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B Abstract

With the ever-increasing market demands of internet
of everything (IoE) and wireless sensor networks
(WSN ), low energy processors have become a great
topic of interest. In particular, the end-devices must
support long idle time and low energy consumption
due to the limited and noisy power supply.

Emerging memories, such as ReRAM, PCM and MRAM
are suitable for nonvolatile processor ( nvProcessor )
due to its nonvolatility, high density, and low power
consumption. It can be used to backup data before
power-off and recover data once the power is restored.
This operation greatly reduces the leakage energy of
volatile memories during standby.

Conventional processors employ the Von Neumann
architecture, where data processing requires
transmission between CPU and memory. The
throughput of this approach is limited by the 10
interface, and transmitting data consumes a large
amount of excess energy. This is known as the

“Memory-wall” . Recently, neural networks which
differ from the conventional architecture has become
a popular topic due to its ability to conduct efficient
parallel computations, enabling high speed and low
power data processing.

By using 150nm CMOS process and HfOx RRAM,
this research successfully demonstrates an energy-
efficiency nonvolatile processor with a novel Self-Write-
Termination 2R-nvFF ( SWT-2R-nvFF) and RRAM
based Processing-in-memory ( PIM ) circuits. The
main contribution of this work is as the follows:

1.For the first time, RRAM based PIM circuits and
nonvolatile logics ( nvLogic) have been integrated
in a nonvolatile processor.

2.Processing-in-memory circuits serve as the
accelerator for a high efficiency processor.

« For the first time, a RRAM based processing-in-
memory integrated chip is presented.

« The PIM circuitry supports neural network
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computations through parallel processing in memory,
eliminating data transmission to the CPU.

3.Nonvolatile logics allow parallel, local backup and
recovery of data to reduce energy consumption and
enable fast power-on-off operations.

+ A new Self-Write-Termination nvFF ( SWT-nvFF)
greatly reduces data backup energy.

+ NvLogic make it possible for the processors to

continue computation even with rapid power
interrupts by storing critical data to NVM.
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Fig 2. High energy efficiency nonvolatile process with processing-in-
memory circuit and nvLogic
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