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            Abstract
The analytical technique of nuclear magnetic resonance (NMR1,2) is based on coherent quantum mechanical superposition of nuclear spin states. Recently, NMR has received considerable renewed interest in the context of quantum computation and information processing3,4,5,6,7,8,9,10,11, which require controlled coherent qubit operations. However, standard NMR is not suitable for the implementation of realistic scalable devices, which would require all-electrical control and the means to detect microscopic quantities of coherent nuclear spins. Here we present a self-contained NMR semiconductor device that can control nuclear spins in a nanometre-scale region. Our approach enables the direct detection of (otherwise invisible) multiple quantum coherences between levels separated by more than one quantum of spin angular momentum. This microscopic high sensitivity NMR technique is especially suitable for probing materials whose nuclei contain multiple spin levels, and may form the basis of a versatile multiple qubit device.
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                    Figure 1: Schematic diagrams illustrating the main features of our device and the experimental system.[image: ]


Figure 2: Spectra of Î”R for 75As at three different intensities B1, which is proportional to the square root of the output power Pr.f. from an r.f. generator.[image: ]


Figure 3: Behaviour of Î”R for 69Ga at Ï‰0/2Ï€.[image: ]


Figure 4: Colour plots showing calculated values of Î”R.[image: ]
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        Editorial Summary
NMR on a chip
Nuclear magnetic resonance (NMR), the analytical technique familiar in magnetic resonance imaging, tracks a quantum mechanical property of nuclei called spin, where each nucleus acts like a tiny barmagnet. Large coils and quite bulky samples are usually required to detect these magnets indirectly. But a new system makes it possible to detect spin directly, allowing NMR measurements on a nanoscale sample on a semiconductor chip. It also provides tighter control over nuclei than conventional NMR, so can probe nuclei containing multiple spin levels, one of the systems that can be used in quantum computing.
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