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NIST-on-a-chip: the future of instrumentation and traceability
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The US National Institute of Standards and Technology’s ‘NIST-on-a-CHIP’ programme[footnoteRef:1] heralds a paradigm shift in scientific instrumentation. The vision of the programme is that instruments will be their own primary standard, and the concept of an unbroken chain of calibrations back to a national or international standard would be superseded. The new instruments will be rugged, cheap, and more accurate, thanks to developments in manufacturing techniques for integrated circuits.  [1:  See www.nist.gov/noac] 


The origin of the programme was the pioneering work of NIST physicist John Kitching, who worked with a team of scientists to develop a compact atomic clock, orders of magnitude smaller than the primary standards used at national metrology institutes. The project ultimately resulted in a highly accurate, low power, atomic clock, the size of a typical integrated circuit. Working in partnership with private industry and with support from the defence sector, more than 100,000 of these miniature atomic clocks have been sold. Applications include improved GPS systems, underwater sensors for gas and oil exploration, laser ranging and the control of unmanned aerial vehicles.

John Kitching’s work showed that ‘NIST-on-a-CHIP’ was feasible. The 2019 redefinition of the SI base units in terms of fundamental constants of physics opened up new possibilities of other primary sensors based on the principles of quantum mechanics. The ambitious new programme envisages the development of ultra-reliable, compact quantum sensors for time, frequency, distance, mass, force, temperature, pressure, electrical current, voltage, magnetic field strength etc. – and these sensors can be combined to measure derived quantities or be used in networks to carry out measurements over large areas. The new sensors will represent the first applications of quantum technologies in day-to-day life, impacting everything from medical diagnostics, to transport and to manufacturing (Industry 4.0), and all without the need for calibration. 

This ambitious programme is not without challenges. In some fields, the underpinning technology does not exist yet: for example, the miniature lasers needed for pressure electric field sensors are still under development. The question of quality assurance of the new devices is also difficult; without evidence of traceability to an independent national or international standard, what changes to quality assurance standards will be needed so that auditors or regulators will be confident that the instrument is operating correctly? However, the potential benefits of the new quantum devices are so clear that these problems will be solved, and other national metrology institutes are also involved in the field as a route to transfer their knowledge and expertise to industry[footnoteRef:2]. The International Measurement Confederation[footnoteRef:3], a group of 42 organizations that encourages cooperation among scientists and engineers working on metrology and instrumentation, has recently set up a technical committee to share information on developments.  [2:  A. Tzalenchuk, N. Spethmann, T. Prior et al. The expanding role of National Metrology Institutes in the quantum era. Nat. Phys. 18, 724–727 (2022). https://doi.org/10.1038/s41567-022-01659-z
]  [3:  More information on IMEKO is available on https://www.imeko.org/index.php/about-imeko] 


The NIST-on-a-CHIP programme shows how quantum technologies will transform instrumentation and our world. For scientists, this will offer skilled jobs in the ‘quantum workforce’ that will be needed to bring the ideas to reality.
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