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Abstract : The dry etching of sacrificial SiO, was performed in supercritical carbon dioxide. The etching of boron phosphor silica
glass (BPSG), tetraethyl orthosilicate (TEOS), thermal SiO,, and Si-nitride (SiN) was investigated by using a two chamber
system with HF/py etchant and alcohol additives. The etch rate of sacrificial SiO; increased upon the addition of methanol. The
etch selectivity of BPSG with respect to SiN was highest with IPA although the highest etch rate was resulted from methanol
except BPSG. The etch rate increased with the temperature in HF/py/MeOH system. Especially the increase of the etch rate was
much higher for BPSG with an increase in the reaction temperature. The etch residue was not reduced apparently upon the
addition of alcohol cosolvents to HF/py. While the etch rate in HF/H>O was higher than HF/py/alcohol system, the rate decreased
with the addition of alcohols to HF/H,O. The cantilever beam structure of high aspect ratios was released by the dry ething in
supercritical carbon dioxide without damage.

Keywords : Supercritical carbon dioxide, Dry etching, Sacrificial oxide, Cantilever beam, Stiction
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Al o) AF8-% AlZF A|9FO 2= HF/water (1 : 1, Duksan)%}
HF/py (70 : 30 wt/wt%; Aldrich)& +3}o] AFE35FTE o]
Abeteh s AR H(99.99%, YA ARSI S8 =
+= W EFS(methanol, MeOH, Aldrich), ] €& (ethanol, EtOH,
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Figure 1. Structure of fabricated cantilever beams.
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Table 1. Cantilever beam test structures (300 nm thick, 500 nm gap)

Length | Length 1 youi | Space | Anchor width
(num) increments
1.25-18.75 1.25 125 | 25 6

Figure 2. SEM images of Poly-Si cantilever beams before removal
of the sacrificial layer.
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Figure 3. Schematic representation of scCO, dry etching process.
(a) CO; cylinder, (b) ISCO syringe pump, (c) mixing
chamber, (d) sample chamber, (e) view cell, (f) wafer, (g)
NaOH, (h) electromagnetic stirrer.
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Figure 4. Comparison of etched thickness with HF/Py and HF/
Py/Co-solvent on the etching of various sacrificial oxide
layers.
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Figure 5. Co-solvent effect on the etching of various sacrificial oxi-
de layers ([HF] = 0.32 mM, 55 C, 20.7 MPa).
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Table 2. Etching selectivity of scCO, dry etching with different co-

solvents ([HF] = 0.32 mM, 55 C, 20.7 MPa).
Selectivity (with SiN)
Cosolvent
BPSG TEOS Thermal SiO» SiN
MeOH 14 3 3 1
EtOH 16 3 3 1
IPA 24 3 3 1
BuOH 23 4 5 1
700
—+—BPSG
600 ~u-TEOS

500 -| =#—ThermalSiO:

£
£
g
g —=SiN
% 400 -
£
5 300
£
S 200 |
w

100

o | 5 >
45°C 55 °C 65 °C

Temperature

Figure 6. Etched thickness of various sacrificial oxide layers as a
function of processing temperature ([HF] = 0.32 mM, 55
C, 20.7 MPa).
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Figure 7. Comparison of HF/py dry etching of TEOS and HF/water
dry etching (HF/py; [HF]=0.32 mM, HF/H,0O; [HF] =
0.25 mM) at 50 C and 13.8 MPa.
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Figure 8. Etched thickness of TEOS as function of different co-
solvents at 13.8 MPa and 50 C.
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Figure 9. SEM image of the etched wafer; (a) after wet etching, (b)
after scCO; etching.
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