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ABSTRACT

Objectives: This study analyzed the local exposure levels of radiation emitted from the equipment with soft
X-ray ionizers to investigate the radiation exposure levels in Liquid Crystal Display(LCD) manufacturing

processes.

Methods: This study measured the local radiation levels for the equipment installed in two LCD manufacturing
companies. The equipment were installed at diverse processes and equipped with various number of ionizers.
The local radiation levels were measured on the surface of the equipment by using direct reading equipment,
and the measurements were converted into annual effective dose by considering the radiation exposure time
of workers. Statistical analyses were performed to investigate the radiation exposure characteristics.

Results: Annual effective doses for 97.6% of the equipment being measured were less than 1 mSv. However,
the range of annual effective doses was 0.004 mSv ~ 2.167 mSyv, which indicated a large variation among the
equipment. Statistical analyses of the study found that this large variation was raised due to improper shielding
of the equipment rather than process and/or equipment characteristics. To pinpoint the cause of this large
variation in annual effective dose, this study improved the shielding of the equipment being radiated over 1
mSv and found that their average effective dose was reduced from 1.604 mSv to 0.126 mSv after shielding

improvement.

Conclusions: Relatively high exposure levels of radiation were observed in some equipment where their
shielding were insufficiently thick and/or sealed. This finding implies that the shielding of the equipment is an
important engineering countermeasure to control the radiation exposure levels in industries.

Key words: LCD manufacturing company, ionizer, radiation, exposure level
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28789 A PAUZ AFAS=E 1GstAT. L FollA
8ZAEI=A 7, LCD 17%)2 A F8Y g9 +8 <
BAEAR AeAbso]l AEEItHLim, 2018). X
o= BF=A 9 LCD ARFHoNA Aeitabada HAl
5o =2 & Sl =3 A3 9 fAES AR
of 5ottt Hdol 2™ FEHA Aol AFF 74 Hhojl
ARAAS] 1S WktH(Hankookilbo, 2020).
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S Qe AAAY dFQ1 XS o83 HX7]
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Agst= AlE 59 WA fd ZEEE o]
231 o]2ulion bar) ¥ °o]2EZ(on blower)7t
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B} 0.12 ~ 12 kV)yZ o83 AH7] AAZA7F F
2 ARRET QUi Jung et al, 2006; Chung, 2017).
Jeong & Lee (2016)2} Chung et al. (2015)2 AH
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AAGA O] HAMA wE25eES AG@FgoA 54 4
AT A FE57 Aol

A7) AARAE AMgsh= LCD AlRs4S o
HPAHAEE A1312~A|1332)0] ot AARF
4 B EE SOl 9t LIS &4, AR, ©
FAF g7 9 nEZ3e] 52 Aok sk 2%t
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gt A2 9 AR GS motsio] e S TfAdsk=
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Al gty v RIS S8 AMEAEAA]
] F o] A7 EAYA LT & SolA FAIFL
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Table 1. Basic characteristics of the LCD manufacturing companies involved in this study

Main Number of Number of ionizers
Company |Production line Unit process Equipment using ionizer : installed in each
process equipment )
equipment
1 1
3 2
Stepper ’ 3
1 4
A-1 TFT Photo 4 1
(Fabrication) Coater 1 3
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 1 6
(Fabrication)
CF Photo Coater 2 2
Polyimide Polyimide printer 1 4
LC ) Rubbing 2 7
R
ubbing Single rubbing aging 1 10
Dry etch  |Ultrasonic dry cleaning system 2 4
TFT
Photo Stepper 3 1
1 1
. CF Photo Stepper ’ )
(Fabrication) F|I!|ng Ong d.rop f||.||ng 2 2
Polyimide Polyimide printer 1 9
LC ) ) 1 33
Rubbing Rubbing 1 7
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
(Fabrication) B Filling One drop filling 1 6
1 10
1 12
1 14
2 24
Polyimide Polyimide printer 3 6
v yimide p 2 64
(MB_3 Module Adhespn of Cullet, clean and polarizer 8 2
odule) polarizer
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Dry Etch @9} 378014 837] AAZAE AMgstal QL
At HEE(CF) 332 Photo @Y 54, Stepper
&9 FHolA ol23t FAE ARStaL UoH, A
(LC) 3782 Rubbing ©¥] &4, Polyimide(Pl) T
57, Filling(dropping) @9 37404 o]&3} ZA&
ARESEAL U9l BE 372 HgTH -2 adhesion of
polarizer) &9 F40lA 0|23} X & AM&Sl= A2
2 Yyt uiAge g o] 23} AR ARSSh= =
7 9] F7g0l wet 1ti~14t7F AREE AL QUlomH,
Zuof] Jzke o] 23} A= 17i~64707HA] thefst A
2 ZAESIH

£ Aol Zodgt LCD A|RAR=s YA u}
o} AR ASARAL D FAIE YA sl ZHAAZA
£ AMEst] 370 B FAREFS S5t AEH
oF AL Q= AR RARE| 0], ZEALY] HPARA
LEEALL AR E E8sto] mRetelaltt. AAY
T2 T 11HY L=EATL BAFRIAS 3439 =4}
7t NRJAAZFAE AHEst] @AM RRE Heskar Q)

lo &

dose rate and survey meter)?l Radiagem TM
2000(Canberra industries, Inc., U.S.A.)°] FofX]
Heol XA 30| 7Fss Nal(TDAEAFAE7E &
gt SX-2R ZEHE o|&s13lom, 7o AREE AH]
= AR A okt A3HE7|= AlgdEolA
AZ7|(scintillation detector)® Ed=d] & AL
A d7]5<= ol&sto] AN Ao R ek w5
= HRAHE ARSIl & S47E= AodA] X
A Hde&8 =287 B39 A3Hion chamber) A
7191 OD-01 Hx survey meter (Sensortechnik
und Elektronik Pockau GmbH(STEP), Germany)S
ARGt 2 Aol AREE SX-2R ZEH(5 KeV
~ 200 Kev)&} AEgr A=71(6 KeV ~ 15 MeV)9]
oA =74 s AAPARAHS] AR Aol
AAALYGR Y] AL 53 FAEEGB KeV) o1y
NUAE 7H] A E SAY 4= U= W AH|o]
oh 2 A9 HARIZ o3t AA|7F AAH AH|Y
HH Ei= o] 23; AA7F AR Agu7h AHRIYA A
2o} 24 PVCE A 79+ AHE EHA A
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N Ae AR £ 9] AR|e Y 7MsRAS F
AsHA EA= At 134 Rubbing”]9] 4 7HA A
4 Aloll= ] Edo] A =R oo} AH|9] Edo]
7N Aol A AMS S5t BHA, 7iA Fof
= A A 5de YAXCERI2RE Eolxl AP)ollA
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H B A9 ST F AR 5
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o]}, 57t 100 mSv ©|sh YA FAIEY
2b 9 BREARRE: A7 6 mSv ©fsh 1 9 FARE &
7t 1 mSv olsh) 2 7|&(AAEUE] A ATt
20 mSv °Jsl, £ 1 mSv °Jsh¥t H|wslr] Hofod
A Ao R BRI QITHNSSC 2019; NSSC
2021). S A A9IBeES AT AL
2 e Qo= Z2EAT WY WA &
= B AREE F45k= Zo] 2835ttt o8t AAl=
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AA7] AAE Hall oF 10 A= 2o "ot &
Aol Hofdt & AR dB+ 1,200 ~ 1,800
Ao FE71HZ ARESHL Sl ASE metEglom,
SEAE 3 255 St Qe AoE ARSI
wEbs] Z2APE fE7|8 9 7ig= 4008 ~ 600
7o, 1= lIsf o]23} x| o 7FsAIZE 100
E(6000& = 600 x 10®)°0.2 FAFH 18 o
FEY 342 AsgEo] o] =A== FHIEA
AFStAl g 2Rl W ExY QIXYo] Folu 7k
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WA w2 o = ADS A B4 243 2
22 i 275 EdE Hg 108e2 d= giu}
2HH, Rubbing T7F0lA= 2 FEfol wet =

LEARE0] 291 12= Ay wAsk= 2ol qlof —EPr
F B oF 402 AHE Rubbing”] QoA Zhsk=
Ao g ulotxiqict YR WA 2 Fol= Rubbing

719] AYS ADST GY3r] ol PARHe]
94 e FOE BoE, AUS Aush] 450 o

HE WA 8] 9 IS 5l Rubbing”] Aol &
2AZE HEE= ARE o] BT 4 k. 2 dTe
Rubbing”] ZY4<Z Fcl= L=EAR} JEFREZ &0
SOl o 6% HA= WA k&d 7FsAdo] =
Ao molstgitt.

2 A7) 5A AL PASW (v24.0, BM)E A8
o ofoiFtt. A #42 Fol+E 0.055 A3l

ojFoizon, A AL tlolE ] B0l met 1%,
paired-t47%, 181 JYEAEAS H8319ct

n. &

H

1. 22X L E24F

2AgAE B

AAJABAE ARt Lﬂh:%'%k
g8 9 AujEAdE Aoz

R

< H2Y

UERRL T, A
A 224 11383 B/\P%Vo* <=2AF 3427 B A

AZF 0.04 mSv (E7]'E 0.01 mSv)E

Table 2. Range of local exposure levels of radiation from soft x—ray ionizer in terms of company, production line, main process,

unit process, and equipment

Range of local Range of exposure Range of
Prodyotion Main Unit process Equiplme_nt using .No‘ of | exposure level Exposu}re level per week effective dose
line |process ionizer ionizer (uSv/hr) time(min) (mSv/week) (mSv/yr)
Min Max Min Max Min Max
4 0.2700 | 0.9000 10 0.0002 | 0.0008 | 0.0117 | 0.0390
3 0.2000 | 1.2000 10 0.0002 | 0.0010 | 0.0087 | 0.0520
2 0.2000 | 0.4000 10 0.0002 | 0.0003 | 0.0087 | 0.0173
Stepper 2 0.2000 | 0.5000 10 0.0002 | 0.0004 | 0.0087 | 0.0217
2 0.1000 | 0.6000 10 0.0001 | 0.0005 | 0.0043 | 0.0260
1 0.2000 | 1.2000 10 0.0002 | 0.0010 | 0.0087 | 0.0520
3 0.2000 | 0.4000 10 0.0002 | 0.0003 | 0.0087 | 0.0173
TET Photo 1 0.2000 | 1.4300 5 0.0001 | 0.0006 | 0.0043 | 0.0310
3 0.2000 | 17.0000 5 0.0001 | 0.0071 | 0.0043 | 0.3683
A-1 Coater 1 0.2000 | 3.0000 5 0.0001 | 0.0013 | 0.0043 | 0.0650
1 0.2000 | 12.0000 5 0.0001 | 0.0050 | 0.0043 | 0.2600
1 0.2000 | 0.9000 5 0.0001 | 0.0004 | 0.0043 | 0.0195
3 0.3000 | 2.3400 5 0.0001 | 0.0010 | 0.0065 | 0.0507
Developer 3 0.2000 | 1.5000 5 0.0001 | 0.0006 | 0.0043 | 0.0325
2 0.2000 | 2.5000 5 0.0001 | 0.0010 | 0.0043 | 0.0542
3 0.2000 | 2.0000 5 0.0001 | 0.0008 | 0.0043 | 0.0433
5 0.2000 | 1.7000 6 0.0001 | 0.0009 | 0.0052 | 0.0442
LC Rubbing Rubbing 5 0.2000 | 6.9000 6 0.0001 | 0.0035 | 0.0052 | 0.1794
5 0.2000 | 1.5000 6 0.0001 | 0.0008 | 0.0052 | 0.0390
4 0.2000 | 0.5000 5 0.0001 | 0.0002 | 0.0043 | 0.0108
Stepper 4 0.2000 | 0.5000 5 0.0001 | 0.0002 | 0.0043 | 0.0108
6 0.2000 | 0.5000 5 0.0001 | 0.0002 | 0.0043 | 0.0108
. Photo 4 0.2000 | 1.9400 5 0.0001 | 0.0008 | 0.0043 | 0.0420
10 | 0.6000 | 0.7000 5 0.0003 | 0.0003 | 0.0130 | 0.0152
Coater 8 1.0000 | 2.0000 5 0.0004 | 0.0008 | 0.0217 | 0.0433
A2 2 1.0000 | 5.0000 5 0.0004 | 0.0021 | 0.0217 | 0.1083
2 [12.0000| 15.0000 5 0.0050 | 0.0063 | 0.2600 | 0.3250
CF Photo Coater 2 140.0000| 50.0000 10 0.0333 | 0.0417 | 1.7333 | 2.1667
2 0.2000 | 15.0000 10 0.0002 | 0.0125 | 0.0087 | 0.6500
_ Rubbing 7 1.0000 | 8.0000 6 0.0005 | 0.0040 | 0.0260 | 0.2080
e Rubbing 7 9.0000 | 40.0000 6 0.0045 | 0.0200 | 0.2340 | 1.0400
Single rubbing aging| 10 |17.0000| 20.0000 5 0.0071 | 0.0083 | 0.3683 | 0.4333
Polyimide Polyimide printer 4 0.2000 | 1.2000 5 0.0001 | 0.0005 | 0.0043 | 0.0260
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 342-352
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Range of local Range of exposure Range of
Production| Main it wresess Equipment using | No of |  exposure level Exposure level per week | effective dose
line |process ionizer ionizer (uSv/hr) time(min) (mSv/week) (mSv/yr)
Min Max Min Max Min Max
1 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
Photo Stepper 1 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
TFT 1 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
Dry etch Ultrasonic dry 4 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
cleaning system 4 0.5000 | 0.7000 10 0.0004 | 0.0006 | 0.0217 | 0.0303
2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
B-1 CF Photo Stepper 1 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
Polyimide Polyimide printer 9 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
Rubbing Rubbing 41 | 0.1000 | 0.3000 6 0.0001 | 0.0002 | 0.0026 | 0.0078
LC 33 | 0.5000 | 0.7000 6 0.0003 | 0.0004 | 0.0130 | 0.0182
Filling One drop filling 2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
Measurement Align inspector 1 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
TFT Photo Coater 2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
CF Photo Stepper 2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
2 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
14 | 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
12 | 0.8000 | 0.9000 10 0.0007 | 0.0008 | 0.0347 | 0.0390
5 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
24 |1 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
B2 2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
6 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
Filling One drop filling 1 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
4 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
LC 3 4.0000 | 5.0000 10 0.0033 | 0.0042 | 0.1733 | 0.2167
24 | 0.2000 | 0.3000 10 0.0002 | 0.0003 | 0.0087 | 0.0130
10 | 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
5 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
5 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
64 | 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
64 | 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
Polyimide Polyimide printer 6 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
6 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
6 0.1000 | 0.2000 5 0.0000 | 0.0001 | 0.0022 | 0.0043
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
B-3 Vodule AdhesiF)n of Cullet, cl(?an and 2 0.1000 | 0.2000 10 0.0001 0.0002 | 0.0043 | 0.0087
polarizer polarizer 2 0.17000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 0.8000 10 0.0001 | 0.0007 | 0.0043 | 0.0347
2 0.1000 | 0.2000 10 0.0001 | 0.0002 | 0.0043 | 0.0087
2 0.1000 | 5.0000 10 0.0001 | 0.0042 | 0.0043 | 0.2167
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Figure 1. Effective dose by characteristics (alphabet small letters indicate statistical differences at significance level of 0.05)
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o5t £ 1 mSve ZIoh= A9+ gl Ae=E 4
BT AZF 9PARATF GA] Table 29t o] 2.1667
mSvolatZ UERY A7F 20 mSv 7|EE 2= 3
271 Q= Aog BAFQL

A A7F ®AMAZFRS Figure 1.a°] YERH A
o] BAET BAZ O R FootA & AR EAE
th(432.415) = 2.445, p = 0.020). AAS] B4+ Azt
HPARAEES 0.197 mSv (SE = 0.072)2 &A= o,
BARS] A7 WRARAEES 0.020 mSv (SE = 0.006)E A}
gFoz WA SAEUCE AALS] Bt A7 AR
< BAKY oF 10v] o= njetE| Qi)

A-2 219 Hyt ATF AR Figure 1.bofl Y
et Az} o] T2 gl EAFHo R Qo514 &
AoZ BARQITHA4, 78) = 5.152, p = 0.001). &
7t WA ERe] HHES A-2 Z9lo] 0.364 mSv (SE =
0.161)& 7P =9ta, 1 theo=z A-1 Q1 0.074
mSv (SE = 0.021), B-3(Module) <91 0.038 mSv
(SE = 0.026), B-2 221 0.018 mSv (SE = 0.007), 1
21 B-1 291 0.013 mSv (SE = 0.002) &C.& Uet
Sot AzF WARARFO] 7S =0k A-2 E1R19] BRARA
o 71 A YyERt B-1 gR19] oF 284 fFo g
EA =9I

F57GoNA TSk et A7 WA Figure
S
2]

Aoz BAEAUHA3, 79) = 1.819, p = 0.150). CF
5799 Hat A HAMIFS 0.266 mSv (SE = 0.199)
oz yehg o F34(0.038 ~ 0.076 mSv)Ht}t @A
3] 2 Aoz moE et CF 339 Azt WAKIZS
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AX BAHOZ gt 2ol7t gl AoRE YERiT

4 FHoIA WAl Wi A7 SRS
Figure 1.doll Yetd AXH BAH o2 |2t zto]7}
Q= Aoz BAEJHAG, 76)= 0.808, p = 0.567).
B A7F HAPAEES Rubbing 37%4(0.246 mSv)T}
Photo 57%(0.115 mSv)e] ©& 34(0.007 mSv ~
0.038 mSv)oll Hls] @A|5] =2 A= Ustyth. 1
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2 Rubbing F4(SE = 0.124)7 Photo 33(SE =
0.055)2 AR o2 ZH(SE = 0 ~ 0.026)Et}t dA]
5] AN BAX Y42 gle Ao mobE it

Zujd B A7F WARAFS Figure 1.e0] UERS
AAY BAHOR FostA Aol7t gle Aoz By
HATHF(O, 73) = 1.695, p = 0.106). Bt A7+ A
AFFE Single Rubbing Aging 0.433 mSv, Coater
0.291 mSv, 1831 Rubbing 0.220 mSv7} = #H]
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SE = 0.969)°] &} AH|(<fl: Stepper?] SE = 0.003)
Hoh AA BAFORZ Fogt Zol7} gl AR 2H
= At
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Aol 1 mSv o= &74% Aol s 7784 PVC
A= 2 (d) € AHHE FA4 A3 5 S
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At Coater?]= ZH|7}F Eof Aot 2|7 712 &+
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" S

Before improvement After improvement

Figure 2. Comparison of effective dose before/after
improvement
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2 Aol Foist 2709] LCD AlRARS] A7t WARA
F2 0.004 ~ 2.167 mSve] MYE Hole= o= uf
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A= AP AASAY H A7 50 mSvE d

A koAl 517F 100 mSv (AW 20 mSv)olH, 4
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AN&UA 9 SRESAR= A7 6 mSvelal, 1 2]9
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