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Abstract - Facilities that supply specialty gases used in semiconductor manufacturing mainly handles with
hazardous and dangerous substances with flammable, toxic, and corrosive properties, and gas cabinets are
mainly used as such supply facilities. The effects of the supply facilities were analyzed for each leak through
the rupture disk in the gas cabinet and a leak where the leak hole. In this case, gas leaked to the outside depend-
ing on the leak area. It is a factor that creates a risk depending on the concentration of the leaked gas. Depending
on the risk of leakage, all measures such as safe operation procedures should be reviewed again.
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Fig. 1. Chemical supply system for Semiconduc-
tor.
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Table 1. Major properties of specialty gases

Hydrogen | Disilane Difluoro- Chlorine
methane

Molecular H Si>Hs CH,F, Cl,

GaS, Flammable Fl .a ble Flammable TOXK.:
properties Toxic Corrosive
Clinder | o7 L | 4671 | 467L | 4671L
Capacity

fnitial 1) 2 Mpa | 028 MPa | 0.9 MPa | 0.62 MPa
pressure
CAS No. 1333-74-0 | 1590-87-0 | 75-10-5 | 7782-50-5
Explosion |y 76 | 04~100 | 13.3~293 -
limit (%)
Exposure LCso TWA LCso TWA

P 7,500 ppm | 5 ppm | 1,890 g/m3 0.5 ppm
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‘ Carrying in gas cylinders ‘
7

‘ Storage of gas cylinders (gas cylinder storage) ‘

7

‘ Replacement of gas cylinder (gas supply facility) ‘
7

‘ Waste gas recovery and treatment ‘

7

‘ Disposal and recovery of used gas cylinders ‘

Fig. 3. Procedure for the use of specialty gases.
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Table 2. Major properties of Hydrogen

Molecular formular H, (Hydrogen)
Density 0.08189 (kg/m®)
Specific Heat 0.1672 (J/kg K)
Thermal Conductivity 0.1672 (W/m-K)
Viscosity 0.000008411 (kg/m-s)
Molecular Weight 2.01594 (kg/kmol)
Table 3. Gas cabinet specifications
Category Specifications Remark
Dimensi 11000 mm * 550 mm * 0976 m’
Hmension 1850 mn Volume
Cylinder 46.7 1JEA Two gas
’ cylinders
Exhaust Dia. 100 mm 0.042 m” Area
B100mm
\ df — @5mm
B230mm — o
1700mm B 1850mm
J000nooo0a0o 1283250m
DETAIL A T —*
SCALE 2:25 ==T100mm L ssomm

Fig. 4. Gas cabinet structure drawing.
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Table 4. Leakage parameters through rupture

Z2F025m) S B3 54 T2 3714 Casedll T3 disc
S AN
. | Exhaust Initial Initial Leak Leak
Leak Size . . .
Quantity | Pressure | Weight | Pressure | Weight
19.6 mi’l 5 CMM |14.7 MPa| 0.57 kg |16.7 MPa 0'11(;/1:5

Fig. 5. Gas cabinet 3D modeling.
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Fig. 6. Gas cabinet air inlet and outlet.
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Fig. 7. Analysis of leak conditions. (Normal)
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Fig. 8. Analysis of leak conditions. (Rupture)
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Fig. 10. H> gas concentration changes over time.
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Fig. 11. Gas concentration analysis location.
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Fig. 12. Location concentration changes over time.

Fig. 13. Relation between pressure, mass & leak rate.
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Fig. 14. Effect of leakage outside the gas cabinet.
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Table 5. Leakage parameters through 2.5 mn’

Leak | Exhaust | Initial Initial Leak Leak
Size | Quantity | Pressure | Weight | Pressure | Weight

0.00221

25 mm2| 5 CMM |14.7 MPa| 0.57 kg |14.7 MPa kels

Table 6. Concentration inside the cabinet to 2.5 mm’

Category Volume (m’) Volume (%)
Gas cabinet 0.9763 -
H, Mole Vol. 0.2144 21.96
Air Mole Vol. 0.7619 78.04

oLt oLt
W fracton ez 4o A = fidte fracionthz e/
100600 500601
e ' 5 450601 i ke
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S
3 £
200601 |
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500e02 b i
000e+00 /i
if
A
[
. i

et
Voo wagntue

3006401

v

Vefoaty Magniude
286603
2306003

20503
7983
153002
1280403
! Toess
7762
B 51tesc2
256002
000est0

27001
2408001
2100001
1606401
1506001
121001
208600
s00e-00
006400
00tew00
(mis)

Normal situation

Leak situation

Fig. 16. Leak rate to 2.5 m’ case.

Table 7. The leak outside the cabinet(2.5 mm’)

Category Mess per sec. (kg/s) Volume (%)
Inlet leak total 0.00221 -
Inlet total 0.000322 1.46
Outlet total 0.00218 98.54

Normal situation Leak situation

Fig. 15. Mole fraction inside the cabinet.(2.5 mmz.)
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Fig. 17. The leak outside to 2.5 mn’ case.
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Table 8. Leakage parameters through 0.25 mn’

Leak | Exhaust | Initial Initial Leak Leak
Size | Quantity | Pressure | Weight | Pressure | Weight
0.25 mm2| 5 CMM |14.7 MPa| 0.57 kg |14.7 MPa 0'0?((;/2317

Table 9. Concentration inside the cabinet to 0.25 m

Category Volume (m3) Volume (%)
Gas cabinet 0.9763 -
H2 Mole Vol. 0.0253 2.591
Air Mole Vol. 0.951 97.409
- o N

Normal situation Leak situation

Fig. 18. Mole fraction inside the cabinet.(0.25 mnt.)

Vaocty Megnitude

2058403

Leak situation

Normal situation

Fig. 19. Leak rate to 0.25 mn’ case.
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