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Dry Etch Characteristics of TiN Thin Film for Metal Gate Electrode
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Abstract

We investigated the dry-etching mechanism of the TiN thin film using a Cl,/Ar inductively coupled plasma
system. To understand the effect of the Cl,/Ar gas mixing ratio, we etched the TiN thin film by varying
Cl/Ar gas mixing ratio. When the gas mixing ratio was 100% Cl,, the highest etch rate was obtained. The
chemical reaction on the surface was investigated with X-ray photoelectron spectroscopy (XPS). Scanning
electron microscopy (SEM) was used to examine etched profiles of the TiN thin film.
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Fig. 1. Etch rate of TiN thin fim and selectivity of TiN
thin film to SiO, as a function of the Cl,/Ar gas
mixing ratio.

Table 1. Gibb's free energy of etch products

Reaction AG°f (kJ/mol)

TiCly[g] —244.529
TiN TiCl;[g] —524.829

TiCl,[g] —726.764

Table 2. The melting point and boiling point of the etch

products
Compounds TiCl, TiCly TiCl,
Melting point 1035°C 425°C —24.13°C
Boiling point 1500°C 960°C 136.45°C
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Fig. 2. XPS narrow scan spectra of the surface of the
TiN thin film under Cl,/Ar gas mixing ratio: (a) Ti
2p, (b) N 1s, (c) ClI 2p.
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Fig. 3. SEM images of the surface of the TiN thin film
after etching using different gas mixing ratio: (a)
Only Cl,, (b) Cly(80%)/Ar(20%), (c) Clx(50%)/
Ar(50%), (d) Cl,(20%)/Ar(80%), (e) Only Ar.
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