Low Temperature CNT Growth Kinetics on Metallic Substrates for Interconnects
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Carbon nanotubes (CNT) have been considered for various applications thanks to their remarkable electrical, mechanical and thermal properties. One of these applications is situated in the domain of integrated circuits, where CNT possibly can be used as next generation interconnects. For this application, it is crucial that CNT can be grown under CMOS compatible conditions as interconnects are a back-end-of-line process. Two main requirements are a low CNT growth temperature (< 400°C) and growth on a conducting substrate. 
[bookmark: _GoBack]In this paper, we report on the study of CNT growth kinetics near CMOS compatible temperatures using a remote-plasma assisted chemical vapor deposition chamber (PECVD). We investigated the CNT growth on conducting TiN substrates and compared two CMOS compatible catalyst systems, i.e. Co and Ni. The growth kinetics of the CNT typically exhibit two regimes. At first, a constant growth rate is observed and after a certain time the growth is terminated. This termination is irreversible as the growth could not be reactivated. The initial growth rate β and catalyst lifetime τ were determined for a variety of experimental conditions. Interestingly, a relationship between the catalyst lifetime and the initial growth rate was found. Indeed, at a fixed temperature, regardless of the catalyst particle size or carbon feedstock, we observed that a larger initial growth rate means a faster termination of CNT growth. It was further found that the catalyst lifetime is extremely temperature sensitive. For instance, when lowering the temperature from 470°C down to 400°C, the catalyst lifetime decreases significantly resulting in a shorter terminated CNT length. As a result, a maximum CNT length of 1 µm is obtained at 400°C for Ni catalyzed growth. Finally, we’ve extended a physicochemical model from literature [1] to explain our observations in the CNT growth kinetics at a low temperature. 
These findings have strong implications for interconnects as, for example, for CNT-based TSV applications long CNTs (~50 µm) are needed. For this application, it will be important to investigate the growth termination process at low temperatures in order to counteract it. For interconnects at the contact level, 1 µm CNTs are sufficiently long to fill the contact hole for future generations. Here, the focus for future research lies more on improving the tube quality.
[1] A. A. Puretzky et al., Appl. Phys. A 81, 223-240 (2005)

