Advanced VLSI Design Homework 4 – Reading report

Xi Qian
Scientists are always seeking new materials and fabrications to improve the performance, integration and lifecycle of logic devices. The paper “Computation with Carbon Nanotube Devices” introduces basic conceptions and development of nannotube usages. Main points and related advantages/roadblocks are as follow:
1. Single-Walled Carbon Nanotube (SWNT) can be used to replace the silicon channel of MOSFETs. Semiconducting SWNT provides less electron scattering, higher thermal conductivity, and more robust, chemically inert structures. Real implemented products demonstrate much higher electron mobility and faster switching speed, than Si MOSFETs. However, the wide use of this approach is primarily handicapped by the lithography limitation to achieve relatively big channel length, and moreover, the fabrication nowadays cannot yet achieve large-scale layout of SWNT devices.
2. Carbon nanotubes can be implemented into nanoelectromechanical switches. This approach greatly improves the operational speed and device density. Meanwhile, small sizes give rise to small device capacitances, thus lowering down the dynamic power consumption. Multi-walled carbon nanotubes are demonstrated able to build up individual switches while the main roadblock is still large-scale fabrication. With the application of suspended SWNT switches as a “mat’, Nantero Inc. has provided the prototype of nanotube-based/nonvolatile random access memory (NRAM) bearing high density, compatible logic/electrical interface, long lifecycle, and fast switching speed.
3. Metallic SWNTs(SWNT with specific geometric structure) is a good substitute of traditional copper interconnects. As metallic SWNTs provides a much higher conductivity, and the sturdy mechanical structure brings solution for electro-migration in metals, this field bears significant potential.
This paper shows the possibility that carbon nanotubes can be used to replace all structures in present CMOS based integrated circuits, and states the current development of such areas. In the last part, brief introduction of quantum computation is also given as other potential area for use of SWNTs. It’s expectable that such technologies will undergo drastic advancement in the following years, and will revolutionize the industry of IC manufacturing and computations.
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