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Y= A Photo Resist (PR) A58 AHlE ol QMY E4& st AMgstH, dsd E4do] 34 &
FEEE A O AR o] 5 o] YFA HrF asith B AT E PR A53 AHlolA] ALSE
+ Acetone, PGMEAS] +Z W59} o] g F&0] 34| AR olojd ¢ e RIEE RIEEY & 5o
BAE o, @ Ao IRl 9848 A =X oS BT I0GPY 4 FZ dolH 9}
A3} &g HolHE 7ieE T Hx 9 M3l 35S TE519oH, 0|5 st AA A Alae] RIEE
EA3HTE BE=A] PR 34 Foll BT & s B FE0) U W% 7.30E-03/year|H, A A= E3
o] FEHAL ul A3LH o] o] el Z ZAS= Acetoneol] 25 TAE 4= Q1o HIEE= 1.24E-05/year?]
FF0 2 A4EEQH) UK HSESA A|A 8k AFFol WEm, 1.24E-05/year] =2 WAYSH= 2 Alarol] tha)
Ae 78 ol AMEALE A o] AP TS A FUF 2X7F 8§l F “Broadly Acceptable”
olgtal AoJsta 9lof, 281 122 FHE T BN Hre A¥A AL A7 87 HA Y=

Abstract - Semiconductor Photo Resist (PR) automation equipment uses a mixture of several flammable
substances, and when it leaks during the process, it can lead to various accidents, therefore, risk assessment is
necessary. This study analyzed the frequency of leakage of Acetone and PGMEA used in PR automation
equipment and the frequency at which such leakage could lead to a fire accident through the frequency analysis
method, and evaluated the need for additional risk reduction measures in the current facility. Based on the proc-
ess leak data and ignition probability data of IOGP, leak frequency analysis and ignition probability were de-
rived, and the frequency of actual fire accidents was analyzed by combining them. The frequency of material
leakage in semiconductor PR process is 7.30E-03/year, and fire accidents can occur by acetone that exists
above the flash point when the material is leaked, the frequency was calculated at the level of 1.24E-05/year.
According to the UK HSE, for a major accident occurring with a frequency of 1.24E-05/year, it is defined as
“Broadly Acceptable”, a level that does not require additional measures for risk reduction when it causes 7 or
less deaths, and due to the process operated by two people, no additional risk reduction are required.
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3.1. PR ZH|e| 28 =A
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Fig. 2. Process & instrument diagram and isola-
tion section.

Table 1. Operating conditions of flammable ma-

terials
Condition Acetone PGMEA
Operating Pressure (MPA) 0.1 0.1
= ﬁ ==== Operating Temperature (C) 15~25 15~25
. . Mass Flq te (k; 0.09 0.14
Fig. 1. Process flow diagram of PR process. s Flownate (ke/s)
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Table 2. Operating conditions of isolation section

]

A4 - 2%

Section # Stream # Material Operating Pressure Operating Temperature Mass Flowrate (kg/s)
(MPa) (T)
1 01 PGMEA 0.1 15 ~ 25 0.14
2 01 PGMEA 0.1 15 ~ 25 0.14
3 07 PGMEA 0.1 15 ~ 25 0.08
4 06 Acetone 0.1 15 ~ 25 0.08
5 06 Acetone 0.1 15 ~ 25 0.08
6 08 Acetone 0.1 15 ~ 25 0.08
7 03 Mixture 0.1 15 ~ 25 0.02
8 04 Mixture 0.2 15 ~ 25 0.02
9 05 Mixture 0.2 15 ~ 25 0.01
10 05 Mixture 0.2 15~ 25 0.01
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Table 3. Ignition probability of scenario 6

Release Rate (kg/s) Ignition Probability
0.1 0.0011
0.2 0.0014
0.5 0.0019

1 0.0024
2 0.0042
5 0.0088
10 0.0155
20 0.0272
50 0.0570
100 0.1000
200 0.1000
500 0.1000
1000 0.1000
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Table 4. Initial release rate and iginition probabili-
ty of major materials in mixing process

Hole Diameter Major Material
7.5 mm Acetone PGMEA
Discharge Coefficient 0.61 0.61
Liquid Density (kg/m®) 790 965
Initial Pressure (MPa) 0.2 0.2
Atm Pressure (MPa) 0.1 0.1
Height of Hydrostatic 0 0
Pressure (m)
Initial ?;;;se Rate 03387 03744
Ignition Probability 0.0016 0.0017
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Table 5. Release frequencies for equipment
Size of Equipment
Equipment
2.0¢ 1.5¢ 1.0% 34 1/2¢ 1/4¢
Pipe 1.15E-05 1.23E-05 1.34E-05 1.38E-05 1.42E-05 1.47E-05
Flange Joint 1.59E-06 1.47E-06 1.29E-06 1.23E-06 1.17E-06 1.08E-06
Manual Valve 8.67E-06 8.89E-06 9.22E-06 9.33E-06 9.45E-06 9.61E-06
Actuated Valve 3.91E-05 3.95E-05 3.99E-05 4.01E-05 4.02E-05 4.03E-05
Instrument 3.66E-05
Process Vessel 1.80E-04
Filter 2.72E-04
Pump 1.00E-03
sHAl A&dthes Ba4d 7S A8skink ¢1s) Fig. 2 ®tg" Zll 110 %E 7H g8tk A
4 B v dFolA dGo R EXsh] W =3 9375—‘?—5 shtel o R TEE o,
o =% 74 (Discharge Coefficient)= 0.61S A& WHF= 22 F 19 FHAE FUHE 85k
39 [71. o} 4132 WMH O 75 Y5 HH ZA 9
FES T 0B, 37} FAA FE U
Q = CpA\20,[(By = P,) + p,gh] 1y b EEiAck dnh |, kel Ag e A
ol RE fA7E EA8H7] w2l g e FWARE
o e o FE EskT 4130 AR U@ v 9
AN, QF 271 TESK, G TEAT  w gn AR AN Bse FEE aue
(A2 061), A FE2TE 7Im), 0= Aojmz, wjat AvFe] ddRe] & A F
AA o] AEkg/m’), /E WA 27 FEANmM), 2= Fri2 pEEAT 88 AARE FEo] ¢l
PE H7]1(10° N/md), g& $H71459.81 m/sd), L How 7133t
he THOZRE AHFEA] Eo|m)o|th
43. & Hi=EYN ZHut
WA PR FANA F2 e ASH 2 41 9] BB £E NS} 42 GO BE 5B
Acetone? PGMEA 9] 7.5 mm & 7%l tg + EUE Z Isolation Section ¥ +& HIZ=E AAilst
£ 75 9 A3} FEE Table 40 YERHSITE Aok = NEE £ EAFGE & 984l ¢l
L, 70 AT 2w AL Alel A
v. 4 3t 9} A A wdE 7FY TR/ 9 =270 wet
ArETh ¥HE=A PR X}Eﬁr ”Hl 3 °1§Vé |
41. BEY 5& iz & EFste 38 T WG F Ue =E FE
PR A= S LS ZF BT & ul o th3t WI=ZS A4Sk, Isolation Section % lT—%
S Table 53 2t FE WNE A4 $E FY NES Hdtel A4 BF FA E FE NS
371L 3449 &S ENE 7.5 mmE M AFet o, o] & Table 73 o] %ﬂsk%lt}.
o™, IOGP A AAIG HE FF F7]E Alo]9 Table 7°] W=, 213} EZ 21 Acetone™ PGMEA
A Yadste] AAl FAgel AleE BEe FE T 7 £ BHAE HE FYE] 1F 83 4 33
g =290 AL ol $515 FalolA AT £ 5 v
Abarel M%7} 7.30E-03/year®Z AAFE AT ole
42. %@LH & + &3 =4 o] %76 T FEHe @Y Aot A dol 7.3
T4 AFZ 7|HOE Table 63 o] & & 3 AR TAT 5 Jve AS ovdth
ARG FF A 9AE weletel HE S BE AP VY Ane] MEs I A =
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Table 6. Part count for each isolation section

Number of Equipment (ea)
Isolation Section #1 #1 #1 #2 #3 #4 # 4 #5 #6
1.0¢ 3/4% 1/2¢ 1.0 1.0¢ 1.0¢ 1/2¢ 1.0¢ 1.0¢
Pipe 55 m 02 m 02 m 55 m 55 m 55 m 02 m 55 m 55 m
Flange Joint 33.0 22 33 7.7 7.7 16.5 33 22 22
Manual Valve 9.9 1.1 1.1 1.1 1.1 33 1.1 - -
Actuated Valve 22 - - 22 22 22 - 1.1 1.1
Instrument 22 - - 1.1 - -
Process Vessel - - - - - -
Filter - - - - - -
Pump 1.1 - - 1.1 - -
Number of Equipment (ea)
Isolation Section #7 #7 #7 #7 #7 #8 #8 #8 #8
2.0¢ 1.5« 1.0¢ 3/4% 1/2¢ 2.0¢ 1.5« 1.0¢ 3/4¢
Pipe 02 m 04 m 55 m 0.4 m 1.1 m 55 m 55 m 02 m 02 m
Flange Joint 33 22 132 4.4 11.0 8.8 19.8 1.1 1.1
Manual Valve - 1.1 1.1 22 4.4 33 6.6 - -
Actuated Valve 1.1 22 - - 1.1 - - 1.1 -
Instrument 1.1 7.7
Process Vessel 1.1 -
Filter - 22
Pump - 1.1
Number of Equipment (ea)
Isolation Section #8 # 8 #9 #9 #9 #9 # 10 # 10
1/2¢« 1/4* 1.5« 1.0 3/4¢ 1/2¢ 2.0¢ 1.5¢
Pipe 1.1 m 1.3 m 0.7 m 02 m 04 m 09 m 55 m 55 m
Flange Joint 14.3 15.4 4.4 7.7 7.7 11.0 22 18.7
Manual Valve 55 6.6 1.1 1.1 22 33 1.1 4.4
Actuated Valve - - 22 - - 1.1 - 22
Instrument 7.7 - -
Process Vessel - - -
Filter 22 - -
Pump 1.1 - -
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Table 7. Release Frequency for each isolation section

A4 - 2%

Isolation Section

#1 #2 #3 #4

#5

#6 #7 #8 #9 # 10

Release
Frequency
(/year)

1.40E-03 | 1.82E-04 | 1.82E-04 | 1.37E-03

1.20E-04

1.20E-04 | 6.40E-04 | 2.48E-03 | 5.09E-04 | 2.97E-04

Total Release
Frequency
(/year)

7.30E-03

Table 8. Fire event frequency for each isolation section

Isolation Section

# 1 #2 #3 #4

#5

#6 #7 #8 #9 # 10

Release

Frequency 1.40E-03 | 1.82E-04 | 1.82E-04 | 1.37E-03

(fyear)

1.20E-04

1.20E-04 | 6.40E-04 | 2.48E-03 | 5.09E-04 | 2.97E-04

Ignition
Probability

0.0017

Fire
Frequency
(year)

2.38E-06 | 3.09E-07 | 3.09E-07 | 2.33E-06

2.05E-06

2.05E-07 | 1.09E-06 | 4.21E-06 | 8.66E-07 | 5.06E-07

Total Release
Frequency
(/year)

1.24E-05
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2 Qg Axrt ulﬂlo}tﬁ, A [ At Bl 4
24 oGS YT F de AnEe 1 Nt
FA o R GHAl YElbdth

AulE FEFl ol AAES 1t A2
A dANA = 7}%— Abare] tiElA 91
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FAH e AN FHo=m olE &4
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Aol o] & & alt AA47; ek L ARaLel] gk
Hxe] 23og AAEHEH, dubyozr sy
B4 F&F AumtoRE At ARHoR
Abgol o] 2A HE 97 =50 W FtelA
o] A2 Atazt F8 QI A5 AYstae &
o] FERtorE AA AW ALz ojojd
Ak AT +EH E"o| 1AM Ha} 7}
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