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The desire to make electronic circuits faster, more powerful and more efficient

has instigated a race towards shrinking circuit components to sizes in the nanometer

range and has subsequently spawned a revolutionary new area of research called

nanoelectronics. [2, 3] Many attempts have been made to shrink the transistor, one of the

most fundamental components of digital-based circuits, in order to produce higher-

performance hardware. One of such techniques involves the use of carbon nanotubes as

the channel of the field effect transistors (FETs). The resulting transistor, the carbon

nanotube field effect transistor (CNFET) [1] has already shown electrical and functional

properties superior to their metal oxide semiconductor field effect transistor (MOSFET)

relatives [1]. The CNFETs are cylindrical in geometry and are generally of dimensions

ten to a hundred nanometers in diameter. The orientation in which they are rolled

(chirality) can render them either metallic or semi-conducting. They can also be

fabricated as multi-walled or single-walled structures. It is believed that the use of

CNFETs would allow chip designers to pack over a billion transistors in a

microprocessor and subsequently extend Moore’s law over the next decade or two. The

following research attempts to justify the use of those nanotubes as transistor components

with single walled semi-conducting nanotubes being the preferential structure.

 Using computer models of the two technologies, CNFETs and MOSFETs, and

performing simulations in Hspice, the carbon nanotube technology was compared with

the one of the smallest Si transistors (65nm transistors) in an attempt to determine the

pros and cons of the former.  Emphasis is given on the electrical characteristics of the 65-



nm silicon (Si) based FETs and their subsequent circuits. Those characteristics included

propagation delays and power dissipation

 The 65 nm FET model characteristics were derived using models of inverter,

nand, and xor logic gates in addition to models of a ring oscillator, full adder and four-bit

ripple carry adder. Using the inverter, the propagation delays of the transistors were

determined to be in the Pico-second regime. (Shown in Fig. 1) Additional proof was

revealed using the ring oscillator circuit whose frequency proved to be in the Giga-hertz

range. (See Fig. 2) The full adder, with twenty-two transistors, as expected, had a much

higher propagation delay than the two-transistor inverter. (Fig. 3)

The power dissipation of the logic devices, like the propagation delays increased

with number of transistors. The full adder, with a one volt supply voltage dissipated 4.8

_W of power, while the four-bit ripple carry adder had a significantly higher 29 _W

power dissipation. For better comparison, the power delays products of the full and ripple

carry adder were determined: 4.9e-16 J for the former and 4.03e-16 J for the latter.

The properties of the inverter were investigated more thoroughly than the other

gates. At 1.0 V power supply and input voltage, the input noise margin was found to be

approximately 200 mV while the output noise margin was almost zero. The VTC (voltage

transfer curve) as shown in Fig. 5 was quite smooth, indicating excellent inverter

operation. The 45-degree input ramp voltage intercepted quite aptly at 450mV.

In conclusion, all the 65 nm MOSFETs showed impressive electrical

characteristics in terms of propagation delays and power dissipation. Due to their small

sizes, those MOSFETs can be used as an excellent comparison to the CNFETs, and

subsequently be used to justify the use of CNFETs in future micro-chips.



Fig. 1 propagation delay of inverter

Fig. 2 voltage vs. time graph of ring oscillator



Fig. 3 propagation delay and power dissipation of full adder

Fig. 4 propagation delay and power dissipation of four bit ripple carry adder



Fig. 5 VTC of inverter
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