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            Abstract
Spin-transfer1,2 in nanometre-scale magnetic devices results from the torque on a ferromagnet owing to its interaction with a spin-polarized current and the electrons' spin angular momentum. Experiments have detected either a reversal3,4,5,6,7,8,9,10,11,12,13,14,15,16 or high-frequency (GHz) steady-state precession17,18,19,20,21,22,23 of the magnetization in giant magnetoresistance spin valves and magnetic tunnel junctions with current densities of more than 107â€‰Aâ€‰cm-2. Spin-transfer devices may enable high-density, low-power magnetic random access memory24,25 or direct-current-driven nanometre-sized microwave oscillators. Here we show that the magnetization oscillations induced by spin-transfer in two 80-nm-diameter giant-magnetoresistance point contacts in close proximity to each other can phase-lock into a single resonance over a frequency range from approximately <10 to >24â€‰GHz for contact spacings of less than about âˆ¼200â€‰nm. The output power from these contact pairs with small spacing is approximately twice the total power from more widely spaced (âˆ¼400â€‰nm and greater) contact pairs that undergo separate resonances, indicating that the closely spaced pairs are phase-locked with zero phase shift. Phase-locking may enable control of large arrays of coupled spin-transfer devices with increased power output for microwave oscillator applications.
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                    Figure 1: 
                        Overview of double-point-contact device.
                      [image: ]


Figure 2: 
                        High-frequency output for devices with two 80-nm point contacts and varied intercontact spacing.
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Figure 3: 
                        Histograms showing statistical distribution of spin-transfer behaviour in devices with two 80-nm-diameter contacts and varied centre-to-centre contact spacing.
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Figure 4: 
                        High-frequency output for two 80-nm point contacts with 150-nm intercontact spacing.
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        Editorial Summary
Nanomagnets in a spin
Magnetic thin film multilayers have many applications for data storage, semiconductor memories and as sensors. The spin-torque effect, which uses an electric current to rapidly spin the material's magnetic constituents, could lead to new applications for this technology at ever-smaller scales: think in terms of a radio set the size of a bacterium. Two groups have now independently achieved synchronization â€” or phase-locking â€” of the magnetic oscillations of two such nanomagnets placed just 400â€“500 nm apart. These oscillations can generate microwave signals for telecommunication and an array of these nanomagnets could also act as a receiver, enabling microchips to communicate without being in physical contact, greatly enhancing computing speed.
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