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Abstract Aiming at the issue that it is difficult to accurately control the size and profile of the inner spacer
cavity etching of Siy,Ge,; in Gate-All-Around (GAA) process flow, based on the conventional inductively coupled
plasma (ICP) etching tool, dry isotropic selective etching experiment of Si,;Ge,; was carried out with CF,/O,/He
mixed gas. The effects and mechanisms of factors such as the power of SRF (source radio frequency), gas pressure,
and the sidewall cleaning process before etching were explored. The results show that there are linear and quasi-
saturated regions in the effect of SRF on the etching rate, and there is a quadratic function relationship between gas
pressure and etching rate in the experimental range. Diluted HF (DHF) and O; alternate cycle cleaning process has a
better performance than the single DHF cleaning in the removal of the interface passivation layer and the control of
the etching profile. After the optimization of the process scheme, better process results are obtained: the etching
accuracy reaches 0.61 nm/s, the optimal roughness R, is 0.101 nm, and the rectangle of the etching profile is high
(d/t~83.3%). This study provides a solution for the inner spacer cavity etching.
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Fig. 1 Process flow of cavity etch. (a) Siy,Ge,3/Si Fin structure
and hard mask growth, (b) lithography and etching pat-
terning to form dummy gate, (c) spacer etching,
(d) source/drain etching, (e) Si,,Ge,; isotropic selective
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Fig. 2 Characterization of cavities formed by Si,,Ge,; isotrop-
ic selective etching. (a) Sectional diagram of trench in
Fig.1(e) a-a’ direction, (b) SEM characterization of

channel in Fig.1(e) a-a’ direction
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Fig. 3 SEM images of cavity etch by different SRF (a) 100 W,
(b) 200 W, (c) 300 W, (d) 400 W, (e) 500 W, (f) 600 W
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Fig.4 Cavity etching depth as a function of the power of the
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Fig. 6 Relation curve between gas pressure and cavity etching
depth
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Fig. 7 Comparison of cavity profile with similar etching depth

before and after optimization of sidewall cleaning pro-
cess before etching. (a) Single DHF cleaning (8.1 nm),
(b) O;/DHF alternate cycle cleaning (8.3 nm)
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Fig. 9 AFM images of cavity etch by different etching time. (a) 2.5 s; (b) 7 s; (¢) 20 s
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