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Chemical Dry Etching of Silicon by Discharge Flow of Ar/CF, Gas Mixtures
— Identification of Ar Active Species Responsible for the Formation of Etchant —

Atsushi TANAKA, Shinji OKANO, Masaharu TSUJI and Yukio NISHIMURA

Chemical dry etching of Si by Ar/CF, gas mixtures has been studied using a discharge-flow apparatus.
Active species of Ar generated by a microwave discharge of Ar/CFs mixtures are Ar (*Pos) . Ar* (*Pi23/) ,

and metastable Ar** ions.

The responsible Ar active species for the formation of F atoms were examined
by measuring the dependence of their relative concentrations on the Ar flow rate.
rate on the Ar flow rate was similar to that of Ar (*Pgy) .

The dependence of etch
It was therefore concluded that the metastable Ar

(®Py2) atoms are most significant active species for the generation of F atoms.
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Ar** + CF, — CF*, CF;" + products (3-1)
CF*+e —=F+C (3-2)
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Emission

A schematic diagram of the discharge flow type
of chemical dry etching apparatus.
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Fig. 2 A typical etching profile of the Si substrate.
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Ar(Py2) + No— No(C*IL) + Ar (4)
Art (Pp,) + Kr — ArKr*(C,3/2) + hy (5)
Art* 4+ C;H, — CH(A%?A) + products (6)
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Fig. 3 Emission spectrum of ArKr* (C;3/2-A,3/2) obtai-
ned from the Ar afterglow reaction of Kr.
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Fig. 4 (a) Dependence of Si etching rate on the Ar flow

rate at a CF, flow rate of 70sccm, a microwave
power of 80W, an etch time of 30min, and a dis-
tance between the center of discharge and the Si
substrate of 200mm. (b) Dependence of each Ar
active species concentration on the Ar flow rate at
N;, Kr, and C.,H, flow rates of 200, 300, and
100sccm, respectively, and a distance between the
center of Ar discharge and nozzle of 200mm.
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CF, - CF; + F (7-1) 5.64
— CF; + F» (7-2) 7.81

— CF, + 2F (7-3) 9.46

— CF + F, + F (7-4) 13.18

— CF + 3F (7-5) 14.82

— C + 2F, (7-6) 17.16

— C + F, + 2F (7-7) 18.80

— C + 4F (7-8) 20.44
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Fig. 5 Emission spectra of exited products by each refer-
ence reaction obtained without addition of CF,
(dotted lines) and with the addition of CF4 (solid
lines) . The other experimental parameters used
are the same as those described in the caption of
Fig. 4(b).
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