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Determination of the magnetic damping constant in NiFe films

G. M. Sandler® and H. N. Bertram
Center for Magnetic Recording Research, University of California-San Diego, 9500 Gilman Drive,
La Jolla, California 92093-0401

T. J. Silva and T. M. Crawford
National Institute of Standards and Technology, 325 Broadway, Boulder, Colorado 80303

A two-dimensional, dynamic, micromagnetic model of a thin strip of permalloy is described and
used to model the magnetization dynamics of the strip as it is subjected to a transverse step field.
The numerical results are compared to experimental data. The experimental precession frequency is
matched by varyingH,, the longitudinal, uniaxial, magnetocrystalline anisotropy field. The
damping is matched by varying, the phenomenological damping parameter in the LLG equation.

A good fit to the data was obtained with a single damping constamtd.013. © 1999 American
Institute of Physicg.S0021-8979)65008-3

I. INTRODUCTION domains. The step field rotates the magnetization in the

As data rates in magnetic recording increase past 1OHansverse direction by some angfethis angle need not be

..~ “uniform throughout the strip. A transverse magnetization
MHz and toward 1 GHz, the need to understand the intrinsic . : 9 . P . ar
. o : . . gives rise to a flux which encircles the middle strip of the
dynamics of the magnetization becomes increasingly impor: S ; L
. . : . . transmission line. A dynamic magnetization causes a chang-
tant. In this paper, numerical simulations are utilized to ana: . 2 .
. A . . "ing flux, which creates an electric field according to Fara-
lyze high speed measurements of magnetization rotation in , o : o
) A , ' . . day’s law. This induced field leads to a voltage which is
NiFe thin film subjected to a transverse step field with a rise
) . .~ detected.
time of 50 ps. The numerical model allows for magnetization
dynamical processes that, similar to magneto-resigii)

heads, are nonuniform over the sample width. Ill. MICROMAGNETIC MODEL

First, the experimental procedure employed at the Na- | the numerical model the strip is assumed to be infi-
tional Institute of Standards and Technolo@yiST) is ex-  pjtely long and so thin that it is sufficient to discretize only
plained. Then, the micromagnetic model used to simulate thgcross the width(transverse directioninto 500 identical
experiment is introduced. Results from the model are COMgells, each an infinitely long rectangular prism with a cross
pared_ to experiment_, and a value for the phenomenolog_ic@ectiOn of 0.3umx0.05xm. While still much larger than
damping parameter is deduced. The paper concludes withige exchange length of 12.5 nm, finer discretizations did not
discussion of the nonuniformities which form in the trans-5iter the results, since these micromagnetic simulations
verse direction. Sl units and formulas are used throughoWie|ged magnetization patterns which were dominated by the
this paper. magnetostatic field, not exchange. Within each cell the mag-

netization is uniform, with a constant magnitudeMf, the

Il. EXPERIMENT

A schematic of the experimental apparatus used at
NIST? is shown in Fig. 1. The transmission line consists of
three gold strips, 5@&m wide, deposited side by side, fn
apart. A nonmagnetic layer, Am thick, is deposited on top
of the middle strip, and on top of that is deposited a 50 nm
thick, 1 mm long layer of permalloy (MiFe). A constant,
uniform longitudinal bias field is appliedH(,,sin Fig. 1). A
step voltage is applied to the middle strip; a current flows
through this strip and returns through the two grounded side 2

L

Au Au Au

strips. The current rises almost linearly from 0 to its maxi-
mum value in 50 ps. This current creates a transverse mag-
netic field of 1.6 kA/m(20.4 Og (Hpin Fig. 1). Before the
step field is applied, the bias field, as well as shape and
uniaxial magnetocrystalline anisotropy, causes the magneti-
zation in the permalloy strip to lie longitudinally with no

jIIZ
—

FIG. 1. Top view schematic of the transmission line used in experiments.
dcurrently at: Headway Technologies, Inc., 678 S. Hillview Dr., Milpitas, The longitudinal direction is, the transverse ig The NiFe is 50 nm thick,
CA 95035. and is separated from the Au byum of nonmagnetic material.
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FIG. 2. Absolute value of voltag@n a logarithmic scajevs time for both

experimenysolid line) and micromagnetic simulation. The longitudinal bias FiG. 3. Same as Fig. 2, excel;,= 480 A/m (6 08 andH,=1120 A/m
field Hyasis 800 kKA/m (10 Og, the uniaxial magnetocrystalline anisotropy (14 Oe; « is still 0.013.

H, is 960 kA/m(12 Oe, and the magnetic damping parameieis 0.013.

In Fig. 2, after about eight peaks, the simulation damps
saturation magnetization. The direction of the magnetizatioslightly faster than the experiment; we suspect that a simu-
is assumed to evolve in time according to the Landauy-lation which is longitudinally discretized and takes into ac-
Lifshitz equation: count the polycrystalline nature of permalloy, including ran-

M dom cubic anisotropy, would better fit the data.
M = = 7120M X Hefi— arypaop s~ XM X e, (1)
_ e . _ IV. DISCUSSION
whereM is the magnetizationH o= — g "9E/M s the ef- _ . o o
fective magnetic fieldE is the energy densityy is the gy- The necessity of discretizing the transverse direction can
romagnetic ratioy is the permeability of free space, and D€ seen in Fig. 4. The demagnetizing field forces the magne-
is the phenomenological damping parameter. The effectivéization to lie longitudinally at the edges similar to the equi-
magnetic field includes the applied field, the demagnetizindiPrium state of a magnetoresistive héa?jélso, higher or-
field, and effective fields arising from the exchange and magder transverse magnetostatic modes#0)™" can be seen in
netocrystalline anisotropy energies. The first term in @y.  Fig. 4. These modes contain energy, but do not produce any
represents precession BF aboutH, which conserves en- obvious time-domain signature in the experimental data or

ergy. The second term describes the alignmenMofvith ~ numerical results. _
He, which dissipates energy at the rate Figure 5 shows the results of modeling the total moment

of the strip using Eq(1), but treating the entire strip as a
E: f ﬁ: — unHoe M= — '“_07|M XHerl2. (2) single domain with uniform magnetization. éf is adjusted
gt M ot Hroeft M, effl - so the second peaks mat¢h=0.02 in Fig. 5, then the
numerical results are overdamped at large times. Under these

The effective anisotropy field is: ’ o - -
assumptions it is necessary to invoke two damping param-

Han=XH My /Mg, (3)  eters, one for short and one for longer tiiddowever, the
where H, is the longitudinal, uniaxial, magnetocrystalline results shown above indicate that using Eig.and allowing
anisotropy field. for nonuniform magnetization yield an excellent fit to the

The transverse component of, averaged across the data with a single infrinsic damping parameter.

width of the sample, is proportional to the measured voltage.
The constant of proportionality is determined by matching
the height of the first peak of the simulation output with that
of the experimental datad, is adjusted so the frequencies
match, anda is adjusted so the second peaks match. Mea-
surements indicate that ;=840 kA/m(840 emu/cr) and y
=1.94x10"s 1 T% H, for a codeposited sample was mea-
sured with aB—H looper to be 340 A/n{4.3 Oe.

Figure 2 is a comparison of experiment and simulation
for a longitudinal bias field of 800 A/n10 Og; H, is set to
960 A/m (12 Oe¢, and« is set to 0.013. Figure 3 is a com-
parison of experiment and simulation for a longitudinal bias
field of 480 A/m(6 O8; H, is set to 1120 A/n{14 Oe while
a is still 0.013. In both these figures, the voltage scale iFIG. 4. Transverse magnetization normalizedMy across the sample at

. : . various times before the magnetization has settled to a minimum energy
Iogarlthmlc. The data are fitted very well to about SeVenstate. The dashed line is 1.1 ns, the dotted/dashed line is 1.4 ns, the solid line

peak; in Fig. 2 a_nd ten peak§ in Fig. 3, corresponding 0 AR 1.7 ns, the dotted line is 2 ns. Higher order transvekge: 0) spatial
amplitude reduction of approximately an order of magnitude modes are excited.
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g 0l cromagnetic simulation described above. Prior analysis of

% Experiment measurements utilizing ferromagnetic resonance in NiFe

g 1. U Simulation yielded a damping constant @f=0.005’ This result is in

S 001 reasonable agreement with our result and is expected to be
E smaller, since, in that case, only small, linear excitations of

EO.OOI i the magnetization occurred.

4 We do not fully understand the discrepancy between the

< fitted and measured magnetocrystalline anisoti@®0 A/m

0.0001 vs 340 A/m). It is possible that longitudinal discretization

would result in a better fit since longitudinal magnetostatic
Time (ns) modes k,# 0) can result in higher shape anisotrépgquir-

FIG. 5. Absolute value of voltage on a logarithmic scale vs time for bothing @ smaller value of the magnetocrystalline anisotropy. In

experiment(solid ling) and a simulation in which the magnetization is con- addition, the polycrystalline nature of NiFe films produces a

strained to be unifor_n(ld‘otted ling. The Iongitudingl bias figl(ﬂ-lbiaS is 800 ripple structure in the magnetizatiBrRippIe dynamics are

'(L\i gh 8; gr?é tt';]z %‘;Zﬁgigﬁg;ﬁ?}ggfmgﬁjg'(S)Oérzofx IS —400 A/m expected to be slow10-20 MH2 similar to domain wall
motion. Thus, it is likely that théd, resulting from analysis
of the high speed nanosecond measurements could be sig-
nificantly larger that that measured at slow speeds Br-H

Other measurements are on relatively wide fil(@0  looper.
um).® so that approximately uniform magnetization pro-
cesses can be expected. These experimental results decay

with a characteristic time constant ef 1 ns, where *N. Smith, IEEE Trans. Magr3, 259 (1987).
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electron spii and M =800 kA/m (a typical value for per-  7c g paton, z. Frait, and C. H. Wilts, J. Appl. Phy§, 5002(1975.
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