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Extrinsic contributions to spin-wave damping and renormalization in thin NiggFes, films
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Ferromagnetic resonance has been used to study the room-temperature linewidth and frequency shift of the
g=0 spin-wave mode in thin films of NiFe sputtered 0ri180) substrates. The data on the variation of the
linewidth and resonance field with film thickness are completely consistent with the extrinsic mechanism
recently proposed by Arias and Mills based on momentum nonconserving two-magnon scattering off defects
on the film surfaces.

[. INTRODUCTION quency renormalization arising from surface roughness in-
duced two-magnon scattering.
The manner in which the magnetization relaxes towards
equilibrium is governed by the spin interactions and the de- Il. EXPERIMENTS
tailed microscopic structure of a magnetic system. With de-

. D : . All m rements repor here wer in room
vice applications reaching the microwave frequency range easurements repo ted here were obta . ed at roo
- temperature, using the standard ferromagnetic resonance

understa_nding_thg mechanisms_ respon_sible_for the dampmt%chnique, with fixed microwave frequeneyand swept ex-
of the spin excitations becomes increasingly important. Thus.[,ernal dc fieldH. With the field applied in the film plane, in

it is rather surprising that relatively little activity has been isotropic films the resonance occurs at the frequency of the
reported on the investigation of the ferromagnetic resonancgpin_v\kwe mode with wave numbge0 propagating along
(FMR) linewidth in magnetic thin films. One of the recent (¢ 8

interesting advances in this area is the realization that the

sample quality and interface roughness play an important wo=Y[HH+47M +Hg)]Y?— Swy, D

role in the spin relaxation in ultrathin magnetic films. It haswherey—g,u I# is the gyromagnetic ratio is the satura
3 . . . . _ - B -
been observed _that n gene_ral th_e FMR linewidth in tion magnetizationH,=2K¢/Mt is the surface anisotropy
creases substantially as the film thickness decreases belq}gld tis the film thickness, andw, is the frequency shift
. ) y ’ 0
certain values. On the other hand, very recently Arias anqjue to spin-wave energy renormalization processes. By mea-

Mills* made theoretical predictions for the extrinsic contri- suring the field for resonandéy, at various frequencies and
bution to the FMR linewidth arising from two-magnon scat- fitting Eq. (1) to data, one can obtain the values of the mag-

tering processes. Two-magnon scattering is a well-known resgtic parameters and the frequency shif.
laxation mechanism in bulk samples, both insulattihgnd The samples were prepared by dc magnetron sputtering in
metallic,” which has also been shown to be present in thing Balzers/Pfeiffer PLS500 system. Magnetic films of
films 8 According to Arias and Mill§AM), in magnetic films NisoFes, were deposited on commercially available190)
the sources of the scattering are defects and imperfections eifter cleaning in ultrasound baths of acetone and ethanol for
the surfaces and interfaces. In ultrathin films this mechanism0 min and drying in nitrogen flow. Neither a buffer layer on
is predicted to give rise to a significant contribution to thethe substrate nor a cover layer on the magnetic film were
linewidth, which adds to the Gilbert damping and other re-used. The base pressure of the system prior to deposition was
laxation processes existing in conducting films. However, n®.0x 10"’ Torr. The films were deposited in a X403
guantitative comparison with experimental data has been e§-orr argon atmosphere in the sputter-up configuration, with
tablished to our knowledge. the substrate at a distance of 9 cm from the target. The purity
This paper reports an investigation of the FMR linewidthsof the NiFe target is 99.9% and that of the argon gas is
and resonance field shifts in thin films, specifically designe®9.999%. The films were deposited on the substrate at a
to verify the predictions of AM. Since the two-magnon scat-temperature of 130 °C and the deposition rate was 0.7 A/s.
tering processes result in damping as well as renormalizatiomhis rate was calibrated by measuring the frequencies of vol-
of the magnon frequencies, if the proposed mechanisms atgne spin-wave modes in thicker films using Brillouin light
effective one expects consistency between the measured lingeattering and confirmed by measurements in a surface pro-
widths and resonance field shifts. The data were taken in thifiler. Eight samples were prepared with thicknesses in the
films of NigFey, prepared by sputtering deposition. Al- range 27-158 A.
though this alloy does not have exactly the same composition The FMR data were taken with a home-magéand
of permalloy, it has quite small crystal anisotropy and con-spectrometer using a YIG-tuned sweep oscillator as the mi-
sequently small contributions to the linewidth arising from crowave source. Measurements were done at several fre-
mechanisms other than the Gilbert damping. Analysis of theuencies by employing various Tdz rectangular microwave
experimental data confirms that in ultrathin films there is acavities withQ factor in the range 2500—3000 and an appro-
significant contribution to the magnon damping and fre-priate oscillator-cavity frequency stabilization circuit. The
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FIG. 1. Thickness dependence of the FMR linewidth in ) .
NiFe(t)/Si(100 measured at two frequencies, 8.53 Gidguares _ FI_G. 2: Thlckr!ess dependence of the FMR m-plane resonance
and 10.83 GHz(circles. The lines are fits with Eq(2) plus a  field in NiFe(t)/Si(100 measured at two frequencies, 8.53 GHz
constant term, as described in the text. (squares and 10.83 GHz(circles. The solid lines are fits with

equationg(1) and(4), as described in the text. Dashed lines repre-

sample was mounted on the tio of an external oniometesent the calculations with=0 in Eq. (4) and all other parameters
p P g {he same as in the fits.

and introduced through a hole in the shorted end of the cav-

ity so that it C.OUId be rotated in th? plane to aIonv measure—qzo FMR mode, are scattered off defects and imperfections
ments of the in-plane resonance fiélg and linewidth as a

function of the angle. The de magnetic field was provided byon the film surfaces and interfaces into degenerate volume
: ' . m r ing along the film. The momentum noncon-
a 9 in. electromagnet and was modulated with a 1.1 kHz a odes propagating along the € momentum nonco

tof af ted . i of Helmholt i erving two-magnon interactions resulting from the scatter-

E:r?]mponen 0 afg\;\é{oersg I's usl_g%hipHalr 0 ST oltz c§| Sing contribute to damping as well as to the frequency renor-

€ resonance fieltlr and finew 1 were determinéd ., jization of the incoming spin waves. Since the dominant
by fitting the derivative of a Lorentzian line shape to the

. . . energy contribution in the process is the surface anisotropy,
measured field spectrum. The FMR_IlneW|dth was Ch"’""’mterfhe effects become more pronounced in ultrathin films.
ized by the peak-to-peak field spacitgd.

The calculation is carried out assuming that the defects on
In each sample the FMR spectrum was measured as

function of the in-plane angle. The angular variations of bot ffle fim surfaces consist of bumps and pits, in the shape of
. I ) .~~~ rectangular parallelepipeds having faces parallel and perpen-
the resonance field and linewidth displayed a small uniaxia] gutar p pIp ving P Perp

. icular to the film plane and randomly varying dimensions.
anisotropy, so the values reported here are averages over t

angular variations. The symbols in Fig. 1 represent the line nsidering that in the experimertts<4mM, the extrinsic
widths measured at 8.53 and 10.83 GHz as a function of thcontnbunon o the FMR linewidth given by E¢94) of AM

€an be written approximately as
sample thickness. As in previous reports, the linewidth in- PP y

creases markedly with decreasing sample thickness below 50 > 165H? /2
A. Thicker samples exhibit a thickness independent line- AH= — S —
width approaching 14 and 20 Oe at 8.53 and 10.83 GHz, v3 7D (H+47M+H)

respectively. These values are approximately proportional to

the measuring frequencies and are attributed to the GiIbeWher_eD is the exchangg s_tlffness constant anis a geo-.
damping. As we show next, the rise in the linewidth Ob_metrlcal factor characteristic of the surface roughness given
served in thinner films are due to extrinsic mechanisms. Figpy

ure 2 shows the resonance figttk measured at the same
s=pb2( <—> —1),

2

two frequencies as a function of the sample thickness. The
increase inHg with decreasing is commonly observed in
films with negative surface anisotropy*! It is usually at-
tributed to the lowering of the FMR frequenc¥) resulting

solely from the reduction in the effectiv'e magnetization note that the prefactor 23 in Eq. (2) results from the fact
4mMeg=4mM—[H{. Actually, as we show in the next Sec- yhat we measure the peak-to-peak linewidth. Since the sur-
tion, part of the field shift results from_the Spin wave renor-tace anisotropy fieldH, is inversely proportional to the
malization due to two-magnon scattering. sample thickness, E¢2) immediately shows that the extrin-
sic contribution to the linewidth increases as the film thick-
Il DISCUSSION ness decreages, as obse_rvgd experimeﬁt%\llypwgver, i.n.
order to confirm the predictions of AM quantitatively, it is
In this section we calculate the FMR linewidth and fre- necessary to correlate the variation of the linewidth with the
quency shift, and show that the data are completely consigesonance field shift. According to the AM theory, the rough-
tent with the theoretical predictions of AKMAccording to  ness induced two-magnon interaction also renormalizes the
their theory the low-wave number spin waves, such as thepin wave energies, causing the FMR frequency to shift

3

p being the fraction of the surface covered by defects having
average heightor depth b and lateral dimensiona andc.
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downwards. Since the microwave frequency is fixed, thisder to demonstrate the importance of the energy renormal-

produces an upward shift in the resonance field, which caization we show by the dashed lines in Fig. 2, the variation

be written approximately ds of the resonance fields calculated with-0 and the other

5 parameters kept the same. It is worth noting that in the
AHg=rHg, (4)  sample witht=27 A the renormalization contributes with 77

wherer is a renormalization factor given by Oe to the field shift. The contril:_)ution of the Gilpert damping

mechanism to the resonance field skiRef. 12, is of order
qm) 1’2+ 1. 0.01 Oe, and for this reason is negligible compared with the
Yo Yo

(5 field shifts predicted by the AM theory.
The values oHg and 47M thus determined may be used
with go=(27Mt/D) being a characteristic volume-mode to fit the linewidth data. The curves in Fig. 1 represent fits to
wave number and),=1/a) a cutoff wave number deter- data of the extrinsic contributiof2) plus a constant term.
mined by the transverse length scale of the surface defectglsing for the exchange stiffness=2x10"° Oe cnf, the fit
Note that althouglt, depends on the sample thickness, theyields for the geometrical factos~16A2. This value is
logarithm function attenuates this dependence so that theompatible with realistic estimates for the geometry of the
field shift AHg given by Eq.(4) varies approximately with defectsh=8 A, p=0.5, and(a/c)=1.5. Now, using in Eq.
HZ and therefore as 2. Equationg1) and(4) show that the  (5) the value ofs obtained from the linewidth fit, and using
variation of the resonance fieldg with sample thickness qo,=8x10°cm ! and q,,=1/(20A), one obtains for the
results from the additive combination of the direct change inrenormalization factor =7x10 60e 1. This is in good
the effective magnetization with the magnon renormaliza-agreement with the valuex810~® Oe ! obtained from the fit
tion. Since the two contributions have different dependenciesf theory to the field shift data.
on the surface anisotropy field, it is possible to extract In conclusion, we have shown that the variations of the
the value ofH for each sample from the field shift data. The FMR linewidth and resonance field shift in thin films of NiFe
solid lines in Fig. 2 represent a least square fit of Etjsand  with film thickness, are quantitatively consistent with the
(4) to the field shift data obtained at the two frequenciestheoretical predictions of Arias and MilléAM) (Ref. 4
assuming that the surface anisotropy field is the same in bothased on two-magnon scattering processes resulting from the
equations and varies as®. From this fit one obtains the presence of defects on the film surfaces.
following parametersg=2.0, 47M =13.2kG,r=8x10©
Oe %, andH = —(82#) kOe A 1. This gives for the sample
with t=27 A a surface anisotropy field ;= — 3.1 kOe. Ap-
proximately the same value fdi; was obtained by fitting The authors would like to acknowledge Professor D.L.
the measured out-of-the plane angular dependence of thdills for helpful discussions and the Brazilian agencies
FMR resonance field with the appropriate equaffdm or-  CNPq, CAPES, FACEPE, and FINEP for financial support.
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