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We present the experimental and micromagnetic simulation studies of coherent suppression of
picosecond magnetization precession in Ni81Fe19

I. INTRODUCTION

Magnetization dynamics is a topic of intense interest due
to their multifaceted output to the scientific and technologi-
cal communities. Magnetic data storage,1 nonvolatile
memories,2 logic devices,3,4 spin transistors, and field effect
transistors5 are directly linked with the magnetization pro-
cesses that occur at various time scales. One of the principal
interests in this area is the precessional switching which has
the potential to change the switching time drastically. Several
reports have appeared on the coherent precessional
switching6,7 and coherent suppression of precession8–11 in
magnetic structures of micron and submicron length scales,
but the contradictory results suggested that the physical
shape and size of the samples have a major role in this area
and the question arises whether it is possible to suppress the
precessional dynamics in the presence of multiple spin wave
modes by a simple pulse shaping scheme.10

Magnetization dynamics of rectangular shaped samples
of various width over length ratios have been studied exten-
sively and the lateral confinement along the width and length
of the samples have resulted in a number of standing and
propagating spin waves.12–16 The dispersion of those spin
waves has been studied in detail and effects such as size and

shape dependence of precession frequency, anisotropic
damping, and dynamic configurational anisotropy have been
observed.14 Here we present an effort to understand the co-
herent suppression of precessional dynamics in rectangular
microscale magnetic stripes in the presence of multiple spin
wave modes, which has not been explored in detail. We have
investigated coherent suppression in Permalloy microstripes
with widths of 5, 10, and 12 �m, length of 100 �m, and
thickness of 50 nm and demonstrated that coherent suppres-
sion may be achieved by slightly varying the pulse width
along the width of the microstripe.

II. EXPERIMENTAL

The time-resolved dynamics and the coherent suppres-
sion experiments have been performed by a home-built
benchtop time-resolved magneto-optical Kerr magnetometer,
which is described in detail elsewhere.17 An electronic pulse
generator launches an ultrafast magnetic field pulse to the
sample deposited on a microstrip line structure �Au on
GaAs� by producing a voltage pulse with nominal rise time
of 55 ps, fall time of 115 ps, variable duration from 100 ps to
10 ns, and maximum magnitude of +10 V. The Permalloy
microstripe samples are fabricated on the Au microstrip line
by sputtering and e-beam lithography. The measured rise
time, fall time, and amplitude of the transmitted pulsea�Electronic mail: abarman@bose.res.in.
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�Permalloy� microstripes with widths of 5, 10, and
12 �m and length of 100 �m in the presence of multiple spin wave modes. The lateral confinement
of the microstripes causes spin wave modes of frequencies adjacent to each other, and the local
suppression of the modes was experimentally achieved with field pulses of slightly different
durations but with same rise time and fall time. Micromagnetic simulations show that application of
the pulse field causes a large angle ��135°� reorientation of the magnetization, followed by a
precession. At a particular value of pulse duration �suppression time�, the magnetization returns
back to the equilibrium position and suddenly becomes parallel to the effective field so that the
torque on the magnetization vanishes. However, this applies to localized regions due to the presence
of spin wave modes of slightly different frequencies along the short axis of the microstripe. Pulses
of little under- or overwidth cause the precession to continue at a slightly different frequency,
suggesting that the spin wave modes are not truly localized but there are overlapping regions where
one mode dominates but the other modes appear more prominently when the dominating mode is
suppressed. For stripes of different widths, similar spatial dependence of suppression time was
observed. However, the average value of the suppression time decreases with reduced width of the
stripe as a result of the increase in precession frequency.
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through the microstrip line by a 20 GHz sampling oscillo-
scope are 60 ps, 120 ps, and 95%, respectively, without any
significant ringing or reflection. The resulting magnetization
dynamics is probed by measuring the magneto-optical Kerr
rotation of a linearly polarized laser as a function of the time
delay between the optical and the electronic pulses. A pulsed
injection diode laser with central wavelength of 408 nm,
pulse width of �42 ps, spectral width of �7 nm, and aver-
age power of �5 �W is focused down to a submicron spot
to probe the dynamics. The sample is scanned under the
focused laser spot by a piezoelectric scanning stage to mea-
sure the position dependent time-resolved magnetization
traces.

III. RESULTS AND DISCUSSIONS

The time-resolved Kerr rotation is measured with the
bias magnetic field applied along the long axis and the pulse
field applied along the short axis of the microstripe, as shown
in Fig. 1�a�. The bias field dependence of the precession
frequency was measured with the probe spot placed at the
center of the sample and was fitted with the Kittel formula
for the ferromagnetic resonance frequency to obtain the mag-
netic parameters for the sample.17 Figure 1�b� shows the
time-resolved magnetization and the corresponding fast Fou-
rier transform �FFT� spectra from the 12 �m wide micros-
tripe when the probe spot is placed at the center and two
other positions on the short axis of the microstripe. Pulse
field with duration of �Tp=1 ns, peak amplitude of 80 Oe,
and bias field of 20 Oe are applied in the geometry, as shown
in Fig. 1�a�. The large amplitude of the pulse field compared
to the bias field and the anisotropy field of Permalloy causes
a large angle reorientation of the in-plane magnetization
from the long axis, which appears as a large initial step,
followed by a ringing corresponding to the precession of
magnetization. When the probe spot is placed at 2 and 4 �m

away from the center on the short axis of the microstripe, the
precession frequency becomes slightly different, which is
clear from the partial suppression of a small precession pe-
riod at the falling edge of the pulse of identical duration.
However, the difference between frequencies measured at
three different positions is not very clear from the corre-
sponding FFT spectra due to the broadening of the peaks. A
lower frequency peak is observed close to the precession
frequency in the FFT spectra, which stems from the time
variation in the pulse field itself, as shown by the dotted
curve in Fig. 1�b�. The position of this peak is shown by a
dotted vertical line, which matches with the lower frequency
peaks measured at various positions of the stripe and con-
firms its origin from the pulse field.

Figure 2 shows the time-resolved magnetization from
the 12 �m wide stripe for a series of �Tp values when the
probe laser is located at the center and at 2 and 4 �m away
from the center on the short axis of the microstripe �Fig.
2�a��. The rms jitter of the signal from the picosecond pulse
generator is just below 4 ps; however, the peak to peak jitter
is just above 10 ps. Hence the minimum separation between
the �Tp values used in this experiment is 10 ps in order to
detect any discernible changes in the signal. When �Tp is
greater or less than 535 ps, the ringing corresponding to pre-
cession appears to a varying extent in the time-resolved sig-
nal �Fig. 2�a��. However, for �Tp=535 ps the precession is
completely stopped at the falling edge of the pulse field and

(b)
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FIG. 1. �Color online� �a� Experimental geometry for the time-resolved
magneto-optical Kerr effect measurements. �b� Time-resolved Kerr rotation
and the corresponding pulse fields at different positions on the short axis of
the microstripe �left panels� and the corresponding FFT spectra �right pan-
els� are shown. The dotted curves in the time and frequency domains rep-
resent the pulse field profile and its corresponding FFT spectrum. The ver-
tical dotted line represents the position of the FFT peak corresponding to the
pulse field.

FIG. 2. �Color online� Time-resolved Kerr rotations are plotted for a series
of pulse field duration ��Tp� at �a� the center, �b� 2 �m away from the
center, and �c� 4 �m away from the center on the short axis of the 12 �m
wide microstripe. The corresponding FFT spectra are shown at the bottom
panels.



only a fast rise and a fall of the magnetization are observed
without any trace of ringing. The FFT spectra give additional
evidence for the suppression of ringing as shown at the bot-
tom panels of Fig. 2. The frequency axis of the FFT spectra
is cut below 1 GHz, where no peak of magnetic origin is
observed but a large peak is often observed due to a slowly
varying background resulting from a slow drift in the detec-
tor signal. The mode at 2.3 GHz, observed clearly for �Tp

=4 ns, remains as the dominant mode down to �Tp

=550 ps, but as �Tp decreases, the peak power decreases
and the peak width increases, indicating partial suppression
of the precession. At �Tp=535 ps, the peak at 2.3 GHz com-
pletely disappears in the FFT spectra, confirming the full
suppression of that mode. When �Tp is varied below 535 ps,
a broad peak at around 2.1 GHz appears with a shoulder at
2.3 GHz, which becomes increasingly prominent as �Tp be-
comes smaller. When the probe spot is placed 2 �m away
from the center �Fig. 2�b��, the precession is suppressed for
�Tp=485 ps, although traces with �Tp=500 ps and 475 ps
are quite similar to that for �Tp=485 ps. The FFT spectra
also confirm this behavior. For all other pulse durations, the
precession is observed both in the time-resolved traces and in
the FFT spectra. However, the peak at 2.3 GHz for �Tp

=4 ns increases monotonically to 2.5 GHz as �Tp gradually
reduces to 510 ps and the peak power gradually reduces. As
�Tp is reduced further below 485 ps, the precession appears
again in the time-resolved traces and also the peak at 2.3
GHz in the FFT spectra whose power gradually increases as
�Tp decreases. When the probe spot is placed 4 �m away
from the center, complete suppression of precession occurs
for �Tp=512 ps. When �Tp decreases from 4 ns to 525 ps,
the peak in the FFT spectra shifts gradually from 2.3 to 2.5
GHz. This observation is similar to that when the probe spot
was placed 2 �m away from the center. However, as �Tp

decreases from 500 to 475 ps, the peak reduces further to 2.1
GHz and remains at 2.1 GHz for �Tp=450 ps.

The overall observations indicate that there must at least
be three modes with frequencies centered at around 2.1, 2.3,
and 2.5 GHz, and the peaks in the FFT spectra observed at
different positions of the microstripe for various pulse dura-
tions are a superposition of these modes. While detailed in-
vestigation of the spatial character of the modes is beyond
the scope of this article, it appears that there are considerable
regions of spatial overlap of these modes. Since the mode
frequencies are close to each other, a range of pulse field
duration is able to either completely or partially suppress
these modes. Consequently, the peak of the FFT spectra
shifts toward the frequency that is less suppressed compared
to the others. For a particular position on the sample when
the most dominant mode is fully suppressed, the other modes
may continue to precess to a varying extent. However, within
the experimental signal to noise ratio, the precession appears
to be completely suppressed.

Localized spin wave modes have been extensively stud-
ied in confined magnetic microwires and microstripes and
the dependence of mode frequencies on width and length of
such structures may be found in literatures.16,18–21 The fre-
quency of the spin wave modes along the short axis of the
microstripe depends on the wave vector and hence on the

width of the stripe and, consequently, different suppression
times as compared to the 12 �m wide stripe may be ob-
served for those structures. For structures with smaller width
to length ratio, the length of the microstripe does not affect
the modes along the short axis of the microstripe and hence
no change in the coherent suppression phenomena should be
observed by varying the length of the microstripe. For a fur-
ther confirmation, we have performed the coherent suppres-
sion experiments on two more Permalloy microstripes with
widths of 5 and 10 �m, length of 100 �m, and thickness of
50 nm with the same experimental geometry as that used for
the 12 �m wide stripe. The results are shown in Figs. 3 and
4. For the 10 �m wide stripe, when the probe spot is placed
at the center of the stripe, coherent suppression occurs for
�Tp=455 ps. As the probe spot is moved 2.5 and 4 �m
away from the center on the short axis of the microstripe,
coherent suppression occurs for �Tp=490 and 480 ps, re-
spectively. For the 5 �m wide stripe the coherent suppres-
sion occurs for �Tp=365 and 390 ps, respectively, when the
probe spot is placed at the center and 1 �m away from the
center on the short axis of the microstripe. The average val-
ues of the precession frequency increases with the reduction
in the width of the microstripe ��2.5 GHz for 10 �m and
�3.2 GHz for the 5 �m wide stripe� and the systematic
reduction in the suppression time with reduced width of the
microstripe is consistent with that observation.

FIG. 3. �Color online� Time-resolved Kerr rotations are plotted for a series
of pulse field duration ��Tp� at �a� the center, �b� 2.5 �m away from the
center, and �c� 4 �m away from the center on the short axis of the 10 �m
wide microstripe. The corresponding FFT spectra are shown at the bottom
panels.



IV. MICROMAGNETIC SIMULATIONS

To understand the dynamics and the mechanism of co-
herent suppression, we have performed time dependent mi-
cromagnetic simulations of the microstripe using object ori-
ented micromagnetic framework �OOMMF�.22 The
observations from microstripes with widths of 5, 10, and
12 �m are essentially the same, and to understand the un-
derlying physics, we focused only on the 12 �m wide
sample here. The sample was divided into a two-dimensional
array of cuboidal cells with dimension of 25�25�50 nm3.
For the samples studied here, the magnetization dynamics is
dominated by the demagnetizing effect, which is of dipolar
origin. Hence the choice of cell size, much greater than the
exchange length of Permalloy ��5 nm�, does not affect the
agreement between the experimental and the simulation re-
sults. The applied bias field and the pulse field are exactly the
same as used in the experiment. The magnetic parameters
used in the simulation are typical values for Permalloy. Fig-
ure 5 shows the time dependent in-plane magnetization com-
ponents �Mx and My� averaged over the sample volume for
various �Tp values. The simulations clearly show that when
�Tp is between 470 and 530 ps, the precession is fully or
nearly suppressed over the whole sample volume with the
optimum result at �Tp=500 ps. This is consistent with the

experimental observation, where the local suppression of
precession at various positions occurred for similar values of
�Tp.

The simulated time-resolved images at selected time de-
lays �t� for �Tp=400, 500, and 600 ps are shown in Fig. 6.
The simulations were performed on the entire microstripe,
but due to the space constraint, here we have presented only
a section with length of 10 �m at the center of the
microstripe.23 Indeed, there are modes due to confinement
along the length of the microstripe but the corresponding
wavelengths are about ten times longer than those along the
width. The supplementary information23 also shows that for
�Tp=400 ps and 600 ps some short wavelength modes ap-
pear at longer time ��1 ns� with their wave vectors parallel
to the long axis of the microstripe. However, this time scale
is beyond when the coherent suppression is established for
�Tp=500 ps. Hence, they do not affect the results discussed
here.

Until t=500 ps the dynamics for all pulse durations are
essentially the same. At t=0 a uniform magnetization is ob-
served along the long axis of the microstripe except for the
small nonuniform edge regions. Application of pulse field
causes the effective magnetic field to shift heavily from the

FIG. 4. �Color online� Time-resolved Kerr rotations are plotted for a series
of pulse field duration ��Tp� at �a� the center, and �b� 1 �m away from the
center on the short axis of the 5 �m wide microstripe. The corresponding
FFT spectra are shown at the bottom panels.

FIG. 5. �Color online� Simulated time-resolved in-plane magnetization
�black—Mx; red �grey in printed version�—My� of a 12 �m wide stripe for
a series of pulse field duration ��Tp� is shown.

FIG. 6. �Color online� Simulated time-resolved in-plane magnetization �Mx�
images of a 12 �m wide stripe are shown for a series of time delays �from
t=0 to 2500 ps� for three different pulse durations �a� �Tp=400 ps, �b�
�Tp=500 ps and �c� �Tp=600 ps. The arrows and the pixels represent Mx,
and the arrows are subsampled over 15 cells.



long axis to the vicinity of the short axis of the microstripe.
Consequently, a large deflection of the magnetization occurs
from the long axis, and a large amplitude precession about
the effective field takes the magnetization further away to-
ward the direction opposite to the bias field. A maximum
deflection of about 135° from the initial state is observed at
t=300 ps. Until t=400 ps the dynamics is coherent over the
major part of the microstripe except for narrow edge regions.
At t=500 ps the majority of the magnetization except for the
edge regions points toward the initial state during precession.
During the falling edge of the pulse field, the effective mag-
netic field rotates from the vicinity of the short axis to the
original direction of the long axis, while the precession con-
tinues about the effective field unless at any instant of time
the magnetization suddenly becomes parallel to the effective
field and the torque vanishes. For �Tp=400 ps the falling
edge of the pulse is too early �between 460 and 580 ps�, and
hence the magnetization continues to precess even after the
effective field returns back to its original direction. When
�Tp=600 ps, the falling edge is too late �between 660 and
780 ps�, which allows enough time for the magnetization to
precess back toward the short axis �hard axis� when the ef-
fective field shifts toward the original direction of the long
axis �easy axis�. At this point the magnetization becomes
unstable and a very nonuniform dynamical state is estab-
lished, as shown by the images obtained for time delays be-
tween 900 and 2500 ps. When �Tp=500 ps, the falling edge
lies between 560 and 680 ps, i.e., when the magnetization is
nearly coherently pointed toward the initial direction. As the
effective field rotates toward the initial direction the preces-
sion is stopped in-phase with the pulse field and also remains
most spatially uniform over the whole sample volume. There
is a slight overshoot of precession over the whole sample
volume and some out-of-phase precession in a small region
close to the edges parallel to the short axis but those die
down quickly and we observe a coherent suppression of pre-
cession. For pulse fields with �Tp falling between 470 and
530 ps, nearly the same behavior is observed, although the
optimum result is obtained for �Tp=500 ps.

V. CONCLUSIONS

In summary, we have observed a coherent suppression of
precession in the presence of nonuniform dynamics in Per-
malloy microstripes of varying widths between 5 and
12 �m. Experiments show a position dependence of the sup-
pression time, which is consistent with the slight variation in
the precession frequency with position along the short axis of
the microstripe. For �Tp values lying above and below the
suppression time, ringing occurs with varying amplitude,
which is also clear from the FFT spectra. We have repro-
duced this behavior by time dependent micromagnetic simu-
lations, which provided additional insight into the coherent
suppression mechanism. Simulated time-resolved images
show that for an undershoot or overshoot of �Tp the magne-
tization does not become parallel to the effective field during
the falling edge of the pulse and attains a new and an un-

stable precessional state. However, for a specific range of
�Tp centered at around 500 ps, the above condition is estab-
lished and the precession stops coherently. Finally, we have
demonstrated the generality of the observation by experi-
mental results of coherent suppression in Permalloy micros-
tripes of varying width. The general nature of the coherent
suppression is reproducible in all microstripes. However, due
to an increase in the precession frequency, the suppression
time reduces with reduced width of the microstripe.
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