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Short Abstract

In computing circuits, the unexpected interruption of the voltage source causes the loss of data and redoing the calculations, which reduces the speed
of calculations and increases the power consumption. Consequently, today, the design of computing circuits using non-volatile elements has received
much attention. In these circuits, it is easier and less expensive to implement the power-gating technique, which plays an important role in reducing
leakage power. In the non-volatile circuits that have been proposed so far, a separate back-up module is used, which saves the state of the D-flip-flops
on the chip at specific time intervals. However, the use of a separate backup module ultimately leads to an increase in the total power consumption, the
occupied area, and a decrease in the calculation speed. In addition, the backup module requires external control signals, which increases the complexity
of the system. To solve these problems, in this paper, a new non-volatile flip-flop with simultaneous data backup capability is proposed, which uses
NCFET ferroelectric transistor to fundamentally advance the non-volatile computing paradigm. The proposed flip-flop for backup and recovery
operation has energy at fJ level and delay at ps level.
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1-  Short Introduction (4-5 lines)

Non-volatile computing is an emerging solution to decrease the loss of computing progress due to unexpected power outages. Various non-volatile flip-
flops have been proposed using memristors, magnetic tunnel junctions, and resistive RAMs as local non-volatile elements with backup/recovery (B/R)
module. However, B/R module leads to an increase in area overheads. In addition, a large write current during backup operation increases their power
consumptions. To solve these problems, designs based on negative capacitive field effect transistors (NCFET) have been proposed. NCFET transistors
have many desirable features such as small dimensions, near-zero static power consumption, high speed, non-volatile, high-energy particle robustness,
and compatibility with semiconductor components. In this paper, based on NCFET transistors, a non-volatile Flip-Flop is proposed and evaluated by
Hspice simulations.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)
This paper proposes a new non-volatile Flip-Flop based on NCFET transistors that not only provides high-speed data transfer, but also reduces the area
and power consumption compared to previous non-volatile flip-flops. In addition, the proposed Flip-Flop performs the backup operation simultaneously.

3-  Conclusion (4-5 lines)

A novel, high speed, low power consumption and non-volatile Flip-Flop based on NCFET is presented. In the proposed circuit, power and energy
consumption has been significantly reduced. In this plan, there is no time and energy consumption for backup because the backup operation takes place
simultaneously. In addition, the area overheads have been reduced due to the unexistance of a separate back-up circuit. The recovery energy consumed
is 1.1fJ, which is the lowest amount of recovery energy compared to previous works. The hysteresis feature in NCFET makes the proposed flip-flop
very resistant to noise. In addition, another advantage of the proposed plan is that the information is not lost when the voltage source is suddenly cut
off. The mentioned items and the results show the superiority of the proposed plan compared to previous works.
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