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ABSTRACT

Objectives: The aim of this study is to develop a comprehensive occupational safety and health (OSH) guide for
maintenance tasks within the photolithography process in the semiconductor industry.

Methods: The development of the OSH guide involved a literature review, consultations with experts in the field
of relationships, and field investigations. It concentrates on maintenance work operations in these specialized
fields.

Results: As a result, a detailed OSH guide was developed to address maintenance work in photolithography
process facilities within a semiconductor manufacturing line. This guide is structured to assist maintenance
workers through the pre-, during, and post-maintenance work phases, ensuring easy comprehension and
adherence to safety and health protocols. It highlights the necessity of safety and health measures throughout
the maintenance work process in order to protect personnel. The guide is enriched with real-life scenarios and
visual aids, including cartoons and photographs, to aid in the understanding and implementation of safety and
health principles.

Conclusions: This OSH guide will contribute to improving safety in the electronics industry by providing
practical measures to address safety and health risks associated with maintenance work in the
photolithography process.

Key words: Maintenance work, occupational safety and health guide, photolithography process
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®@ &4 39HE, photoactive compound(PAC)
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Table 1. PR materials by wavelength of UV light sources

Lithography System Resins PACs Solvents

Positive-PR: Novolac
(phenol, formaldehyde)
Negative-PR: Polyvinylphenol,
polyisoprene rubber

CARs**

Ethyl lactate
PGMEA****
2-Heptanone

DNQ (diazonaphthoqui none)
Sulfonium
lodonium Salts

i-line (365m) and
g-line (436mm) UV

PACs* Casting solvents

DUV (deep ultraviolet)

B PHS (polyhydroxystyrene) TPS-t (triphenyl PGMEA
248 nm (I?;Fr?:)and 193 nm Methacrylate—based polymers sulfonium triflate) Ethyl lactate
PAGs (Photoacid generators) lodonium Salts Cyclohexanone
MORs***
EUV (extreme ultraviolet) PMMA (polymethyl methacrylate), Triarylsulfonium salts PGMEA

(13.5nm) PAGs, Quencher Diaryliodonium salts Ethyl Lactate

n-CARs

* PACs: Photoactive compounds

** CARs: Chemically amplified resists)

*** MORs: Metal oxide resists)

**** PGMEA: Propylene glycol monomethyl ether acetate

2, 100~180TofA F=tt.
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Post-bake 3L 3 274 Fo] 4252 &3 &
SE53E HATK(standing wave effect)”} 2HAYsk=
73R e (edge)E  BEHEHsmoothing)ot] sHIEE
=o17] 9ol "= FHoE, XM AP /3
110~130CE 1& F= 7199 % flolA g=ct. 34
s £o|7] A f7IeRtES EHolY Hige] &
gloto] dlo] WkALE|R] ¢kA] JHCHSKhynix news room,

@) 321 = 3

92 3 01428 ERANLE] 29
glolwio] et o] HUSt F, AelAle] Aol
w&sto] golso ur_a ouAE iz AR
oIt WA EE B4 60%E AT Hu F

2024).

Hard-bake 33 T E A9 & ot 921 &
A 34 ol fold EHo| festE ZEHAAE]
F2EE fAsk J=2 g SUolh] At 3H2

a3 EFAeIH. ads YRR IES AR
i}

Table 2= FY0 g ARG EHE QA9 £57, Ad
Ed 7g, B9 i 34 20 HE Ve AR

Table 2. Wavelength and process technology lod by UV light source

Semiconductor technology

Light source Types of light sources Wavelength o @ e sesss
Mercury lamp g-line 436 500
h-line 405 450-350
i~line 365 350-250
Excimer laser KrF (DUV) 248 250-130
ArF (DUV) 193 180-14
Laser—produced plasma (LPP) or Extreme ultraviolet (EUV) 13.5 14 or less

discharge—produced plasma (DPP)

www.kiha.kr
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vty A ZEHAAE: gH FEZ 72844
(carboxylic acid)o.Z v} &l AN A
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hydroxide, TMAH)¥} $4BMPEE(NaOH)& AREs)
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83t &4 ZEYAAEE b gEA] g2 RS I
A191(1330-20-7, xylene), ol2HAN(100-41-4, ethyl
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o, %], J7H| S22 =0l Qth. ZEHAAE
9] A w2 7l ol wEt ohfsiA ¥tk
Ut ZEHJAAEG FAZE HETHH)-EZ52
3 EA9] X $=X|(Novolak resin)& H|Esto] &
udHlEA A, EYSIo|EFA|ABO-A  FA],
oflmdA FA & HYT FTFY FATE AREHC
(KOSHA, 2012).

A Ao = 771 8AR T2 SEE B
HE ofg2, Z2dd S2F ZiHE oHE o E
Ab 2-91ER=(110-43-0, 2-heptanone), OPAIEAHE
g, oedzAtA(687-47-8, ethyl lactate) & B=H
(boiling point)o] 150C %9l E4& F2 ARESH
o}, o3t f78AIFES AR EE A 3 A
2ol w2t Zpol7t Ut

Ao 2= AR EgHEd R Fo] dutdos
AREEE, 2299 ZEE ZieHE oHE ot EAL
AEEseas, FAd 5= ARBECHLin et al.,
2010).

URPIA R = A EYAZE ARSIt ZE
TN AFHEH ZEHAAEE 1AH0E ZEHX]
AE AAARZ AAsk=H, olekZobtl(141-43-5,
ethanolamine), 7FE1&(120-80-9. catechol), ZT=d
g ZEE 2evd oEHE, T2gd 8 2LeHg
oH|2 ofM|EALL 52 ARERITE ZEHAAE A|A=
FE ZE FAofA o|Fojx|=t, 27t FAolA o|F
oZ= AL Ut FH| &Y Foll= ol A 3t
sk ANE, s, Y 5o =22 5
(Park SH et al., 2012).
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Sttt Aede =EE B9 yRet w0l A%t &

s
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Ao A BAske SAFE A7 g d 5 9l
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wet getd 4 9k A 9gol ARk B3] WY AN A BAY
uj 32, =, o]} Soll Ro] sA Ate] Al

(3) 71 2 J71% 9/ IFe = + At

EZE FAA AR EE fadgn Pule 1408
HAY FAole 7ol ot 71Y, d9 59 7] (5) 7|E} BN 23

A o] At} E3E AsshE 1o HUZ|ATL ZE 32 mAgE JAE w9 qztel] 28517
AREEY, ] ezbsolu AgH] A F AH|9] o7 2ol SFONA] &3t 0|2 lsf ZAAH= 371
2 k2 A, 71AH AFORE Qg 4] ¥y A el Z2 AdATH FATHANA DopA =HE,
719, A, B 59 7144 o] Sl ojwf 2 Fhu &7t PR AR JFE &

AxA] oAM= AH7] ®H(electro  static = ok 393 FeEAE TS {718 AUt 4
discharge, ESD)C.2 <lg qIZIst 327t &4 5 HdolA| o FHPAE 2HT = doH, ol A
QoH, AAR}= A7H FHS HE F Uty E3 o AtE]et AgejAo] P vF 5 Qlrt
THge R AEohs AH7F Wob oy 7] 9
3o] it} 3. LE Z7d AH| M| 2 HHEA J0|1E B

718} obAAL 913 QolorL £ A BA 5 WA A2 ARl 28 T4 Adu] Au] 24y Fof
o] o] EHS A% vl A T v, vt & SMEd wE =9 A2 gy A 5 3AAE
& S 24 A Fold, Aujet 7171 A &G Al A ARTL j¥e] ok X' g AH] ] 2 bHst
o] ZJo = Qg "ol fFo] AT & it} Al vix7] YeiAle A #Y AXE ulEtof gt

02 34 Aul Ae] A3 v R ZE 38 A

(4) Q7SS AH HIE Aud o gu] & A, FF 5, 249 T FHaloF

WA Az gRloa= AQdo] Aldstal BEEAl & Fg MHRA A ARIES FEstAtHTable
AAE HE A7 Bot AdAelA ZZAAES T 3~5). Gy 2 F ARgsloF 3 ¥t 714, 7179

Table 3. Key occupational safety and health precautions for maintenance work at photolithography process facilities in the
semiconductor industry

OSH Items Surfac_e PR coating Baking Exposure Developing
processing
Obtain permits for process equipment maintenance  Always Always Always Always Always
work in accordance with company regulations. required required required required required
Electrically lock out and tag out process equipment,  Always Always Always Always Always
chemical piping, etc. required required required required required
Isolate the process maintenance work area from the
) : Always Always Always Always Always
surrounding area, mark the maintenance area, and ) . ; - ;
! required required required required required
restrict access.
If the work requires the_ use of hazardous equipment, Take action Take action Take action Always Always
such as a crane, designate and post an operator . ) . ; ;
oo e if needed if needed  if needed required required
and signaling personnel.
Check the performance of safety and health facilities
(photo and cleaning facilities, exhaust systems, etc.)  Always Always Always Always Always
and personal protective equipment required for required required required required required
maintenance work and emergencies.
Receive training on how to perflorm maintenance Take action Always Always Always Always
safely and identify emergency actions to take in the . . . ; )
) if needed required required required required
event of an accident.
Wear the necessary personal protective equipment  Always Always Always Always Always
for maintenance work. required required required required required
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Table 4. Key OSH precautions for maintenance work at photolithography process facilities in the semiconductor industry

Surface

OSH Items e PR coating Baking Exposure  Developing
Plape a coworker or supervisor near the _ Always Always Always Always Always
maintenance work area to monitor operations ; ; ; . X
o required required required required required
and take action in case of an emergency.
Ensure that the maintenance workers Gan Take action Always Always Always Always
contact the worker supervising the . ; ; . ;
. if needed required required required required
maintenance work.
Perform maintenance and cleaning operations
safely, such as replacing, attaching, cleaning, Always Always Always Always Always
and calibrating machines, equipment, materials, required required required required required
and sensors in the facility.
Table 5. Major OSH items taken after performing maintenance work for photolithography process facilities
OSH ltems Surfac_e PR coating Baking Exposure  Developing
processing
Prompt d_|sposa|: categorize and store waste Take action  Take action Take action Take action Take action
from maintenance work based on its . . . ) .
. if needed if needed if needed if needed if needed
characteristics.
After completing maintenance work, conduct
safety checks with relevant departments to Take action Always Always Always Always
ensure the processes maintained are in optimal  if needed required required required required
condition.
Document key OSH-related details of each Take action Always Always Always Always
maintenance task. if needed required required required required
Regular exposure assessment to hazards for Always Always Always Always Always
maintenance workers. required required required required required
Specialized medical exams for maintenance Always Always Take action Always Always
workers. required required if needed required required
Z59 A4 HiR] o 58 SARHS HA olF E 07 AIA | HRA Jlo|EE syl £3], 3}
= SAlske #&2 719 wet A4 R gt Ao et AH| bR 2o gt A1
A5 S0l g gH|e}t Lol & 7[AY HHIE siAls  HRto] AGA PE A n|R= FIFo] A= He
3 ke A9 Tl Ak, ofol wE oF  Eelz 4 qUsich
AR = l("ﬂx} AA H4, Az wiA], 44 87 LE 3789 AH| AdollA 2GR A At
A4, 2 HA, A A =) AR EY A, BASE] YsiA= AAA | AFARI FAE 7to]
A 23 5)E AW A% HARA 9RS B E Ae] Wizl B AolA] ARk Zlel=k ol
E21 QHHEA 7hol= Aol AAsHHH. XE 5749 ot 85 S5V FIS AEZo R, IFF AEZQ Al
457Gl gt :,lxﬂxm Av] ¢ 7lo|lt= AH] o o|EQ} AL E3] <L BEHA|ACF & Aolth

V. DE A=
2 72 B9 nE 249 Hu] 2e] F WAL 5
gt 2o iR 9F 94F BAS, ofF Au
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ARl REHAAES FYUHA EHE(coating)otes I
oA FR7ISIEEC] Ua & Utk EZF
(eXposure) oM = Aoyt FAAd 59 H
= ARESto] ZEFAAE HfHS MRSk o =3
87} ARREl=g], oju ZrARr} 7Fer dyl Fof
= 9l3o] 9tk LqE ZEHAAES FAIN]
AlA wgd] 72 2 gEA] 42 RS Eeoke
A4 (developing) &A= TMAH 53 22 35}t
E4Z ARESHER AR Y Al 54 = 3He
9slo] QItk(Su et al., 2002; Wu et al., 2008).
2E 374 v Au] Ay Fol= ot ol - A
3 QRQlo] &A1 4= Ut} olE 34 Yo FAzIA
A5 o3 2
A, A AIolA AFEE vie} Zo], ZE
A ARESHE ZEHAAE, dFA, AFY 52 A
F1skE RAA SHEEEE ek Qlrt. AH]
2HAollA e &3 TEAESH PAEA S
l‘ﬂﬂfﬂ EAL =F Ho|tNIOSH, 2024). gH] 2]
olgfgt et=do] &E 4% IF &5 Y=

** s 59 Ago] 2AFTHKOSHA, 2012). gH|
2] Al A £ Qle FEE FHE A= &
AA”ERE AAsHAY o]54] Hi7] AAE HiAIste] F
e 558 WEr AR7IsRtECY |-l
7W27t 22 AS AESHA 718 AE 7hssto] &
A W 5715 AsIstcKSherer et al., 2005). 1211
nE Au] A= SR AT Al HIESAH|
(PPEYE 8o, sehEdo] +EHUS FF SAl
SHERAE Foka, Al T Hu AXE F43ict
(EU-OSHA, 2012; HSA, 2024).

=4, 4] A Sol= 714, dHjete] HEo= 2l
gt 719, A, 71AH $4 5ol AT 4= Stk E3
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g AuloA WAs=s 1=
ado] gk kR A A7t v|EE A I 9
o] EAgttt. ole} T2 AYEZ Alstr] HsiA=
v 2+ A AH|9] AU Apdetar, a3t = 1ot
2(lockout/tagout) BAE WIEA] 4510, AH|o]|
Al Fol U= A9 QA HESHA] S HSAA]
E AAstar, /3 A 257t JF o] 8T
72 S HE 27t JokPark DU et al.,
2024).

AR, TE FA AHl= 1dYgo] Tag Aot &
om, Au] 2 F A71H Ao &2 7Fs/dol A2
q- X—]7]X—] 43 ]J'- 71—?(_,] H‘%—]O] %1_9__1;!_;‘ ZHH|E A

H|5H7] Ao M HIEA] Xpdgict, A7123Y Foll=
x%o:] xhﬂ]f:; /\]._9_3}1 ;G;‘(_;]o} zq;(]_q] tq.a. 1 /\]. =U

E IR 3L BE A7) 3 A2 3E A7
[&A7F 5t ofH, FH| 2 Foll= LAY
1 BAIE BESHA BAIRITE & 5 FAEQD AR

KOSHA Guide?] "™d71&gol ot 7|&X3,&
tx5t0] o] PSHHKOSHA, 2012).

npxjeto 2 ] 24y Fof] AT & Q= Ve ¢

HH4 Q1 e 3 Q17-gsHA H"JO] Utk o PAHdH|
oF 9] MH, HA, FE WA, 1 H]'94 Au|et Ha
2] Foll floll AFst setEdat JIRE, AlFY, 1
A 5ol =&d 4 ok I3 AH] "41*0} Aujo] &=
7, AH & TH=Z FFces AYLE s =4
AAZo|yp FAfo] vRAIGE 4= QItK(Williams, 1995).
Tot oA = wasls 39 or|selETl Zapant
2 QIg oFo] AY F7] ol SHE & doH, o=
2g2re] 357 Aol FAAR1 FF2 v & 9
o}, ojet T2 EA %0 3]'7] -?JLH/\L zE :61‘7@ i
Al 3714dE % )
A% MRIESHE
et al., 20106).
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