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BEZE (Summary) :
Wet chemistry or chemical dry etching that

produces atomic fluorine (F) such as XeF2 and Cl1F3
have been used for the sacrificial layer removal of
micro-electro-mechanical system (MEMS). Wet
harsh

chemical dry etching

etching techniques require expensive

chemical disposal, and

techniques use expensive and/or highly reactive

gases such as XeF2, BrFs3, BrFs5, C1F3 [mbotson et al. . Appl.

Phys. 56 (1984) 2939]. We have previously reported that
single crystal Si (100) can be etched using NO/Fs
gas mixture at the vertical etch rate, £y, of ~ 5 u
m/min utilizing F atoms generated by the reaction
of F2 + NO — FNO + F at room temperature [Tajima
et al. JSAP Spring 17p-A7-14; Fall 13a-F7-4 (2012)]. This Ev was
comparable to that by XeFs. In this study, we
etched

morphology of Si not only in NO/F2 gases but also in

evaluated FEv, etched profiles, and
NO2/F2 gases while modulating the substrate
temperature and the total flow rate, fior. The MEMS
structure fabricated at Toyota Technological
Insititute, Nanotechnology Platform Program was
used to evaluate the degree of sacrificial layer

removal at different etching conditions.

EBR (Experimental) :

Two different Si samples were prepared and they
were diced into 6 mm X 15 mm in size. One was
p-type Si (100) wafer with 100-nm-thick SiO2 mask
with 8 pm X 8 pym square openings, and the other
was MEMS structure fabricated by Prof. M. Sasaki
group (¥ A7 7 T A FHEEE, LU A NLEREEE | S
K77 b=, A 73EEEFIH). Ar/NOx (x =
1 or 2) /F2 at fi of 50 to 250 sccm were introduced

into the process chamber while maintaining the
process pressure at 600 Pa throughout the process
time of 300 s.

gL L E%2 (Results and Discussion) :
(b)310K '(c)340K

10 um

Fig. 1. p-type Si(100) with 10 x 10 um square SiO, mask patterns
were etched in the NO/F, gas mixture at the substrate
temperature T at (a) 300 K, (b) 310 K, (c) 340 K, and (d) 570 K.

(a) 300 K 570 K

The etched p-type single crystal Si (100) with SiO:
hard mask with 10 um x 10 um square patterns at
substrate temperature in the range of 300 ~ 570 K
were shown in Fig. 1. The £y was ~ 5 pm/min at 7=
300 K. The significant reduction in £, was observed
when 7' increased from 300 K to 340 K. The £\ was
increased when 7> 340 K and became the £y at ~2-3
um/min at 570 K. The orientation dependent etching
was achieved at 7= 570 K. The MEMS sacrificial
layer was successfully removed at 7'= 300 K and 570
K.
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