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Ultra Dry-Cleaning Technology Using Supercritical Carbon Dioxide
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ABSTRACT : With fast advancement of fine machinerics and semiconductor industries in recent decades,
the ultra<cleaning of organic chemicals, submicron particles from contaminatecd unit equipments and products
such as silicon wafers becomes ore of the most important steps for further advancement of such industries. To
date, two kinds of ultra cleaning techniques are used; one is the wet<cleaning and the other is the dry cleaning.
In case of wet cleaning, removal of organic contaminants and submicron particles is made by DIW with
additives such as HxO» H:80,, HQ, NH,OH and HF, etc. While the wet cleaning method is most widely
adopted for various occastons, it is inevitable to discharge significant amount of toxic waste waters in
environment. Dry cleaning is an alternative method to mitigate envirormental pollution of the wet cleaning
with maintaining comparable degree of cleaning to the wet cleaning, Although there are various concepts of dry
cleaning have been devised, the dry deaming with cnvironmentally-benign solvent such as carbon dioxide
proven to show high degree of cleaning from the contaminated porous surface as well as from the bare surface.
Thus, special global attention has been placing on this technique since it has important advantages of simple
process schemes and no environementally concern, etc. Thus, this article critically reviews the state-of-the-art of
the supercritical fluid drying with emphasis on the thermo-physical characteristics of the supercritical solvent,
environmental gains compared to other dry cleaning methods, and the generic aspects of the basic design and
processing engineering,
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Fig. 1. A basic process scheme of supercritical fluid
cleaning technology.
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Fig. 2. Properties and phase diagram of carbon
dioxide.
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Table 1. Properties of density, viscosity and diffusion coefficient of carbon dioxide

Gas Supercritical Fluid Liquid
P=0.1MPa P=0.1MPa
T=15-30T T., P. T.. 4P, T=15-30T
Density (g/cm? 0.0006 ~0.002 02~05 04~09 06x16
Viscosity{ s¢Pa - s) 10--30 10~30 30~90 200 ~3000
Diffusion Coefficient 0104 07« 10° 02 <10° (02~2) < 10°

(cm’/sec)
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Fig. 3. Density-tuning property of carbon dioxide
(solid density : 0.5 g/cm).
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Fig. 4. Comparison of the cleaning efficiency of
CO, as a function of density with Freon-
113 for the removal of drawing oil.
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Table 2. Contaminants cleaned from substrate materials using SC-CO:[20]

Contaminants Substrate Materials
Triton® X-100 Skin Lipid Mixture Aluminum
Hexadecane (C16) 30% Triolein Borosilicate glass
3-IN-ONE* Oil 25% Oleic acid Copper
Tapmatic® Cutting Fluid 25% Cotyl Paimitate Brass

SAE 30 Motor Qil
Silicon Oil

TRIM* SOL
Mineral Oil
Hydraulic Jack Qii

15% Squalene
2.5% Cholesterol

2.5% Cholesterot oleate

T Glass fiber filled epoxy board

T Cast magnesium

T 340 Stainless steel

1316 Stainless steel

F 314 Stainless steel

T Rigid-fiex. through-hole epoxy board

TSubstrate used in the small scale study enly

T Substrate and compound used in the large scale study only
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Fig. 5. Comparison of the cleaning efficiency of
supercritical CO; for the removal of TRIM
K SOL from metal surfaces contaminated
at 10 and 50 gg/cm’(20].
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Table 3. Results of SC-CO; removal of adhesives and sealants{27]
Substrat RTV-3110 Sitastic RTV-732 Silastic  Devcon F-Fast Loctite 242 Eastman 910
uostrate Adhesive-Sealant  Adhesive-Sealant  Setting Epoxy  Threadlocker SuperGlue
Metals
Machined Aluminum 26 56 5 26 5
Cast Aluminum 46 35 4 35 4
Foil Aluminun 35 46 6 24 6
Machined Magnesium 46 37 3 27 7
Cast Iron 42 50 3 21 3
StainlessSteal 340 35 46 5 28 4
StainlessSteal 316 45 42 3 24 5
StainlessSteal 28 45 7 23 2
306 41 47 6 24 3
Silver 36 50 5 27 5
Gold 27 45 6 24 4
Tin 34 39 3 22 3
Copper 27 47 4 24 6
Copperclad wire board 31 37 5 25 5
Brass 35 45 7 23 é
Glasses
Borosilicate Silde 35 45 3 24 6
Fused Silica Plate 34 39 4 25 4
Sapphire Flat 36 44 2 22 3

Table 4. Results of SC-CO: removal of phenols and benzenes from stainless steel, copper sheet, epoxy board, and

cast magnesium|27]

substrate
compound
S5 Cu Epoxy Glass Mg
Substitute Phenois
Phenol 56 57 56 60 45
2-Chlorophenol 65 65 67 66 56
4-Chlorophenol 6% 67 65 67 55
2.4-Dichlorophenol 56 57 68 67 54
2,4,6-trichlorophenol 7 57 57 57 45
2,4, 5trichlorophenol 56 57 35 54 45
Pentachlorophenol 45 46 47 43 35
2-Nitrophenol 56 67 65 64 68
4-Nitrophenol 56 56 54 57 45
24-Dinitrophenol 52 54 56 53 46
2-Methyl-4,6-Dinitrophenol 62 61 62 63 52
2-Methylphenol 67 68 66 66 56
4-Methylphenol 68 66 65 67 60
2.4-Dimethylphenol 67 68 68 67 56
Resorcinol 89 89 90 91 78
Thiophenol 87 87 89 88 79
O-Cresol 89 89 93 95 80
M-Cresol 91 92 93 92 89
P-Cresol 89 92 A 91 91
Substituted Benzenes
1,3-Dichlorobenzene 78 78 79 76 68
1A-Dichlorobenzene 79 79 76 78 56
1.2-Dichlorobenzene 79 79 78 76 60
1.2,4-Trichiorobenzenc 37 86 &8 87 68
Hexachjorobenzene 97 98 97 96 89
2.4-Diaminitoluene 78 68 78 72 530
Nitrobenzene 82 84 83 89 70
1,2-Dinitrobenzene 86 87 88 86 S0
1.4-Dinitrobenzene 86 a7 87 88 78
2,6-Dinitrobenzene 89 89 89 88 78
2.4-Dinitrobenzenc 8] 7 89 86 76
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Fig. 9. TECTRA's automated cleaning system (Gervany).  Fig, 0. BOC's semiconductor cleaning system (USA).
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Fig. 13. Results of SC-CO, removal in a photoresist.
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