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We considered the Slonczewski model of a three-layered magnetic valve structure driven by spin-polarized current. In contrast to [2,3], we studied the case of unpinned magnetic layers. In this case the mathematical model of the structure consists of two coupled Landau–Lifshits–Gilbert equations without second-order space derivative terms. The full phase space of the dynamical system is four-dimensional and represents the direct production of two spherical surfaces corresponding to the thin and thick magnetic layers of the magnetic structure. On the basis of qualitative analysis of the dynamical system, classification of stationary states of valve magnetic structure is performed. It was found numerically that, at some combinations of the parameters, the phase portrait of the system is featured with limiting cycles that indicates the precession of the magnetization vector in the structure. Before the system will reach the stable parallel-spin configuration predicted in [1], it passes through a cascade of bifurcations with different types of spin dynamics. We outlined the intervals of current and field values for topologically equivalent phase portraits of the system. The most interesting effects that were observed in numerical calculations were generation of precession in the thick layer, sequential changing the axes of precession with the current growth, and birth of node-type singular points at high current values (saddle-node bifurcation). For each of them the threshold values of injection current were determined at various values of external magnetic field.
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In the Fig.1,2 the spherical phase spaces for thin and thick layers are displayed. There are six stationary points located close to the coordinate axes, namely, four four-dimensional focuses  
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 and two saddles 
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. The spiral trajectories in the left phase portrait in Fig.1 are the trajectories of the magnetization dynamical transition from stable state to the precession around the x-axis (limit cycle), while the magnetization in the thick layer still remains stable. 
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In Fig.2 there are two limiting cycles around z-axis in each phase portrait. That is, the precession around x-axis is switched to the precession around z-axis (soft switching). The strict switching to y-axes appears in our calculations at current values larger then 1010 A/m2 that is approximately close to the values obtained in experiments with NiFe/Cu/Co layers. 
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Fig. 1  The birth of precession in the thin layer at small values of current
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Fig. 2  Simultaneous switching to z-axis together with precession. 
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