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Short Abstract

Full adder cell is an important module in processing systems and has various applications and is used in most arithmetic circuits. Therefore, the design
of high-performance Full adder cell will improve the performance of the whole system. On the other hand MOSFET technology has encountered
challenges due to the scaling down of transistors. New technologies can be used to solve this problem. Carbon nanotube field effect transistors (CNFETS)
are one of the appropriate alternatives to MOSFET. The threshold voltage of these transistors can be easily adjusted by tuning diameter of carbon
nanotubes, which makes it very appropriate for designing multi-valued logic circuits. In this paper we have tried to provide a quaternary full adder
circuit based on carbon nanotube field effect transistors that is more efficient so that in addition to speeding up the operation, productivity and reducing
power consumption are also considered. The proposed design is simulated using the HSPICE Synopsis simulator and compared with previous designs.
Simulations have also been performed to investigate the effect of process, temperature and voltage. The results show that the proposed design is faster
than previous designs and reduces the PDP parameter by about 75% compared to the best reported design.
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1-  Short Introduction

Following the slowdown in feature reduction and apparent physical shortcomings of the conventional CMOS technology in nano scale, such as quantum
tunnelling and high leakage current, temperature-induced instability and poor gate control, researchers have introduced alternative nano electronic
devices, like CNFETSs to alleviate these problems and facilitate production of heavily condensed and power-efficient designs. However, more
condensation leads to bigger interconnection networks, longer path delays, higher power consumption and more complex routing. In this case, multi-
valued logics can aid to compress more information in lesser signal routes, freeing up die area for actual processing units. Hence, we have designed a
quaternary full adder circuit, uniformly designed with CNFETSs.

2-  Proposed Work and Methodology

The previous quaternary full adder designs in the literature, either suffer from high static power consumption or too many transistors with distinct
threshold voltages. The proposed design in this paper, however, utilises a quaternary decoder to implement basic arithmetic operations (A+1, A—1 and
A+2) and a 5-input multiplexer to select proper operations based on given input conditions. Combining two inputs (A and Ci,) of the full adder, its truth
table can be grouped into five basic operations including the ones mentioned earlier.

The functionality of our design has been extensively tested and verified in HSPICE simulations under various operating conditions. Moreover, the
variations of CNT diameters and their pitch within transistors as two main challenging factors to control in fabrication of CNFETS, has been investigated
in our design and the achieved results imply higher stability and more consistent performance compared to previous works.

3-  Conclusion

In this paper, we have demonstrated a novel approach to design a quaternary full adder cell using quaternary decoders and basic arithmetic operators.
Due to the one-shot (single active output) nature of these components, the number of active paths from Vpp to GND has been significantly reduced,
leading to elimination of static power consumption in our proposed design. The simulation results also confirm shorter delays even in worst case
scenarios while maintaining appropriate stability with variable temperature and power supply voltage.
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