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Beyond their nanoscale size and their tunability in frequency, spin-torque oscillators are of interest for their
ability to lock to an external microwave signal or to mutually synchronize. In this work, we measure the
injection locking of a three-terminal STO excited by spin-orbit torque. The three-terminal device consists of a
magnetic tunnel junction (MTJ) on a Pt wire. A DC and microwave (MW) current are applied through the Pt
wire to induce the oscillations and injection lock the device, respectively, and the precessional signal is
measured via a spectrum analyzer through the MTJ. We study the injection locking at fMW~f0 and at
fMW=210, where {0 is the free running frequency of the STO and fMW is the MW frequency. Interestingly,
we observe a frequency response that is different from the injection locking of STO generally reported in the
literature. Whereas typical phase locking behavior is observed at fIMW=210, the injection locking at fMW=f0
exhibits a strong asymmetry. In this presentation, we give a qualitative and quantitative description of the
injection locking in the three-terminal STO.

In the second part of this presentation, | use the three-terminal spin-torque oscillator to compare the spin-
transfer efficiency of two mechanisms: the spin orbit torque and the spin filtering torque (i.e. spin transfer
torque obtain via a spin polarized current through a spin valve (SV) or a MTJ). For this study, the device
consists of a SV on top of a Pt wire. The devices can be excited either by the spin filtering torque (SFT) or by
the spin orbit torque (SOT) depending on whether the current is applied through the SV or through the Pt
wire. By varying the Pt width and the dimensions of the SV, we tune the SOT and STT and compare their
efficiencies. We show that, for the device that we study, the SFT is more efficient in terms of current density,
whereas the SOT can be more efficient than the SFT in terms of current when the Pt wire is narrower than 700
nm. Finally, we use three control samples (where the Pt wire is replaced by a Cu wire or where the SV is
replaced by an MTJ) to discuss the limits of the method.
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