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For many years, the primary approach to meet circuit performance, power

consumption, and functionality in VLSI circuits has been scaling [1]. However, as the

dimensions of transistors get smaller and smaller, circuit designers have to face a whole

new set of problems; examples of such problems are short-channel effects and quantum

effects [2]. Therefore, there is a need to change the structures inside the transistors and

more radically, to find new alternatives to silicon-based transistors. Such non-silicon

substitutes are molecular wires, switches and carbon nanotubes [3].

The current research dealt mainly with the Carbon Nanotube Field Effect

Transistors (CNFET). There is a need to fully understand these nanotube transistors and

to implement them in circuit designs. Some questions that can be asked are the following:

What is the operating speed of a CNFET transistor? What is its drive current? What is its

power consumption? What will be the impact of CNFETs? In this talk, a SPICE model

based on ballistic transport was used to simulate a few circuits on HSPICE, to be able to

compare CNFET circuits with 65-nm MOSFET circuits and hence to discover the

potential of the former. 

First a ring oscillator was built. This simple circuit has no important interconnects

and it could be used to find the intrinsic speed of these novel transistors. Parasitic

capacitors were also introduced to see their effect on the frequency of the CNFET

oscillator and the MOSFET oscillator. Then a full adder, using XOR and NAND gates

was built. Building a more complex circuit helped to see the various delays that are

introduced due to ‘interconnects’ and also to understand in depth the effects of parasitic

capacitors. Furthermore, important parameters such as the power-delay product and



power consumption were calculated. An important part of this project was the

optimization of the full adder to lower the number of transistors connected in series in the

circuits and thus decrease the delays.  Finally the circuits were simulated at sub-threshold

voltage.

When compared to MOSFETs, it was found that the CNFET ring oscillator was

approximately 1000 times faster than its 65-nm MOSFET counterpart (Fig. 1). Moreover,

the carbon nanotube transistors are more sensitive to smaller capacitors as they are much

faster. They also have a very different overall capacitance compared to MOS transistors

(Fig. 2). In the full adder circuit, the delays with CNFETs are much smaller than with

65nm MOSFETs circuits even with higher parasitic capacitors (Fig. 3 & 4). Finally, at

sub-threshold level the CNFETs have a power-delay product which is very low compared

to MOSFETs operating at subthreshold.

In summary, circuits using CNFETs were simulated using HSPICE, to provide

better insight into these devices. They were found to be faster than MOSFETs and more

flexible, and thus will probably have considerable impact in the future. However, the

study of these transistors is very recent and to determine their potential there is a need to

have a better understanding of the carbon nanotubes and the quantum effects involved at

such small scales. Therefore, further studies and experiments are required to replicate and

validate the simulations described above.



Fig. 1 The CNFET ring oscillator on the left oscillating at a frequency of 3.2 THz.
 On the right, a 65nm MOSFET ring oscillator with a frequency of 1.7 GHz.

Fig. 2 Capacitance v/s VG in MOSFETs on the left and CNFETs on the right



Fig. 3 Delays on a 65nm MOSFET full adder

Fig. 4 Delays on a CNFET full adder
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