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Short Abstract

In computing circuits, when the voltage source is suddenly cut off, data is lost and calculations need to be performed again. This reduces the speed of
calculations and increases power consumption. This issue becomes more important in applications that are powered by batteries such as "Internet of
Things". Recently, the use of non-volatile flip-flops in computing circuits has received much attention. In non-volatile circuits that have been proposed
so far, a separate backup circuit based on a non-volatile flip-flop is used. This circuit performs data storage on the chip at specific time intervals. But
the use of a separate backup circuit ultimately leads to an increase in the total power consumption, the occupied area, and a decrease in the calculation
speed. In addition, the backup circuit requires external control signals, which results in increasing the complexity of the system. To solve these problems,
in this paper, a double mode non-volatile flip-flop with both simultaneous and asynchronous backup of data is proposed, in which mCell devices are
used to realize non-volatile calculations. The proposed flip-flop for backup and recovery operations, has the energy of fJ level and the delay of ps level.
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1-  Short Introduction (4-5 lines)

Applying power-gating technique on VLSI computing systems has been widely extended in both low-power portable devices and high-performance
cloud server centers to shut off static leakage power. States of the flip-flops and registers in a pipeline structure need to be backed up to prevent loss of
stored data when the supply is removed. Similarly, battery-less portable devices supplied by energy-harvesting techniques can be benefited from backup
and restore operations, because the ambient energy sources such as photovoltaics, vibrations, and RF are often unreliable.

The power outage failures have a great impact on the computation time and the overall energy efficiency of 0T network. On the one hand, the computing
system will lose its computation data if these data are not successfully backed up before the power failure. On the other hand, even if techniques of
check-pointing and rollback-recovery are employed, significant overheads of energy and latency still exist for each backup and restore operation. To
solve these problems, designs based on magnetic tunnel junction devices (MTJ) have been proposed. MTJ devices have many desirable features such
as small dimensions, non-volatile, high speed, near-zero static power consumption, high-energy particle robustness, and compatibility with
semiconductor components. In this paper, based on MTJ devices, 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 novel non-volatile flip-flop based on magnetic tunnel junctions (MTJs) during power failure or supply gating. The proposed flip-
flop utilizes the non-volatility of the four-terminal MTJ to optimize the data backup and restore operations. It not only provides the high-speed
transmission data rate, but also reduces area and power consumption over the previous NVFFs. In addition, the proposed FF can be utilized in two
different cases: a) sensitive data processing, and b) high-speed data computing.

3-  Conclusion (4-5 lines)

With technology downscaling, static power dissipation has become one of crucial challenges to multicore, many-core, and System-on-Chip (SoC)
architectures due to the increasing role of leakage currents in total energy consumption and the need to support power-gating schemes. Many current
flip-flop architectures, such as CMOS-based flip-flops, always require an additional power supply to maintain the system states, and different non-
volatile backup flip-flop designs are only efficient for long standby periods. To overcome these limitations, we proposed the novel Non-Volatile flip-
flop (DM-NVFF), in which a non-volatile device is used as an active device, to enable fast power-down and power-up operations. Furthermore, the
DM-NVFF can provide the similar energy and timing characteristics as conventional CMOS flip-flops, while reducing static power by 5 times compared
to backup NV flip-flops. Simulation results have shown fJ-level energy and ns-level delay for a backup and restore operation. With such remarkable
and satisfactory results, DM-NVFFs enable a new nonvolatile computing paradigm for future 10T applications and power-gating applications.
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