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Abstract As the limitations of Moore’s Law become evident, there has been growing interest in advanced packaging
technologies. Among various 3D packaging techniques, Cu-SiO; hybrid bonding has gained attention in heterogeneous devices.
However, certain issues, such as its high-temperature processing conditions and copper oxidation, can affect electrical pro-
perties and mechanical reliability. Therefore, we studied depositing only a heterometal on top of the Cu in Cu-SiO, composite
substrates to prevent copper surface oxidation and to lower bonding process temperature. The heterometal needs to be deposited
as an ultra-thin layer of less than 10 nm, for copper diffusion. We established the process conditions for depositing a Co film
using a Co(EtCp), precursor and utilizing plasma-enhanced atomic layer deposition (PEALD), which allows for precise atomic
level thickness control. In addition, we attempted to use a growth inhibitor by growing a self-assembled monolayer (SAM)
material, octadecyltrichlorosilane (ODTS), on a SiO; substrate to selectively suppress the growth of Co film. We compared the
growth behavior of the Co film under various PEALD process conditions and examined their selectivity based on the ODTS
growth time.

Key words Co(EtCp),, octadecyltrichlorosilane, selective deposition, atomic layer deposition.
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Fig. 1. Schematic of selective ALD of metal films on Cu.
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Fig. 2. GPC and resistivity graphs for (a) ALD process temperature, (b) NH; plasma power, (c) NH; plasma exposure time and (d) Co(EtCp),
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Table 1. Atomic percentage of deposited Co thin film.

Co C N 0

(at%) (at%) (at%) (at%)

250 °C 34.0 28.5 9.7 27.8
300 °C 498 32 04 46.6
350 °C 463 3.7 0.7 493
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Fig. 6. SEM image of Co thin film deposited on (a) bare Cu, (b) Cu after ODTS growth for 4 h, (c) Cu after ODTS growth for 8 h, (d) bare
SiO; (e) SiO; after ODTS growth for 4 h and (f) SiO, after ODTS growth for 8 h at 350 °C, 250 cycle.
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