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Abstract – For a massive yet sustainable Internet-of-Things,
ultra-low-power sensing is required without compromising quality of the signal acquisition. CMOS imagers are one of the most
difficult sensing devices to implement at ultra-low power due to
the numerous pixels required. In the electronic circuits and systems (ECS) group, we pursue new solutions to this challenge
with ultra-low-voltage (ULV) CMOS imager design. Latest results include a 0.5V imager successfully prototyped within a
3-mm2 solar-powered video analysis System-on-Chip (SoC) codenamed SunPixer.

The second research in this field aims at transferring this design
on a low-cost 0.18µm CMOS process with a VGA image resolution. A
prototype CMOS imager codenamed CAMEL (Fig. 3) was designed
in collaboration with nSilition (LLN, Belgium). The chip is currently
under prototyping.

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 sensing capability of IoT nodes whose power
consumption needs to be optimized in order to operate on ambient
energy harvesting while preserving sufficient acquisition quality for
effective extraction of the meaningful information from the sensed
data [1]. This is particularly challenging for multi-dimensional sensing
devices such as CMOS image sensors for vision applications.

Figure 2: Image quality results of the CMOS imager inside the SunPixer
SoC.

The first research we made in this area was the design of a 0.5V
CMOS imager in 65nm CMOS for integration within the SunPixer
SoC (Fig. 1), which is a 3-mm2 solar-powered video analysis SoC.
It features an inductorless indoor/outdoor energy-harvesting power
management unit, a 50-MHz 32-bit microcontroller (MCU) for onchip image/video analysis and a 128 × 128-pixel imager prototype.
The imager uses digital pixel sensors (DPS) for time-based readout at
0.5V to reach record energy efficiency of 17pJ/frame.pixel. However,
as the high transistor variability (mismatch) at ULV significantly
degrades the image quality, we had to introduce key techniques
to restore a 42dB dynamic range with two of them under patent
application: wide-range adaptive body biasing [2], low-RON gating of
the 2-transistor in-pixel comparator [3] and robust digital readout
performing delta-reset sampling (Fig. 2). Extrapolation of these
results to a VGA image resolution would give a power consumption
of only 80µW at 15 frames per second, which corresponds to a power
reduction of at least 400 × compared to the commercial state-of-theFigure 3: Layout of the CAMEL imager under prototyping in 0.18µm
art. SoC integration further allows avoiding the prohibitive energy CMOS.
cost of image transfer from a CMOS imager to an MCU chip through
the external 1.8-2.5V I/O bus.
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Figure 1: SunPixer SoC in 65nm CMOS.
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