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Abstract — In this paper efficient method for particle removal from silicon wafers by usage of HF and ozone was stud-
ied. It was found that at least 0.3 vol% concentration of HF was required for particle removal and removal efficiency
increased with the application of megasonic in ozonated water. Additional cleaning with minute amount of ammonia
(0.01 vol%) after HF/Ozone step showed over 99% in removal efficiency. It is proposed that the superior cleaning effi-
ciency of HF-Ozone-ammonia is due to micro-etching of silicon surface and impediment of particle re-adsorption in
alkali environment. Compared to SC-1 cleaning method micro roughness has also been slightly improved. Therefore it is
expected that HF-ozone-ammonia cleaning method is a viable alternative to the conventional wet cleaning methods.
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Table 1. Compositions and conditions of the cleaning solutions used in this experiment

Name Ozone #1 Diluted HF Ozone #2 Diluted NH,OH Dry
Chemical DIO; HF:DIW DIO; NH,OH:DIW DIW
Mixing ratio 30 ppm 1:100(1 vol%) 30 ppm 1:10000(0.01 vol%)

Process temp. 25°C 25°C 25°C 25°C 25°C
Process time 300s 300's 300s 300 s 60 mm/min
Accessory Megasonic Megasonic Megasonic

Table 2. Cleaning test methods for particle removal from silicon wafer surface

Conditions Cleaning Sequences
Test 1 Megasonic On/Off of ozone bath Ozone #1 — HF Ozone #2 — dry
Test 2 Change of HF concentrations Ozone #1 — HF Ozone #2 — dry
Test 3 Adding of diluted NH,OH step Ozone #1 — HF Ozone #2 — Diluted NH,OH — dry

Normal SC1 NH,OH:H,0,:H,O = 1:2:40 (at 55 °C)

SC1 — Rinse — dry

3l5kast H45H H2S 20074 4%
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Fig. 1. Influence of megasonic irradiation in ozonated water.
(a) without megasonic, (b) with megasonic.
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Fig. 2. Dependence of particle removal efficiency on dissolved HF concen-
tration in DI Water.
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Fig. 3. Contact angle image of wafer surface on dissolved HF concentration in DI Water.
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Fig. 4. Etching rate of silicon oxide on dissolved HF concentration in
DI Water.
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Fig. 5. Particle removal efficiency on addition of diluted NH,OH step.
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Fig. 6. Particle map of silicon wafer surface. (a) HF-NH,OH cleaning
(ozone skip), (b) only diluted NH,OH cleaning (ozone and HF
skip).
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Fig. 7. Etching rate of silicon oxide on dissolved NH,OH concentra-
tion in DI Water.
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Fig. 9. Micro-roughness and AFM Image of silicon wafer surface with cleaning methods.
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