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Fig. 1. Schematic diagram for the considered spin-transfer
torque nano-oscillator consisting of the trilayer circular thin
films. Here, the top, middle and bottom layers are the
2 nm-thick perpendicular magnetized free layer with a radi-
us of 60 nm, the 1 nm-thick tunnel barrier layer formed by
non-magnetic material and the in-plane polarizer pinned
layer, respectively. Moreover, in the Cartesian coordinate
system, the 2y plane and z-axes of are parallel and perpen-
dicular to the free layer, respectively; while the ¢ and 6 in
the spherical coordinate system are the azimuth and polar
angles of the magnetization of the free layer, respectively.
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Fig. 2. Phase diagrams of the root-mean-square value of mg.ms of the my component of the free layer as a function of 3 and I
with different Gilbert damping constants: (a) o = 0.003; (b) @ =0.005; (¢) o = 0.007; (d) « = 0.009.
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Fig. 3. In a precession period, the average work done by the spin-transfer torque Wi, the average energy dissipation due to the

damping W, and the energy difference between W and W, as a function of the z component of the free layer magnetization at

given current intensity I = 1.5 Ma: (a) 8 = 0; (b) 8 =-0.2; (¢) 8 =0.2.
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Fig. 4. (a) Dependences of the amplitude and frequency of
spin-transfer torque nano-oscillator on the 8; (b), (c) the z
and the z components of the free layer magnetization as a
function of time for the different ratios between the spin-
tranfer torque and the field-like torque 3 (I = 1.5 mA).
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intensity I; (b), (c¢) the z and the z components of the free
layer magnetization as a function of time for the different

values of current intensity (8 = —0.2).
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Field-like torque-induced tunable zero-field
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Abstract

The spin-torque nano-oscillator (STNO), which is a novel type of nano-sized microwave oscillator driven by
direct current, is considered as a promising candidate for future radio frequency (RF) transceivers owing to its
scalability, nanoscale size and high frequency tunability. However, the potential application of STNO is limited
because its stable oscillation requires an external magnetic field. In this work, the influences of the field-like
torque and applied current intensity on the stable oscillation of STNO with a perpendicularly magnetized free
layer are studied theoretically based on the macrospin model (also known as the single-spin or single-domain
model) and the Landau-Lifshitz-Gilbert-Slonczewski (LLGS) equation in the absence of magnetic field. It is
demonstrated numerically that a stable oscillation of STNO can be observed when the ratio between the field-
like torque and the spin torque is a negative value and larger than a certain value that depends on the damping
coefficient and the current intensity, whose physical mechanism can be understood by the energy balance
equation. Moreover, the frequency of stable oscillation of STNO can be modulated by the ratio between the
field-like torque and the spin torque and also by the current intensity. Particularly, the larger the absolute
value of the ratio between the field-like torque and the spin torque and the smaller the applied current intensity
(above the critical current intensity), the more conducive it is to suppressing the formation of second and third
oscillation frequencies, thereby enhancing the STNO’s “single-frequency” feature. Our findings provide a
theoretical scheme for realizing a frequency tunable zero-field STNO, which may be useful for designing future

RF transceivers.
Keywords: spin-torque nano-oscillator, field-like torque, zero-field stable oscillations
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