

[0064] Ra depicts a value of a polishing rate measured and 

[0065] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 

particles. 10 

[0066] Specifically, in a case where the value satisfying Equation 1 ranges from 0.5 to 

2, preferably, 0.7 to 1.4 and where the value satisfying Equation 1 falls within the scope 

of the present disclosure, the polishing rate for the amorphous carbon layer can be 

increased, and a surface defect in the semiconductor substrate can be prevented. 

[0067] A value of a denominator in the relationship given in Equation 1 relates to 15 

abrasive particle content and surfactant content. The above-mentioned surfactant is 

contained in small amount in the polishing composition, and thus reduces the surface 

tension of the polishing composition. 

[0068] Specifically, 100 in the above-mentioned value of the denominator, means 100 

parts by weight that refers to a range of a range of the abrasive particle content. In addition, 20 

the S of 100S in the above-mentioned value of the denominator means parts by weight for 

the surfactant per 100 parts by weight of abrasive particles, and 100 is a coefficient for 

reflecting the effect of suppressing the occurrence of the surface defect in the 

semiconductor substrate during the polishing process that uses the surfactant. 

[0069] When the value satisfying Equation 1 falls within the scope of the present 25 
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disclosure, the polishing rate for the amorphous carbon layer is excellent, and the carbon 

residue is prevented from re-adsorbing onto the surface of the semiconductor substrate 

during the polishing process, thereby possibly suppressing the occurrence of the defect in 

the semiconductor substrate. 

[0070] The above-mentioned polishing composition contains 0.5 to 5 parts by weight, 5 

preferably 0.5 to 3 parts by weight, of the surfactant per 100 parts by weight of metal oxide 

particles. In a case where the surfactant and the metal oxide particles are mixed within the 

above-mentioned range and where a mixture thereof is used, the value satisfying Equation 

1 falls within the scope of the present disclosure, the polishing rate for the above-

mentioned amorphous carbon layer is excellent, and the carbon residue is prevented from 10 

re-adsorbing onto the surface of the semiconductor substrate during the polishing process, 

thereby possibly suppressing the occurrence of the defect in the semiconductor substrate. 

[0071] The above-mentioned surfactant is not particularly limited as long as it is a 

material that serves to prevent a phenomenon such as the re-adsorption of the carbon 

residue onto the surface of the semiconductor substrate during the polishing process. 15 

[0072] Specifically, the above-mentioned surfactant may contain a nonionic fluorine-

based compound. The above-mentioned surfactant contains a fluorine-based compound. 

When the surfactant is used during the polishing process on the amorphous carbon layer, 

the carbon residue that occurs during the polishing process can be prevented from re-

adsorbing onto the surface of the semiconductor substrate. In addition, the above-20 

mentioned surfactant contains fluorine, and thus may suppress propagation of 

microorganisms, such as bacteria and fungi. When the polishing composition is stored for 

a long time, bacteria and fungi may grow in the polishing composition. The polishing 

composition in which the above-mentioned bacteria and fungi grow cannot be used for the 

polishing process and thus has to be discarded. The above-mentioned surfactant in the 25 
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polishing composition according to the present disclosure contains a nonionic fluorine-

based polymer compound. Thus, when the polishing composition is stored for a long time, 

bacteria and fungi can be prevented from growing. Thus, the stability of the polishing 

composition according to the present disclosure that is required for long-time storage can 

be increased. 5 

[0073] Specifically, the above-mentioned surfactant according to the present disclosure 

may be selected from the group consisting of FS-30, FS-31, FS-34, ET-3015, ET-3150, 

and ET-3050 that are manufactured by the Chemourstm company, and a mixture thereof. 

However, the surfactant according to the present disclosure is not particularly limited as 

long as it is a material that serves to prevent a phenomenon such as the re-adsorption of 10 

the carbon residue onto the surface of the semiconductor substrate during the polishing 

process. 

[0074] As the above-mentioned surfactant according to the present disclosure that is a 

nonionic surfactant, a surfactant containing a nonionic fluorine-based polymer compound 

may also be used alone or in mixture with another nonionic surfactant. 15 

[0075] The above-mentioned nonionic surfactant may be selected from the group 

consisting of polyethylen glycol, polypropylene glycol, a polyethylene-propylene 

copolymer, a polyalkyl oxide, a polyoxyethylene oxide (PEO), and a polyethylene oxide, 

and a polypropylene oxide. A fluorosurfactant may be selected from the group consisting 

of a sodium sulfonate fluorosurfactant, a phosphate ester fluorosurfactant, an amine oxide 20 

fluorosurfactant, a betaine fluorosurfactant, an ammonium carboxylate fluorosurfactant, a 

stearate ester fluorosurfactant, a quaternary ammonium fluorosurfactant, an ethylene 

oxide/propylene oxide fluorosurfactant, and a polyoxyethylene fluorosurfactant. 

[0076] The above-mentioned abrasive particle is an abrasive particle that may be 

available on the polishing composition for a semiconductor process. For example, the 25 



13 

above-mentioned abrasive particle may be selected from the group consisting of a metal 

oxide, an organic particle, an organic-inorganic composite particle, and a mixture thereof, 

but is not limited thereto. The metal oxide may be selected from the group consisting of 

colloidal silica, fumed silica, ceria, alumina, titania, zirconia, zeolite and a mixture thereof, 

but is not limited thereto. An abrasive particle that is selectable by a person of ordinary 5 

skill in the art may be all used, without any limitation, as the above-mentioned abrasive 

particle. 

[0077] The above-mentioned organic particle may be a polystyrene, styrene-based 

copolymer, poly(meta) acrylate, (meta)acrylate-based copolymer, polyvinyl chloride, 

polyamide, polycarbonate, or polyimide polymer particle; or a particle, having a core/shell 10 

structure, in which the above-mentioned polymer constitutes a core, a shell, or both 

thereof. These may be used alone or in mixture. The above-mentioned organic particle 

may be manufactured by an emulsion polymerization method, a suspension 

polymerization method, or the like. 

[0078] The above-mentioned abrasive particle according to the present disclosure may 15 

be selected from the group consisting of colloidal silica, fumed silica, ceria, and a mixture 

thereof. 

[0079] The above-mentioned abrasive particle may have a diameter D50 of 10 nm to 120 

nm, preferably a diameter D50 of 20 nm to 100 nm, and more preferably a diameter D50 of 

20 nm to 60 nm. In a case where the above-mentioned diameter D50 of the abrasive particle 20 

is in the above-mentioned range, a defect in a polishing-target substrate, such as a scratch, 

can be reduced, and the dispersibility of the abrasive particle can be improved. 

Specifically, in a case where the abrasive particle having the diameter D50 in the above-

mentioned range is used, the dispersibility of the abrasive particle can be improved, and 

thus a phenomenon where particles in the polishing composition agglomerate does not 25 
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occur. Accordingly, the defect due to the abrasive particles, such as the scratch, can be 

prevented from occurring. 

[0080] The above-mentioned polishing composition may additionally contain an 

accelerator, a stabilizer, and a pH adjuster. 

[0081] The above-mentioned accelerator may be selected from the group consisting of 5 

an anionic small molecule, an anionic high molecule, a hydroxyl acid, an amino acid, and 

a cerium salt. Specifically, the above-mentioned cerium salt may be a trivalent cerium salt 

or a tetravalent cerium salt. More specifically, the above-mentioned tetravalent cerium salt 

may be selected from the group consisting of cerium sulfate (IV) (Ce (SO4)2), ammonium 

cerium sulfate dihydrate, and cerium ammonium nitrate, but is not limited thereto. 10 

[0082] The above-mentioned accelerator is contained in the polishing composition, and 

oxidizes a surface layer of the amorphous carbon layer to an oxide or an ion, thereby 

making it easy to remove the surface layer of the amorphous carbon layer. 

[0083] In addition, the above-mentioned accelerator makes it easy to remove a residue 

of an organic-layer material that is present in a polishing stopping layer and thus has the 15 

advantage of making it possible to perform polishing more uniformly. 

[0084] The above-mentioned cerium ammonium nitrate may be present, in the form of 

an ionic compound or a chelate compound, in a slurry composition. In a case where the 

above-mentioned cerium ammonium nitrate is used in the above-mentioned form, it is 

possible that the amorphous carbon layer is polished at a high polishing speed. 20 

[0085] In order to increase the polishing rate for the amorphous carbon layer, the 

polishing composition according to the present disclosure contains an accelerator and a 

stabilizer. Thus, it is possible that a high polishing rate for the amorphous carbon layer is 

achieved by the accelerator. Moreover, it is possible that the polishing composition 

according to the present disclosure is stored by the stabilizer for a long time. In addition, 25 
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when the polishing process is performed, the carbon residue can be prevented from re-

adsorbing onto the semiconductor substrate, thereby preventing the surface defect in the 

semiconductor substrate. 

[0086] Accordingly, since the polishing composition according to the present disclosure 

contains the accelerator and the stabilizer, the polishing rate for the amorphous carbon 5 

layer can be increased by the accelerator, the stability of the polishing composition can be 

increased by the stabilizer, and the carbon residue can be prevented from re-adsorbing 

onto the semiconductor substrate during the polishing process, thereby possibly 

preventing the occurrence of the defect. 

[0087] Specifically, the above-mentioned stabilizer is amino acids. More specifically, 10 

the above-mentioned amino acid may be selected from the group consisting of arginine, 

histidine, lysine, an aspartic acid, a glutamic acid, glutamine, cysteine, proline, asparagine, 

threonine, alanine, glycine, valine, leucine, isoleucine, and a mixture thereof. Preferably, 

the above-mentioned amino acid is alanine, but is not limited thereto. Any amino acid is 

usable without any limitation as long as it can be used in mixture with the accelerator, can 15 

increase the stability of the polishing composition, and can suppress the occurrence of the 

defect during the polishing process. 

[0088] The above-mentioned pH adjuster may be at least one selected from the group 

consisting of a hydrochloric acid, a phosphoric acid, a sulfuric acid, a fluoric acid, a nitric 

acid, a bromic acid, an iodic acid, a formic acid, a malonic acid, a maleic acid, an oxalic 20 

acid, an acetic acid, an adipic acid, a citric acid, an adipic acid, an acetic acid, a propionic 

acid, a fumaric acid, an oleic acid, a salicylic acid, pimelin acid, a benzoic acid, a succinic 

acid, a phthalic acid, a butyric acid, a glutaric acid, a glutamic acid, a glycolic acid, a lactic 

acid, an asparagic acid, a tartaric acid, and potassium hydroxide. 

[0089] The above-mentioned pH adjuster may adjust the pH of the polishing 25 
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composition for a semiconductor process to 2 to 5, preferably, 2 to 4. In a case where an 

acidic environment is maintained in this range, each of the polishing speed and quality can 

be maintained at a predetermined level or above while excessive corrosion of a metal 

component or a polishing apparatus is maintained. 

[0090] 400 parts by weight to 800 parts by weight of the above-mentioned accelerator 5 

may be used per 100 parts by weight of abrasive particles in the above-mentioned 

polishing composition. Specifically, 450 parts by weight to 700 parts by weight, preferably 

450 parts by weight to 550 parts by weight of the above-mentioned accelerator may be 

used per 100 parts by weight of abrasive particles in the above-mentioned polishing 

composition. 10 

[0091] 350 parts by weight to 750 parts by weight of the above-mentioned stabilizer 

may be used per 100 parts by weight of abrasive particles in the polishing composition. 

Specifically, 400 parts by weight to 600 parts by weight, preferably 430 parts by weight 

to 500 parts by weight of the above-mentioned stabilizer may be used per 100 parts by 

weight of abrasive particles in the above-mentioned polishing composition. 15 

[0092] 0.4 parts by weight to 5 parts by weight of the above-mentioned surfactant may 

be used per 100 parts by weight of abrasive particles in the above-mentioned polishing 

composition. Specifically, 0.5 parts by weight to 2 parts by weight, preferably 0.6 parts 

by weight to 1.5 parts by weight of the above-mentioned surfactant may be used per 100 

parts by weight of abrasive particles in the above-mentioned polishing composition. 20 

[0093] The above-mentioned accelerator, stabilizer, and surfactant may be mixed into a 

solvent, and a mixture thereof may be provided as the above-mentioned polishing 

composition. 

[0094] The above-mentioned solvent is ultra-pure water, but is not limited thereto. Any 

solvents that may be available as a solvent for the polishing composition may be used 25 
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without any limitation. 

[0095] In a case where the above-mentioned accelerator, stabilizer, and surfactant are 

contained, in the above-mentioned ranges, respectively, in the polishing composition, the 

accelerator can be stabilized by the stabilizer, and thus the polishing rate can be increased 

by the accelerator in the polishing composition. In addition, the polishing composition can 5 

be stored for a longer time. 

[0096] In addition, the above-mentioned stabilizer and surfactant can prevent the defect 

from occurring during the polishing process that uses the polishing composition. 

[0097] In a case where the above-mentioned surfactant is contained below the above-

mentioned range, there occurs a problem in that the occurrence of the surface defect in the 10 

semiconductor substrate is increased during the polishing process. In a case where the 

above-mentioned surfactant is contained above the above-mentioned range, there occurs 

a problem in that a bubble occurs in large quantity when the polishing composition is 

manufactured. 

[0098] The above-mentioned polishing composition for a semiconductor process may 15 

contain a solid content of approximately 5% to 20% by weight. In a case where the above-

mentioned solid content is excessively low, there is a concern that the polishing rate for 

the amorphous carbon layer will not be sufficiently ensured. In a case where the above-

mentioned solid content is excessively high, there is a concern that the defect will occur 

due to aggregation of the abrasive particles or the like. That is, in a case where the above-20 

mentioned polishing composition for a semiconductor process contains the above-

described components and the above-mentioned solvent and satisfies a requirement for 

the solid content in the above-mentioned range, the above-mentioned polishing 

composition for a semiconductor process, when used during the polishing process, may 

be advantageously injected at a uniform flowing speed. In addition, the uniform 25 
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dispersibility and the storage safety can be advantageously ensured while the above-

mentioned polishing composition for a semiconductor process is distributed and stored. 

[0099] A method of manufacturing a polishing composition for a semiconductor process 

according to the present disclosure includes: a step of manufacturing a polishing solution 

by placing a stabilizer and an accelerator into a solvent and mixing the solvent with the 5 

stabilizer and the accelerator; a step of adjusting a pH of the above-mentioned polishing 

solution by mixing the above-mentioned polishing solution with a pH adjuster; and a step 

of mixing the above-mentioned pH-adjusted polishing solution with a surfactant and an 

abrasive particle. A value satisfying following Equation 1 ranges from 0.5 to 2. 

[00100] [Equation 1] 10 

[00101]  

 

[00102] where, 

[00103] 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 15 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, 

[00104] Ra depicts a value of a polishing rate measured and 

[00105] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 

particles. 20 

[00106] In the step of manufacturing the above-mentioned polishing solution, a first 

polishing solution may be manufactured by mixing a stabilizer with the solvent in order 

to stabilize the accelerator, and then the polishing solution may be manufactured by 

mixing the first polishing solution with the accelerator. 

[00107] When the polishing composition is manufactured by mixing ultra-pure water, 25 



19 

that is, a solvent, with the above-mentioned accelerator, together with the stabilizer, the 

pH adjuster, the surfactant, and the abrasive particle, the above-mentioned accelerator is 

not stabilized. Thus, the polishing composition, when manufactured in this manner, is 

difficult to store for a long time, or the effect of increasing the polishing rate for the 

amorphous carbon layer using the accelerator is not achieved. 5 

[00108] In order to prevent these problems, the first polishing solution is manufactured 

by mixing the solvent with the stabilizer, and then the polishing solution is manufactured 

by dissolving the accelerator into the first polishing solution. Subsequently, the pH of the 

polishing solution is adjusted by mixing the above-mentioned polishing solution with the 

pH adjuster, and the polishing composition is manufactured by mixing the above-10 

mentioned pH-adjusted polishing solution with the surfactant and the abrasive particle. 

Due to the accelerator, the polishing composition for a semiconductor process that is 

manufactured using the above-mentioned manufacturing method has an excellent 

polishing rate for the amorphous carbon layer and an excellent stability. Thus, it is possible 

to store the polishing composition for a long time. 15 

[00109] A method of manufacturing a semiconductor device according to another 

embodiment of the present disclosure includes: 1) a step of providing a polishing pad 

including a polishing layer; 2) a step of supplying a polishing composition for a 

semiconductor process to the polishing pad; and 3) a step of polishing a polishing target 

while causing relative rotation of the polishing target in such a manner that a surface of 20 

the polishing target that is to be polished is brought into contact with a polishing surface 

of the polishing layer. The above-mentioned polishing composition contains an abrasive 

particle and a surfactant. A value satisfying Equation 1 ranges from 0.5 to 2. 

[00110] [Equation 1] 

[00111]  25 
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[00112] where, 

[00113] 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 5 

inflow speed of a polishing composition is 200 ml/min, 

[00114] Ra depicts a value of a polishing rate measured and 

[00115] S depicts parts by weight of a surfactant per 100 parts by weight of abrasive 

particles. 

[00116] FIG. 1 is a schematic view that is referred to for description of a process of 10 

manufacturing a semiconductor device according to an embodiment of the present 

disclosure. With reference to FIG. 1, a polishing pad 110 according to the present 

embodiment is mounted on top of a surface plate 120, and then, a semiconductor substrate 

130 that is a polishing target is arranged on top of the polishing pad 110. For polishing, a 

polishing slurry 150 is sprayed onto the polishing pad 110 through a nozzle 140. 15 

[00117] An amount of the flowing polishing slurry 150 supplied through the above-

mentioned nozzle 140 may be selected, according to purpose, from a range from 

approximately 10 cm3/minute to approximately 1,000 cm3/minute. For example, the 

amount of the flowing polishing slurry 150 may be approximately 50 cm3/minute to 

approximately 500 cm3/minute, but is not limited thereto. 20 

[00118] The surface of the above-mentioned semiconductor substrate 130 that is to be 

polished is brought into direct contact with a polishing surface of the above-mentioned 

polishing pad 110. 

[00119] Subsequently, the semiconductor substrate 130 and the polishing pad 110 may 

be rotated relative to each other and the surface of the semiconductor substrate 130 may 25 
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be polished. At this point, a rotational direction of the semiconductor substrate 130 and a 

rotational direction of the polishing pad 110 may be the same as or opposite to each other. 

The rotational speeds of the above-mentioned semiconductor substrate 130 and polishing 

pad 110 may be selected, according to purpose, from a range from approximately 10 rpm 

to approximately 500 rpm. For example, the rotational speeds thereof may be 5 

approximately 30 rpm to approximately 200 rpm, but are not limited thereto. 

[00120] As an example of the above-mentioned process of polishing the substrate, that 

polishes the substrate may be used for a polishing process for a carbon-based organic layer 

that is an organic layer. 

[00121] Specifically, examples of the above-mentioned carbon-based organic layer may 10 

include a C-spin on hard mask (C-SOH) layer, an amorphous carbon layer, and an NCP 

layer. Preferably, the above-mentioned carbon-based organic layer is an amorphous 

carbon layer that has an excellent selective polishing effect and is capable of achieving a 

high polishing rate. 

[00122] A detailed description of the polishing composition for a semiconductor process 15 

is the same as described above and is omitted. 

[00123] In one implementation example, the method of manufacturing a semiconductor 

device may further include a step of polishing the semiconductor substrate 130 and, at the 

same time, processing the polishing surface of the polishing pas 110 through a conditioner 

170 in order to keep the polishing surface of the polishing pad 110 suitable for polishing. 20 

[00124]  

[00125] Manufacturing of the Polishing Composition for a Semiconductor Process 

[00126] Practical Example 1 

[00127] A first polishing solution was manufactured by mixing ultra-pure water with 

alanine, that is, a stabilizer, a. A polishing solution was manufactured by mixing the 25 
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above-mentioned first polishing solution with cerium ammonium nitrate, that is, an 

accelerator. 

[00128] A pH of the above-mentioned polishing solution was adjusted to 2.1 by mixing 

the above-mentioned polishing solution with a nitric acid. A polishing composition was 

manufactured by mixing the pH-adjusted polishing solution with FS-30, that is, a 5 

surfactant, manufactured by the Chemourstm company and colloidal silica with a diameter 

of 75 nm. 

[00129] Practical Example 2 

[00130] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that 2 parts by weight of the above-mentioned surfactant is contained 10 

per 100 parts by weight of colloidal silica. 

[00131] Practical Example 3 

[00132] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that histidine was used instead of the above-mentioned alanine. 

[00133] Practical Example 4 15 

[00134] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that proline was used instead of the above-mentioned alanine. 

[00135] Practical Example 5 

[00136] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that arginine was used instead of the above-mentioned alanine. 20 

[00137] Comparative Example 1 

[00138] Ultra-pure water was used as Comparative Example 1. 

[00139] Comparative Example 2 

[00140] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that a surfactant was not separately contained. 25 
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[00141] Comparative Example 3 

[00142] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that a pyridine salt, that is, a cationic surfactant, were used as a 

surfactant. 

[00143] Comparative Example 4 5 

[00144] A polishing composition was manufactured in the same manner as in Practical 

Example 1, except that Tween® 20, that is, a non-ionic surfactant, was used as a surfactant. 

[00145]  

[00146] Specific content of the polishing composition in Practical Examples 1 to 5 and 

Comparative Examples 1 to 4 are as follows. 10 

[00147] Table 1 

 

Practical 

Example 

1 

Practical 

Example 

2 

Practical 

Example 

3 

4 

Example 

5 

Comparat

ive 

Example 

1 

Comparat

ive 

Example 

2 

Comparat

ive 

Example 

3 

Comparat

ive 

Example 

4 

Abrasive 

Particle 

Colloidal silica  

0.25 

(100 

parts by 

weight) 

0.25 

(100 

parts by 

weight) 

0.25 

(100 

parts by 

weight) 

0.25 

(100 

parts by 

weight) 

0.25 

(100 

parts by 

weight) 

 0.25 

(100 

parts by 

weight) 

0.25 

(100 

parts by 

weight) 

0.25 

(100 parts 

by 

weight) 
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Stabilizer 

Alanine 

1.19 

(476 

parts by 

weight) 

1.19 

(476 

parts by 

weight) 

- - - 

 1.19 

(476 

parts by 

weight) 

1.19 

(476 

parts by 

weight) 

1.19 

(476 parts 

by 

weight) 

Histidine - - 

1.19 

(476 

parts by 

weight) 

- -  - - - 

Proline - - - 

1.19(476 

parts by 

weight) 

-  - - - 

Arginine - - - - 

1.19(476 

parts by 

weight) 

 - - - 
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Accelerator 

Cerium ammonium 

nitrate 

1.3  

(520 

parts by 

weight) 

1.3  

(520 

parts by 

weight) 

1.3  

(520 

parts by 

weight) 

1.3  

(520 

parts by 

weight) 

1.3  

(520 

parts by 

weight) 

 1.3 

(520 

parts by 

weight) 

- - 

Surfactant 

FS-30 

0.002  

(0.8 parts 

by 

weight) 

0.005  

(2 parts 

by 

weight) 

0.002  

(0.8 parts 

by 

weight) 

0.002  

(0.8 parts 

by 

weight) 

0.002  

(0.8 parts 

by 

weight) 

- - - - 

Pyridine salt - - - - - - - 

0.002  

(0.8 parts 

by 

weight) 

- 

Tween® 20 - - - - - - - - 

0.002 

(0.8 parts 
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by 

weight) 

Solvent Ultra-pure water the rest 

[00148] (Unit Weight%) 

[00149] Experimental Example 1 

[00150] Measurement of Surface Tensions 

[00151] With ultra-pure water being used as Control Group, bubble life times in 

Comparative Example 1 and Practical Examples 1 and 2 were measured, and surface 5 

tensions were evaluated. 

[00152] A SITA Bubble Pressure Tensionmeter was used as a measuring instrument. For 

measurement, an amount of sample was adjusted to 100 ml, and then the bubble life times 

on liquid-phase surfaces due to the surface tensions were measured. The results are shown 

in Table 2. 10 

[00153] It can be seen that when the bubble life time is lengthened, the ultra-pure water 

as Control Group does not change at a value of specific surface tension. 

[00154] It can be seen that in Comparative Example 1 and Practical Examples 1 and 2, 

as the bubble lift time is lengthened, the surface tension is decreased due to a component 

of the polishing composition, when compared with Control Group, but that, in Practical 15 

Examples 1 and 2, as surfactant content is increased, the surface tension is decreased when 

compared with the case with Comparative Example 1. Specifically, this result is 

understood to mean that since the surface tension is decreased, a carbon residue can be 

prevented from re-adsorbing onto a surface of a substrate, thereby possibly decreasing 

occurrence of the defect in the semiconductor substrate during the polishing process. 20 
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[00155] In contrast, in Comparative Examples 2 to 4, the polishing compositions were 

manufactured with different types of surfactants, but aggregation occurred on the 

polishing compositions. For this reason, it was impossible to conduct an experiment for 

additional evaluation. 

[00156]  5 

[00157] Experimental Example 2 

[00158] Polishing Rate and Whether or Not a Surface Defect Occurs in the 

Semiconductor Substrate 

[00159] A polishing process was performed in order to check a polishing rate and whether 

or not a surface defect occurs in the semiconductor substrate in a case where the polishing 10 

composition according to the present disclosure is used for the polishing process. The 

polishing rate was measured, and whether or not the surface defect occurred was checked. 

[00160] A polishing process condition was that specifically, an amorphous carbon layer 

(ACL) 

speed of a carrier was 87 rpm, a speed of a platen was 93 rpm, and an inflow speed of a 15 

polishing composition was 200 ml/min. 

[00161] Under the above-mentioned polishing condition, the polishing rate for the 

amorphous carbon layer was measured, and whether or not the defect occurred was 

checked using KLA Tencor AIT-XP+. 

[00162] A value satisfying following Equation 1 is computed using the measured 20 

polishing rate, parts by weight of the above-mentioned abrasive particles, and parts by 

weight of the surfactant. 

[00163] [Equation 1] 

[00164]  

 25 
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[00165] where 

[00166] Ra depicts a polishing rate measured and 

[00167] S is parts by weight of a surfactant per 100 parts by weight of abrasive particles. 

[00168]  

[00169] Table 2 5 

 

Removal Rate 

 

Value 

satisfying 

Equation 1 

Total number 

of defects (ea) 

Carbon 

residue  

(ea) 

Particle 

(ea) 

Comparative 

Example 2 

240 2.4 24,242 50 9 

Practical 

Example 1 

242 1.34 16,364 43 1 

Practical 

Example 2 

232 0.77 15,622 40 0 

Practical 

Example 3 

230 1.28 15,645 41 0 
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Practical 

Example 4 

225 1.25 15,981 40 0 

Practical 

Example 5 

231 1.28 15,716 42 0 

[00170] From Table 2, it can be seen that there is no significant difference in the polishing 

rate for the amorphous carbon layer when Comparative Example 2 and Practical Examples 

1 to 5 are compared. Specifically, it can be seen that in Practical Examples 1 to 5, the 

at the same level when compared with the case with Comparative Example 2. However, 5 

it can be seen that there are significant differences in the number of defects occurring 

during the polishing process when Comparative Example 2 and Practical Examples 1 to 5 

are compared. 

[00171] The above-mentioned experimental results show that the difference in the 

polishing rate for the amorphous carbon layer occurred due to the contained accelerator. 10 

It can be seen that in Practical Examples 1 to 5 and Comparative Example 2 in all of which 

the accelerator was contained, the polishing rates for the amorphous carbon layer all 

e surfactant was not 

contained, an amount of the carbon residue is increased and thus the number of the defects 

is increased. 15 

[00172] Consequently, it can be seen that in Practical Examples 1 to 5 to which the value 

satisfying Equation 1 applied, the polishing rates for the amorphous carbon layer are 

excellent and that the effect of preventing the defect from occurring after the polishing 
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process is excellent. 

[00173] The preferred embodiments of the present disclosure are described in detail 

above but impose no limitation on the claimed scope of the present disclosure. Various 

modifications and improvements that a person of ordinary skill in the art makes using the 

fundamental concept of the present disclosure that is defined in the following claims also 5 

fall within the claimed scope of the present disclosure. 

[00174] Description of the Reference Numerals in the Drawings 

[00175] 110: Polishing Pad 

[00176] 120: Surface Plate 

[00177] 130: Semiconductor Substrate 10 

[00178] 140: Nozzle 

[00179] 150: Polishing Slurry 

[00180] 160: Polishing Head 

[00181] 170: Conditioner 

Industrial Applicability 15 

[00182] The present disclosure relates to a polishing composition for a semiconductor 

process, a method of manufacturing the polishing composition, and a method of 

manufacturing a semiconductor device, the method that uses the polishing composition. 
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CLAIMS 

1. A polishing composition for a semiconductor process,  

the polishing composition being used for polishing an amorphous carbon layer, 

the polishing composition containing an abrasive particle, an accelerator and a surfactant,  

the accelerator comprising a cerium salt, 5 

the polishing composition containing 0.5 to 5 parts by weight of the surfactant per 100 

parts by weight of abrasive particles, 

and having a value, ranging from 0.5 to 2, which satisfies following Equation 1: 

[Equation 1] 

 10 

where, when an amorphous carbon layer (ACL) with a thickness of 2,000Å is 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, Ra depicts a value of a polishing 

rate measured and S depicts parts by weight of a surfactant per 100 parts by weight of 15 

abrasive particles. 

 

2. The polishing composition of claim 1, wherein the surfactant contains a 

nonionic fluorine-based polymer compound. 

 20 

3. The polishing composition of claim 1, wherein the abrasive particle is 

selected from the group consisting of a metal oxide, an organic particle, an organic-

inorganic composite particle, and a mixture thereof. 

 

4. The polishing composition of claim 1, containing an accelerator, a 25 
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stabilizer, and a pH adjuster. 

 

5. The polishing composition of claim 1, wherein the accelerator is selected 

from the group consisting of an anionic small molecule, an anionic high molecule, a 

hydroxyl acid, an amino acid, and a cerium salt. 5 

 

6. The polishing composition of claim 4, wherein the stabilizer is an amino 

acid. 

 

7. A method of manufacturing a polishing composition for a semiconductor 10 

process, the method comprising: 

a step of manufacturing a polishing solution by placing a stabilizer and an 

accelerator into a solvent and mixing the solvent with the stabilizer and the accelerator; 

a step of adjusting a pH of the polishing solution by mixing the polishing solution 

with a pH adjuster; and 15 

a step of mixing the pH-adjusted polishing solution with a surfactant and an 

abrasive particle, 

wherein the polishing composition is used for polishing an amorphous carbon 

layer, 

wherein the accelerator comprises a cerium salt, 20 

wherein the polishing composition contains 0.5 to 5 parts by weight of the 

surfactant per 100 parts by weight of abrasive particles, and 

wherein the polishing composition has a value, ranging from 0.5 to 2, which 

satisfies following Equation 1: 

[Equation 1] 25 
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where, when an amorphous carbon layer (ACL) with a thickness of 2,000Å is 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, Ra depicts a value of a polishing 5 

rate measured and S depicts parts by weight of a surfactant per 100 parts by weight of 

abrasive particles. 

 

8. The method of claim 7, wherein in the step of manufacturing the 

polishing solution, a first polishing solution is manufactured by mixing the solvent with a 10 

stabilizer, and the first polishing solution is mixed with an accelerator. 

 

9. A method of manufacturing a semiconductor device, the method 

comprising: 

1) a step of providing a polishing pad including a polishing layer; 15 

2) a step of supplying a polishing composition for a semiconductor process to the 

polishing pad; and 

3) a step of polishing a polishing target while causing relative rotation of the 

polishing target in such a manner that a surface of the polishing target that is to be polished 

is brought into contact with a polishing surface of the polishing layer, 20 

wherein the polishing composition is used for polishing a amorphous carbon layer, 

wherein the polishing composition contains an abrasive particle, an accelerator and 

a surfactant, 

the accelerator comprising a cerium salt, 

the polishing composition containing 0.5 to 5 parts by weight of the surfactant per 25 
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100 parts by weight of abrasive particles, 

 and having a value, ranging from 0.5 to 2, which satisfies following Equation 1: 

[Equation 1] 

 

where, when an amorphous carbon layer (ACL) with a thickness of 2,000Å is 5 

pressurized at a pressure of 2 psi for 60 seconds and polishing is performed under the 

condition that a speed of a carrier is 87 rpm, that a speed of a platen is 93 rpm, and that an 

inflow speed of a polishing composition is 200 ml/min, Ra depicts a value of a polishing 

rate measured and S depicts parts by weight of a surfactant per 100 parts by weight of 

abrasive particles. 10 


