Scientific Highlights 2016

Ultra-low-power computing
Keywords : Microcontroller; Memory; Flip-flops; Adaptive circuits; 28 nm CMOS; IoT.

David Bol, François Stas, Thomas Haine, Ludovic Moreau, Guerric de Streel, Charlotte Frenkel,
Khoi Nguyen, Denis Flandre, Jean-Didier Legat
Abstract – For a massive yet sustainable Internet-of-Things,
ultra-low-power computing is required without compromising
the data processing and storage performances. In the electronic
circuits and systems (ECS) group, we pursue new solutions to
this challenge with ultra-low-voltage (ULV) digital integrated
circuit (IC) and system-on-chip (SoC) design. Latest results feature the evaluation of 28 nm FDSOI CMOS technology for ULV
digital circuits and SRAM memories, adaptive back biasing techniques to compensate process and temperature variations and
low-energy pulsed flip-flops in collaboration with CEA-LETI.
The connection of our daily life’s objects to the cloud according
to the Internet-of-Things (IoT) vision is about to revolutionize the
way we live. To enable this revolution, a massive deployment of
sensor nodes is required with predictions announcing up to trillions
of these nodes. Such a massive deployment is not environmentally
and economically sustainable with current technologies. Some of the
pitfalls lay in the computing capability of IoT nodes whose power
consumption needs to be optimized in order to operate on ambient
energy harvesting without compromising the data processing and
storage performances [1]. Indeed, key applications using audio/vision
sensing or brain-machine interfaces (Fig. 1) require the on-chip
extraction of the important information from the sensed data to limit
the worldwide electrical power consumption of the ICT infrastructure
(datacenters and basestations) due to machine-to-machine (M2M)
wireless data traffic. Therefore, the IoT nodes need to be able to
perform compression, feature extraction or classification within their
ultra-low power budget which is not possible with current low-power
microcontroller (MCU) technologies because of their limited energy
efficiency.

Figure 1: Data processing and storage in IoT nodes need to perform
compression, feature extraction of classification at an ultra-low power.

The energy cost of software execution can be avoided by adding
key dedicated hardware accelerators to the MCU [2]. ULV operation Figure 2: Die microphotograph of the MEMPHIS prototype in 28 nm
can further improve the energy efficiency of the HW accelerators. FDSOI CMOS.
Nevertheless, ULV operation comes at the expense of a degraded
speed ultimately below the MHz deep in the subthreshold regime.
To overcome the performance degradation, we rely on nanometer
CMOS technologies [1] with high-speed design techniques for both
logic and memories in 28 nm FDSOI CMOS including:
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