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Investigation of the rise time and damping of spin excitations
in Nig;Fe g thin films

J. Wu, N. D. Hughes, J. R. Moore, and R. J. Hicken?®
School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom

The rise and damping of spin excitations in threg;Méo films of thickness 50, 500, and 5000 A

have been studied with an optical pump—probe technique in which the sample is pumped with an
optically triggered magnetic field pulse. The motion of the magnetization was described by the
uniform mode solution of the Landau—Lifshitz—Gilbert equation. The rise time of the pulsed field
within the film was smallest in the 50 A sample and was generally greater when the pulsed field was
perpendicular to the film plane. The damping constant was smallest in the 500 A sample. The
variations in the rise time and damping are attributed to the presence of eddy currents and structural
disorder in the films. Under certain excitation conditions a second mode was observed in the 5000
A sample which we believe to be a magnetostatic surface mode20@L American Institute of
Physics. [DOI: 10.1063/1.1357142

Picosecond magnetic switching is being intensively studan oscilloscope and found to have a decay time of
ied so that it may be employed in future high speed data=1.5ns. From the measured current the peak magnetic field
storage technology. The picosecond switching induced by strength was deduced to be approximately 3 Oe immediately
pulsed magnetic field has a precessional character that is sesibove the strips. The pumping field was modulated at about
sitive to both the rise time of the pulsed field within the 200 Hz, by chopping the pump beam, and the probe signal
sample and the magnetic damping present. Magneto-opticalas measured in a phase sensitive manner.
pump—probe spectroscopy has emerged as a powerful tool The measured Kerr rotation was compared with that pre-
with which to observe picosecond magnetization dynamicslicted by a simple model. We first calculated the uniform
in thin films? Using this technique we recently measuredmode solution of the Landau-Lifshitz—Gilbert equation for
the field rise time and the damping parameter in a 500 A F¢he thin film with in-plane uniaxial anisotropy and then cal-
film.® In this article we investigate the variation of these culated the instantaneous Kerr rotation by including contri-
guantities in polycrystalline NiFe;g films of thicknessd butions from both the longitudinal and polar Kerr effetts.
=50, 500, and 5000 A. the present study we assumed that the pulsed fi¢t)

Samples were prepared in a magnetron sputtering syavithin the sampléad the form given in E1). The constant
tem, with base pressure ob3L0 " Torr, at an Ar pressure Trse determines the rise time of the field pulse whitgy
of 3.5 mTorr. The Ni;Fe, was sputtered onto glass sub- determines the time of arrival of a negative pulse of relative
strates and covered wiia 6 nmlayer of ALO;. Longitudinal amplitudeR, which is due to a reflection of the current pulse
magneto-optical Kerr effectMOKE) hysteresis loops re- ©On the coplanar transmission line.
vealed that the 50 and 500 A films possessed a simple in- eh,
plane uniaxial anisotropy with hard axis saturation fields of (e—1)
10 and 11 Oe, respectively. The 5000 A film was isotropicy, —
within the film plane with a saturation field of 130 Oe. Al- hoe ™", Tise<t=Te
ternating gradient magnetometer measurements showed that | hje V"—Re (" 7ed/7],  t> 7,

the magnetization of the 500 and 5000 A films was close t
the bulk value of 861 emu/cinwhile the magnetization of Values of 2.35-4.24 and 0.0074-0.0046were assumed
for the values of the refractive ind®&and magneto-optic

h A | 2962 m. ) ;
the 50 A sample was 23626 emu/c constant respectively. These are the values for nickel at the

In our time-resolved MOKE experiment the sample .
magnetization is pumped by the magnetic field generated b robe wavelength of 730 nm. The values fog{Rie;, are not
ell known and so we do not attempt to reproduce the exact

an optically triggered current puléé. The samples are
placed face down on a coplanar transmission line, shown in

e 7'rise/T( 1- e’“ Trise) , Osts Trise

D

cross section in Fig. 1, and probed through the glass sub- <
strate with a 20um focused spot. The coplanar strips were probe beam o
perpendicular to the plane of incidence of the probe beam h
and a static field was applied eithé&) perpendicular to, or

(B) in the plane of incidence. In this study the coplanar strips

had a width and separation of 3@m and a resistance of H A@

about 30(mm. The current in the strips was monitored with Hp ey

FIG. 1. The orientation of the static field is shown for the measurement
dAuthor to whom correspondence should be addressed; electronic maijeometries A and B. The coplanar transmission line, shown in cross section,
r.j.hicken@exeter.ac.uk carries a current that generates the azimuthal pulsedHield
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FIG. 2. The measured and simulated Kerr rotation are shown fodthe 0 T '

=500 A sample, withH =210 Oe:(a) in geometry A andb) in geometry B. 2 3 4 5 6 7 8

In each case the middle trace corresponds to the probe spot position between

the coplanar strips while the top and bottom traces correspond to positions

above the two strips. The smooth simulated curves are discussed. FIG. 4. The normalized power spectra of the data shown in Fig. 3 are
plotted.

Frequency (GHz)

magnitude of the measured Kerr rotation. Instead we adjust

the values Ofrise, Tren, R and the damping constamt o the sample. The amplitude of the Kerr signal exhibits two
correctly reproduce the |n|t|al_r|se of _the_Kerr signal, and theq,axima which allow the positions of the coplanar strips to
phase and decay of successive oscillations. be identified. The signal from the 500 A sample is shown in
The rectangular shaped samples were mounted on theq ) at positions above and inbetween the coplanar
transmission line with one edge parallel to the plane of inCi-strips. Since the orientation of the pumping field varies con-
dence. The in-plane easy axis was oriented at 53° and 40° fghyously above the strips and the probe spot has a finite
the plane of incidence for the 50 and 500 A samples, respeggiameter, the simulations are an average of 3 points that are
tively. The probe spot was first scanned across the coplangi;cp 10um apart. The value of,, was found to be larger
strips in geometry A with a static field sufficient to saturate\yhen the probe spot was between rather than above the
strips. The 50 A sample showed a similar behavior although
the signal was more heavily damped. The data for the 5000

600 @) A sample are shown in Fig.(8 and suggest the beating of
5 500 /\ two modes of different frequency. Measurements were also
& 400 V VA e NG performed on the 500 and 5000 A samples in geometry B, as
= 300 shown in Fig. 2b) and 3b). A single value ofr was
g 200 FAVAE DN sufficient to simulate all the data in Fig(®. In Fig. 3b) the
g 100 A Kerr signal appears to contain only a single frequency com-
E o / \ ANV .\ ponent. Fourier transforms were taken of the data of Fig. 3.
x 100 \/ The power spectra shown in Fig. 4 confirm the presence of

S one and two modes in geometries B and A, respectively. The
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FIG. 3. The measured and simulated Kerr rotation are shown fodthe 0 200 400 600 800
=5000 A sample, withH =216 Oe:(a) in geometry A andb) in geometry H (Oe)

B. In each case the middle trace corresponds to the probe spot position

between the coplanar strips while the top and bottom traces correspond f6lG. 5. FMR frequency is plotted as a function of static fiéldfor d
positions above the two strips. The smooth simulated curvébjnis =:50 A; (+) continuous curve; 500 AA) short dashed curve; 5000 (@)
discussed. long dashed curve. The curves assume the parameter values in Table I.
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TABLE I. Parameter values used in modeling the time resolved MOKE data In Fig. 4 the lower frequency mode i@ has similar

are shown. The letters A and B refer to the two measurement geometriesfrequency to that in(b) and is identified as the uniform
dA) 50 500 5000 mode. The higher frequency mode @ is unlikely to be a

standing spin wave mode with wave vector perpendicular to

M (emu/cr) 22912 g%% giol the sample plane. The excitation of such modes requires pin-
HS;’(Oe) 10 11 130 ning of interfacial spins, for which we have no evidence, and
Tuce (P9 10—40(A) 20-70(A) 90 (B) a simple model of spin wave resonafigeedicts a series of
70 (B) modes with spacings smaller than that observed. Instead we
Tren (PS) 205 95 165 suggest that the higher frequency mode is a magnetostatic
S 0 12'12(A) OOO%S(A) 0012‘92(8) surface mode. Since the in-plane component of the pulsed

' 020076(8) ' field changes sign over a distance of gfh, let us assume

that the mode has a wavelength of 12, in which case
kd=0.026, wherek is the magnitude of the in-plane wave
vector. According to the Damon—Eshbach thebiiere is

no surface mode when the wave vector is parallel to the
static magnetization, and in the limkd<1 the volume
jpodes have the uniform mode frequenay given by

central trace in Fig. &) was simulated to obtain values for
Trise @Nd .

Measurements were made as a function of the static fiel
valueH in geometry A with the probe spot above one of the wo)?
coplanar strips. The power spectra of the 50 and 500 A (—> =H(H+47M), 2
samples showed single peaks which we identify as the uni-
form ferromagnetic resonand&MR) mode. The 5000 A Wwhere y=gx 7Xx2.80 MHz/Oe. When the wave vector is
sample yielded two major peaks and, as we will later justify,Perpendicular to the static magnetization, the volume mode
we identify the lower frequency peak as the uniform modefrequency is given by Eq(2) and the surface mode fre-
The uniform mode frequencies have been plotted in Fig. 59uencyw is given by
The curves were calculate.d from equations for the FMR frg— 0\? [we|2 kd(4mM)2
guency given in Ref. 4, using the parameter values shown in ( ) = (— + m
Table I. For the 50 A sample thgfactor was set to 2.15 and Y
a perpendicular anisotropy fielth, =2.12 kOe, was intro- From Egs.(2) and(3) we calculate values of 4.56 and 5.80
duced in order to reduce the effective demagnetizing fieldsHz for the uniform and surface mode frequencies, respec-
47Mz=47M—H, . Without this field an unphysically tively, in rough agreement with the peak positions shown in
smallg factor of about 1.5 was required to fit the curve to theFig. 4.
data. In summary, we have investigated the rise and damping

Figures 2 and 3 show that qualitatively different behav-of spin excitations in NjFeyg films of variable thickness.
ior occurs in the two measurement geometries. In geometryhe rise time of the pulsed field within the film was found to
B the in-plane component of the pulsed field is parallel to thebe smallest in the 50 A sample, while the damping constant
static field and so exerts no torque on the magnetization. Awas smallest in the 500 A sample. The rise time is generally
the probe spot is scanned, the shape of the curves and theeater when the pulsed field is perpendicular to the film
values ofr,i;c and a are unchanged. The amplitude of the plane. The variations in the rise time and damping are attrib-
response is proportional to the out of plane component of theted to the presence of eddy currents and to the presence of
pulsed field. In geometry A the shape of the curves changestructural disorder in the thinnest sample. Finally we have
as the probe spot is scanned. We attribute the variation aflso shown that the additional mode observed in the thickest
Tiise t0 €ddy currents that delay the rise of the out of planesample is likely to be a magnetostatic surface mode.
component of the pulsed field within the sample. The largest i i
values of 7., were obtained between the coplanar strips The authors gratefully acknowledge the financial support

where the pulsed field lies perpendicular to the sample pIané).f the UK Engineering and Physical Sciences Research

Since the spatial distribution of the dynamical magnetization~!U"Cil

is very different in geometries A and B, the eddy current
distributions are different and two somewhat different values*W. K. Hiebert, A. Stankiewicz, and M. R. Freeman, Phys. Rev. [#t.

of a are observed for the 500 A sample. Similar variations of 1134(1997; T. M. Crawford, T. J. Silva, C. W. Teplin, and C. T. Rogers,
. . Appl. Phys. Lett.74, 3386(1999; G. Ju, L. Chen, A. V. Nurmikko, R. F.
Tise @aNd a were found in Ref. 3. The values ef. increase C. Farrow, R. F. Marks, M. J. Carey, and B. A. Gumey, Phys. Re62B

with film thickness, suggesting the presence of eddy cur- 1171(2000; B. Koopmans, M. van Kampen, J. T. Kohlhepp, and W. J.
rents. The largest value af was obtained for the thinnest 2M. de Jonge, Phys. Rev. Le85, 844(2000.
; . J. Hicken and J. Wu, J. Appl. Phy&5, 4580(1999.

sample, perhaps because of structur.al @sorder that alsgi W, J. R. Moore, and R. 3. Hicken. J. Magn. Magn. Ma2e2, 189
causes the room temperature magnetization to be reducedgyg’
Eddy current damping may again explain why the valuerof “Handbook of Chemistry and Physicg5sth ed., edited by D. R. Lide
is larger ford=5000 A than ford=500A. Since the three 5(Chemical Eukbbeé Corp., Boca Raton, FL,h1994 (1968

; i G. S. Krinchik and V. A. Artem’ev, Sov. Phys. JET#®, 1080(1968.
sgmples 'Were plaCEd.at. dlf.ferent positions above,the trans‘EA. H. Morrish, The Physical Principles of MagnetistKrieger, Malabar,
mission line some variation in the valuesgf; andR is not FL, 1983, Sec. 10.10.

surprising. "R. W. Damon and J. R. Eshbach, J. Phys. Chem. SaBJ808 (1961).
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