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Abstract

Quantum-dot Cellular Automata (QCA) is a new nanoscale technology that can be considered as an alternative to
CMOS technology. The acceptable performance of this technology in the design of efficient circuits with low power
consumption has made it one of the fields of interest for researchers. One of the most important challenges for designers
and researchers is removing or adding cells, rotating and moving cells from their original location. Therefore, designing
circuits that have an acceptable performance against these errors can help solve this challenge. In this article, a new
three-input majority gate is introduced. The introduced gate consists of 17 simple and rotating cells and has an area of
about 0.02um? and an energy consumption of 4.89 x e-003Meyv. In addition, a complete analysis has been carried out
regarding the tolerance of the proposed gate against errors of cell omission, cell displacement and extra cell deposition.
the results indicate that the proposed gate can tolerate 92% to single cell omission defect, 84% to double cell omission
and to extra cell deposition defect is 100% tolerable. The performance of the introduced gate has been proven using the
QCA Designer 2.0.3 simulator, and the energy consumption of the introduced gate has also been calculated using the
QCA Designer-E simulator.
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1. Motivation of the work

In QCA technology, the majority gate and the inverter are
considered two universal gates, so that all electronic
circuits can be implemented with these gates. Therefore,
if these gates are designed optimally and reliably, we can
claim that the designed circuit is also optimal and has
relative reliability. In this paper, a majority gate is
introduced that, while reducing cells and improving the
space consumption, has high tolerance against all three
types of errors: single cell deletion, double cell deletion,
and extra cell deposition. In this paper, a new three input
fault-tolerant majority gate is introduced. Then, the
performance of the proposed majority gate against
common types of faults, including single cell omission,
double cell omission, extra-cellular deposition, and cell
displacement, is examined. In the following, the area and
energy consumption of the proposed majority gate,
calculated by the QCA Designer-E simulator, are
reported, and the proposed gate is compared with other
similar works.

2. Contributions

According to the comparisons made [1- 3] have fewer
cells than the proposed gate but are less tolerant to
various types of faults. Tasks [4-8] which have relatively
high fault tolerance, have more cells and larger areas.
Therefore, the proposed majority gate, while having
fewer cells than [4, 5, 7], has higher tolerant to various
types of faults than these tasks.

3. Procedures

Considering the importance of the three-input majority
gate in the design of electronic circuits, a new majority
gate is introduced in this paper. The introduced majority
gate is investigated in terms of tolerance against various
possible errors including one and two cell deletion, cell
displacement and extra cell deposition. The results have
shown that the new gate has a good performance against
various errors. Also, the area and energy consumption of
the introduced gate are calculated using the QCA
Designer E simulator and compared with other works.

4. Findings

In this paper, a new three-input majority gate is
introduced, which consists of 17 simple and rotating
cells, has an area of about 0.02 um2 and an energy

consumption of 4.89 x e-003MeV. Then, a complete
analysis is made on the tolerance of the introduced gate
against cell deletion, cell displacement and extra cell
deposition errors. The results indicate that the introduced
gate is tolerant to single cell deletion errors of 92%,
double cell deletion errors of 84% and extra cell
deposition errors of 100%.

5. Conclusion

In this paper, an introduction to the principles of QCA
was first presented, and then some of the critical
challenges of QCA were discussed and examined. Then,
a study was conducted to address the aforementioned
challenges. Next, a new three-input majority gate was
introduced and all the related challenges were tested on
it. All previous works have sought to achieve the highest
fault tolerance with the least number of cells and the least
space  consumption. The results of design,
implementation, and simulation confirmed that our
proposed approach has been able to reduce the number of
cells and consume little space, while having high fault
tolerance. Considering that all circuits can be
implemented using a three-input majority gate, the
proposed structure can be used in the future to design and
implement various circuits, which will also have the
ability to tolerate various faults.
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