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Review of Hazardous Agent Level in Wafer Fabrication Operation Focusing

on Exposure to Chemicals and Radiation

Donguk Park’

Department of Environmental Health, Korea National Open University

ABSTRACT

Objectives: The aim of this study is to review the results of exposure to chemicals and to extremely low frequency(ELF) magnetic

fields generated in wafer fabrication operations in the semiconductor industry.

Methods: Exposure assessment studies of silicon wafer fab operations in the semiconductor industry were collected through an
extensive literature review of articles reported until the end of 2015. The key words used in the literature search were
“semiconductor industry”, “wafer fab”, “silicon wafer”, and “clean room,” both singly and in combination. Literature reporting on

>

airborne chemicals and extremely low frequency(ELF) magnetic fields were collected and reviewed.

Results and Conclusions: Major airborne hazardous agents assessed were several organic solvents and ethylene glycol ethers from
Photolithography, arsenic from ion implantation and extremely low frequency magnetic fields from the overall fabrication
processes. Most exposures to chemicals reported were found to be far below permissible exposure limits(PEL) (10% < PEL). Most
of these results were from operators who handled processes in a well-controlled environment. In conclusion, we found a lack of
results on exposure to hazardous agents, including chemicals and radiation, which are insufficient for use in the estimation of past

exposure. The results we reviewed should be applied with great caution to associate chronic health effects.
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Table 1. The list of airborne chemicals reported in fabrication operation
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Presence of

Author Process Sampling Name of chemicals(No of sample) chemicals over
50% of TLV
. Acetone(31), N-butyl(31), 2-ethoxyethyl(31), Hexamethyl disilizane(31),
Jone(1988) Photolithography  Area 2-methoxyethanol(31), Methyl ethyl ketone(4), Xylene(31) No
CVD Hydrogen chloride(31) No
Etching & cleaning Hydrogen fluoride(14), Nitric acid(2), Sulfuric acid(2) No
Diffusion Antimony(2), Arsenic(2), Diborane(2), Phosphorus(7) No
Hallock et al. . Acetone(6), propylene glycol monomethyl ether acetate(6), 2-ethoxyethyl
(1993) Photolithography  Personal ' o(6) " xylene(6), n-butyl acetate(6) No
. . Fluoride(62), 2-ethoxy-ethyl acetate(48), n-butyl acetate(48),
gggl(;;es ct al. gzh(gg\llgﬁ) ogiilaphy Personal  1-methoxy-2-propyl acetate(48), 2-Methoxy ethanol(48), xylene(57), No
ping acetone(48), IPA(57)
Benzene(24)*, arsine(lZ)*, *ﬂuoride(18), n-butyl ace*tate(24)*,
Park ot 2-ethoxy-ethyl acetate (12) , 2-Methoxy ethanol(12) , propylene glycol
al(2010) NI Area monomethyl ether acetate(12) hydrofluoric acid(30), hydrochlorlc No
acid(30), sulfuric acid(30)", mtnc acid(30), phospheric ac1d(30) IPA(24),
phospine(24), 2- heptanone(24) ethylene glycol(lS)
Park ot Benzene(40), IPA(40), hexane(40), propylene glycol monomethyl ether
Photolithography ~ Area acetate(40), n-butyl acetate(40), toluene(40), xylene(40), ethyl No
al(2011)
benzene(40)

*Non-detected, NI=no information
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Table 2. Airborne concentrations of Ethylene glycol ether and acetates in fabrication(ppb) in fab, ppb

Type glycol ethers  Year Process Job ZZFrfpl(;f AM SD GM GSD Maximum Authors
2-ethoxyethyl
acetate(2-EEA) 1980-84 NI 31 Personal NI NI 5 NI 520 Jones et al(1988)
1981-84 NI 98 Personal 50 80 20 48 4,820 Sca“(’f‘9°§9§’t al.
. Operator and Hallock et al
1989-90 Photolithography inspector 6  Personal 3 NI 3 7 (1993)
1990-91 NI 23 Personal 64 148 22 37 740 Ham‘(“l"gngi)et al.
1-methoxy-2-propy Hallock et al
I acetate(MPA) 1989-90 NI 21  Personal 14 15 16 60 (1993)
Hammond et al.
1990-91 NI 20  Personal 12 14 8 25 53 (1996)
1989-90 Photolithography  Operator 4  Personal 43 18 NI NI NI Hal}(])cgl;;;t al
1989-90 Photolithography ~ Operator 2 Personall <2 0 NI NI NI Hali(]xg:l;;;t al
2-ethoxyethyl Scarpace et al.
acetate(2-EEA) 1981-84 NI 128 Area 50 160 10 6.1 6,080 (1989)
Hallock et al
1989-90 9 Area 15 28 2 NI 85 (1993)
Corn and Cohen
1991 2606  Area 14 16 9 NI 235 (1993)
1992 13 Area 14 5 13 14 23 Beil et al(1994)
1-methoxy-2-propy Hallock et al
I acetate(MPA) 1989-90 21 Area 19 50 5 NI 208 (1993)
1992 13 Area 19 0419 13 2.9 Beil et al(1994)
2-ethoxyethyl
acetate(2-EEA) 2007 NI NI 12 Area  <0.02 Park et al(2011)
2-methoxy ethanol 2007 NI NI 12 Area <0.02 Park et al(2011)

* Unload wafer cassettes
* Load wafer cassettes
NI = no information
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Table 3. Summary of airborne arsenic levels measured in ion implantation operation(excerpt from Park et al., 2010)

Author Year studied Location sampled Samphng No. of No. of samples ~ Average 3 Deviation Rang(;
type samples detected level, ug/m (ug/m”)

Wade et al(l981)$ NI Furnace maintenance NI NI NI 85 NI NI

McCarthy (1985) NI Maintenance (grinding) p NI NI 32000258 #) NI NI
Maintenance (grinding) P NI NI 340(129 #) NI NI
Maintenance (grinding) A NI NI 400(147 #) NI NI
Maintenance (grinding) A NI NI 6.7(2.6 #) NI NI

Hr;%eér)s and Jones iy \achine control panel A 11 NI GM=0.5 GSD =37  <0.1-36
End station A 15 NI GM=0.3 GSD = 2.6 <0.1-1.2
Manipulator
(during beam path maintenance) A ! ! 13643 NA
lon source . A 7 NI GM=2.6  GSD = 141  <0.1-83.0
(during beam path maintenance)
Ion source (under cleaning hood) A 2 NA <0.1 NA
Operator p 5 NI GM=0.3 GSD = 4.7 <0.1-1.7
Maintenance personnel P 3 NI GM=0.2 GSD = 2.0 <0.1-0.4
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Implanter preventive

Baldwin et al GM=0.32 GSD = 7.5

(1988) 1979-1987 maintenance with wet cleaning P 45 30 (0.10 #) (6.9 #) NI
technique
. . GM=14 GSD = 3.2
Wet cleaning of source housing p 5 NI (0.12 #) (5.4 #) NI
. . GM=53 GSD = 6.3
Dry cleaning of source housing P 10 NI (3 # 6.1 #) NI
Cleaning dry bead blaster AM=224
dedicated to ion implanter parts P NI NI (8.4 #) NI
Cleaning dry bead blaster AM=47
dedicated to ion implanter parts P NI NI (1.7#) NI
Cleaning portable vacuum used AM=1
for implanters P NI NI 5(1.6 #) NI
Cleamng exha}ust hood used for P NI NI AM=3.9 NI
implanter maintenance (0.2 #)
Cleaning wet bead blaster
dedicated to ion implanter parts P NI NI 0.1(0.006 #) NI
Peyster and .
Silvers (1995) NI Ion source cleaning P 8 1 12 NA
Ion source cleaning
(outside hood) 14 1 0.32 NA
Ton source cleaning (inside hood) A 4 3 AM=125 SD=195 ug/m3 5-350
Source housing cleaning p 2 AM=9 SD=9 ug/m3 2-15
Source hqusmg cleaning A 5 1 1 NA
(fan housing)
Epitaxial reactor cleaning P 3 1 1.8
g\gg(r)l)g and Chen 1 Housing source A 26 16 GM=0.67 GSD = 6.5  0.12-440
Housing source (inside hood) A 19 14 GM=4.62 GSD = 143 0.24-560
Housing source (outside hood) A 7 5 GM=0.72 GSD =35 0.20-4.45
Beam line A 9 4 GM=0.46 GSD = 2.2 0.19-0.9
End station A 9 4 GM=0.13 GSD = 4.6 0.05-1.30
Work table A 4 1 0.32 0.32
Passageway A 8 3 GM=0.2 GSD = 3.0 0.09-0.72
Total 93 47 GM=0.92 GSD = 9.2 0.05-560
Maintenance personnel P 31 11 GM=1.66 GSD = 2.2 0.50-7.00
Hwang et al., L.
(2002) NI at ion implanter A 6 6 NI NI 0.007-0.055
End station A 1 1 0.016
Ton source chamber A 1 1 15.6
Passageway A 3 2 NI NI <0.005-0.031
Wiping site on passageway A 1 1 0.019
Inside hood in cleaning room A 4 2 NI NI <0.005-0.037
Outside hood in cleaning room A 1 0 NA NA NA
Total A 17 13 <0.005-15.6
Chen (2007) NI Operators P 72 NI AM=25.66 SD=NI 5.3-106.1
Engineers P 72 NI AM=22.42 SD=NI 4.7-102.4
Administrative P 72 NI AM=3.56 SD=NI 0.4-18.8
Notes:

¥; P=personal sampling, A=area sampling, B= personal and area

# ; 8 hour TWA(time-weighted average)

$ ; measurement cited from the table reported by Williams et al (1995)

NI=no information, NA=nothing applicable, GM=geometric mean, GSD = geometric standard deviation, AM=arithmetic mean, SD=standard deviation
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Table 4. Summary of exposure to extremely low frequency in fabrication operation,uT

Authors Year T:l(;nct’: Process Job N AM SD GM GSD Maximum
Crav(vf‘;g)et al 6  Cleanroom(NI about process) NI 45 034 03 NI NI NI
Abd"”?{‘;ggfh al 1991 Pplant 1  Photolithographylithography NI S 094 034 NI NI NI
Etching 4 073 031 NI NI NI
Furnace 5 124 038 NI NI NI
Thinfilm & ion implantation 3 49 002 NI NI NI
1992  Plant 1 Photolithographylithography 16 0.8 033 NI NI NI
Etching 7 068 016 NI NI NI
Furnace 12095 031 NI NI NI
Thinfilm & ion implantation 10 04 0.15 NI NI NI
1992 Plant2 Photolithographylithography 8 0.18 0.05 NI NI NI
Etching 8 0.17 0.06 NI NI NI
Furnace 5 052 012 NI NI NI
Thinfilm & ion implantation 8 023 0.05 NI NI NI
1991 Plant 3 Photolithographylithography 7 047 0.16 NI NI NI
Etching 6 03 023 NI NI NI
Furnace 8 062 02 NI NI NI
Thinfilm & ion implantation 9 043 031 NI NI NI
1992 Plant3 Photolithographylithography 26 047 024 NI NI NI
Etching 7 1.7 0.12 NI NI NI
Furnace 20 0.74 025 NI NI NI
Thinfilm & ion implantation 15 051 048 NI NI NI
Chung et al(2012) NI 4 NI Process engineer 25 0.82 0.82 0.66 2.11 123.2
Maintenance engineer 21 0.74 1.84 0.38 2.78 109.4
Operator 35 0.67 122 035 324 153
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2 AFE e R 3 gt Ao osfiA
e Aol ofyar A7|A Frwof weh dojd A¥
sk Hste] JHEFAQl AAeES A2 Aol7] o
woll ©heshAl Blaste] BHrlel= Aol FosfioF
CTHICNRP, 2010). SAF0t= axof W&o gt
wraeh YlEacloR R AR Al
=Tl

90 Mo 4

G

Hoh 5 9jTte] ATe o Ha] o
Ao glcks AEoARE e A3t Aol
ZA3

sttt AnbA] cheksich wheba] Abdo]ue]

7t Basiet.

Aoz Fa weRlAe] tEt wEp A
7 Rzd) B =% 245 9 WA Utk 9]
oW 77 A 2L SEUL shEde &

_]

(LaDou, 2000; Watterson & Ladou, 2003; Smith et
al., 2006). flol¥ 7}y 34 FEAES A T
=A(RIAHSL Wi, vla 9 v a3k, A5,
ALQ)A, o] 3P AMA(dl2Eo] ), FAL EFER
2ojddl, EQI R, AtFIteha, of=A4l, ¢
B 35t SOl =2EHAY Aoz dHA ot
(McElvenny et al., 2003; Herrick et al., 2005). °o|&
of et A =& Few FoHAQl 71 A A

2 At WA gy Ty S0l e
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