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Editorial
Special Issue on Low-Power Arrays

T HE papers contributed to this Special Issue were inspired
by the papers presented at the 2008 IEEE International

Symposium on Circuits and Systems (ISCAS) and the 2009
IEEE Sensors conference. In both of these international events,
we have initiated special sessions regarding low-power imager
arrays and low-power memory arrays.

The growing field of “smart sensors” triggered our attention
to the fact that it has been a while since such a special Issue
was provided on this subject, especially with emphasis on low
power. The incentive was the recent results, showing that ad-
vanced concepts utilized in one niche implemented for large ar-
rays, can be actually beneficial for the other. Moreover, there
are systems on-chip where both kind of arrays are implemented,
and leverage can be sought. This gives analog and digital de-
signers another boost for developing creative circuit solutions
for low-power array based systems. Also, technology and engi-
neering progress have enabled Active Pixel Sensors (APS) in
CMOS to compete with Charge Coupled Devices (CCDs) in
imaging quality and to surpass them in focal-plane image pro-
cessing applications, especially for low-power systems such as
the cellphone. All these developments seem to show that the
field of low-power sensor and memory arrays will be exciting
and growing in the future.

The papers in this Special Issue cover a broad range of topics,
such as smart sensory arrays, new concepts for memory design,
and integrated systems. The papers also come from four dif-
ferent continents.

We have gathered the Special Issue papers in three groups.
The first is image sensor array papers, the second is new memory
array design papers, and the last is other integrated arrays.

Here is a brief description of the selected papers.
CMOS Imagers arrays:
The first paper is from Hong Kong University of Science and

Technology. It describes a low-power current mode CMOS im-
ager with energy harvesting ability. This ability is based on re-
configuration of the in-pixel switches to allow the diode to serve
in energy harvesting mode when not sensing. The low power is
achieved by biasing the amplifier in the triode region and having
a current based pipeline ADC. A result of 84 pW/Frame was
achieved.

The second paper is from Washington University in St. Louis.
It again exploits current mode. The work presents a low-power
programmable computational image sensor. The uniqueness of
this sensor is the combination of the current mode imaging el-
ements with current mode digitally programmable analog com-
putational circuitry.
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The third paper is from the University of Rochester. It de-
scribes a wide dynamic range sensor employing oversampling
sigma-delta analog to digital conversion. The design employs
five transistors per pixel to implement a charge-based converter
at each pixel. The advantage of this wide dynamic range array
is that it can scale with the power supply and is not affected by
the decrease in reset voltage.

The fourth paper is from the University of Calgary. It de-
scribes an image sensor with dual analog power supply. The
proposed imager works on blocks of 8 8 pixels, and the power
supply of each block is selected based on estimated variance in-
side the block, which correlates with “business” in the block.

Memory arrays:
The first memory paper is from Purdue University. In this

paper, the authors analyze the energy-performance character-
istics of a state-of-the-art spin-transfer-torque based magnetic
random access memories (STT-MRAM) bit-cell in the presence
of parametric process variations. They show the feasibility of
integrating very high density STT-MRAM memories in high-
performance processors as a replacement to the conventional
charge based SRAM (level 2 or level 3 caches) and embedded
DRAMs. In order to realize ultra low power under process varia-
tions, they propose device, bit-cell and architecture level design
techniques.

The next CMOS-based paper is from the University of Cal-
gary. In their paper, the authors consider reusing memory loca-
tions to significantly reduce the memory size for storing wide
dynamic range in rolling shutter active pixel sensors.

The third paper is from Ben-Gurion University, Israel. In this
paper, the authors utilize adaptive bulk biasing control technique
to reduce leakage current in both bitcell and pixel arrays. Test
chip measurement results on 80 nm process technology are also
reported.

Other integrated arrays:
This paper is from the University of Toronto and the Uni-

versity of California, San Diego. All the authors combine adia-
batic CMOS circuit approaches with stochastic encoding tech-
niques to achieve record-level energy efficiency in massively
parallel array computation. This paper presents a resonant adia-
batic mixed-signal 128 256 array processor that achieves the
energy efficiency of 1.1 TMACS ( multiply accumulates
per second) per mW of power operating from a 1.6 V DC supply.
The design solutions, proposed by the authors, are well suited
to other array based integrated circuits.

Here is a listing of the Special Issue papers.
CMOS Imager arrays:

1) F. Tan and A. Bermak, “An 84 pW Frame per Pixel
Current-Mode CMOS Image Sensor With Energy
Harvesting Capability.”
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2) R. Njuguna and V. Gruev, “Low Power Programmable
Current Mode Computational Imaging Sensor.”

3) Z. Ignjatovic, D. Maricic, and M. F. Bocko, “Low Power,
High Dynamic Range CMOS Image Sensor Employing
Pixel-Level Oversampling Analog-to-Digital
Conversion.”

4) Q. Gao and O. Yadid-Pecht, “A Low-Power Block-Based
CMOS Image Sensor with Dual VDD.”

Memory arrays:
1) C. Augustine, N. Mojumder, X. Fong, H. Choday,

S. P. Park, and K. Roy, “Spin-Transfer Torque MRAMs
for Low Power Memories: Perspective and Prospective.”

2) T. S. Sandhu and O. Yadid-Pecht, “New Memory Archi-
tecture for Rolling Shutter Wide Dynamic Range CMOS
Imagers.”

3) A. Teman, O. Yadid-Pecht, and A. Fish, “Leakage Reduc-
tion in Advanced Image Sensors using an Improved AB C
Scheme.”

Integrated array:
1) R. Karakiewicz, R. Genov, and G. Cauwenberghs, “1.1

TMACS/mW Fine-Grained Stochastic Resonant Charge-
Recycling Array Processor.”

We hope you enjoy reading this Special Issue.
As usual, we would like to thank all authors who participated

in this Special Issue. We could not have done it without them. In

addition, we would like to thank Dr. Lumelsky, the former EICs
who encouraged us to take the challenge, and also the current
Sensors Journal staff, who helped us much getting the Special
Issue to its closure.
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