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Antennas
Flexible arrays signal change in communications
Standfirst: A flexible phased array that has an areal mass density of only 0.1 g cm‐2 could help deliver a
new era of lightweight portable communication systems. How can we take advantage of this new
technology?
Dimitris E. Anagnostou
Phased arrays, which use an arrangement of antennas to direct signals with the help of constructive and
destructive wave interference, are central to point‐to‐multipoint communications and an important
building block of many modern telecommunication systems. They were first demonstrated in 1905 by Karl
Ferdinand Braun, who would later win the Nobel Prize in Physics for the discovery. Since then phased
array systems have undergone significant technological development in terms of miniaturisation, weight
reduction and enhanced performance capabilities.
Today, the systems typically involve electronically‐scanned arrays, which consist of an arrangement of
radio‐frequency (RF) components. The power from a transmitter is fed into the antennas through devices
called phase shifters, which are computer‐controlled and can alter the phase and thus delay each wave
electronically. The constructive and destructive interference of the radiated waves is called beamforming
and the delay of each wave can be made such that the radiated beam or beams are steered in different
directions without mechanically moving the antennas. The array itself consists of many small antenna
elements (sometimes thousands) for high pointing and tracking accuracy.
The components of the arrays are, however, often rigid, bulky and heavy, which makes them unsuitable
for their use in compact or portable devices. As a result, attempts have been made to try to create
lightweight and portable phased array systems. For example, back in 2005 it was shown that flexible
antennas and feeding transmission lines could be integrated with digital microelectromechanical (MEMS)
phase‐shifters – that is, all passive components – on a thin and flexible liquid crystal polymer substrate1.
Later, amongst many efforts, nanoinks were used to print passive components on flexible substrates2 and
organic transistors3 (Fig. 1a,b), while a flexible 4x4 phased array prototype was created using a carbon
nanotube based ink and thin‐film transistors4 (Fig. 1c). Many other excellent efforts have been made5,6,7.
Writing in Nature Electronics, Mohammed Reza Hashemi and colleagues now report an integrated circuit‐
based phased array system that can be collapsed, rolled and folded, and has an areal mass density of only
0.1 g cm‐2 (ref. 8, Fig. 1d).
The researchers – who are based at the California Institute of Technology and Auspion Inc. – created their
phased arrays by the heterogeneous integration of a complementary metal–oxide–semiconductor

(CMOS)‐based integrated circuit (or chip) with a thin and ultra‐flexible polyimide‐based substrate
containing the necessary passive components. CMOS is the highly reliable technology used for
manufacturing chips such as microprocessors, as well as analogue image sensors and integrated
transceivers. Here, the CMOS chip is used for phase and amplitude control and has dimensions of less
than 3 mm by 3 mm. The flexible board for passive components is composed of multiple polyimide and
copper layers. These are combined to create a square tile antenna that has a pre‐fractal‐inspired
symmetry. The design means that the tiles are modular and can be used in concert to create arrays of
different sizes, with a linearly scalable performance. As the system has a thickness of less than 0.5 mm,
the arrays are flexible, and can be rolled or can conform to an uneven surface.
The result is a scalable miniaturized communication system with large‐scale capabilities. This is an
attractive combination and means that the device architecture could be valuable in a broad range of
flexible and lightweight RF electronics applications, which extend beyond the typical applications of
phased arrays systems such as radar. Modern arrays are, for example, widely used in civilian
communications, including in the up‐coming 5G wireless communication systems. With the areal mass
density of the researchers’ system (0.1 g cm‐2), a typical 5G array integrated on a flexible display would
weigh less than a couple of grams (which is about five times less than was envisioned back in 20059). The
scalability of the design, combined with the use of high‐yield silicon CMOS technology, also means that
the approach could meet the demands of one‐size‐fits‐all commercial electronics, providing a broad range
of output power levels, apertures and physical dimensions.
But where does this technology go next? Can it, for example, be harnessed to deliver wearable electronics
and fabrics that track and talk to each other? Can radiative wireless power transfer be implemented with
directed beams that can track multiple mobile devices and drones while they are being used, and thus
redefine charging? Can the beamforming technology deliver wireless, unobtrusive and highly accurate
vital sign sensing, while also respecting patient privacy? Can we use it in multifrequency and multibeam
radars that could provide higher resolution for advanced driver assistance systems? And what about using
the technology in scalable networks of pico‐satellites, for applications that depend on reconfigurable
payloads and where the (developed by the authors) co‐located photovoltaic power collection and transfer
unit could power up the entire satellite?
Of course, much remains to be done before such applications can become a reality. Hashemi and
colleagues have taken an important first step and demonstrated the paradigm concept of the flexible
array tile. Wider adoption will now require studies that consider challenges from hardware
manufacturing to software and scalable algorithm development. Finally, in multi‐reconfigurable arrays,
traditionally constant parameters such as the number of activated antennas or the shape of the radiated
beam of each one can vary, thus adding new degrees of freedom to an engineer’s toolset. The
advantages of these in practical point‐to‐multipoint communication scenarios have not yet been fully
explored.
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Figure 1. Some milestones in printed RF electronics.
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Fig. 1. Some milestones in printed RF electronics
a) Prototype of reconfigurable inkjet‐printed antenna on organic polyimide substrate [2].
b) Optical micrograph of a fully printed transistor fabricated on 1 μm oxide wafer. The channel length of the
transistor is 14μm. [3].
c) Photo of inkjet printed 4x4 phased array system [4].
d) Concept layout of the flexible and modular phased array system showing the standalone [8]. operational tile
which can be powered by photovoltaic solar cells.
e) Photo of the active phased array proof‐of‐concept prototype demonstrating its flexibility and bending capability [8].
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