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Fig. 1: Images of graphene-based flexible antennas embedded in various polymer or substrates, and a typical smartphone
used to communicate with them.

What is it? A key target for modern technology is to replace metals with lighter, cheaper, less energyconsuming and better recyclable materials. We successfully produced graphene-based flexible
antennas, where the metal has been completely replaced by highly conductive carbon. The antennas
could exchange information with near-field communication (NFC) devices such as a mobile phone,
matching the performance of conventional metallic antennas. The antennas are chemically inert, highly
resistant to thousands of bending cycles and can be deposited on different standard polymeric substrates
or silk tissues. Fully working graphene smart cards were prepared in order to be used as electronic
keys, business cards and others typical NFC applications. The procedure has been patented and
published in a joint paper with the companies Emberion, Beko, Graphitene and STMicroelectronics.
Why does it matter? Near-field communication (NFC) antennas are a ubiquitous method for two
electronic devices to transfer data to each other. Anytime you need a way to communicate a small
amount of data over a relatively short distance wirelessly, a NFC antenna is probably involved. They
are used in security cards, tracking of inventory and payment systems. The most distinctive
characteristic of NFC is the fact that it can transmit small amount of data wireless only within a close
range while other methods, such as Bluetooth and Wi-Fi, have a wide transmit range of up to 10 or even
100m. The reason why NFC technology is used to identify objects is that, with such a close transmitting
range, it is more secure and less vulnerable to data hijacking. Application areas are tracking and
managing inventories, assets, people, animals, contactless payment systems, and security cards.
How does it work? This material features a high value of conductivity (>105 S/m) comparable to
monocrystalline graphite, but is much more flexible and processable. We first studied the replacement
of metal with carbon antennas using computer modeling, to select the best design. Then we
manufactured several devices to be used according to the communication protocol ISO/IEC 15693. The
inductance of the G-paper antennas was tested before and after hundreds of thousands of bending cycles
at bending radii of 45 and 90 mm. During bending the self-resonance frequency and inductance peak
showed minimal variation and the resistance at 1 MHz was stable outperforming standard, commercial
metallic antennas.
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