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ABSTRACT

Objectives: The purpose of this study was to evaluate the characteristics of worker exposure to hazardous chemical substances and
propose the direction of work environment management for protecting worker's health in the semiconductor assembly process.

Methods: Four assembly lines at two semiconductor manufacturing companies were selected for this study. We investigated the types
of chemicals that were used and generated during the assembly process, and evaluated the workers’ exposure levels to hazardous
chemicals such as benzene and formaldehyde and the current work environment management in the semiconductor assembly process.
Results: Most of the chemicals used at the assembly process are complex mixtures with high molecular weight such as adhesives and
epoxy molding compounds(EMCs). These complex mixtures are stable when they are used at room temperature. However workers
can be exposed to volatile organic compounds(VOCs) such as benzene and formaldehyde when they are used at high temperature over
100C. The concentration levels of benzene and formaldehyde in chip molding process were higher than other processes. The reason
was that by-products were generated during the mold process due to thermal decomposition of EMC and machine cleaner at the process
temperature(180 C).

Conclusions: Most of the employees working at semiconductor assembly process are exposed directly or indirectly to various
chemicals. Although the concentration levels are very lower than occupational exposure limits, workers can be exposed to carcinogens
such as benzene and formaldehyde. Therefore, workers employed in the semiconductor assembly process should be informed of these
exposure characteristics.

Key words : Assembly, chemical substances, semiconductor, work environment
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Table 1. Chemical substances used in semiconductor assembly process
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Lpme] G20 647k A RS A 5180, HPLC
(Acquity UPLC system, Waters, USA)S ©]-83}o] A]
25 EASIITHEPA, 1999; NIOSH, 2003).
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U A 2Yeele EHAulBack grind E= back
lap) 34, HolH Ah(Wafer saw) 574, 3 H2ZHDie
attach) 374, E=Mold) 34, &€9=& FZKSolder
ball mount =+ solder ball attach) 51} 2 ¢
SHEE 5] Stk Table 12 REE=A| 5%‘1}"
oA ARESHAL Q= EES AR FAER EF
=2 Z1o]t(OSHRI, 2012).

:

Unit process

Chemical substances

Back grind or back lap (TMAH), ctc

Silica(generally non-crystalline), Ammonia water, Piperazine, Tetramethyl ammonium hydroxide

Surfactant(Water, Polyethylene-polypropylene glycol, Polyethylene glycol, Hydrogenated tallow

Wafer saw glycerides, Wetting agent, Preservative)
. Adhesives(Epoxy resin, Phenolic resin, Acrylate resin, Silver, Silica, Hardener(Phenolic, Amine)
Die attach .
Thinner(Acetone, etc.)
Mold Epoxy molding compound(Silica, Carbon black, Epoxy resin, Phenol resin, Antimony trioxide, etc.)

Mold cleaner(Melamine-formaldehyde resin, Microcrystalline cellulose, Silica, wax, etc.)

Solder ball mount or
solder ball attach

Surfactant, etc.)

Solder ball(Tin, Silver, Copper), Flux(Polyethylene glycol, Diethyleneglycol monohexylether,

# Source: Occupational Safety and Health Research Institute(OSHRI), 2012
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Table 2. Materials and major components used in mold process
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Company Materials Major components

EMC-1 Silica, Carbon Black, Epoxy Resin, Phenol Resin

A EMC-2 Silica Fused, Epoxy Resin, Phenol Resin, Antimony Trioxide, Carbon Black
Mold cleaner-1 Melamine-formaldehyde resin, Microcrystalline Cellulose, Silica, Zinc stearate, Phthalic anhydride
Mold cleaner-2 Ethanolamine, Silica, Peroxide, Synthesis Rubber, Titanium Oxide
EMC-1 Silica, Carbon Black, Epoxy Resin, Phenolic Resin, Others
EMC-2 Silica, Epoxy Resin, Phenolic Resin, Antimony Trioxide

B Mold cleaner-1 Melamine-formaldehyde resin, Microcrystalline Cellulose, Silica, Phenolic Resin
Mold cleaner-2 Synthetic Rubber, Silica Powder, Cleaning agent, Organic Peroxide, Others

t EMC: Epoxy molding compound.

# Source: Occupational Safety and Health Research Institute(OSHRI), 2012
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ketone) 59| /df{718HetEo] HEEoH 53 3RMERE k&= HotE

AL A= A7 AL 53 2 AL 1) A

iz, oMAE 59 f713HEe] A&t 181 OSHRI(2012)9] A-tAzpo]| oJtH o] A-Leiid

BAFS] AL % EMCo||A HlAl, MIBK S2o] 3]urAo 471 zgEkelel 715 HAlsE Hd2 0.00030~
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dugddZAbolE, 2-2-EA[EADERE 59 of ulaf] wjg 2 ok o|fl AtoA= F

713k HEE U Abgo] A= AR RIE EEFAE e
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2) ZEYH = 29l =349 MAlE=(Table 5)= ££]

3 Ao AMEEE EMCSF 2@ AEA (et A S77 HAE=(0.00031~0.00037 ppm) Ht} =

Table 3. By-products generated from EMC and mold cleaner of company A

Materials Detected substances
EMC-A Benzene, MIBK, Phenol, MEK, Acetone, Ethanol, Acetaldehyde
EMC-B Benzene, MIBK, Phenol, Ethanol, Isobutane, Acetaldehyde
EMC-C Benzene, MIBK, Toluene, Methyl acetate, Ethanol
EMC-D Benzene, MIBK, Ethyl benzene, Xylene, etc.

EMC-E Benzene, MIBK, Ethyl benzene, etc

Mold cleaner-A

Fatty acid(Hexadecanoic acid), Hexadecanoic acid methyl ester, Octadecanoic acid methyl ester

Mold cleaner-B

Phenol, Fatty acid(Tetradecanoic acid, Hexadecanoic acid, Octadecanoic acid)

Mold cleaner-C

Acetone, 2-Methyl-2-propanol, Butyl ether, 1-Methyl-2-pyrrolidinone

Mold cleaner-D

Ethanol, Acetone, 2-Methyl-2-propanol, etc.

+ EMC: Epoxy molding compound, MIBK: Methyl isobutyl ketone, MEK: Methyl ethyl ketone.
# The detected substances mean components identified(Quality: > 85%) by GC/MS.

Table 4. By-products generated from EMC and mold cleaner of company B

Materials

Detected substances

EMC

Benzene, MIBK, Hexane, Heptane, Phenol, Methyl cyclohexane, etc

Dust in dust collector

Benzene, Dimethyl sulfoxide, Dimethyl sulfone, 2-(2-Ethoxyethoxy) ethanol, 1-Methyl-2-pyrrolidinone

Mold cleaner-A

Acetone, 2-Methyl-2-propanol, 2-Methoxy-2-methyl propane, Dimethyl sulfoxide, 2-(2-Ethoxyethoxy)
ethanol, Propanoic acid butyl ester, 1-Methyl-2-pyrrolidinone

Mold cleaner-B

Acetone, 2-Methyl-2-propanol, 2-Methoxy-2-methyl propane, MEK, Octane, Dimethyl sulfoxide,
2-(2-Ethoxyethoxy) ethanol, 1-Methyl-2-pyrrolidinone

t EMC: Epoxy molding compound, MIBK: Methyl isobutyl ketone, MEK: Methyl ethyl ketone.
# The detected substances mean components identified(Quality: > 85%) by GC/MS.
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Table 5. Benzene concentration in mold process
Concentration, ppm
Company Samples
AM SD Range

A-1 line 11 0.00030 0.00007 0.00020~0.00041

A-2 line 4 0.00040 0.00011 0.00024~0.00050

B-1 line 14 0.00225 0.00245 0.00052~0.00990

B-2 line 18 0.00105 0.00055 0.00038~0.00256

* Occupational Exposure Limit-Time Weighted Average: 1 ppm.

Table 6. Formaldehyde concentration in mold process

Company Samples Concentration, ppm
AM SD Range
A-1 line 7 0.008 0.002 0.006~0.013
A-2 line 4 0.004 0.0002 0.003~0.004
B-1 line 8 0.009 0.001 0.007~0.011
B-2 line 6 0.009 0.003 0.007~0.015
* Occupational Exposure Limit-Time Weighted Average: 0.5 ppm.
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(3): 272-280 http://www.kiha.kr/
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