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Field-free Switching of Perpendicular Magnetization Induced by Inversion
Symmetry Breaking at the Heavy-metal/Merromagnet Interface
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Abstract: In this paper, the influence of the out-of-plane field-like torque induced by the interfacial inversion symmetry breaking in
the heavy-metal/ferromagnet (the L1, phase CuPt/CoPt) bilayer on the characteristics of field-free perpendicular magnetization
switching in the ferromagnetic layer is studied based on the macro-spin model. It is demonstrated that in the L1, phase CuPt/CoPt bi-
layer with the inversion symmetry breaking, though the induced out-of-plane field-like torque, namely, the 3 m torque is quenched in
the x-y plane, the field-free perpendicular magnetization switching can also be observed through the unsteady oscillating effect of the
magnetization between above the x-y plane and below the one, when an appropriate short pulsed electric current is to be applied
along the high symmetry axis of the heavy metal layer. Moreover, when the induced out-of-plane field-like torque is large enough, it
can increase the selection range of short pulsed current length and further reduce the threshold current density of the steady magneti-
zation switching. These results suggest an alternative theoretical scheme for the realization of field-free perpendicular magnetization

switching of spin-orbit torque-magnetic random access memory.
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Fig. 1 Physical model and crystal structure

(a) Schematic diagram of spin-orbit torque-magnetic random access memory considered here, in which the shape of the free layer of
the tunnel junction is a circular membrane surface with 7= 50 nm. Here, the heavy metal layer and the ferromagnetic layer are com-
posed of L1,-ordered CuPt/CoPt bilayer and the three crystal directions [1—10], [11—2], [111] are chosen as the z, vy, z axes of the co-
ordinate system; (b) Schematic diagram of a single unit cell structure of L1,-ordered CuPt/CoPt bilayer; (c¢) Plane view of the L1,-or-
dered CuPt/CoPt bilayer along the [111] direction, in which the black dashed lines denote the three high-symmetry axes and the an-
gle between the current flow direction and the [1—10] crystal direction is defined as ¢; (d) Plane view of the L1,-ordered CuPt/CoPt

bilayer along the [111] direction, the three red dashed lines denote the three low-symmetry axes
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Fig. 2 The three components of the free layer magnetization as a function of time when a 10 ns pulsed current is to be applied

along the low- and high-symmetry axes
(@) p=0"; (b) ¢ =30"; (c) ¢ = 270"; (d) ¢ = 150°". Here, magnitude of the current density is chosen as /=3 X 10" A/m’ the ra-
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torque 75, = 0.1
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Fig. 3 The three components of the free layer magnetization as a function of time when a 0.5 ns pulsed current is to be applied

along the low- and high-symmetry axes
(@) =0"; (b) 9= 30" (c) ¢ = 270"; (d) ¢ = 150". The other parameters are the same as Fig. 2
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Here, the initial state of the magnetization is given as 72, = — 1, the data are obtained from 100 trials, and the other parameters are

the same as Fig. 2
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