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Abstract — The previous etching, rinsing and drying processes of wafers for MEMS (microelectromechanical system)
using SC-CO, (supercritical-CO,) consists of two steps. Firstly, MEMS-wafers are etched by organic solvent in a sep-
arate etching equipment from the high pressure dryer and then moved to the high pressure dryer to rinse and dry them
using SC-CO,. We found that the previous two step process could be applied to etch and dry wafers for MEMS but
could not confirm the reproducibility through several experiments. We thought the cause of that was the stiction of struc-
tures occurring due to vaporization of the etching solvent during moving MEMS water to high pressure dryer after etch-
ing it outside. In order to improve the structure stiction problem, we designed a continuous process for etching, rinsing
and drying MEMS-wafers using SC-CO, without moving them. And we also wanted to know relations of states of carbon
dioxide (gas, liquid, supercritical fluid) to the structure stiction problem. In the case of using gas carbon dioxide (3 MPa,
25°C) as an etching solvent, we could obtain well-treated MEMS-wafers without stiction and confirm the reproducibility of
experimental results. The quantity of rinsing solvent used could be also reduced compared with the previous technology.
In the case of using liquid carbon dioxide (3 MPa, 5 °C), we could not obtain well-treated MEMS-wafers without stic-
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tion due to the phase separation of between liquid carbon dioxide and etching co-solvent(acetone). In the case of using
SC-CO, (7.5 Mpa, 40 °C), we had as good results as those of the case using gas-CO,. Besides the processing time was

shortened compared with that of the case of using gas-CO,.
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Fig. 1. Capillary force generation during solvent drying and Stiction
of structure caused by the capillary force.
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Table 1. Physical properties of gases, liquids, and Superecritical fluids

Properties Gas SED Liquid
Density (q/cm’) 108 0.3 1
Diffusivity (cm%/s) 0.1 107 5%10°
Dynamic viscosity (g/cm's) 10 104 102

DSupercritical Fluids
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Fig. 2. Critical point for some supercritical solvents.
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Table 2. Manufacturing process of MEMS Wafer
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Table 3. Classification of continuous process according to a state of carbon dioxide used etching, rinsing process

Case3 Cased
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Etching gas CO, + co-solvent
Rinsing liquid CO, + co-solvent
Drying
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liquid CO, + co-solvent
SCCO, — gas CO,

YSCCO,: Super critical CO,
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Fig. 3. Size and shape of MEMS Wafer (a) Typel, (b) Type2, (c) Type3,
(d) Type4.
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Process operation time Dryer condition
Process procedure .
(min) Pressure (MPa) Temperature (°C)

1. Injecting Methanol (680 ml) into the dryer (Pre-treatment) 0 25
2. Etching MEMS-wafers with Acetone at outside 10 0 25
3. Mounting MEMS-wafers on the dryer (Pre-treatment) 0 25
4. Cooling dryer 30~60 0 2555
5. Injecting liquid-CO, into the dryer 10 5.5 5~10
6. Flushing liquid-CO, 50~60 5.5 5~10
7. Heating Dryer 20~50 5.5—-8 5—-35
8. Drying MEMS-wafers 30 8—0 35~40
9. Removing MEMS-wafers from the dryer (After-treatment) 0 40
Table 5. Continuous process etching with Gas Phase carbon dioxide and Acetone

Process operation Dryer condition
Process procedure . .

time (min) Pressure (MPa) Temperature (°C)
1. .Injecting'acc.:tone (220 ml) into the etching vessel and injecting methanol (150 ml) (Pre-treatment) 0 25
into the rinsing vessel

2. Mounting MEMS-wafers on the dryer (Pre-treatment) 0 25
3. Injecting acetone + gas-CO, in to the dryer and staying for 15 minutes 15 0—-3 25
4. Cooling dryer 30~60 3 25—5
5. Injecting liquid-CO, into the dryer 10 3555 5~10
6. Flushing liquid-CO, 15 5.5 5~10
7. Injecting methanol + liquid-CO, in to the dryer 15 5.5 5~10
8. Flushing liquid-CO, 20 5.5 5~10
9. Heating Dryer 20~50 5.5-8 5—-35
10. Drying MEMS-wafers 30 8—0 35~40
11. Removing MEMS-wafers from the dryer (After-treatment) 0 40
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Table 6. Continuous process etching with Liquid Phase carbon dioxide and acetone

Process operation Dryer condition

Process procedure time (min) Pressure (MPa) Temperature (°C)
1. 1njecting .ace?tone (220 ml) into the etching vessel and injecting methanol (150 ml) (Pre-treatment) 0 25
into the rinsing vessel
2. Mounting MEMS-wafers on the dryer (Pre-treatment) 0 25
3. Cooling dryer 30~60 0 25-5
4. Injecting liquid-CO, into the dryer 10 3 5~10
5. Injecting acetone + liquid-CO, in to the dryer and staying for 15 minutes 15 3555 5~10
6. Flushing liquid-CO, 15 5.5 5~10
7. Injecting methanol + liquid-CO, in to the dryer 15 5.5 5~10
8. Flushing liquid-CO, 20 5.5 5~10
9. Heating Dryer 20~50 558 5—35
10. Drying MEMS-wafers 30 8§—0 35~40
11. Removing MEMS-wafers from the dryer (After-treatment) 0 40
Table 7. Continuous process etching with Supercritical carbon dioxide and acetone
Process operation Dryer condition
Process procedure . .
time (min) Pressure (MPa) Temperature (°C)
1. {rrijtzcttlllzgr iics?rtlogns e(82826(1) ml) into the etching vessel and injecting methanol (150 ml) (Pre-treatment) 0 25
2. Heating and pressurizing preheater to the supercritical state after injecting gas-CO, (Pre-treatment) 0 25
into the Preheater
3. Heating Dryer (Pre-treatment) 0 25—40
4. Mounting MEMS-wafers on the dryer (Pre-treatment) 0 40
5. Injecting acetone + supercritical-CO, in to the dryer and staying for 15 minutes 15 0—-7.5 40
6. Flushing supercritical CO, 15 7.5 35~40
7. Injecting methanol + supercritical-CO, in to the dryer 15 7.5 35~40
8. Flushing supercritical CO, 20 7.5 35~40
10. Drying MEMS-wafers 30 7.5—0 35~40
11. Removing MEMS-wafers from the dryer (After-treatment) 0 40
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Fig. 6. The SEM images of MEMS wafer after two step process etched
outside (a), (b) The examples of the stiction did not occurred
after case 1 experiment, (c), (d) The examples of the stiction
occurred after case 1 experiment.
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Fig. 7. The SEM images of MEMS wafer after continuous process
etched using Gas phase carbon dioxide (a), (b) Typel, (c), (d)
Type2, (e), (f) Type3, (g), (h) typed.
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Fig. 8. The SEM images of MEMS wafer after continuous process
etched using Liquid phase carbon dioxide.
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Fig. 9. The SEM images of MEMS wafer after continuous process
etched using Supercritical carbon dioxide (a), (b) Typel, (c),
(d) Type2, (e), (f) Type3, (g), (h) typed.
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