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Abstract TaN, film is grown by plasma enhanced atomic layer deposition (PEALD) using t-butylimido tris(dimethylamido)
tantalum as a metalorganic source with various reactive gas species, such as N,+H, mixed gas, NHs, and H,. Although the
pulse sequence and duration are the same, aspects of the film growth rate, microstructure, crystallinity, and electrical resistivity
are quite different according to the reactive gas. Crystallized and relatively conductive film with a higher growth rate is acquired
using NHj; as a reactive gas while amorphous and resistive film with a lower growth rate is achieved using N,+H, mixed gas.
To examine the relationship between the chemical properties and resistivity of the film, X-ray photoelectron spectroscopy (XPS)
is conducted on the ALD-grown TaN film with Ny+H, mixed gas, NH;, and H,. For a comparison, reactive sputter-grown
TaN, film with N, is also studied. The results reveal that ALD-grown TaN, films with NH; and H, include a metallic Ta-N
bond, which results in the film’s higher conductivity. Meanwhile, ALD-grown TaN, film with a N,+H, mixed gas or sputter-
grown TaN; film with N, gas mainly contains a semiconducting Ta;Ns bond. Such a different portion of Ta-N and Ta;Ns bond
determins the resistivity of the film. Reaction mechanisms are considered by means of the chemistry of the Ta precursor and
reactive gas species.
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Fig. 1. (a) Pulse sequence of ALD process, (b) Molecular structure
of TBTMET.
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Fig. 2. Thickness of ALD TaNy films as a function of number of
cycles with various reactive gases.
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Fig. 3. plan-view TEM images of ALD-grown TaN, films with (a)
N,tH, and (b) NH; as reactive gas.
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Fig. 4. AFM images of ALD-grown TaN, films with (a) N,+H, and
(b) NH; as reactive gas.
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Fig. 5. Electrical resistivity of TaN, films with various reactive gas
species.
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Fig. 6. XPS spectra of Ta 4f from ALD-grown TaNy films with
reactive gas of (a) H,, (b) Ny+H,, (¢c) NH;, and (d) sputter-grown
TaN, film with N».

Table 1. Composition of TaN films estimated from XPS spectra of
Ta 4f from ALD-grown TaN, films with reactive gas of H,, NH;,
NytH,, and sputter-grown TaN, film with N».

H, NH; N,+H, N,, Sputtering
Ta-N 41.0% 43.9% 20.3 % 29.5%
Ta;N; 353 % 35.6% 58.0 % 54.1%
Ta-O 23.7% 20.5 % 21.7% 16.4 %
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Fig. 7. XPS spectra of (a) N 1s and (b) O 1s from ALD-grown
TaN, films with reactive gas of H,, NH;, Ny+H,, and sputter-grown
TaN, film with N,.
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