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A AHFEHE M dA FHE AAE NMAEE 5 SAHAERY AN A9
ETee SRS Hrlete A7 Qs
Hl A GALA = Fel A Fakab7] ZHextremely low frequency magnetic field;

ELF-MF)& ZoF Widwia feo] i deA A I @hdo] FEu7] A2
S1}(zabe et al., 2009) AZAFsAHd thaiAd= =] At} ICNIRP(International
Commission on Non-lonizing Radiation Protection, 1998) A+ SolA+ 83.3
uTACNIRP 7Fol=gkle] 60 Hzoll Ao LRE)l =&7]F) olst &2 :in—xrﬁ)ﬂ}ﬂ
Ao =& 2 A FAFRA|ZS 23T dE A i HEs AES WA
3

g, SAFAA7) G Aof MEY ABAF gk AT AF FlA A

FHA7H =& FF0] B 0.3 ~ 04 uT o)Al 4ote] ¢ wadry dhyg o]
=THICNIRP, 1998. Repacholi, 202D)= R et A Z A 200 m Wol] Al= ols
o MY QP=rt Skt Bk AIekDraper et al, 2005). AopHEYE oy
g ARls FHAHE 50 m Well Abe 7% 300 m ¥holl Abs AbEET wEs 2y
9Fo] == Barb sltilowenthal et al, 2007). ©]&d AFAFAE 183}
20029 AABAZ]HWHO) 4t A AT AIAROANA = FAFoA7 S <AA
9ok 7Hs B9 2B 5302 EFIFYTHIARC, 202D).
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SETEE 005 ~ 04 uTE 7MY SAFHAZE mE25E30 FASEAR, 54
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WA S 95 33, A EY FoA AdH R BAlste Ad WA 9 9
SO AHYER FolA EAT 54E fd] AT JAFFAHCE FEE I
o AL A dAE BHAE § EFTS EokolA =E2E F JdE AS=E Q14
HAou, Ad vfEY 2 B ASAA oA BT e =2, BEYEE &
gote TV @ sTdY YA FJF ZFA Fo] AdEo| REEHA AR
g YRiklEs A= AXI It

WAL W ouldlA= YA - gbso]l ke dAaste FHE grstH, F2
ouloE dA 3 B3 A BYFE BE YAE 3o A IA F RAE
ERE & ded A8 i 2245 3712 E o A8 g wg, 3715 74
ste AAE AT 7 e AP FUE A ¢ gle vdgEAa e
2 EREY 7t £38] "oke WAL AWAbd S ZetokDaniel, 1992; 2%
7, 2017). WA S O-R 1-13 Zo] Ipidol| webx FEFHM dePAdd s &at
A, WEeRd, 24, e ol 23EE, sl A9, 7HABAd, mt

o] 22 3H(microwave, MW), zt]e3Hradio frequency, RF), Z=AF3H(very low
frequency, VLF), = A F3}(extremely low frequency, ELF) So] si@ tHICNIRP,
2020). AHAJRA R AT FA #AS 72 ATHNAE FAAS AR YA F
A e PP RE FVE AYste sES VM Ao 2A A, A, &
AR, e, 9] FEb AR, SAAA, ek, A2 2 5T HAAEE 9]
A2 FARZR 9] Ae-odle 53 AAEE o] oAUAE 7kl AAA o=
Aojsta YT FH, 2022a).
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ffp—rcrcanity wavclengih BOCTCRSINE enerEY q
non-ionizing ionizing

CNTTITITT

L

radio infrared ultrs violet QAMITIA rEYS

TYPE OF i *AFE0MHz ~ 300MmPTE =i . i
RADIATION fraquancy L= e X - fays

ELF Mw

{1Hz ~ 300Hz) (300MHz ~ 300G ‘iﬂ visible

VF{300Hz ~ 3KHz)
\I'I.F 3KHz ~ 30KHz)
SOURCES POwET AM lln ruu.n.u mw-u ruum are medical  isdiosctive
fanas walding  X-rays SOUrCHs.
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ZA A FHexposure, X)2 7] @9 A Z1 o) APEHE o] HFom o
A= FEAR) == CkgelH, WAL 48 FAITHIR = 258 x 104
Clkg). &4 =(absorbed dose, D)& ¥Z we EZ o] thoda(dm)ol A gAapx
o] g HoA(de)E T8 °|(Gy), et=(rad) &1 Gy = 100 radE Ak-&st
o, AT S-Ze AsAed O S AFHoE UEe Dol tHEAF
5, 2003)

57 =¥ (equivalent dose, HT)-> WA 9] o R e} FFol] e AESZH F o
zto]l & WA 7EA(WR)E AHEst] BARE FHT = 2DT.R(ZF A Y F4
FNoE e AHEESY), HArem)o] AHEHATA Sv = 100 rem). FEAZF
(effective dose, E)& =2A19] Srtdeke algd Ao AUA¢ 9= =2 7=
AE 1HI FoE de= AHEGVZE AHEETHEAF 5, 2003).

MR GAD S AT, AT, 2ty ey, mrolazyt, A4, THAEA]
PR AR 9] LA <l E‘*"é% zre=th, AR A F

9 ZdE £ don, AGdHE JdURE Fugo= vl g sy

7t = ®k] g ghoi(Cember, 1983). ‘Efii Hl A A o] Bdo 2E53tA At

(o

Aol HlE FgTh @] mEe] AgHEE UAL Aol Axel o] L5E U
oFE oAl do] WAyEA A, x%xvme— &3 AR el Qo Az
o gede & ARV faAde omath AATIRL Wr)% A7l BE
A Eee BHELE Fa4 99e 2 AR duAZ 8719 AR ol
Atk W)L zjoggl A7Vel wlaste] WAsL A7) AR Arlel wlHs
o WARY. wF WY AVE 4Ee gEAR Az AgHe Yo A o
Fo AARGE Asl0) @ Gl B T Aew YA AT, WAL AEA 2
Aol ola) AAHAT Arle Ao mE A EHa] W A7) AE 71719

A Az oz BTN, 2002).

2.2. GAA9 75l

AegAarae] Ao wAe TS A2HEH I FEEH JFo= YE £
ATh AAEZH AT A FF ol WA F A ZEHH HEI}L AFESt] A
X 7)5E st FTOAIY ol s dodle GFS weksH AR &4, B4,
WM, FA4 PR S5 o] YA MF o] FFE =EFH ooyt Hkgo)
UElE AL o)u 3tz 42, 2006; UNSCEAR, 2010). ¢]& =9 500 mSv ©]%4
oZ A WMyEF 74, 1,500 mSv o)A 3 E A WA %3, 4,000 mSv o] A A
ZA A 309 W I EZERT 50 % A EE 2¥8A AE Yo7)1, 5000 mSv

g, 7,000 mSv o4 WE A 2 ~ 3F W 3EFe 100 %7F A

2 g8 A gu@EiERAds5ATY, 2011).
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-2, Liloll gk AR =7 (387 s HgAl 5, 2017)
= AR = ANEA= AEE = A=
T R (V/m) (AJm) (uT) (W/)
1 Hz o]3}h - 3.2x10* 4x10*
1 Hz ©1% ~ 8 Hz w| gt 10,000 3.2 107/f2 4x10%/f?
8 Hz o4 ~ 25 Hz ™%} 10,000 4,000/f 5,000/f
0.025 kiz ©]7¢ ~ 0.8 Kz =g} 250/f 4/f 5/
0.8 kiz ©]% ~ 3 kiz w] %} 250/f 5 6.25
3 K o] ~ 150 kiz ™%k 87 5 6.25
0.15 Mz ©]% ~ 1 Mz =]t 87 0.73/f 0.92/f
1M o9k ~ 10 Wi o) 87/ 0.73/f 0.92/f
10 Mz ©]’¢ ~ 400 Mz v} 28 0.073 0.092 2
400 Mz ©]%F ~ 2,000 Mz =]} 1,375 0.0037/f1? 0.0046f" £/200
2 Gz o] ~ 300 Mz ™%k 61 0.16 0.20 10

FoeO el Foe wede] EAY 99lsh 23 60 H Furoieel
S

27144 Bl(

FAAR)E o] 7IEE

4 g544 oh st

F -3 AAlel g ARG =7]E(3He7|ed BEAl 5, 2017)
=g me) ANZAE  ANBA= A&EUS AL =
(V/m) (A/m) («T) (W/ni)
1 Hz ol3}k - 1.63x 10° 2x10°
1 Hz o] ~ 8 He w7t 20,000 1.63 x 10°/f2 2% 10%/f
8 Hz )% ~ 25 Hz =] vk 20,000 2% 10%/f 2.5 10%/f
0.025 kiz ©]4 ~ 0.82 kil =%} 500/f 20f 25/f
0.82 kiz ©]%F ~ 65 kiz =] gH 610 24.4 30.7
0.065 Mz ©] ~ 1 Miz v %k 610 1.6/f 2.0/f
1M =9k ~ 10 Wiz ™) % 610/f 1.6/f 2.0/f
10 Wiz ©]7 ~ 400 Miz )%k 61 0.16 0.2 10
400 Wz ©]7F ~ 2,000 Miz = %F 3f12 0.008f 2 0.01f2 £/40
2 Gz ©1% ~ 300 Miz )3k 137 0.36 0.45 50

FoED T Foke Eo Tl EAY TSt 23 60 H Frdd
S

A 714 BI(

SAAR)= o] VES

4 4547 oh gkt

_‘|2_



ol  TAMI AP EAY S 93] (nternational  Commission  on  Non-lonizing
Radiation Protection, ICNIRP) 7]&(CNIRP, 1998)3 w3ttt 3+ 2010d ICNIRP=
0.06 kol A AU FAFHA71H 27|15 1,000 uTA mT), ¥ =E71F2

200 uT2 HAISFHTHICNIRP, 2010). F=, =Y, =
M= 52 ICNIRP(2010)9F 593 71&S 83t AHAFR 5, 2016).
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3.1. A4t

311 @7 AdE #H 33

LCD AzFAL =A ¥etE#H 2| ~F(thin-film transistor, TFT) 7|13} thefFsh A4
S ¥ = A= ZyHE((color filter, CF) 7)ol AAE S SA3ta, TFTS CF
Atolell A (liquid crystal, LO= + ¥ @=Fst+ 7ha(fabrication, Fab) &4 37
Al Wgto] E(back light)et H33 & F2sty Yol EE(module) 3H0E
Us 7 AGFH71E 5, 2016).

A7+ =l LCD Az=ARES FEsta e 2709 3AHelst AAL, BADS
TFT-LCD Aj4teiel& 3o 2 stk AARSE BAF 5 1990dd] F4H5E LCD A
b FAERDS 7HEsIR oY, ALY 553 THoE ALY FE 11w st
Z7] Akl e o o)l JhEskA Za AEsl, AT A™OA AALY] 7§ 1998
|, BARS] A9 20020l Fabs AR 3ol 7HE eHlE ThE FA oI AAL
2} BAF BT 7P o9 # 7}%%— Aol A= mobilec|} tablet 5 Bl A% Yy

[€)
ZHolE ALFloy, 20008 % FRF o] % kS A AR 7HE-FA oAl mobile
tablet& Z 33 TVE T~ ]o] AA oz 2 T aZg oS QALY

AZks} BAtel 7b¢ o@l®l shgekel 2+ 17H(el 8k A-1, B-Dsh 20001

oW AFE
WSS Al ATAHAA BEHA HE FA AT 2 1ACIE A2
B-2)st o % /el shZetlold AaE AF) BB FY 5L Al H%

o = [¢]
Zgste BEe 2 1(e]st A-3, B-3)& AT W< stth

LCD AzFAL A 7ta3A8<! TFTAZHTFT 1751) A#ZE AZCF ZA),
1 34)3 28 FAA ZEFAHmodule 3-4)2 44
.]
[e)
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XI1-1. LCD Alz&H &7 (371§ &, 2016)

A4kl + 34 MNE 23
A 78
=2t
TFT IE
217}
uhg]
A A
7V Eeel ©
L 2 E(CP 23
(fab) 2
xrE
A 78
1l 2HPD)
@A (LC) 2 ¥ (rubbing)
o} A =]
+&7
A A
w3y B3
=Eeel e
&=t X &(module) PCB =z}t
(module) EXS)
A A
TFT ¥38e AR TS T3 el ol €& o2& AAs, =83 U
(sputter &3 2 3}3-% w ‘ﬂ(chemlcal vapor deposition, CVD FA)o.z2 F8 7|+
el wabs A= FFFR S AT o E dAE IRHS fFErs
of T3t XTEFH, st AAHYEE 43y ddEl SFE BHE FAAA
AAs= 22 &4, A4 = {7 2Rdte e AAstE e 34 (strip)
o2 FAERNAYS &, 2016). CF 34 TFT FA4F FAs MA, 52, TEF
Hog FAHE
LC &AL TFT 33 CF ¥ANA 7Fad #8l 7)o =z o]w] =(polyimide, PI)
jekets Idsty, AW EZE A de S wiFdFee] AME FEvIHes T

NA Edol 2L whEoi(rubbing) YBH AF TEWF 2 A4=2 FAsta, AF
< FY(vacuum alignment with liquid crystal process, VALC %X+ vacuum

alignment system, VAS)3F & TFT<¢} CF #g]7]#S kst ojw] HAHo] A= A
<= WA fste] BE CF 7]dole ddE(sealan)s =3Xstal HA L TFT 7]
ol Aspate], AHME =X 5 T3l 7 fFE7]|d AlolY 1HE S AT 9
T 3l 5 FAH LS GAP =+ ODF(one drop fillingzt1 s B 7€ %, 2016).

2E 348 LC 3AHAA 48L& Fdsta ¢S & Ao sjdd] AFH
(polarizer) 3z, <133 2 7] (printed circuit board)®} Wz}o]E(back light unit,
BLU)E 923} @9 &2 shye LCD REE T & HF AASE 340t
(A71& &, 2016).

o]
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3.1.3. 7o F3lA Rk

LCD AzZANA fa7 %o 07 AAE 98l Agste A4S AARA
(onizen)ol Al FAEE Al FAACADT 245 AA71F BAFN I gH), 18
F AN S A B MADPANGATAAN DA B ZEA =ES
e grlstel meAe] P w2EHS AU

3131 AFAA

ArGAdo A AbgsteE A XA o]l 23F AX= 4F 135S 9.5 kV, A7 0.15
mA)F E AEF 1F(A 11 kV, AHAF 0.28 mAe|da, F AF Asxiol=
e o E FotEHY bRtk o]23) AAe i o Id ~ 1d ®F HAx T
EAFS AF 789 70 ~ 80 %E Ar&3stA
ol AFE AAY F Jou, I YAAFS H
of= ot

2 ATE F O AR 4 ThEE] 274 BT AAZA A A T E
AP S48, ZEaelS BAY EEdldAAT AiAdes 573
RTE AARSE BAF BT ThEERloAE A7) AAE s A XAE o] &% o]
3} AAE AMEEIR oY, EETRISY A BAE o3 HAAE ARESIAL AAbE

F2U FAE o] &3 o] 2uE AW AAZAR LSSt mEEQIS BAR
Aoz sttt

o] &3l AXE AMgIE T H Aule -1 2ow, 7 Aule ALgH o]
3 A Hi oA A 6447HA Thdd Ao g aetE ok

_‘|7_



E1M-2. LCD A= FA9 o3}

/\].q:} A} A}%}X"L =31 z] /q] B 57 z] o] &3} # ‘] /\].8_ ZH] ZFH|
(<} 219 T o 7c T o0 = <] (S S AR
1 1
stepper 3 2
2 3
A-1 TFT photo 1 i
(fab) coater i 5
1 2
developer 3 3
LC rubbing rubbing 3 5
A 2 2
coater 1 8
TFT photo 1 10
3 4
A-2 stepper i 6
(fab) CF photo coater 2 2
polyimide polyimide printer 1 4
LC . rubbing 2 7
rubbing single rubbing aging 1 10
dry etch ultrasonic dry cleaning system 2 4
TFT

photo stepper 3 1
CF photo stepper 1 L
B-1 2 2
filling one drop filling 2 2
(fab) polyimide polyimide printer 1 9
LC . . 1 33
rubbing rubbing 1 Al
measurement align inspector 1 1
TFT photo coater 3 2
CF stepper stepper 6 2
1 1
B 2 2
1 3
1 4
B-2 . . 3 5

filling one drop filling
(fab) LC 1 6
1 10
1 12
1 14
2 24
o . . 3 6
polyimide polyimide printer 5 61
B3 Module adhespn of cullet, clean and polarizer 8 2

(module) polarizer

_18_



3.1.3.2. RlAZHAA

A 2}7) AHelectro magnetic field, EMF) A2 (A 4F A ],
o SA4F3H2740 ~ 300 He) Hel Sﬁﬂ‘}i 60 Hz
of Anll Ao=w wetHET. aga IdF JhFEleA= CVD 2 dry Etch
$3te] RF(30 kiz ~ 300 Miz) generator& /\}%o}@‘l’/}
2 H = SAFHANE mE2Fe Atstr] fstke] q1-2¢9F 2o
FAE, IAEE MA=ESFH AJeEFS AT AF=EF Hofs ¢
Sl SAg A¥(dn], 7] AH] S)= deposition, photo, coater, etch, strip,
polyimide printer, rubbing, vacuum alignment system, one drop filling, implanter,

o
o
>
(il
Lo
[N
)
o|N
et
o
i

cullet/clean and polarizer, inspection, operating system test, roof rail, roof ralil,
panel board, operation room°.2 16 ]t}

FEM-3. LCD A= FAo SAFIAA7E & 2 712 AR (HEH 5, 2022)

=} ) RGN 7 A
aar| TRV | 73 |3 e —l;ﬂé ]xow] = [ 2494 %

TFT 6 5 11 85

A-1(Fab) CF 4 5 7 60

LC 2 4 5 61

A TFT 6 5 13 157
A-2(Fab) CF 6 2 84

LC 7 4 105

A-3(module)] Module 8 1 4 142
TFT 6 4 10 76

B-1(Fab) CF 3 3 3 45

LC 10 4 8 125

TFT 5 4 14 152

B | BaFan) | CF 2 1 4 60
LC 6 2 3 62

B-3(module)] Module 5 2 4 101

ros room | ros room 4 1 1 1
A 80 16 99 1,316
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3.2.1. &4 Iy
3.2.11L AYYAd &4 ¥H

AP &S 3ofstr] 9t WA A =2 54 AnHQl Radiagem TM
2000(Canberra industries, Inc., U.S.A.) Al H]o]m]E(survey meter)ol] A o= = 2|2
XA 58L& 9% SX-2R Z2HNal(TDAHFAZ7DE dAdste A2 dAd S 914
5 EAsAH. B A7 ARES ABHEri(Wgdeld A <=~I(scintillation
detector)+= AA T ole WAL F °ﬂ ‘—% Al %ﬂ% dHE75ol A, A
Ao s WAL WA FFEo] =2 FH| 2 ARE3E Ao

AA AHAA B FE geks g F %Xéﬂi—‘:— ion chambergty &=
A HE7I(HdA|A XA HEd Z=H ¢l OD-01 Hx AjHlo]m]¥
(Sensortechnik und Elektronik Pockau GmbH(STEP), Germany)E A}-8-3}% .

AR RAY A WAL Y T AR AE 5H AAREEG KeV)
ool AUAE 713 AAAE DRtk 2t Hol JAHI & =T H, 20222). E A
Tol AHgE A" old HAE7]9 SX-2R T2H oyx =4 WY 5 KeV ~
200 KeVolal, A3t HE7] A &4 M= 6 KeV ~ 15 MeVEA =4 ]

A AAdAY G o] WA SARAAE T A= AR

E

olest FXE Au el HX® ez Aul WAz AdAHe] A, A5
A e Aue BE 2Egs 2gou $4A PVCE sl Uitk ohebA
olest AXEHE WAHE PN £ES 48] SAske] o] es FX7} A
A Aule] BAE wW mE AAZelA of 10 cm Aol AH EE AR
Aol SRR ADATE BAS 2skRe] o ¥98 24 s Auge

o{n

_]
AL = WA =& A g} Ao BE] WARN =& FFo] =o(A7 WA
1 = 9

ZF 1 mSv o)) dF Aul(coater”] 1di, rubbing”] 1th+= VARA R\ I =1
A& A AP Aol o]FojH T Auld taiAs FAME =& FEE Al
=4 stk

A=A S A3 rubbing7] 9] 7A-$ /MA Hol|= rubbing EE wAFE AH B
‘]

of Aul=o] AAHA kol AMgE B AL ZHT, AM FolE A
A3 5AF YA AR A3 Fo] AR H o] Ans} $As AsE A
oA ZAsAT 1 9 AN AERD &AM AF 5YakA BAEA.
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B ATNAE WA BAAANE EF5Y) AT PAH AG=EE4T ool
s

= g
=2
lo
M
oZ
s
2
s
2
2
ofN
s
2
x
ojf
g3
fu)
_O‘l
£
=
rO

B

i o
)

o A wEFE

KN
of e WA ZFS ddsta e Aoz =AU =3

NHRPH B A A A=

WA eI 2Ael ds] EAAIgs AAStES stal Slof, WA = 2
220 g EFARITE AARRE FHSt O AAE FASFAHILE =TT,
2022b).

3.2.1.2. vlAFAL 54 TH

A AR A AFRAE, A g, 2] AR, YA AR mE S
AFHA71 = 5 ddstr] A8 M@ Adeesds S4sun

HA, AJ=ETFLS AGARE s A& =4 3 dHoly A&l 7Hs’t Emdex

lite(Enertech consultants Inc. Patterson, CA, USA)E ZEx 38 F-9o Hz2sle]
=435t dch AT AHEE =4 AvlE 271A £ standard field® Emdex lite 5th<¢
high field& 5thE Al&3lth Standard field 4719 =4 W= 0.01 uT ~
300 uT, &4 F34 HL= 40 ~ 800 Hz, &3l 5(resolution)a 0.01 uT T} High
field 4719 =4 W= 05 uT ~ 7 mT, &4 F3+ HH+= 40 ~ 1,000 Hz,
Eal5-& 0.5 uTolQar sampling rate= F AHl 25 4 seco| At}
MAEZEHEF A Al S2A A F & zolg 4317 {8 2229 AFE
2 FEIIATG A oehA
29

H] Sl o] o)A Al

= = UEHE 53
Aitdnl o] o) 3 AEE ERISHAY, 2R AE 2A - WAL AF BEFAA T
o] JF-E FHsAT. AAYo e} eHg o]y FEEFE AF AFES EFT
T AAT AGAEZ B/ 7|Fo] g2, AR HFe AHe 4w Z=ZA)
o8 AFE FYst= A7t ol B AFolAM= A F /A AFZN E73A
o F7FH 02 BA= A4kl whe] M E o] F7kQl ros(remote operation system)

ol Akl 2 AL A=dRE 5o dFE FYEe 224

S
RS
o
=
2
Y
rl oy
4
(o]

S0l itk el e olE TRAY FAFRANY wEFY

Arlo A DA E = SAFAATE =E23FFE Fobs At A9=EFe 4 A
S AAS ELT-400(Narda safety test solution, Germany) 1th& Al83le] =3



sttt 3% WA Z=HA00 a7t A2¥E ELT-400 #vle= 4 Fy<
1 He ~ 400 k= & 72 St T 960 Hoe 2dstlon,
= o 80 mTHH-

Arjo A B SAFAATG AdeeFS Ar 2 g9AclE, BY, =
g, wjdvt 5 F&54 2HH =] FEHAA 3 em Bolxl Aol A
AR FHE 27 = Aol &gkt

=T 5 uhe B

em A ANA FA A =
cm Bl AgleA SH3st A mE F

AN o0

o fo
0 2L

Y
A
3

_l

=
o
(03
= =4
v
Bz rr o
do
Ll
1

~r=
AN v ok
n}ig
oo e E
M”rg

3 Aule F7pHe

=
AZAA G wF 5

o < g

3.2.2. Hl°oly A2 B BH7} ¥

3221 AZYAA S84 dHoly A7 H H7F B

Feutl A AYE ZEASAA =2H e fFled e dATE oEkE
deste] ZEAEC] A4t dASA ZFE F UAEF e FFREAS L8
SHolth. 53 18&xFH IAZ ‘FE=d 9 594 A =2VE & F
of AHE Fellede =E7]E olstE BEsER st oy, AR HF A
o a4 fFaldA] AepgAbd 2 el Aol e =E71E2 A UA
Foh g 2ol =E7FEe] AAEEH A F2 FEidAE 7 7}

L%

& 3](American Conference of Governmental Industrial Hygienists, ACGIH)®ll 4 wijd
=
[e)

A3t w=ZF7]F(threshold limit values, TLVS)S +=&3t%== 3tal JrHalg
2 2020).
AP Y =&71FS ACGHOI A €A7F 50 mSv ©]&}, 59@7F 100 mSv ©]&t&
A

Aol oA FAH I

Ae Sl &3 7=

>~
>
B

FAA AZE 50 mSv o s}, 5%k 100 mSv °]s};

E FES MastdrHUAE 9 43, 202D).
Ao g@ ZeA AdedFe AAGGAY AIE ALFCFA 2
=20, A ) 9 AATE A 12223 AL

N
>~
=
o
2
—
w
—
Iy
|\
oé
2
—
w
w
K
H
1
iy
AC)

W Qe WEAY A 1dAE &
3} LA hd 9 A8,
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800% o Ex},]
7132 °F 4004 ~ 60072 J’r%ﬂoi‘jr LCD Az Adulo
29 9@ A7 AAS 93 ol L3 FXt FF o 102 A
S @ BT 224 AYAL B 128 YA FEATE A o N
- 6004 x 102)08 FR3th Tt FHL URE AFaH 3
S S
Qe 24, 94 5 Aol e a 4u 2AdA 4Ye HUG. ded 22A
| A olest A7 AR B Aul 2AA WA xEE & 9

= ;
AR Azre 2EA BER A 54N 23S B SRA A l0Ros
]
O

0 ]I_,
i
rlr
Jo
i)

— N
el
rlo
19
—
)
S
S
02i

PARSS
ME b
>
o 4
S
S

rr £ of

A e

3.2.2.2. HIAZEAL SA2H doly A7 & B TE

HN

MAAY 2E71F G4 DEEFT DAGEIED 9 BYAH QA wF
2ol F45ol A o} ACGH xE712(ILV)E F&ate] Z4Ane} vlas)

t}. ACGIH® =27]F< HY7HCeiling value) 0.2 Futro] ot the 2o ¢
9ITHACGIH, 2020). 2 60 Hz F3tarol Ao = Zaiat

r?ﬁ N

oA7|A, [ F35(H)
By : AHE5HEmT)

A vt SAFHANG FErEQ] Br|eHBFARe] AR ARAA R
37F F APl 71Fe 416.6 uTG/f, f=60 HHZ A= o] oy o]= ICNIRP
ol A 1998 A A 71#Ex FLsith I8y ICNIRPIA 20109 A4 FA4F3}
A7 =271 1,000 pTA mD=Z HA] 3}t

b A ed HEA R AAARIA BE 7] Fe] ICNRRP 7 &< +83 334

ACOH 37188 aefdfel, & @FolH LOD A% 9% daalel Fo
hel60 HoollHel FAFHA7A Augt w2520 1 mT10 OF 23 ¥ s
37}t

Emdex liteE Ab&3st] S22 ZFAZT &k v SAHZN MIeEdF 54 A3
= AE ZEIHS ARt HolHE oo
field & 1] 5t <} high field& 1] 5t & Al&-5)

7)
0.5 uTZ *olstdtt. & standard fieldg& AW 2 =43 dolH+= 0.01 uTHEH ©
o|E]7} A Aol =1}, high field§ AHIZ 43 dole= 0.5 uTHvEe gholgt=
0.5 uTZ AFe] =, 4 A3 kel H A4 Al standard fieldg FH72 =
g tlolE e H+tol] high fieldd FAH7IE 543 dolEle Hd Hoh #4297}
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Aot o]yt gEgFS AASH] st M BHE=EFFE B4 AJdl= standard
field® SA7I2 A 237 05 uT olstE2 SAE 32 0.5 uTE dlolH A3t
of EAstAT

FAFRANE A2 ZHS Y3 AL ELT-400 AHlE 52 Aulz
S olB7} ARZHA o, FAFE VIEAC FrIE A F Adudd A

sto] BAsAT.

3.2.23. TAEAH ¥H

2 AT A AAFS 918 PASW (v24.0, BM) 2335 A3kt 7Hd A
e sl AFTHES AR, AR Bl A4 Bkl 3, AL A5 Sl o
g} AR mEeEe] Aelrh e Aot ‘ghal A4St tErMEe (ARIA,
AR Bl A Bl A, AL AR Sl et WA mE:eEel &)t 9l
< Zloiny’ Zar Ao A A8 tHA, paired-tA7E, 1Ei dPEAE
A& dHolg e SAd met & 28383, v«l‘“rz‘—(p) 0.05& 2-&stAth

7NZ2FAFOE A H(arithmetic mean, AM), H 2H(standard deviation, SD),
Hq%’4(range) a8l ¥+ 2 *(standard error, SE)E E—@.S}%li, dlolE 7} AFAS
=312 ¢rol 7)38l% #(geometric mean, GM)3} 7]&} % Z%H xHgeometric standard
dev1at10n, GSD)E #4135} T
B AFdA = TzolA =E A #e AR Ed, Jd W &
T F A zolo] g A FIte] 4T HJA A AFE AlGFste] &l &
%o %?ﬂ A 4l EFAHE Iz AASHATH

=
‘\":
s
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AeGAd &5 ¥7F 24

4.1.

411 AYGFAA A =EsE

ShAT AAYE

spe}

1=~ =
=TT

3t 222 7)<l

ZHE gr

34378 9] L=ATL

} O

-] 3L 2~ o
HEFFEES &

ol wheh WA

q

X
—_

T

A=)

2

E=EES 001 mSvE vfety

Gl

22 25 0.04 mSvE A

A

RAR wet
o+

4

&

~

Y

~

o

;01_
g

A glol mE ZEAT A

Sz

=72, 2016)

Ml

WAL

e

1A

T

=
22

o
H

Iz

m_.\..ﬁo

w0

7
i

L
.

=22}

SAEA)

(mSv)

=
s

A=

=
T

sl

NI

2l

~ i

O | LO

KK

0.01
0.01

oA 1 o]

A-1

~

O

X

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

G

!

CIFAE R

CellZn] vt

oA o]

A-2

A AP Rk

~

O

X

~

O

X

G

=]

D/E7Z ]

~

v

X

23
49

dry Etch

0.01
0.01

CF
PI

17 1] o]

B-1

0.01
0.01
0.01

RB

~

O

X

27
25
28
42

ODF

~

O

X

0.01
0.01
0.01
0.01

CF

QL of

B-2

93

ODF
=5 CP

o6

171 o]

B-3
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4.1.2. AYPAA AY=E5A

4121 AEBE AHYEEA

< 0.20 ~ 500 uSV/hri A/\} FHYPAAFEC] BAF &
TEOR JJr‘”H E}

41
020 £ 0.041 mSv (SE = OOOG)E AALE Jé‘& AL WA FF
oz metH e

ENV-2. A Aggad A EEA

=aF

} e A7 \FALA
e = CuSvihD) A7 A = (mSviyr)
°oAgne . H 9 i
4 A3 AM  SD  SE GM GSD "o p@
A 33 0.40 50.00 0.197 0.416 0.072 0.064 3980 0.011 2.167
B 50 020 500 0020 0041 0006 0.011 2158 0004 0.217 0.020°
A 83 0.20  50.00 0.090 0.276 0.030 0.022 3.860 0.004 2.167

¥ AM : A&, SD - EFHA SE - EF23H GM - 718 A, GSD ¢ J]stEFEEA)

0.4 s

0.1

Radiation dose (AM) per year (mSv)
=
(3]

b
0.0 ==
A B
TRN-L AGE A AdxEEHEEY 5, 202D
* AR AEAE FoFFE 0.05004 BAA ZolE e



-3
-
o
o
2
N
1y
i
3@
i
o

>
>,
rlr
o
rzi
N
2
N
Ll
do
o
o
o
o
o}
>
il
A
N
of
o)
o
)
i)
-0

2 EModule)g}2l ol

al =

[e) = =]
FeIT PAH S SR
L

S~
s
o
i
N
-~

AN
N
4o e

X
B ol i ol oo 2 r2

<o
:i
N

N
o
!
i
k)
0,
tlo
Y
L
e
N
OH
k)
‘0,

s 2 A 2 Hlao] oA E AALe] H AXE
F2 FAALE BAEY fosiA F Aoz E4FHATHA32.304) = 2.49,
% R 0.416 mSv (SE = 0.072), BA}<]
. 005)2 H7F = At AAre] He
AL BARS] oF 12} FEC R E%E}O oA EAE AN TS 2T

108 1t} 2ol7t o A

ot
S
-
S S}

o 2 o

P
[‘EOE'.I"_&'C;

l

EN-3. AYFOIERAE AP A =S5
g

AdE E4 0 (usvi) A AR S

(Fab) 2T 24 33 AM  SD SE  GM  GSD qxﬁim DAk
A 33 040 5000 0197 0416 0072 0064 3.980 0.011 2.167

B 42 020 500 0016 0032 0005 0011 1955 0.004 0217 0.018
GA 75 020 5000 009 0289 0.033 0023 3932 0004 2.167

¥ AM @ 4bE¥ e, SD @ E5HAE SE - EFAE GM ¢ 7|88+, GSD ¢ 7] sk EEA}

4122, AHRE ZIE AH=E5A

AP BRI o] 23 WA ERE TAEHE AeEAAde] EHPANFES
FIV-49F o] A-18}<1 0.40 ~ 17.00 xSv/hr, A-28}21 0.50 ~ 50.00 #Sv/hr, B-1g}
Q1 0.20 ~ 0.70 xSv/hr, B-22}2! 0.20 ~ 5.00 xSv/hr, B-32+<1 0.20 ~ 5.00 «Sv/hr
= A-28121, A-121]l, B-18}8l o2 =7 UrEP/“’U% 7V =2 U EE
o] A% A-1g1R1e TAYAAFELS 7HE w2 B-2/B-3=k<19 oF 108 &2
2 gt Qlth
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ENV-4 AGA ZE AgPAd AdeEE54
~ e 217t WA (mSviyD)
A9 34 ( Sv/hr) B ° yr
gl Aule i H £
e A AM SD SE GM GSD 27 A7 pak
A-1 19 0.40 17.00 0.074 0.093 0.021 0.048 2.356 0.017 0.368
A-2 14 0.50 50.00 0.364 0.601 0.161 0.094 6.315 0.011 2.167
B-1 14 0.20 0.70  0.013 0.006 0.002 0.012 1.565 0.004 0.030
0.001"
B-2 28 0.20 5.00 0.018 0.040 0.007 0.010 2.142 0.004 0.217
B-3 8 0.20 5.00 0.038 0.073 0.026 0.015 3.227 0.009 0.217
A 83 0.20  50.00 0.090 0.276 0.030 0.022 3.860 0.004 2.167
¥ AM : AbsH e SD - ¥R SE - #5232 GM : 71skE o, GSD ¢ 7]stREH A}
p < 0.05
A-224R1e] H AXF WA FS Of N-20A4 B A & &<l Hl& &
AHROE oA & Ziﬁi EXEHJATHA4, 78) = 5152, p = 0.00D. F Azt
WAL B A-2 2F<lo] 0.364 = 0.601 mSv (SE = 0.16DZ 7} =k31, 1 -2
2 A-1 2F¢l 0.074 £+ 0.093 mSv (SE = 0.021), B-3 =<l 0.038 + 0.073 mSv (SE =
0.026), B-2 2}¢1 0.018 = 0.040 mSv (SE = 0.007), 2&]x B-1 <l 0.013 £+ 0.006

mSv (SE =
7H e B-1 gl oF 28u)

0.002) =22 Yeyith Ht

Radiation dose(AM) per year (mSv)

0.6

'T

A-1

A-2

b

b

b

— i W

Module

B-

1

B-2

ISE

" WV-2. /\P‘ﬁ% el A

*

=
L

2RAE

&)

ALY =
:":

& 0.05914 FAZA zol& e
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4123 AY IAE AY=E5A4

AAE 2l o] &3l DA ZHE WAYE = AgARA Y] EHHANFEES 3
V-59} #t} 7}&F(fab) 21 0.20 ~ 50.00 xSv/hr, EE(module) 2+21& 0.20 ~
5.00 xSvinrZ 7Fg 2kle] THWAIXFEC] ZEE] B of 10 52 F=<

Ao sors e,

AF == AxE WA & (mSviyr)

9

HAA Hxz AM SD SE GM GSD a4 Hw pak

Fab 75 0.20  50.00 0.096 0.289 0.033 0.023 3.932 0.004 2.167

Module 8 0.20  5.00 0.038 0.073 0.026 0.015 3.227 0.009 0.217 0.179

A 83 0.20  50.00 0.090 0.276 0.030 0.022 3.860 0.004 2.167

¥ AM : Ar=H A SD - FEHEA, SE  2F93, GM : 7|18 A, GSD : 7St FEHA)
7V 219l HF Az whARA S 0.096 + 0.289 mSv (SE = 0.033), =& 2}<19]
0.073 mSv (SE = 0.026)2 7}Z &<gle

0. 7
E 2ol 1o} 250 & Aoz vehgon), 2P N-394 BiE A
= 102 JERFTHA39.706) = 1.369, p = 0

0.3 ISE

_
=
(73]
7
= |
=
7]
=
LT
o,
% 0.1
<
X
a3
=]
he = |
=
2
=
he =
[+ ]
[
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4124, TAE AQ9=E5H

SARRE o] 23} YAFAZRY WAHE ey s AEES ZV-63%
#Zo] CF 22! 0.20 ~ 50.00 xSv/hr, LC 241 0.20 ~ 40.00 «Sv/hr, TFT <l 0.20
~ 17.00 xSv/hr, Module 2+%1 0.20 ~ 5.00 xSvihr =22 A YEST

EN-6. 2R AP AL

. == AL AR (mSviyn)
Z =4 (uSv/hr) =
°T AME L g4 4 9]
A4 H3 AM D SE GM GSD " oo pE
TFT 32 0.20  17.00 0.057 0.089 0.016 0.030 2.783 0.009 0.368
CF 11 0.20  50.00 0.266 0.659 0.199 0.027 6.607 0.009 2.167
LC 32 0.20  40.00 0.076 0.198 0.035 0.017 4.271 0.004 1.040 ¢ 150

Module 8 0.20  5.00 0.038 0.073 0.026 0.015 3.227 0.009 0.217

A 83 0.20  50.00 0.090 0.276 0.030 0.022 3.860 0.004 2.167

¥ AM : AsH, SD  BF

)

2}, SE : 322}, GM : 7)stH#, GSD : 7|stx =3 =}

dd AGAE S deEpAdel =EH e Abe 1T W A A
A CF 2kl 0.266 + 0.659 mSv (SE = 0.199), LC &<l 0.076 + 0.198 mSv (SE

6
= 0.035), TFT <21 0.057 + 0.089 mSv (SE = 0.016), Module &}<l
mSv GE = 0.026) 02 27 Yegth 714 5 At BAAFS 13 CF 34
o] A WA FLS 71 w2 Module &g ¢ TH] EO 2 BEAMEJQOY, OF
V-4olA HE ZAA-R TAZHSEE FYT Zol7t fle AoE YEFHTHAS, 79)
= 1.819, p = 0.150).

[ SE

Radiation dose (AM) per year (mSv)
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4.1.25. ¥ AHY=E54

olest AXE gt AEE BAHE A PAe] FAPANFES BN
-73} %Zo] Coater 0.20 ~ 50.00 «Sv/hr, Rubbing 0.30 ~ 40.00 «Sv/hr, Single
rubbing aging 20.00 «Sv/hr, One drop filing 0.20 ~ 5.00 «Sv/hr, Cullet/clean
polarizer 0.20 ~ 5.00 xSv/hr, Developer 1.50 ~ 2.50 «Sv/hr, Stepper 0.20 ~ 1.94
w«Sv/hr, Polyimide print 0.20 ~ 1.20 xSv/hr, Ultra dry cleaning system 0.20 ~ 0.70
«Svihr, Align inspector 0.20 xSv/hr =92 el

] =T A7k WAAFE (mSviyD)

P =4 (uvihr)

: BT 244 Hm AM SD  SE GM  GSD N b
Coater 14 020 5000 0291 0572 0.53 0071 5993 0009 2.167
Developer 4 150 250 0.045 0010 0.005 0044 1.256 0.033 0.054
Stepper 23 020 194 0019 0013 0003 0016 1719 0.009 0.052
Rubbing 7 030 4000 0220 0370 0.140 0071 5259 0.009 1.040
Onfeiiindg‘)p 16 020 500 0025 0052 0013 0013 2330 0009 0217 0077
Polyimide 7 020 120 0007 0.008 0003 0006 1.974 0.004 0.026
printer
Ultra dry 2 020 070 0022 0012 0009 0020 1.819 0013 0.030

deaning system
Cullet/clean 8 020 500 0038 0073 0026 0015 3227 0009 0217
and polarizer

Single 1 2000 2000 0433 - - 0433 - 0433 0433 -

rubbing aging

Align 020 020 0009 - ~ 0009 - 0009 0009 -
Inspector
&) 8 020 5000 0090 0276 0030 0022 3.860 0004 2167 -

¥ AM : AtEH A, SD - BE

)

Zt, SE : ¥k, GM : 7188, GSD : 7|stx=HA}

AU ZAGAIZE T AYgFAA Y =25 e ARE 18 B A SAFS
single Rubbing Aging 0.433 mSv, coater 0.291 + 0.572 mSv (SE = 0.153), rubbing
0.220 mSv 0.220 £+ 0.370 mSv (SE = 0.140) =S 2 YElyt}h o]E 359 AHl+=
0.100 mSv o]¢¢] B+ WA ZFS UElW o] oE An(0.007 ~ 0.045 mSv)Eo} &
AE= WA o] dAs] 2 Ao g YUEiETh
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ISE.

Radiation dose (AM) per year (mSv)

.ﬁﬁiiiiiiﬁ "

Coater Developer Stepper Fubbing One drop Polyamide Ultra drv  Cullet, Single Align
filing printer  cleaning clean and rubking Inspector
system polanzer aging

IHN-5. AR Akl AqeSE54E@EE S, 202D

% WA 2S5 B9l single rubbing aging= 7FE @& AR S

el Pl printer®] ¢F 62u] FFOZ FHoFFE YO, THNV-59F Zo] HF AL WAF
Aol 2 Aule] WA WE(el: Coater7]¢] SE = 0.153)°] 2gkd Zgni(ef: Pl
printere] SE = 0.003)xt AA3d] 7 FTAHSE Fg Ao|7t ¢l

HATHAT, 73) = 1.926, p = 0.077).

o Hf
rlo

N
-

41.26. N AZ AG=EEH vl

AZE WA FO] 1 mSy o] o ® W{riEal, 1 WA Fe] 7HE =4 4" A
A} coater(50.00 xSv/hr)¢} rubbing(40.00 #Sv/hr)7] 252] Ao tisiA A 713

T Al A AR A REE FAEAT7] A A S AT webA
B dFolA s B =5 A A NG F 3 s s YA EFS Al S8
M DS BAE = YA FS vt

Rubbing”l&= 7hA A 71 953 = wA AY Al 229 e &olst
A szl Yk An) BHE AHE A & AdHgdoey, Hx 24 5 FAA
PVC AA=Z 7Mid An £4-& dH 35S

Coater7|+= AH=E & DH7E Ho Aoy Hx A A Addold A=
718 AHEst] S @ o FH Bo AR A FFEo] Fof o] Y AHE
o R BEF o disl AHEY FAE Asteta AHE oAl HFEY &

Axsishs A4 O8e Agsic
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= i

Radiation dose (AM) per year (mSv)

i -

Before improvement After improvement

THN-6. AeARd oo Al A5 A3 A viaGEEY 5, 202D

A A ARzEE =2 8 5 e WF Az PAA
1.604 £ 0.797 mSv (SE = 0.564)2 H7}=HAJ o, A F .
+ 0.153 mSv (SE = 0.1092 @A3| 7Astgct Qe ML B8 PF Az
AR oF U7H) FEow PaHoy, BE 27 Aol A AFe] WA
M Aol FAROE FolahA erhdD - 2199, p = 0.272).

4.1.27. o]23 AR o mE AQeESA

ol M
)
rlo
b
o
ﬁ
>
ofo
+
ofs
2
g
il
of
>
e
i
o
i
AN
ftlo
)
£©
okt
N
hc]
okt
2

s 42 Agol e AU B 2D BEF EUPAMY
Z+zk 1.830 £+ 3.477 mSv/hr (SE = 1.048)¢} 3.213 £ 9.467 mSv/hr (SE
A1, ol &3k FA A FHel we AMULN EE 647N)e] B ERPA
Z+Zy 0.300 mSv/hrel 0.200 mSv/hrZ o] &3} X9 /M47t &L ¢

29 o sepEgith 44 Ee BE EWPAUFE 24000 +
Sv/hr (SE = 16.000)05 webdH Zejo] ARGH o] 23} AX|Y & T/HE

e

%
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olest BA =3
TZ NF AM D SE GM  GSD = .
1 11 1830 3477 1048 0694 3693 020  12.00
2 31 3213 9467 1700 0520 4705 020  50.00
3 7 4206 5824 2201 2244 3239 040  17.00
4 8 0780 0569 0201 0621 2087 020 194
5 6 1800 2.588 1056 0772 4231 020  6.90
6 5 0260 0134 0060 0240 1506 020 050
7 o 24000 22627 16000 17.889 3121 800  40.00
8 1 2000 - - 2000 - 200 200
9 1 0200 - - 0200 - 020  0.20
10 3 6967 11290 6518 1409 10816 020  20.00
12 1 0900 - - 0900 - 090 090
14 1 0300 - - 0300 - 030  0.30
24 2 0300 - - 0300 - 030 030
33 1 0700 - - 0700 - 070 070
1 1 0300 - - 0300 - 030 030
64 2 0200 - - 0200 - 020 020
2 83 2913 7746  0.850  0.666 4201 020  50.00
% AM : A&, SD . EZUA, SE : EZO%, GM : 7|88 R, GD : JSEEUR
o3l AXo o THPAFE IHe] FAdAE IHNV-77 Zo] FAAHCS
2 §o8x 2o Ao HOrEYTHr = -0.067, p = 0.549)

_35_



T
600

T
400

T
200

==

257

5
o

T T T
= L <
e - -

(npasr) (AIV) [2A9] amsodxa vonerpey
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1.2 MR EAZIAING) w54E B 2
4.2.1. SAFHAZA A HA=ESTFE

SAFHA7 A e ACGIHS =&7]1FL HUiS 7IEo=2 AAHA Qlo,

Zt S A3 3k 5 JAYEE JIEeE QN
wHe ZEA A 3 =4 Ax
o2 fab
o

ol
=z
[t
X
N
off
ok
2
Jm
O ox
o
N

d

w4 shen
4211 A4AEAE NMRA=ETE

TEANA =E2HE FAFHAE B HAUETES EN-99A4 EE
6.311 £ 6.746 4T (SE = 0.754)2 H7}E At AGAEZ = AA}Y Z2A = 5 399
ZzHPgon FAFAAZH HF AUY-ETEFS 6664 + 6895 4T (SE = 1.104)
A1, BA} 24 4199 ZAFZIA/N A HF AeE5E2E 5975 + 6.669 4T
(SE = 1.04DE TR NV-87} o] AA Z=2A} BAE %EXM]H] EEEHE FA4F9%
AN FEE SAFCE Fo% Aot gle A= %QHMD}(MS) = 0.455, p
= 0.651)

EN-9. AGAE FAFHAA/N A N A =E5E
== %;q _Z,_j_]_]}.7] %]— i%'{[\‘% (,UT)
A
=2 AM SD SE GM GSD 4l Zx
44 Az
A 39 6.664 6.895 1.104 4.274 2.618 0.68 29.5
B 41 5.975 6.669 1.041 4.349 2.234 0.5 43.5 0.651
SHA| 80 6.311 6.746 0.754 4.312 2.409 0.5 43.5

¥ AM : 4b&=H <+, SD - £FWAE SE - FF2A GM : 78k, GSD ¢ 7St EEHA}
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ELF-EMF (AM) level (UT}

A E

Y NV-8. AGAE ZHEAAANF A HeES

M

4212 AAF 2eld Folnas

AN

A B 2EAIA =E2H e SAFHAIR Bd AdxeEsES EN
-103} o] A-2 2}Qlo] 8.428 + 7.236 «T (SE = 1L660)= 7H4 Egtow, B-1 2
?l 6.583 + 8.439 uT (SE = 1.760), A-1 2}<l 6.245 + 7.625 «T (SE = 2.201),
B-2 ¢l 5621 + 3.307 «T (SE = 0.917), B-3 &< 4100 + 3.647 «T (SE =
1.63D), A-3 <1 3105 + 2979 «T (SE = 1.053) <=2 yepgth TP NV-99 2
o] FAFIHAIA vF FFEo| VP =L A-2 HAL I e A-3 Bl oF
2.7 FEo 2 Uetgou, BAHCEE {3 Aok fIATHAS, 74H)= 0.871, p
= 0.505).

EN-10. A9 FE FAFRAN G A HhmE s

AN

= FAFHA7NE =E2FE (4D

A 2T AM SD SE GM GSD gxﬁ‘q A1 pat
A-1 12 6.245 7.625 2201 3924 2581 15 28.5

A-2 19 8.428  7.236  1.660 5943 2468 104 295

A-3 8 3105 2979  1.053 2220 2337  0.68 9.5

B-1 23 6.583 8439 1760 4369 2553 0.5 435 0.505
B-2 13 5621 3307 0917 4846 1754 25 12.5

B-3 5 4100 3.647 1631 3217 2069 15 10.5

A 80 6.311  6.746  0.754 4312 2409 05 43,5

% AM @ AbEHF, SD - & WAL, SE - ¥F93, GM : 718, GSD : 7t EEu At



1sE

ELF-EMF (AM) level (uT)

-2 A3 B-1 B-2 B-3

| A
a-1 £

OHNV-9. AAGE S SAFHAZE Q] AdeEsE

4213. B g8 MIRI=EFE

AL gl SAHFRA7E TR %—’F%% ®BNV-113 I8 NV-103 #Zo] <4
gk Aol FAA fFoAdel §le ASE YeRtHA2, 77) = 2.971, p = 0.057).
Fab 2}Q] <23k9] SAF9A71% 7] Hdl=EgFo] 7.215 £ 7.203 4T (SE =
0.90N= 713 =3kar, module 24912 3488 + 3.141 T (SE = 0.87D)o|R o™, fab
gl 22 dE9 #l ST Al #X ROS Roomol| A& =4 59424 7] %
T 1.250 + 0.957 4T (SE = 0.479F 7F3 A YEeRyio)

e

-
a-

EN-1L A GelE FAFAAAE A HAjwds

ZAFRANGF =E2FE (4D

HN

A2 =4
. 9l

Bl 22A+ AM SD SE GM GSD .t pE

Fab 63 7215 7.203 0907 5274 2158 104 435
Module 13 3488 3141 0871 2560 2214 068 105

0.057

Ros room 4 1250 0957 0479 0984 2246 05 25

@A 80 6311 6746 0.754 4312 2409 05 435

¥ AM : AbsH A, SD - 2FHA SE 2%, GM - 7|EE A, GSD : 7SR EHA
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8.0 T SE

ELF-EMF (AM) level (uT)

Fab Moudle ROS Room

TYN-10. A BE FAFRANF AL AfmErE

42.14. TRE MI=ESTE

s e SAFAANG A] HAdzEeeES FENV-129F Zo] TFT =<l
8.334 £+ 8.809 T (SE = 1.837), LC &<l 7.148 £ 6.769 «T (SE = 1.303), CF &}
Ql 5375 + 4517 «T (SE = 1.253), Module =42l 3.488 + 3.141 T (SE = 0.87D
o2 YERT SAFHAVE kesEe] 7P w2 TFT 2kle 7P o2
Module 2}Qle] of wj 24Fol o TP NV-113} o] SAFSRE ol Afo|7}
e Aoz A EATHAS, 72)= 1.638, p = 0.188).

EV-12. B4 FAFHANNG AL AheErE

SAFAANG mE25E (1D

=4
8 aeas sl
AM D SE GM GSD ", . p#
TFT 23 8334 8809 1.837 5959 2.240 1.5 43.5
CF 13 5375 4517 1.253 3995 2236  1.04 16.5
LC 27 7.148 6769 1.303 5434 2.041 15 29.5 0.188
Module 13 3488 3141 0.871 2560 2214  0.68 10.5
A 76 6.577 6.816 0.782 4.661 2.261  0.68 43.5

¥ AM : 4b&EH <+, SD @ £FWAE SE - FF2A GM ;788 GSD ¢ 7]stEEHA}

_40_



4.2.15. A¥F

T sE

ELF-EMF (AM) level (UT)

TFT CF LCc

2YAN-1L FAE FAFHANG A A =E5rE

Module

a8 NeEsE

2AZHAN R AN AeEsEe 1PN-129 2o EAHo=

Ao2 shobEQThATe) = 2150, p = 0.035). EN-137 Zo]
=] A HAUxE5F2 7.727 £ 7904 4T SE = 1.10Z2 23 ol
Al HUlE+< 4.232 £ 2548 4T (SE = 0.510) B0} &2 #H o2 etH

7N
ENV-13. A8 SAFHA7H iR A eErE
=% SAFAA7NE =EFF (4T
AT aoaa %] ,
TEZAT AM SD SE GM  GSD A4 m®m PE
Engineer 51 7.727 7904 1.107 5.375 2.343 0.68 43.5
Operator 25 4232 2548 0510 3485 1.938 104 105 0035
A 76 6.577 6.816 0.782 4.661 2.261 0.68 43.5
¥ AM : AbsH A, SD - xFHA SE 2%, GM - 7|EE A, GSD : 7SR EHA
*p <0.05
10.0
TSsE

ELF-EF (AM) level (uT)

Engineer Operator
* QR ABZE §ol5Z 00594 EBAZA 2ol E Ve



A

ot 18 v-13&

AN

o

g %

Ql

3}

Y Vo133 2o

]
HS

B

AF AN G

o) 2AFAA G wEH A

)

Al YERS

A}

ANA=

225

- .IL!.J..

e ST TR = I TN = SR s TR = T =] i
A X a P -

(L) [easraY) JIN-4713

16:21

15:00

12:00

" pass

Time

TYN-13. AYAZE B 22A FAFAA71
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= He
=L 9,10%, SAARE F<E 3§7<}°1]7ﬂ %Hl& =A] we 7E
=R ErEs BYEAH

TEANA =E2He SAFHAVY Bd =E2FF> 0565 + 0134 4T GE =
0.015)% T 3ENV-149} Zo] AFAERE AA 22+ 0591 £ 0175 «T SE =
0.028), BAt ZE2k= 0.540 = 0.073 «T (SE = 0.01D&] SAFHAA7|H ol &5 =

Aoz FEAEUT. IHNV-1404 E %o /\}%‘ L ZEANA =E2H e FAT
FA7 % FEe BAROE folF o)} gle Aow BAHATHATS) = 1726 p
= 0.088).

V-1 AQRE FAFHANNG A BREEFE

o BH FAFHA7NE =E2FFE (4D
A
o == AM SD SE GM  GSD _EA P&k
HA  Hx
A 39 0591 0175 0.028 0574 1250 0.5 1.42
B 41 0.540  0.073 0.011 0536 1.123 0.5 0.82  0.083
A 80 0565 0134 0015 0554 1196 0.5 1.42

=) IE:
= 0.6
T
5 05
g 04
2
= 03
E
E'“ 0.2
= 0.1

0.0

A B

TRN-U AGFE FAFAANG A BRF=ERE
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AN

AR BRI SAFHAZE iR B REeE IHN-159 2o] TAZ L
2 fFo3 Zol7t e Ao® YBSTHAS, 7= 0.771, p = 0.573). A% =eld
TEAN EEH s SAFHANG B ErES BNV-159 Zo] A-1 Felo]
0.608 = 0.268 «T (SE = 0.07N= 71 =¢om, A-3 2} 0.600 £ 0.109 T
(SE = 0.038), A-2 =<l 0.577 £ 0.124 »T (SE = 0.029), B-1 =<l 0.553 = 0.089
«T (SE = 0.019), B-2 =}l 0.530 £+ 0.046 T (SE = 0.013), B-3 =<l 0.508 =+
0.009 xT (SE = 0.004) == E}RET.

EN-15. A9 Bl FAZAA G A BEEESE

23 FAFAAAN Y =EFE (4D
A
o =EAT SD SE oM Gsp  __ B2H Pk
A4 Az
A-1 12 0.608 0.268 0.077  0.575  1.365 0.5 1.42
A-2 19 0.577 0124 0.029 0.567  1.201 0.5 0.97
A-3 8 0.600 0.109 0.038 0.592  1.189 0.51 0.79
B-1 23 0.553  0.089  0.019 0.547  1.150 0.5 0.82 0.573
B-2 13 0.530 0.046 0.013 0.528 1.086 0.5 0.64
B-3 5 0.508  0.009 0.004 0508 1.018 0.5 0.52
A 80 0.565 0.134 0.015 0.554  1.196 0.5 1.42

¥ AM : 4b&EH <+, SD @ £FWAE SE - FF2A GM ¢ 788+, GSD ¢ 7]stEEHA}

0.8

P
(LAH

TJ-HN-15 AR BRI SAFHAZE AR Hdkers



4.2.23. A4 BAE T EFE

Ak 2l FAFHA G ] B 2E2EFTES 5AE fA0) gle Aoz
YERGTHA2, 77)= 0.485, p = 0.618). EIV-163} o] fab &}Ql Z2AFe] FAF3t
27174 A HxEFF] 0569 + 0415 «T SE = 001892 7H4 =%k,
module 1 0.565 = 0.095 «T (SE = 0.026), Ros Roomol| 4 & =*F3kA}7]%+
B =252 0.501 + 0.001 T (SE = 0.00002 e

EN-16. 44 B8 FAFAANG A BRF=EFE

A 2 SAZEHAN G =EFE (4T
2kl ZEASF H 9]
T AM  SD SE GM  GSD .t oo pE
Fab 63 0569 0.145 0.018 0.557 1.207 0.5 1.42
Module 13 0.565 0.095 0.026 0.558 1.166 0.5 0.79
0.618
Ros room 4 0.501 0.001 0.000 0.501 1.002 0.5 0.5
A 80 0565 0.134 0.015 0554 1.196 0.5 1.42
¥ AM : Ak SD - ¥FWA} SE  ¥F2xH GM : 7)8tE F, GSD ¢ 7|stEFEHAE
0.7
—~ ISE
T 06
% 0.5
S 04
i
E .3
T0.2
A
H 01
0.0
Fab Module ROS Room

TYN-16. A el FAERANG A FReEFE
4.224. FAE NMIA=ETE

4 wWE SAFHAVE AA HeEsFES BENV-173 Zo] TFT <l
0.597 = 0.197 «T (SE = 0.041), CF =<l 0.582 £+ 0.142 T (SE = 0.039), Module
2kl 0.565 £ 0.095 »T (SE = 0.026), LC 2k 0.539 = 0.077 T (SE = 0.015 <&
o2 et 2" N-179 2ol g4 1t T2A SAFHAINE B mEqTFES
SARSRE fFofgt aol7t fle AR BAFHJATHAS, 72)= 0.788, p = 0.505).
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EN-17. 48 FAFAANE AR BT

o =5 FAFHAA7E =E2FE (4D

&4 TEAT A SD SE GM  GSD A ;qﬂd i H1 P&k

TFT 23 0.597 0.197 0.041 0578 1.266 0.5 1.42

CF 13 0.582 0.142 0.039 0.569 1.228 0.5 0.97

LC 27 0.539 0.077 0.015 0535 1.129 0.5 0.81 0.505
Module 13 0.565 0.095 0.026 0.558 1.166 0.5 0.79

A 76 0.568 0.137 0.016 0.557 1.199 0.5 1.42

¥ AM @ 4bE¥ e, SD @ E5HAE SE - EFAE GM : 7|skE+, GSD ¢ 7] sk EHA}

I SE

0.6
0.5
0.4
0.3
0.

0.1
0.0

TFT CF LC

Module

ELF-MF (AM) level (uT)

DYN-17. FHE FAFHANG A BRF=EFE

SAFIHA7E Fd =EFES EV-187 o] dAYole
i 0.580 + 0.156 «T (SE = 0.022), 23 olE < 7H] FHoj=
ETTS 0545 + 0.083 4T (SE = 0.01N= wot= ot A Yool A F3A17]
| eogolHET EkARt 1Y NV-183} o] FAHcZE {9
2 gotE JAoHA74) = 1.032 p = 0.306)

4
M\
o]

PO
o
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EN-18. HPE FIAFHANNG AU BREEFE

. =2 FAFHAN G 2E25F (LD
T oeeas AM SO SE oM GsD . % pat
HA  Hx
Engineer 51 0.580 0.156 0.022 0.566 1.222 0.5 1.42
Operator 25 0545 0083 0017 0540 1143 05 079  0.306
A 76 0.568 0.137 0.016 0.557 1.199 0.5 1.42
¥ AM : AtsH A, SD - xFHAH SE 2524, GM - 7]sE A, GSD ¢ 7]t

ELF-MF (AM) level (uT)

Engineer

Operator

T

IHNV-18. &
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4.23. SAFHAING =54

4231 AHRE AH=EEA

Nt

AFREE Ao A BAEE SAFHAY B HdeEsFS 8183 + 18411
¢T (SE = 0512 SAEHJT. ENV-199F Zo] AAL SAFHAIE Hd HUl=E
g2 8101 + 17.608 «T (SE = 0.673), BA} H# HAY==4F2 8280 = 19.328
#T SE = 0.80DF Tk 18 V-199} o] BAF AnjoA B RS ZXHEAA74 =
E7o] AAL B b AT BAHSEE fold Aolvt fle HoE EAEHA
th(41,265) = -0.172, p = 0.864)

o

EN-19. AMGAE FAFRAH (G- EE

SAFHA7NE mEFE (4D

A 3 9]

ol

Iy

] 2=
A4 5 AM SD SE GM GSD 47 47 pAk
A 685 8.101 17.608 0.673  2.480  4.447 0.07 198.70
B 582 8.280 19.328 0.801  2.685  4.592 0.06 287.20  0.864

A 1,267 8183 18411 0.517 2572  4.513 0.06 287.20

¥ AM : Ab=¥ o, SD 0 WA SE 0 £F A, GM 1 71EE+, GSD - YEtEEE AL

19.0

ISE

20

=3

ELF-EMF (AM) level (uT)

(=1 — (] [ = i 2
= - - T - T - L - T —

A B

IJHN-19. AFRE SAFAAR A9EEe5A
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4232 A7 AIE AGeEEA

A Bl SAFIATE B HAdEEHS EN-203 Zo] A-2 FRlo
10.197 £ 19.523 4T (SE = 1.05NZ 7} =3dth o2 B-2 &1 9.434 £ 17.176
©T (SE = 1.051), B-1 2}¢ 8.436 =+ 23.889 u«T (SE = 1.555), A-1 &<l 6.693 =+
13.214 4T (SE = 0.925), A-3 &<l 5.050 + 17.758 xT (SE = 1.501), B-3 =<l
3.915 = 5756 uT (SE = 0.648) o= yelwtt ITHN-2034 o] SAF1A7]
F =F 7ol M =& A2 gl M @& B-3 Bl oF 268} FELE U
Eltom FAACEE Fo3 Aol7t v AL E YEHHTHAS, 1,26D= 3.022, p =
0.010).

ENV-20. AHEA 2l SAFAAE (A =EEA

=% SAFRAANE mE2FE (WD
ALY =F o W

Foi RSB AM SD SE GM GSD 27 Maﬂ pat
A-1 204 6.603 13214 0.925 2159 4651  0.08 96.48

A-2 341 10.197 19523  1.057 2980 4.825  0.07  124.80

A-3 140 5050 17.758 1.501 1941 3.095  0.21  198.70

B-1 236 8.436 23.889 1.555 2801 4.188  0.06  287.20  0.010*
B-2 267 9434 17.176 1.051 2827 5356  0.06  186.70

B-3 79 3915 575  0.648 1987 3285  0.19 42.07

A 1,267 8.183 18411 0.517 2572  4.513 0.06 287.20

¥ AM : A=+, SD - EFWAL, SE - £F 22 GM - 7]skE, GSD ¢ 71etEEHA}

E';iﬁ 1=

ELF-EMF (AM) level (uT)

> I

;I
S

> I -

A-1 A2 A3 E B-2 E
TYN-20. A BN FAFAAA G A EEA
SR ARAL 4952 00514 BAH AolF vhehy



4233 A4 geE AHL-SEX

At S AnleA BAE = SAFHATE REaFS BNV-213} 2] fab 2t
Ql 8924 £ 19.034 xT (SE = 0.588), Module =}l 4.641 + 14.602 »T (SE =
0.987= YElSth Fab =}Ql AwrloA B E = FAFRA7A == F2 module
Hoh 199 =i, ZHNV-213 Zo] FAZCEE Fo3 o7t e Aoz &
A= JATHA390.064) = 3.729 p < 0.001).

EV-2L A 2l FAFERAIN G A e EEA

2AEHAAN G 2 2FE (4])

A4 =4
ER
A ARE :
2t 1da AM SD SE GM  GSD a4 Ax D&
Fab 1048 8924 19.034 0.588 2.723 4.787  0.06  287.20

Module 219 4641 14602 0987 1.957 3155 0.19 198.70  <0.001°

&A 1,267 8.183 18411 0.517 2572 4513 006  287.20

¥ AM @ 4t&Eg, SD : EFHAN, SE - EFELAN, GM - 713 A, GSD : ZlstEEH A
*p <0.05

— oo
E 00 ik
E 2.0
E 70

6.0
% 50
L—_

A0
==
ﬁ 3.0
r:',. 10
3 10

0.0

MODULE
TFN-2L A4 Rl FAFAAN G A wEEA
* YR AEAE FoFE 0.05904 BAZA zo]E vERE
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4234, AR AQ=EE4

T Aol BARE FAZRANY =EFS BN-228% gol CF el

+ 17580 «T (SE = 1.125), TFT &<l 8.636 = 17.593 T (SE = 0.820), LC
2kl 7543 £ 21594 4T (SE = 1.164), Module 2}l 4.641 + 14.601 xT (SE =
0.987) =02 et}

EV-22. TAE FAFHAN G A EEA

=] SAFHA7NE =E2FF (uD
A N .
A% 34
T AM SD SEGM GSD o Ty pak
TFT 460 8636 17.593 0.820 2559 5000 008  186.70
CF 244 11414 17580 1125 4083 4684 0.06  120.90
LC 344 7543 21594 1164 2221 435  0.06  287.20  0.001*

Module 219 4641 14601 0.987 1957 3155 0.19  198.70

A 1,267 8.183 18411 0.517 2572 4.513 0.06  287.20

¥ AM : AEH A, SD - 2FHAN SE ¢ 2F 23, GM - 7]8FE , GSD ¢ 7SR EHEA)
*p <0.05

F49 IAFHNAAN Y wEEe BANOR FolF Aol Y o BAH
ATHAS, 1,263)= 5.497, p = 0.00D. ¥ N-229} Zo] TFT 2413} CF 24l Al
A EAEE FAFRAG =EF0] LC 213 module 2l BAEE FA
FAANY =EF Bk B ZOE sobch

. SE
O I
S
T 100
=
D
= &
< &3
W
= 410
u
1
w2
TFT CF LC Module
d9N-22. 348 SAFHA7E A9es SH4FHEE 5, 2022)
* YR AREAE foFFE 0.0604 BAA 2ol E EhdE
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A A= FENV-237 7ELO] roof rail(d# #¥)e] 123.265 + 138.859
«T (SE = 69.4300.2 7} =33 L2 panel board(wfulh) 26.455 uT =+
23.666 «T (SE = 3.839), deposition 10.355 uT =+ 19.782 »T (SE = 1.344) o=
ZALQth 1 g2 etch(2lZh), photo 52 2% 10 uT v|vHe] FAFHA17)
% wEde By,

=4
cll 14 9]
A A= —}l: = Q
AM SD SE GM  GSD T pat
Deposition 220 10355 19.782 1334 4034 4051 007  186.70
Photo 309 8451 13471 0.766 2629 5183 006  87.89
Coater 1 7715 10950 3.301 4013 3007 094 3441
Etch 106 8628 21156 2055 1.894 5328 008  124.80
Strip 1 5691 6394 1928 2818 3771 042  17.30
Polyimide 138 6.792 11993 1021 2.647 3910 011  91.49
printer
Rubbing 105 5420 11907 1162 1854 4262 006  96.48
Vacuum
alignment 19 2622 5032 1154 1219 3237 010 2277
system <0.001*
One drop 57 3966 6634 0879 1511 3860 014  30.23
filling
Implanter 18 7.857 14953 3524 2627 4769 020  63.30

Cullet, clean

. 215 4500 14669 1.000 1.919 3.074 0.19 198.70
and polarizer

Inspection 12 2121 2491 0719 1336 2599 037 895
Operating 3 0587 0242 0140 0546 1636 031 076
system test
Roof rail 4 123265 138.859 69.430 41466 7.644 476  287.20
Panel board 38 26455 23666 3.839 13177 A774 019 7272
Operation 1 0.240 . - 0240 - 024 0 -
room
&) 1267 8180 18410 0517 2572 4513 006  287.20 -

 AM : A=, SD - EFEWH A} SE

kK
)

—
txF

S

of

=2k, GM @ 71813+, GSD : 7]
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A4F ZHI7F gl operation roomell A A7 1S A Ld FHIE AQeETFe
Y N-233 o] BAACE {3 Aol7t e ASE YR THALS, 1,25D)-
17.118, p < 0.001). Operation room-2 A§4keRel Wl AH] glo] AFE 9} ZYERE A
AE o E Fhole FTEAEC BUHE S A4S EUEHAY stHA Z
dol dod o FRo= 7] A% dFY W] FoE, HE AHl= giAT A
Akl ) fAIska lo] AloA B EE SAFHAVY mE:FEHe] HuE
13 Operation roomolA = A4S 3Ptk AHE AY=EFL2 roof rail(HA &
o] 7M=& a5z 1 g T3 152 panel board(HjHHH o 7 FH A
HAok mA o g Y] Au|(o: deposition, etch, photo S)E& EAHCE 7}
A g A9e-=F0H Y 0.59 ~10.36 ul) 1HF0OezE FEFHIAT

ko

& T
T.: L1
é 150 0
o
=
F’T}q e a a a a da a a a a a a da a C
5 N
o (] - ] = = = = — = ] - = —
B o A bt 2 & =N a e ] g = fd
sf P v * * \:‘:\{I\ \-“\5\‘ o] i a‘.'\\\\ \*Q@Q \;'\.}U —\:\x \5—\\ \Q\\ \JYC
Q & & d‘s‘\‘ w & w & ¢
- N-23. A SAFAVE e2FEHEY S, 2022)
* QR 2BAE fo5E 00504 BAH 2ol B v
42.3.6. Aol ME AT W
AN ERE BAHE IAENATG PGS S EAow An E= AR =
WolA of 3 en "ol AzolA ZASAT. A5 Anw 24 A 9 g
FAFHAZ G =EF BT A 52 =EFH 5 uDES Hole 38709 Al
BAAE 30 on B AelolAe FAFHANG wEFE F7F ZAFAT o
30 cm AgolA SHE =EFol 3 cm Ao == oF 90 % FELE
g g At 10 o AZNME FAFAANE =2 FS FIh2 43}
AT
J-EN-24004 BHe= A Zo] SAFHAI |G AdesdFS Al w2t 7dast
= AL AT F JdAJh 3 cm AAdA FAH F 30 cmollA F7F SH 3870
Arle] X9 EFe IHNV-24.a3 o] 3 cm AZY o 39.059 uT £ 59.345 »T
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(SE = 9.627)9 9™ ake] 30 em Ag A 3.070 uT + 3.643 T (SE = 0.59DS. =2 3
cm Aol SAFAATY AF=EFY] ofF 79 % FELE A3 FasAo
(€37) = 31.464, p < 0.00D).

w3k, 2tz 3 cm, 10 cm, 18]13l 30 cm A olA SAHE 5] Ane A ETF
2 IHNV-24.b3 Zo] 3 cm AgolA 53.274 T + 28.426 «T (SE = 63.563), 10
cm AgNA 4916 uT + 2.788 uT (SE = 6.235), 30 cmA 2ol A 1.346 uT =+ 0.541

«T (SE = 1.21DE YePGT 10 ecnoll A 9] A 9SS 3 moll A9 HHF 9=
Fo] 94 % 7FOE 30 ol Ao AFEETF GA 3 ol XY H AQ==TY
28 % TTOE TASF A, ATl HojHel| w2t SAFCERE 7M7) {3 Aol
7F e Aoz B4 FHJoE cmet 10 cmBlx; £4) = 8.832, p = 0.001, 3 cme} 30
cmH| L ; £4) = 46.745, p < 0.00D. ¥rA ZHAZ 7} 10 cmoll A 30 emE Z7F Al H
T NG9S 274 % 43P oY SAHSZE Fos Aol7) gle A= &
A E QT 44) = 1.575, p = 0.190).
60.0 p<0.001°
p=0.001" I
& 500 IsE £ p=0001" |
3 | 2
g,
ﬁ' E_‘M ‘ p=0100 |
. | = | |
00 [ 0.0 ; ——
(a) Measurement distance (3 cm, 30 cm) (b) Measurement distance (3 cm, 10 cm, 30 cm)

OHN-24. 54 Aol mE SAFHAVE eF@HEN 5, 2022)
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7&34 B8 S2A SE W FEATS 01 mSvE B 7ol Azk $AMS

o}.

AXE ZREZRE TAEHE PAAS SAHIL F 8IHY A F
Zo]l 1 mSv o]/d<l An]= rubbing”] <} coater7] Z 202 LCEFH
rubb1ng7].4 AZF WA #S 1.040 mSv, CF photo 34 coater7]e] A3t WA
2 2.167 mSvE H7}IE o
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Abstract

A Study on the Ionizing and Non-ionizing Radiation Exposure
Characteristics in LCD Manufacturing Process

Joonbeom Kim

Objectives: The aim of this study is to analyze the local exposure levels of
radiation from the soft X-ray ionizers used to eliminate static electricity and to
evaluate personal and local exposure levels of the extremely low frequency
magnetic fields(ELF-MF) emitted from various electric equipment in Liquid Crystal
Display(LCD) manufacturing company.

Methods: In this study, measurements of radiation and ELF-MF were respectively
performed at two fabrication lines and one module line of two domestic LCD
manufacturing companies. However radiation measurements from the soft X-ray
ionizers were not performed at one of module lines because the line used ion bars
to eliminate static electricity instead of soft X-ray ionizers.

Various number(from 1 to 64) of ionizers were installed at equipment of the
diverse processes. Direct reading equipment was used to measure the local
radiation levels from ionizers. The measurement results(Sv/hr) were converted
into annual effective dose(mSv/yr) by considering workers’ exposure time to the
radiation.

ELF-MF exposure levels from the electronic facilities were measured with two
types of equipment, one for personal exposure levels and the other for local
exposure levels. For personal sampling, samplers were installed to workers while
they were working. For local sampling, exposure levels were measured at 3 cm, 10
cm, and 30 cm away from the electronic facilities with direct reading equipment.
The measurement results were evaluated to average and maximum(ceiling) values
to identify personal and local exposure levels. Statistical analyses were performed
to investigate the radiation and the ELF-MF exposure characteristics.

Results: Annual radiation doses less than 1 mSv were 97.6% among measurement
results from the equipment installed ionizers. However, the range of annual
radiation exposure level was 0.004 mSv ~ 2.167 mSv, which implied a large
variation among the equipment. Statistical analyses of the measurement results
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found that this large variation happened due to insufficient shielding of the
equipment rather than equipment characteristics. In order to understand this
difference in more detail, improvement measures such as shielding of the
equipment were implemented with an annual radiation dose over 1 mSv. As a
result, the average annual radiation dose decreased from 1.604 mSv to 0.126 mSv
after shielding improvement. The highest annual radiation dose before the
implementation of the radiation reduction measures was 2.167 mSv, which did not
exceed the annual effective dose limit of the Nuclear Safety Act of 50 mSv(annual
average of 20 mSv).

Personal exposure levels of workers exposed to ELF-MF from LCD
manufacturing process equipment were analyzed based on the average and
maximum values of the measurement results. The average personal exposure level
to ELF-MF during working hours was 0.565 xT(SE = 0.015), and the average
personal maximum exposure level was 6.311 #T(SE = 0.754), and th range of
exposure level was 0.5 xT to 435 u«T. The highest ELF-MF level of 43.5 uxT
was 4.35 % of ACGIH(American Conference of Governmental Industrial Hygienists)
exposure limit value(l mT). Statistical analyses of the study found that personal
maximum exposure level of ELF-MF according to the job was significantly higher
for engineers than for operators. It is presumed that this is because engineers,
rather than operators, stay the equipment for a relatively long time for repairs,
etc. The average local exposure to ELF-MF was analyzed to be 8.183 «T(SE =
0.517). As a result of measuring the ELF-MF exposure level for a total 16 types
of equipment and ancillary facilities, the high ELF-MF was generated in the
roof(287.20 «T) rail and electric panel(72.72 xT), which was found to be about
28.72 % and 7.27 % of the ACGIH exposure limit of 1 mT. Lastly, The ELF-MF
exposure level was measured at 3 cm, 10 cm, 30 cm distances for some equipment
to identify the local EMF-MF exposure level vary according to the distance. The
average ELF-MF exposure level according to the distance was 53.274(3 cm) uT,
4916 £ T@B10 cm), 1.346 «T(30 cm) respectively, and it was confirmed that the
ELF-MF level decreased as the distance from the source increased.

Conclusions: Through this study, it was found that the shielding was not
complete or the thickness of the shielding material was insufficient for the
equipment whose radiation level was rated somewhat higher than other equipment.
This means that sufficient shielding of equipment is an important engineering
improvement measure that can be utilized in the workplace to reduce radiation
exposure levels. For ELF-MF exposure characteristic, it was found that the local
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exposure level decreased sharply as the distance from the electromagnetic field
generating equipment increased. As a result of this study, the ELF-MF generated
from the LCD manufacturing process equipment did not exceed the exposure limit,
but in order to protect the health of workers, it is recommended that workers
work as far away from the ELF-MF generating equipment as possible.

Key words: LCD manufacturing company, ionizer, radiation, extremely low
frequency magnetic fields(ELF-MF), exposure level
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