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Abstract : In this study, the removal of Si;N4 particles from the surface of a silicon wafer was investigated by using supercritical
carbon dioxide, the IPA co-solvent and cleaning additive chemicals. First, the solubility of several surfactants and binders in
supercritical carbon dioxide solubility and particle dispersibility in the binders were evaluated in order to confirm their suitability
for the supercritical cleaning process. Particle removal experiments were carried out with adjusting various process parameters
and reaction conditions. The surfactants used in the experiment showed little particle removal effect, producing secondary
contamination on the surface of wafers. On the other hand, 5 wt% (with respect to scCO») of the cleaning additive mixture of
trimethyl phosphate, IPA, and trace HF resulted in 85% of particle removal efficiency after scCO, flowing for 4 minutes at 50 C,
2000 psi, and the flow rate of 15 mL min™.

Keywords : Supercritical carbon dioxide, Particle remove, Dry cleaning
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Figure 1. Procedures for producing and analyzing contaminated wafer samples.
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Table 1. The preparation conditions for contaminated samples
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No. Solvent wt% RPM Image No. Solvent wt% RPM Image
1 DIW 0.1 1000 5 IPA 0.1 3000
2 IPA 0.1 1000 6 IPA 0.2 2000
3 TPA 0.1 1000 7 IPA 0.3 2000
4 TPA 0.1 2000 8 IPA 0.5 2000
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Figure 2. SEM image of the contaminated wafer; (a) bare wafer, (b) SisN4 0.1 wt%, (c) SisN40.2 wt%, (d) SisNs 0.3 wt%, and (e) SizN4 0.5 wt%.
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Figure 5. Optical microscope image of the cleaned wafer. (a) 10 mL min”, (b) 15 mL min™, (c) 20 mL min™.
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Table 3. Surfactant effect on the particle removal in scCO; at various conditions

wt ratio ) ) )
No. - Optical microscope image
HF/water (1:1) IPA Tergitol TMN-6
1 1 50 - -
2 1 50 - 10
[I.‘lZSl‘nm,v‘ .
3 - - - 1
4 1 1 0.05 -
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Table 4. Dispersibility of Si3Ny4 in various phosphorus compounds
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Abshera: shEl 2 A7)

Q7 ol4keteka oful 5 wivee] uhele]
710l F438ta, 60 T2=2} 2000 psie] &
min'o] §402 6% 7F 29 olAtsiEis
stk

Table 6] E’L‘Z,
phosphate 2] 7

I3t SEMS ] 6]—01

A3 o

2 0=

gkt

M AIHE AT EH, tris(2-butoxyethyl)

Co- Binder Si3Ng . Co- Binder SizNy .
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oxyehloride he 1 e tribasic
.
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3| 1pa | Phosphorus 1 oo b 7 - Trimethyl 0.005
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Sodium
4 IPA phosphate 0.005 -
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Table 6. Particle removal results with tris(2-butoxyethyl) phosphate and trimethylphosphate

wt ratio
N - - Optical microscope SEM
0. HF/water IPA Tris(2-butoxyethyl) Trimethyl image image
(1:1) phosphate phosphate
base line - - - -
1 - 1 1 -
2 1 20 10.5 -
3 - 1 - 1
4 1 20 - 10.5

Table 7. Particle removal results with different HF /trimethy phosphate ratios

wt ratio
. . . . PRE Loss thickness
No. i Optical microscope image SEM image
HFfwater | 0methy! P pe e £ (%) (nm)
phosphate
1 1 25 50 -
2 1 10 90 0.6
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A A7HER ARgSte] AdS Hastoitt. 29| ol4lster
2 oful 5 wi%o] AAH7HE EF-ENS Rhg7]o] ek,
50 C 259} 2000 psiol rg x4 15 mL min'2] 27
olatslEr A H& 0 R 487 TSy AP T8
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Table 8. Particle removal results with different IPA/trimethylphosphate ratios

wt ratio
No. - Optical microscope image SEM image PRE (%)
IPA Trimethyl phosphate
1 20 1 75
2 10 1 78
3 5 1 80
4 1 1 85
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