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Energy Efficient Nonvolatile Logic Used in
Nonvolatile Processor
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In recent year, according to the development of wearable
device and wireless transmission system, the Internet of
Things (loT) and Wireless Sensor Network (WSN] related
technologies become popular. However, due to the low power
requirements in system and the unstable power source, the
features of the low power and long standby time become the
hot topic now. In order to reduce the power waste at standby
mode in processor, Nonvolatile Memory [NVM), such as Flash,
FeRAM, ReRAM were used to back up the critical data before
shut down the system and reuse it after wakeup. As a result,
the leakage power during standby mode of volatile system can

be reduced to achieve more efficient power usage.

Conventional processor is based on SRAM ~ Flip-Flop and
various other logic circuits. To achieve energy saving, two
macro solution were normally used. Two macro solution is
constructed by SRAM and NVM macro, NVM can save data
from SRAM even the supply power is turned off. However, due
to the limitation of the 10 amount of the macro transmission
interface, this method requires large power consumption
during data transmission between two macro.

By using high density and high performance ReRAM combined
with CMOS process, this project propose one macro solution of
nonvolatile SRAM (nvSRAM] and nonvolatile Filp-Flop (nvFF).
Compared with conventional two macro solution, nvSRAM
and nvFF have few benefits, one for leakage reducing during
standby mode, second for decrease power consumption during

data backup/restore, and third for fast system reboot.

This project propose a nvSRAM Macro containing several

assisting backup/wakeup schemes, Self-Write-Termination
(SWT), Adaptive Parallel Decoder & Space Domain Controller.
Also, a novel of Self-Write-Termination nvFF (SWT-nvFF) is
proposed in this project.

1. Adaptive Parallel Decoder and Space Domain Controller
circuits provide an excellent solution for reducing backup

and restore power consumption.

2. SWT-nvFF comply the smallest area overhead compare
with other nvFF, and greatly reduce power consumption

for data backup.

Finally, by using 65nm CMOS fabrication, the proposed
schemes has been verified. Furthermore, as the following, our
proposed schemes were also implemented within a processor

to achieve a nonvolatile Processor feature.

1. Application of proposed scheme within a MCU was
implemented. This processor can continue all processing
missions between each standby/wakeup mode switching.

2. To solve standby leakage issue of volatile circuit,
nvProcessor can store the data within embedded NVM
during the standby mode prevent from data loss, then
the power source can be turned off. After waking up the
system, the stored data can be immediately restored
to the logic circuits. This method provides processor
consume Zero power consumption during the standby

mode.
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