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Carbon Nanotube FETs (CNFETs) are showing significant promise in

nanoelectronics. They are one of the principle areas of research that are seen as having

the capability of replacing MOSFET transistors. In fact, their performance is much better

than MOSFETs below 10nm [1], with the operation frequencies of CNFET devices being

up to1000 times greater. This project investigates various properties of CNFETs and

particularly their application in digital logic design [2]. Various logic gates were built

using CNFETs, and their properties are studied. Finally, a 4-bit Ripple Carry Adder

(RCA) was built using the gates and the power dissipation and propagation times are

observed.

The logic gates built were the inverter (INV), NAND, NOR, XOR, AND and OR.

The gates were implemented using the generic Pull-Up- and Pull-Down-Network with a

0.5V power supply. Parasitic capacitances of the gates were estimated and included in the

models. The gates were then simulated. In particular, the NAND, XOR and INV power

and delay characteristics were observed, and the Power Delay Product (PDP) calculated

as in Table 1.

The gates above were used to build a Full Adder (FA). This was done using 2

XOR gates and 3 NAND gates, bringing the total number of transistors to 36. This design

was chosen because it ensured that no more that 2 transistors were in series and was

therefore a faster circuit. It was also more versatile than other designs. The FA simulation

output is shown in Fig 1. The FA was then cascaded to create a 4-bit RCA, which also

had cascade capabilities. This circuit was simulated, and the results are displayed on Fig



2. Fig 2a shows the propagation of Carry Out bits Cout0-Cout3, while Fig 2b shows the

Sum bits, S0 to S3. The propagation delay is about 1.7ps.

Our results indicate that the setup time required before changing the input bits is

3ps.  For most practical purposes, there should be at least a 5ps transition time between

changes in the input. Otherwise, the system will be metastable. In the worst case scenario,

it would be possible to operate this RCA at using a clock with a frequency of 200GHz,

which is certainly a significant improvement from MOSFET arithmetic units.

Finally, the PDP for the FA and RCA was calculated, and the results are displayed

in Table 1. Note the PDP for CNFET RCA is 10e-17 J, compared to a 65nm MOSFET

RCA, which is 10e-15 J. This is a very significant improvement, and is the reason

CNFET designs are very promising.
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Table 1: Super-Threshold CNFET Operation

Component Operation Delay (s) Power (W) PDP (J)
Inverter Super-threshold 0.02ps 0.12µW 2.40e-21
NAND Super-threshold 0.11ps 1.5µW 1.65e-19
XOR Super-threshold 0.15ps 1.67µW 2.51e-19
Full Adder Super-threshold 0.8ps 4µW 3.2e-18
4-Bit RCA Super-threshold 1.7ps 11µW 1.87e-17

Fig 1: Full Adder Output, showing Input A changing from 0-1, B=1. Outputs Sum and Carry Out



Fig 2a RCA Carry Out bits, Cout0 to Cout3.

Fig 3c: Sum bits, S0 to S3.


