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Abstract: We describe a method of controlling the spin wave spectra dynamically in a uniform
nanostripe waveguide through spin-polarized currents. A stable periodic magnetization structure is
observed when the current flows vertically through the center of nanostripe waveguide. After
being excited, the spin wave is transmitted at the sides of the waveguide. Numerical simulations of
spin-wave transmission and dispersion curves reveal a single, pronounced band gap. Moreover,
the periodic magnetization structure can be turned on and off by the spin-polarized current. The
switching process from full rejection to full transmission takes place within less than 3ns. Thus,
this type magnonic waveguide can be utilized for low-dissipation spin wave based filters.
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A Magnonic Waveguide (MW) consists of periodic magnetic structures. The periodic
structure affects the spin wave dispersion curve by creating forbidden bands at the Brillouin zone
boundaries due to Bragg reflection. In recent years, the characteristics of spin wave propagation in
MWs, which were fabricated by different magnetic materials [1, 2] and different widths [3, 4], were
investigated in detail. However, the spectra of spin waves in these MWs cannot be changed
dynamically after its fabrication. Dynamic artificial magnonic crystals are currently the focus of
much interest because the spin wave spectra in these magnonic cyrstals can be modulated
dynamically. It was reported that the spin wave spectra could be dynamically modulated by local
Oersted fields produced by electrical currents on the surface of low-loss Yttrium iron garnet (YIG)
[5, 6]
. Nevertheless, MWs based on metal magnetic thin films are more suitable to integrate with
CMOS circuits. Recently, Volkov et al. have studied the action of the strong perpendicular
spin-polarized current on ferromagnetic systems for two-dimensional films [7-9] and a narrow
one-dimensional wire [10]. In the both case, the stable periodic magnetization structures induced by
spin-polarized current were found in the both case.

1 Simulation Procedures
In this letter, we present a way to modulate spin wave spectra in a uniform waveguide by
spin-polarized current. The waveguide considered in this letter is presented in Fig. 1. The length,
width and thickness of the stripe are L = 2000 nm, w = 160 nm and h = 10 nm, respectively. The
40

width of the pinned layer is p = 30 nm. A thin nonmagnetic spacer is placed between the pinned
layer and the stripe. The damping constant is = 0.01. In order to suppress spin wave reflections,
the damping parameter is increased to 0.5 at the ends of the waveguide (x < 20 nm and x > 1980
nm). The spin-polarized current flows along the perpendicular direction to the center of the
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nanostripe waveguide. In order to excite spin wave within a wide frequency range, a sinc field
pulse, ranging from 0 to 60 GHz, was applied to the y-axis. A static bias magnetic field H0 = 300
Oe was applied along the x-axis to avoid forming domain wall [11]. Our micromagnetic simulation
is based on the Landau-Lifshitz-Gilbert equation with the Slonczewski-Berger spin torque term
[12]
.

Fig.1 Schematic view of the three-layer waveguide. The spin polarized current flows along z-direction, i.e.
perpendicular to the stripe. An alternating excitation field applied along the y-axis generates spin wave along the
x-axis and a static bias magnetic field H0 = 300 Oe is applied along the x-axis. The length, width and thickness of
stripe are L=1200 nm, w=160 nm and h=10 nm, respectively. The width of pinned layer is p = 30 nm. A thin
nonmagnetic spacer is placed between the pinned layer and stripe.
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Figure 2 shows the spatial distributions of magnetization of MW under different conditions.
In the absence of a spin-polarized current, the relaxed spatial distribution of magnetization is
uniform in the waveguide as shown in Fig. 2(a). However, when the spin-polarized current is
applied on the nanostripe waveguide, the spin transfer torque produced by the spin-polarized
current creates a magnetization structure in the center of the waveguide that is periodic in the
x-direction [see Fig. 2(b)]. This periodic structure consists of two chains of vortex-antivortex
configurations, and is similar to the quasicrystal state shown in Fig 2(f) in Ref. 9. We show the
z-component of the magnetization, Mz, in the system along a particular line scanned along the
x-axis and y-axis in Fig. 2 (c) and (d), respectively. While the magnetization is uniform along both
the long and short axis without the spin-polarized current (Fig 2(a)), the magnetization distribution
is non-uniform with the spin-polarized current applied (Fig 2(b-d)): the spin transfer torque creates
a periodic magnetization structure in the middle of the nanostripe waveguide. The magnetization
is almost parallel to the z-axis in the middle of nanostripe waveguide in a region centered around
the location where the spin-torque term is applied. The spin waves are not allowed to propagate in
this region, because the spin-polarized current contributes an effective damping, which is usually
greater than the natural one [7, 9]. Hence, we focus on the edge of the nanostripe waveguide where
spin waves are allowed to propagate. The effective width of this channel is about 60 nm, see Fig.
2(d). Nevertheless, the z component of magnetization along the length direction is oscillating in
this channel caused by exchange and dipolar interaction. These oscillations of the magnetization
component Mz as a function of length (x-axis) are plotted in Fig. 2(c). From the figure, one can
obtain the periodicity D= 60 nm when spin-polarized current was applied.

-2-

中国科技论文在线

80

85

90

95

100

105

http://www.paper.edu.cn

Fig.2 (a), (b) The remnant magnetization (Mz/Ms) of stripe for (a) J = 0 (b) J = 22×1012 A/m2, respectively. The z
component of magnetization Mz is extracted along (c) x-axis (red line in Fig2. (a), (b)) and (d) y-axis, respectively.

The spin wave spectra, characters of transmission and dispersion curves are shown in Fig. 3.
The spectra are obtained through the fast Fourier transform (FFT) of the temporal Mz/Ms along
the red line shown in Fig. 2(a). The frequency spectra clearly reveal allowed and forbidden bands:
low values represented by blue/green represent forbidden bands and high values associated with
red and orange are the allowed bands. Fig. 3(a-c) show that for zero spin-polarized current, spin
wave transmission is suppressed below 7.5 GHz [13], which originates from the nanostripe width
confinement [12,13]. There is no band gap above 7.5 GHz in the spectra. Fig. 3(d-f) show that the
spin-polarized current changes the spin-wave spectra drastically: A new gap emerges above 7.5
GHz as can be seen in Fig.3(d). The transmission characteristic obtained by integrating the
spin-wave intensity from 1400 nm to 1600 nm is displayed in Fig. 2(e), also showing the new
spin-wave band gap that appears in the presence of the spin-polarized current. By calculating the
dispersion curves numerically and analytically for spin-wave [analytical result shown as black line
in Fig.3(c), and (f)], we find that the center frequency of the band gap is closely correlated with
the first order Bragg reflection wavenumber: the center frequency of 13.2 GHz is identified to
belong to the first width mode and is formed at the Bragg wavenumber kD1 == 0.052 nm-1, where
D is the periodicity of magnetization. Other higher frequency band gaps are not found in the
spectrum, because the spin-polarized current induced magnonic crystal is designed in such a way
that variations of the magnetization along the length direction are practically sinusoidal as shown
in Fig.2(c). Therefore the spectrum of this MW contains only one band gap and this phenomenon
has been observed in experiment and theory [5].
Fig.3 demonstrates the key result of this letter: a spin-polarized current can induce band gaps
in a uniform nanostripe waveguide, opening the path to electrically switchable band gaps. Further
studies show that the center frequency and depth of the band gap is almost stable with increasing
the spin-polarized current density from 22×1012 to 24×1012 A/m2 (data not shown).
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Fig.3 Character of MW without spin-polarized current (top row, plots (a) to (c)) and with spin-polarized current
J=22×1012A/m2 (bottom row, plots (d) to (f)). Figures 2(a) and (d) show frequency spectra obtained from FFTs of
Mz/Ms along the red line shown in Fig.2(a). Figures 2 (b) and (e) show spin-wave transmission characteristics
obtained by integrating the spin-wave intensity of the MW (from 1400nm to 1600nm). The inset frequencies
marked the center frequency of the band gap. Figures 2 (c) and (f) show the dispersion relation of the first modes
obtained by micromagnetic simulation and analytical calculation (the black line). The black dotted lines denote the
positions of the switchable band gap and the corresponding wave vectors kx.

The results above show that it is possible to switch the periodic structure on and off and
realize dynamic control of spin wave spectra through spin-polarized currents. We now focus on
the switching time required for this process. A signal with a frequency f = fgap = 13.2 GHz was
applied. The continuous spin wave signal was picked up at P point as shown in Fig. 2(a), (b). A
spin-polarized current (22×1012 A/m2) was applied during the first 5 ns and then it was set to zero
for the next 10 ns as shown in the inset of the Fig. 4(a). The z-component of the magnetization at
point P of the transmitted spin wave signal is shown in Fig. 4(a) (black line). There is no spin
wave signal to be detected during the first 5 ns: the transmission of the spin wave is effectively
suppressed by the spin-polarized current. After about 8 ns, by contrast, we observe the periodic
spin wave signal. The Fourier spectrum, based on data from 8 to 15ns, shows that the main
frequency of the spin wave is equal to the frequency of the excitation signal. We also observe the
second and third harmonic, which is one of the most the universal phenomena appearing in
nonlinear systems [12]. The z-component of magnetization shows excitation and subsequent decay
between 5 ns and 8 ns. In order to elucidate the physical origin of this, we also measure the
magnetization component Mz at P point without the excitation signal as shown in Fig.4 (red line),
which reveals a similar patterned. Therefore, we conclude that the attenuation is due to
spin-polarized current switching and subsequent relaxation of the magnetization pattern rather
than due to spin wave. It takes about 4ns for the spin-wave propagation to be fully established
after the current is switched off. Fig. 4(b) shows results of the corresponding process of switching
the spin-polarized current on after 5ns: the transmission of the spin wave is effectively suppressed
by the spin-polarized current, and the transition of full transmission to full rejection of spin-waves
also takes approximately 3 ns.
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Fig.4 Time-dependent spin wave amplitude at P point with excitation signal (black line) and without excitation
signal (red line). The insets show the spin-polarized current as a function of time and the Fourier spectrum of
out-of-plane magnetization component Mz. Plot (a) shows the spin-polarized current being switched off after 5ns,
and (b) shows the opposite process of switching the current on after 5ns. The results demonstrate that the
switchable band gap can be activated and de-activated within 3ns.

In order to study the effect of the spin-polarized current on the spin waves with frequencies
far away from the center frequency of the band gap fgap = 13.2 GHz, we applied a signal
frequency f = 20GHz. As seen from Fig. 5, the spin wave is not suppressed by the spin-polarized
current and completely passes through the waveguide. The spin-polarized current can effectively
suppress the spin waves whose frequencies are nearby the center frequency of the band gap.
However, the spin-polarized current has little impact on the spin wave with other frequencies.

150
Fig.5 Time-dependent spin wave amplitude at P point with excitation signal (f = 20 GHz). The insets show the
spin-polarized current as a function of time and the Fourier spectrum of out-of-plane magnetization component Mz.
The data shows that spin-waves with frequencies away from the band-gap are not affected by the changes of the
magnetization texture originating from the spin-polarised current.
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In this letter, we have presented a dynamic magnonic crystal design in a uniform waveguide
that can be switched electrically using a spin-polarized current. The spin-polarized current induces
periodic magnetization structure in the uniform waveguide which leads to a pronounced spin wave
band gap. This periodic magnetizaton structure is dynamically controllable, i.e. it is possible to
switch the spin waves transmission at band gap frequencies on and off, using well established
technology of electric currents. This type of magnonic crystal can be used for low-power filters
and other magnonic devices.
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用自旋极化电流实现自旋波谱的动态
控制
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摘要：本文采用自旋极化电流动态调制纳米尺寸自旋波波导的自旋波频谱。垂直流过波导的
自旋极化电流将在电流的垂直方向出现稳定的周期性磁化结构，如果有自旋波激励，将会观
察到自旋波的传播现象。数值计算表明，自旋波的转播与色散特性曲线出现单一且明显的带
隙，而且可以通过自旋极化电流的快关来实现对自旋波带隙的调控(从关态到开态的时间少
于 3ns)。这种新型的自旋波波导有望应用于低损耗的自旋波滤波器中。
关键词：电子科学与技术；自旋波；自旋极化电流；磁振子学
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