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Occupational Exposure of Semiconductor Workers to ELF Magnetic Fields
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ABSTRACT

Objectives: To compare the exposure level of extremely low frequency (ELF) magnetic fields among semiconductor

workers, shipyard welders and office workers.

Methods: To measure the ELF magnetic field concentration, EMDEX LITE (Enertech, USA) were used and monitored for
eight hours continuously. Five companies handling the electric and magnetic field (EMF) source were investigated, which
the exposure groups were classified into three groups: semiconductor workers, welders, and office workers. Welder group
was chosen as a high exposed group and office group as a low exposed group.

Results: The arithmetic mean (+ SD) and geometric mean (GSD) of personal exposure level of semiconductor workers were
0.73 (= 1.33) uT, 0.43 (2.88) uT, respectively. The ceiling value ranged between 0.18 and 123.2 pT. Welders were exposed
high with the arithmetic mean value of 3.46 (£ 13.46) uT and geometric mean value of 0.45 (4.70) uT, respectively, and
ceiling value range of 75.5~129.6 pT. The exposure levels of office workers were low compared to other exposed groups;
the arithmetic mean 0.05 (+ 0.13) uT, geometric mean 0.03 (2.38) uT and ceiling value range 0.37~3.35 uT. This study
revealed statistically significant differences of the mean ELF magnetic field exposure doses among three groups (p < 0.01).
Conclusions: The average ELF magnetic field exposure doses of semiconductor workers were much higher than those of
office workers in control group, but were lower than those of welders in high exposure group.

Key words : ELF magnetic fields, semiconductor, fabrication and assembly lines, shipyard, ceiling limits
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Table 1. Number of machines by frequency band, line and process

£ S Mid s = AEEdES 0.03 uT
(0.01~0.10) 0] %Atk 247 vl 75w 2] gho] A5
o= ekt 4719l WA =S FAST A4
Aw 24 A7 grol A FFS WAA G2
Ao dhE g

2t 3N ZT FATT A7 F AT wEF
(Ceiling value)2 1=+ AR A HE71E 3] (Ameri-
can Conference of Governmental Industrial Hygiene,
ACGIH) 7| 28 28350 %7139 thACGIH, 2011).

ul= ACGIH®] =4 %3H(1~300 Hz)ol tjt A4
o A7V B E S he AT} Pt
Briy =0 Bruv: A4 W (mT), £ F542(Ha)

F314 60 Hzol A2] 4714 %7 e
Tesla) o]t}

1.0 mT(mili

o] flelH 7hsetel e Atz 7]

Frequency band Total ELF VE VLF RF (30KHz~ MW (300MHz~
Line and Process (1Hz~300Hz) |(300Hz~3KHz)|(3KHz~30KHz)| 300MHz) 300GHz)
Diffusion 878 875 - - 3 -
Photo resist 310 310 - - - -
Etching 953 - - - 795 158
Cleaning 237 197 - - 40 0
Fabrication "
CVD 331 6 - - 325 0
IMP 109 95 - - 14 0
CMP 100 56 - - 44 0
Sub-total 2,918 1,539 - - 1,221 158
Front 2,165 2,165 - - 0 0
Package 224 224 - - 0 0
Assembly
Test 1,635 1,635 - - 0 0
Sub-total 4,024 4,024 - - 0 0
Shipyard 8 8 - - - -
Office 50 50 - - - -
Total 7,000 5,621 - - 1,221 158

ELF Extremely Low Frequency, VF; Voice Frequency, VLF; Very Low Frequency, RF; Radiofrequeny, MW; Microwave
CVD Chemical Vapor Deposition, IMP; Ion Implant, CMP; Chemical Mechanical Polishing
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flol# 7hg 2 =g ekelo) A o S A Fut Z71%
o] el eFe Ab g0 & 0.73 uTo| 1 aL, AFY
A 2= BA} 1827 0.84 uT, BAF 2242 0.16 uT,
CAF 124 0.36 uT, CAF 233 1.00 uTo] ] TH(Table 2).
WA ARl = et o] ZFo] 7t QL 3l thp < 0.01).
o] AL Au| o] 253} S WA 7L Uk RE=A Ab
AEY FAFIG A7 2EFES H L] 9
off AHFA FollA HAT 2o s FES
0.05 uTe & BG o] glem] Bl k2] ¢
O] BT M ATFE 346 uT 2 HE=A] ALY 7
Hoh #dthp < 0.01). £, AFGAE S A9 &
71%oll tt 231l & w(Ceiling value)> BAF 1578
123.2 uT, CA} 237 39.8 uT, CAF 124 10.1 uT, BA}
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Table 2. ELF exposure summary by work site
GM

. + AM £ SD Ceiling
Site N ) (GSD) Range (uT) value (uT)
()
+ 0.53 ¥
Bl 7 0.84 + 1.65 (2.47) BG'~123.2 0.18~123.2
B2 3 0.16 £ 0.17 0.11 BG~8.78  0.35~8.78
’ T (243) ’ ' ’
Semi- 0.21
conductor Cl 7 036+ 0.57 (2.42) BG~10.1  0.23~10.1
C2 7 1.00+ 0.93 0.87 BG~39.8  1.75~39.8
’ 7 (1.66) ' ' ’
Total 24 0.73 + 1.33 0.43 BG~123.2 0.18~123.2
o . 33 288) . . .
Shipyard 2 3.46 + 13.46 0.45 BG~129.6 75.5~129.6
’ T (4.70) ' ' '
Office 4 0.05+0.13 0.03 BG~3.35 0.37~3.35
’ T (238) ’ ' ’

* N; Number of processes or works, AM; Arithmetic Mean, SD;
Standard Deviation, GM; Geometric Mean, GSD; Geometric
. Standard Deviation
B1, B2, Cl1, C2 : Company name
BG : Background concentration, < 0.05 uT
¥ p<0.01, comparing sampling areas from a general linear model

Table 3. ELF exposure summary by task group

+ AM = SD GM (GSD) Range Ceiling

Worker's type Ny @r) ) value (uT)

Process

. 25 0.82 + 0.820.66 (2.11) BG' ~123.2 0.25~123.2
engineer

Manintenance

. 21 0.74 + 1.840.38 (2.78) BG~109.4 0.18~109.4
engineer

Operator 35 0.67 £ 1.220.35 (3.24) BG~153 1.25~15.3

Welder 3 346 + 13.460.45 (4.70) BG~129.6 75.5~129.6

Office worker 7 0.05 + 0.130.03 (2.38) BG~3.35 0.37~3.35

* N; Number of personal samples, AM; Arithmetic Mean, SD;
Standard Deviation, GM; Geometric Mean, GSD; Geometric
Standard Deviation
BG; Background concentration, BG < 0.05
p < 0.01, comparing sampling groups from a general linear model
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Figure 1. Examples of EMF Exposure profile of several workers. (a) Two days’ real time exposure profile of a maintenance engineer at the
fabrication line. (b) Two days’ real time exposure profile of an operator at the fabrication line. (c¢) Eight hours exposure profile of
a maintenance engineer at the assembly line. (d) Eight hours exposure profile of an operator at the assembly line. (e) Eight hours
exposure profile of a welder at the AC manual metal arc welding work in shipyard. (f) Eight hours exposure profile of a worker
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(b)in Fig. 1). R o], =g 2pQlof A o] AFrj A Yol &
o] ZxZu} A7)0l e 10 uTS F A
E]—((c), (@ in Fig. 1). §H2 A2 DA E A2 st
29} o] ZHA Bt ATl =T, 97 YS
S}X] 4 woj= 271 Fgko] 0.1~0.5 uT& Yok
ok 2ke] g wj= 2 31ghe] 70~130 uT 2 & 5=
AFS B TH(e) in Fig. 1). A¥tH o8 89297}
=o°l dold 7taetde] AR EY E Y ET)
Wi =2 Ao] EAolth AR ARt

3T h
A7) MEBHE WA =0k GAT BEE B

Table 4. ELF exposure summary by process in semiconductor indusrty

WA Az ZEAY SAFIH AV =F WUt 47

A TH((h) in Fig. 1).

o2 A B Y

Fa Y AT A7 M dTgS
Table 49} o], 901 W 7}gekelo] 49 B4 9
HF eSS 114 uT, 2224 0.54 uT, 424
0.96 uT, 41 ZHZ-A 0.65 uT, o] &5 ?JLX% 0.64 uT, ¢

k23 0.90 uT o] ot 2He}el-e Front 3% 0.22
uT, Package &% 0.10 uT o] i c}. EQ}, SHH FA]
Zoh A7) go] et AT BTGe S 1232
uT, 224 101.4 uT, o] &FYEH 277 uT, TE
374 19.6 uT, A1 ZF3A 17.3 uT, Package 574 8.78

*

Process N AM + SD (uT) GM(GSD) (uT) Range (uT)  Ceiling value (uT)
Diffusion 132,563 1.14 + 2.01 0.82 (2.12) BG'~1232 39.8~123.2
cvD' 126,697 0.54 + 1.02 0.36 (2.35) BG~101.4 13.2~101.4
Photo resist 86,682 0.96 + 1.39 0.54 (3.00) BG~19.6 4.90~19.6
Fabrication Etching 43,561 0.65 + 0.74 0.41 (2.67) BG~17.3 10.1~17.3
IMP 65,780 0.64 + 0.56 0.51 (1.99) BG~27.7 2.74~27.7
CMP 168 0.90 = 0.89 0.62 (2.28) BG~7.50 0.55~7.50
Cleaning 1,063 0.31 = 0.41 0.13 (4.12) BG~3.60 1.50~3.60
Assembly Front 34,707 0.22 + 0.80 0.16 (2.30) BG~6.31 4.40~6.31
Package 32,054 0.10 + 0.15 0.07 (2.13) BG~8.78 2.23~8.78

: N; Number of measurements, AM; Arithmetic Mean, SD; Standard Deviation, GM; Geometric Mean, GSD; Geometric Standard

Deviation

fCVD; Chemical Vapor Deposition, IMP; Ion Implant, CMP; Chemical Mechanical Polishing

:BG : Background concentration, BG < 0.05

p < 0.01, comparing sampling processes from a general linear model

Table 5. ELF exposure summary by distance at major semiconductor equipments

Process Machine name 3 cmA g (uT) 10 cmA g (uT) 30 cmAZ(uT)
Diffusion DNIT, DHT, DIF, DFO, DFN, DNT 280~860 54~157 15~34
IMP” IHEZ, THE, IHEX 100~450 20~130 6~10
TS7BAY cable, TSN601, P-5000, TEOS, % ~ ~
CVD CHDPH 10~42 8~21 3.6~12
. AC RACK ES/EH, S/A PEOX, EAP705, % » ~
Etching TSSBAG. EWC, FWC 2.0~70 0.7~4.3 0.4~3.8
Front die attach, UV irradiator, power cable 40~120 10~15 1~3

" IMP : Ion Implant, CVD : Chemical Vapor Deposition

http://www.ksoeh.org/
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=A| ) A g 5 ALA & 9] 2] 3] (International Commis-
sion on Non-Ionizing Radiation Protection, ICNRIP)7]
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Wlo] A4 LhebitoTable 5). W] %] & o) 1
Fo Hel 34 W AE 2= Yol rheklo A=
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3 emA 2ol A FA AT BAFEIEY =&
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S5 2] 450 uTR A, 7HA A E(F 35 40-400
uT, 2137 22 7] 200~800 pT)9| 3emA 2] o] A &f ==
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v. A EE
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MRS e A E AR 273 e
B7rel 24& Fi AT wA gAML ol
= A9 T2 AR ak ARl o] QA =4 Fut
A7V AR AL B gho] WAw A F7HA
el o P Asheltol A ey ate] weige] 3
L Ao Busta 7] wio|thLi CY &, 2007;

Kheifets 5, 2008).
WHEA] AZARYY 2RA ATd A%t 5
Ao AnweEge FHAAUeI7 1232 4T, B
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vl A Y o] 7} 109.4 uT, @3 o] ¥ 15.3 uT o] L
8hr-TWA (Time Weighted Average)= &7 2l XY o]
7F 0.82 uT, ZH| A=Y o] 7} 0.74 uT, L3 & o] 7}
0.67 uT ©] i}, o] A2 ul= NIOSHo|| A Hh3st &
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T3, 0413‘1 THollA SA T} 272 s
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7F 7}%4:14 AL 346 uTo]T H 2
129.6 uT= UHELSE=1], ©] 2 w|= NIOSHO| &1+
A7} 0.95 uT (0.140~6.61 uT)E c} WA =gko 1}, dl
v} = NIOH(National Institute of Occupational Health)
O AFA 8AIXE Bt AT 7.22 uTe} il &7
218 uTHE th= W QFTH(NIOSH, 1996; Jorgen 5, 1997).

2|+ Comba 5 9] AFofAl= A7 9] L&}
BAE g} G=sfo]H 2 ZH(Alzheimer's disease)}
o] 4TS folsh} e AT BATH o2
A7 Y= A2 YeRgthal Ha1skgl A (Comba 5,
2009; Sobel 5, 1995, 1996) X} 7] % &1} A2
(Amyotrophic lateral sclerosis, ALS)2] WA 7[ 54 &
A A 8}7] &= 3} thH(Ahlbom, 2001; Johansen %5, 1998;
Savitz 5, 1998).

o] o} o], A7) ol et et B
A& E o] WHOOIA = & o A3t ﬂs—.”ﬂ % £
’“71 AslA 1996 e Z2AES s
| AFAyE wxastih A2, dde ¢
RyA = ostH e v ERT FA vk
Wit E£3), kst 271 1 A 271 o
o] A H k= A28 B 2l glow
kAo A 0.3~0.4 MTOI”«I S A 1t 277

Al Al axotd o] {O|5HA F7hetrhs Hal
7} A %tk (Mezei G %5, 2008; Ahlbom 5, 2000; Gre-
enland, 2000; Dockerty &, 1998; Linet 5, 1997; Olsen
5, 1993; Feychting M. 5, 1993). 12| A] A~o}9f ofj 3
At A&7 Ao o gt 9 F 532 "2B(possibly car-
cinogenic), & 535111 QI tHIARC, 2002).

ABH o2, TAF} A7 o] WE, vok &
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AR MRS T A Lo 5
AL ZEaL ik A A5t ATES Bl AP E(pro-
portional mortality rate, PMR)A Lol A A 7]-gof A
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el AW ET} SRR mRE Qo mEuoly
eE7|Zte] gt Aik= AASHA] R5F S th(Brac-
ken TD £, 2009; Kheifets LI =, 1999). H] .2 2]
o) A oA o2l F EAME AT Yong, 5
A fo S TEA YA R ER47E Aok
Ao dat/dol otk dlefl ek B Aol
mebA s wF Yy E L K E o] Z7h8 % s
= FH7F s UERE tH(Deltour -5, 2009).
At Aol A 3 Al ARt et wh
Aol M FHH ATt oy gHeld Ao
FA o) olg AP WA 5 g o
BRAL A7 AL AN Y 23,
ol T s Aol A7 E
1ﬂ_ﬁ°ﬁ1***%ﬂﬂﬁ
R0l 744 folet Az et
E}(NRPB, 2001; ICNIRP, 2001).
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