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In situ detection of two ferromagnetic resonance modes
in coupled NVCu/Co/Cu(002) trilayer structures

J. Lindner* Z. Kollonitsch, E. Kosubek, M. Farleand K. Baberschke
Institut fir Experimentalphysik, Freie Universit®erlin, Arnimallee 14, D-14195 Berlin, Germany
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Ultrathin Ni and Co films, separated by Cu spacer layers with thicknesses in the range 4—15 monolayers, are
prepared and measuradsitu via ferromagnetic resonan¢EMR) between 50 and 400 K. Due to the interlayer
exchange coupling two resonance modes are observed, corresponding to in- and out-of-phase precession of the
rf magnetizations in the two magnetic layers, i.e., the acoustic and optic mode. The fields for reddpance
and the linewidthsAH, of the exchange coupled FMR modes are measured as a function of temperature.
Since all the measurements are performmregitu, we can compare the signal of the fifbiotton) magnetic
layer before and after the evaporation of the secinpdgmos} one. For the coupled films we observe an
increase ofAH,, compared to the uncoupled case. From the shittigf; after the deposition of the second
layer the sign and relative strength of the coupling is derived.
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INTRODUCTION tus, while Sec. IV shows the FMR spectra and discusses the
main experimental results.
Interlayer exchange coupling between ferromagnetic lay-
ers mediated by a nonmagnetic spacer plays a key role for SPIN-WAVE DISPERSION IN COUPLED TRILAYERS

understanding many properties observed in magnetic materi- Th ¢ d dinat " loved in thi
als. Therefore trilayers, like the ones being used in our ex: € geometry and coordinale system employed in this

periments, can be considered as prototype systems. An eg(r]vestlgatlon is depicted in Fig(d. We consider two ferro-

perimental method that has been widely used to investigatrmlgne'[IC layerd\, B of thicknessd, ,dg which are separated

the exchange coupling in trilayers is ferromagnetic resonancgy a nonmagnetic Cu spacer layer of thickness. The
(FMR). Among other techniques, FMR has been proven t oordinate system is chosen so thatxlgeplane is parallel to

%he film plane, with they axis pointing along th¢110] di-

be a powerful tool, since it allows for the determination of 1o ion Thel001] direction along the film normal is chosen
the exchange coupling strength in ferro- and antiferromag-

netically coupled systents? as well as the internal anisot- Egebezthg anxg'aT\?;izﬁgrgﬁl &a%%ﬁt'égegdctlstoa&%é)eodl]'_n
ropy energielin one experiment. Although a lot of work yzp 9 P

was done in applying the FMR technique to the field OfaX|s being always perpendicular to the driving microwave

trilayers, there are still open questions. In all investiga’[ion%ield Hiy . Since thg 110] in-plane direction is the easy axis

up to now the trilayers were prepared under ultrahigh or Co asl\l/vlgll as for Ni f_|Ims V.V'th”.] the thickness range in
. this work;~*“the equilibrium directions of the two magne-
vacuum conditions, but the FMR measurements themselves =

were doneex situ The latter requires that the samples havefizationsM, andMg are confined to thgz plane and can be

to be capped by nonmagnetic protective layers. Two quescharacterized by two polar anglég and 6 . _

tions immediately arisefi) What is the influence of the pro- 1€ theoretical backgrolt.mc.j pres?ent?d here is based on

tective layer? Especially for ultrathin films, surface effectsRefs. 2, 5, and 7. The equilibrium directionsMfy andMg

are very important and therefore capping-layers often havé'® d_etermlned by the minima (_)f the free energy per unit area

strong effects on the magnetic properties of the underlying - F includes several contributions:

magnetic layerd(ii) What are the differences of the magnetic _

properties in the coupled case compared to the uncoupled F=FztFatFaipt Fexen: @

one? The latter question is not only interesting from the exf, is the Zeeman energy per unit area and can be written as

perimental point of view but also important for testing the

predictions of theory dealing with FMR in coupled trilayers. F=—— S dM A

While question(i) has been discussédguestion(ii) could z iZxs

not be addressed up to now. ) o ] )
Here we preserin situ FMR measurements on Ni/Cu/Co/ Fa is the uniaxial anisotropy energy which has the form

Cu(001) trilayer structures and examine in a first step the

uncoupled Cu/Co/Q001) system. After evaporating the sec- Fa=— E i

ond (Ni) magnetic layer we study the influence of the ex- i=AB M;

change couplingn situ. The paper is organized as follows. . o . ] .

In Sec. Il we review the theoretical background of FMR in Hu,i=2K3;/M is the uniaxial anisotropy field are} is the

trilayers. Section Ill explains the structural properties of theunit vector along the axis, so thaM; - e,= M, - cosé are the

investigated trilayer structures and aorsitu FMR appara- components of the magnetizations in thalirection, i.e.,

@

(Mréz)ZéHu,i. 3
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----- ; Fexch= _JABW- )
Jag IS the interlayer exchange coupling constant. By conven-
tion, positive values ofl5g indicate ferromagnetic coupling
whereas negative ones antiferromagnetic coupling.

Using the polar coordinate system shown in Fi@) lthe
free energy per unit area can be written as

Ferromagnetic layer A

Nonmagnetic Cu layer —|
Ferromagnetic layer B

F=.72AB di{—HM, cog 6, — 6) + cog b, 27MZ— K 5]}

63
0,=90°
1" 7 — I COS 04— ). 6b)

Once the equilibrium angles of the two magnetizatibhs

are determined for all values of the magnetic field the
dispersion relation, i.e., the dependence of the microwave
frequencyw on the resonance fieltl,.s, can be derived.
Usually this is done following the approach of Smit and
Beljers!® which has been extended to trilayer structu(se=e,

o (GHz)

0 IéHoptic . EHaooustilc . for example, Refs. 2, 5, and.8To visualize the results of the
0 2 3 4 5 theory we give a simplified example that demonstrates the
®) Hy(kOe) main features of FMR on trilayers. The case of a symmetric

(Koa=K,pg and dpy=dg=d) ferromagnetically coupled
FIG. 1. (a) The coordinate system used in the measurements an@J,g>0) trilayer is assumed, but the basic results can be
the definition of angles for the trilayer systents) The dispersion extended also to the asymmetric case. The dispersion relation
relation for a symmetric ferromagnetically coupled trilayer. The for this symmetric situatiohis shown schematically in Fig.
external field is applied parallel to the film plane, i.6,=290, 1(b). One FMR mode, the acoustic mode, corresponds to the
which is the easy direction of the system. The upper branch is thef components of the two magnetizations resonating in phase,
relation for the optic modéboth magnetizations resonate out of the other mode corresponds to the so-called optic mode,
phase whereas the lower branch shows th¢H) dependence of \yhere the rf components are resonating out of phase. Since
the acoustic modéthe magnetizations precess in-phaseww - for the acoustic mode and for the case of ferromagnetic cou-
dicates the microwave frequency level, i.e., in our cas@w  pling no contribution to the resonance condition, i.e., no

=9GHz. The fields for resonance of the optil () and the - . . .
acoustic modeH,qyyen) are given by the poinpts Wﬁg)e the micro- torque on theM, , is produced, the dispersion relanon for the
wave level crosses the dispersion curves. acoustic mode QOes not change upon coupI|.ng. compared to
the case of a single ferromagnetic layer. This is not neces-
o i ) o sarily the case for asymmetric trilayers. In such systems also
along the uniaxial axis. In our notatidf, ;>0 indicates a the acoustic mode differs from the single layer case. The
preferential orientation of thist; along the uniaxial axis, i.€., gptic mode on the other hand introduces an additional inter-
along the film normal, wheredd, ;<0 leads to an energy | field to the dispersion relation. This field is in the case of

minimum, if theM; are in the film plane. the symmetric d,=dg=d and M,=Mg=M) ferromag-
Faip is the dipolar demagnetizing energy, netically coupled trilayer given by
—2JaB
d - - 1 Hexch= . (7)
— 2 .
Fdip_i:A’B M_i(Mi'ez) 'EHdip,i- (4) d-M

As a result, the optic mode is shifted with respect to the
acoustic mode by a value &f.,.,. SinceJ,g was assumed
Haip,i = —47M; are the demagnetizing fields of the two lay- to be positive, one observes the optic mode for the same
ers resulting from the magnetic charge density that developgequency at lower values of the external fi¢dd For stron-
if the magnetizations are rotated out of the film plane. As ayer coupling the shift becomes larger. For asymmetric trilay-
consequence y;, always has its minimum for th®l; lying  ers this still is true, but the value of the shift is not given
in the film plane. Since our films can be treated in a goodanymore by the simple Eq7).
approximation as thin discs, the demagnetizing field along |n the case of an antiferromagnetically coupled system the
the film plane is negligible, so that only the magnetizationoptic mode is at the higher fields with respect to the acoustic
components along the film normsﬁi-éz have to be taken one. This is due to the decrease of the exchange energy when
into account. the two magnetizations are not aligned parallel. In the gen-
Fexcnis the exchange energy, eral case of an asymmetric trilayer it has been shdinat,
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even if both modes are shifting compared to the single layer
case, they always shift in the same direction. For ferromag-
netically coupled systems both modes shift to smaller fields,
whereas for antiferromagnetic coupling both modes shift to
higher field values.

a) Co,/Cu(001) |

EXPERIMENTAL DETAILS

MEED-Intensity (arb. u.)

As substrate a G001) single-crystal disk, 5 mm in diam- Shuiter opened

eter, was used. The surface was prepared by cycles of sput- 0 200 400 600 800
tering with Ar* ions and annealing te-900 K Details of time (s)

the substrate preparation can be found in Ref. 15. After in- ' ' " '
serting the crystal into the ultrahigh vacuum chamber with a
base pressure<1x10 '° mbars and at least 15 sputter
cycles the surface showed sharp low-energy electron-
diffraction (LEED) patterns and no detectable contamination
in the Auger electron spectra.

The magnetic layer$Ni and Cg were evaporated at a
pressure<4x10 19 mbars whereas the pressure during
evaporation of the Cu spacer layers was stabilized below 6 Shutter opened  Shutter closed
x 101 mbars. For all trilayers the magnetic layer thick- T — 3%
nesses were kept constqi@tmonolayergML'’s) of Ni and 2 time (s)

ML'’s Co]. The Cu spacer thickness was varied for the dif-
ferent samples in the range 4-15 ML's, in order to change the
strength of the interlayer exchange coupling. The rate during
evaporation, i.e., the time per ML equivalent, was 120 s/ML
for Ni, 330 s/ML for Co, and 280 s/ML in the case of Cu. All
evaporations were carried out at temperatdres8340 K and

the growth of the films was monitored by medium-energy
electron-diffraction(MEED). The intensity oscillations of
the specular spot for all three layers, which were recorded
during the evaporation process, are shown in Fig. 2 for the
Ni; /Cu, 3/Co,/Cu(001) trilayer(to indicate our trilayers we
use the convention of giving the thickness in ML'’s for each
individual layer as indeX First 2 ML's of Co are deposited
[Fig. 2@)]. The two oscillations clearly show the good layer-  FIG. 2. Intensity of the MEED signal during the preparation of
by-layer growth. In the next step the Cu spacer of 8.2-MLthe Ni;/Cu, 3/Co,/Cu(001) trilayer.

thickness is evaporatdéFig. 2(b)]. The MEED intensity os-

cillations show a rapid decrease in amplitude, indicating awire. This allowed us to vary the temperature during the
three-dimensiona(3D) growth, which is well known even measurements continuously between 50 and 400 K. The
for the growth of Cu on C{©01).1% In order to make the UHV chamber ends up in a quartz finger into which the
surface as flat as possible for the growth of the Ni film, thesample can be transfered via a manipulator. The whole
Cu spacer was annealed for 5 min up to 400 K. This treatgquartz finger can then be inserted in a cylindrical cavity, so
ment cannot produce intermixing because the surface energlat all microwave components are in laboratory&ithe

of Cu is lower than the one of Co and therefore Cu tends teavity fits between the poles of an electromagnet which sup-
stay on the surface. The flatness of the top Cu layer is corplied the uniform dc magnetic field and is capable of gener-
firmed by the fact that during the deposition of the Ni film on ating 16 kOe. Taking the coordinate system of Fi@)1the

top of the spacer lay€fiFig. 2(c)] again one can see well magnetic field could be rotated in tlye plane. The micro-
defined oscillations up to 7 ML'’s. In summary, Fig. 2 showswave energy produced by a klystron is coupled via wave
that all layers grow layer-by-layer with well defined inter- guides into the cavity at right angles with respect to the dc
faces, where the maximum roughness is expected to be ontpagnetic field. Ideally, all the power incident upon the cavity
1 ML, as is well known from scanning tunneling microscopy is coupled into it and therefore none is reflected back. How-
images for annealed films like out5Auger spectra taken ever, when the spin system of the sample absorbs microwave
after each preparation step did show no contamination, alspower, an FMR signal is produced which changes the imped-
not for the thickest spacer layer with 15 ML’s of Cu. The fcc ance of the cavity thus generating a small signal component
LEED patterns remained sharp in all cases. to be reflected from the cavity. With the help of a diode the

Temperature-dependent FMR was meastureditu at 9  variation of the reflected microwave power as a function of
GHz with a commercial Varian spectrometer. The sampleghe magnetic field—the absorption curve—is measured. The
can be cooled down with liquid He and heated via a tungste®MR signal is amplified by weakly modulating the applied

Shutter closed

b) Cu, ,/Co,/Cu(001) {

MEED-Intensity (arb. u.)

¢) Ni,/Cu,,/Co,/Cu(001)

Shutter closed

MEED-Intensity (arb. u.)

Shutter opened

0 200 400 600 800 1000
time (s)
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" ' " " " ' " coupled Ni/Co films(lower panel are plotted. The experi-
x 12 Gl={Ce:CU00) mental spectra are presented for two different temperatures.
frie Uncoupled caseThe FMR spectra for the uncoupled
W 3 cases(top panels are discussed first. As can be seen in the
. 7 top panel of Fig. &), the resonance fielH, . of the single
7 1-@g2K T=333K 1 2-ML Co film capped with 15-ML Cu moves to higher field
Niz/Cu,/Co,/Cu(001) values for the higher temperature &333 K. In addition
N the intensity of the signal is reduced because of the reduction
W in the spontaneous magnetizatibth To make the peak-to-
peak amplitude nearly equal to the one at 222 K, for better
o 1 2 3 illustration, the signal is multiplied by a factor of 12. This
H, (kOe) explains also the higher noise level of the signal at 333 K.
One should note that the FMR intensity is proportional to the
. " 5 ' Cu',,,3/Co 2/(‘:u(001) spontaneous magnetization and, for a Lorentzian, is.given by
M / the product of the peak-to-peak amplitude and the linewidth
A b) squared. Since for higher temperatures the peak-to-peak am-
m plitude decreases, whereas the linewidth increases, a reduc-
7 tion in the peak-to-peak amplitude by a factor of 12 does not
T T HEK T=\2‘45 KNi - 3/Coleu(001)=: mean that als®/ is reduced by that factor. The top panel of
\ T Fig. 3(b) shows that the same behavior is found also for 2
x2 ML'’s of Co capped only with 4.3 ML’s of Cu.
To understand the increase Hf.g as a function of the
x2 temperature one has to note that in the paramagnetic limit, no
o 1 2 3 internal fields such as anisotropy fields or demagnetizing
H), (kOe) fields are present or they are at least very small. Following

Smit and Beljers? the dispersion relation is now simply
FIG. 3. The in-plane FMR signals, being the derivative of the given by

microwave power absorption with respect to the external magnetic
field, are plotted for the trilayer with the thickest
[Ni;/Cus/Co,/Cu(001), see (@] and the thinnest »
[Ni;/Cu, 3/Co,/Cu(001), sedb)] Cu spacer layer. In each figure —
we show for two different temperatures the sin@g) and coupled Y
(bottom FMR. The gain levels given as multiplication factors at the

spectra are with respect to the signal of the uncoupled systems, i.e., /% is th fi tic is th | d
with respect to the single FMR dt=222 K in Fig. 3a), whereas Y=9gue/n IS (N€ gyromagnetic raliqg IS the g value, an

in Fig. 3(b) all factors refer to the single FMR dt=117 K. ug is the Bohr magneton. Using the bulk Co .Valge
=2.18 and the microwave frequency e=9 GHz in the

' . i ispersion relation, one ends up with a field value Hof
dc field at 100 kHz and detecting the 100-kHz component 0]i2.98 kOe, which is the resonance field for an isotropic Co

the signal with a lock-in amplifier. Therefore we measure theTilm above the Curie temperatuie. . Below T and for our
first derivative of the absorption curve with respect to the dc P ¢ c

magnetic field. In the ultrathin film limit, i.e., for the case case in which the external field is applied along the easy axis

that the magnetic structures are thin compared to the skin the Co film, the internal effective _field acting on the spins
depth of the microwave, the line shape of the absorptio IS equal to the sum of the external figtdand the anisotropy

curve is almost purely Lorentzian. This was also showr?'eld H, so that both fields enter in the resonance condition

theoretically'® (8). As a consequence for the same frequency the resonance
The FMR measurements were performed in two stepsﬂeId er.s h‘fis to b_e below the isotropic value of 2.98 kOe. .
First the Co film capped with the Cu spacer was investigatecs'nce with increasing temperature the spontaneous magneti-

In the second step the Ni film was prepared and the exchangriatmn as well as the anisotropy fields in the film decrease,
;

coupled trilayer system was measured and compared to theres increases towards the .'SOtrOp'C value. .
uncoupled case. Coupled caseNow we will turn to the coupled trilayer

systems. For the coupled Ni/Co trilayer with a spacer thick-

ness of 15 ML's[lower panel of Fig. 8)] two resonance
EXPERIMENTAL RESULTS AND DISCUSSION modes are detected for both temperatures: For the lower tem-
perature T=222 K) one mode appears approximately at
the same resonance field as the former Co resonance whereas

In Fig. 3 the in-plane FMR spectra measured with thethe second mode shows up at about 1.6 kOe. For the thinner

FMR spectrometer described in Sec. Ill are shown for theCu spacer of 4.3 ML'dFig. 3(b)] also two resonances are
thickest Cu spacer of 15 ML'§Fig. 3(@)] and the thinnest observed. This time the low field mode is shifted to higher
spacer of 4.3 ML'JFig. 3(b)]. For each case the FMR for field values compared to the single Co signal while the
the Cu capped single Co film onlgupper panel and the higher field mode is observed at about 1.9 kOe. For both

=H. 8)

Resonance fields
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FIG. 4. The in-plane resonance fields as function of the tempera- . . . .
. . - FIG. 5. The in-plane linewidths as function of the temperature
ture for the three different spacer thicknesses. The open C|rclefsor the three different spacer thicknesses. The svmbols have the
indicate the noncoupled single layer case, the filled circles the Ioweéalme meaning as in Fi p4 and the line is é uide);o the eve
field mode of the coupled case after the deposition of the Ni film. 9 9. 9 ye-

The filled triangles show the resonance position of the second mode

in the trilayer. The arrow in the upper plot indicates the shift of the4-3 ML's. Since the shift is much stronger, the coupling
Co signal. strength increases. Bruno and Chappert have calculated the

oscillatory behavior of the interlayer exchange coupling as

. ) _ function of the spacer thickne$$The calculations were also
spacer thicknesses the behavior as a function of the temperggne for nonideal. i.e. rough, interfaces with 50% of the

ture is the same as discussed for the case of the single CPacer beingN layers thick and 25% having thicknesses of
film. . o . ~ N—1 andN+1, respectively. Thist1 ML of roughness
As discussed in Sec. Il it is possible to extract the sign ofoy|d be reasonable for our samplege the experimental
the coupling from the direction of the field shift. In order to pard.’” According to Ref. 20 the antiferromagnetic maxima
discuss this point, the shift is shown more precisely in Fig. 4ghould be found at about 4.5, 9, and 15 ML’s which is in
where the various resonance fields versus temperature aRry good agreement with our experimental findings.
plotted for all three thicknesses of the Cu spa(ng, 82,15 Figures 3 and 4 show the capability of FMR to study the
ML’s). The open symbols correspond to the single Co filminteriayer exchange coupling of our model-type Ni/Co trilay-
and the full symbols to the coupled Nl/Co trilayers. For theers Moreover, thén-situ preparation demonstrates in a di-
case of the 15-ML Cu spacer the shift of the resonance prect way the effect of interlayer exchange coupling on the

sition is very small, while with decreasing thickness of themagnetic properties of an individual single fillapen sym-
Cu spacer to 8.2 and 4.3 ML's the signal shifts to higheryq|s versus full symbols in Fig.)4

fields. For 8.2 ML'’s the shift is 0.18—0.35 kOe depending on
the temperature, whereas for the 4.3-ML spacer it is 0.66—
1.1 kOe.

According to the theory of coupled systert®ec. I the FMR can be used to study magnetic ground-state proper-
two signals originate from both layers. Like for coupled pen-ties of single and multilayer films. But in most investigations
dula both eigenmodes are different from the noncoupledhe linewidths of the FMR signals have almost not been dis-
case. As a consequence it is not possible anymore to assigussed. In a previous publication we have shthvthat be-
the resonances to the single Co or Ni layer. For the thickesdides the importance of the resonance position, the width of
spacer, however, the coupling strength is very sfalhe  the resonance signal can give very valuable information on
shift of the Co signal is small within the error bars and therethe magnetic properties. Inhomogeneities in the magnetic
fore the trilayer is nearly decoupled. In such a case it idilm can add an extra inhomogeneous contribution to the
possible to attribute the signal at lower fields to the Co layetinewidth. However, we will show that the main effect on the
and the one at higher fields to the Ni layer. If we now turn tolinewidth is due to thehomogeneoys.e., the intrinsic, con-
the intermediate spacer thickness of 8.2 ML'’s, both linedribution. Besides the usual damping mechanisms that influ-
shift to higher fields, indicating antiferromagnetic coupling ence the linewidth and have been discussed for single

Linewidth

according to the discussion in Sec. Il. In a straightforwardfilms ! the coupling between the layers gives also rise to a
way one has to identify the lower field signal with theous-  change of the linewidths of the coupled FMR modes.
tic mode the higher field signal with theptic mode The Figure 5 shows the evolution of the linewidth as a func-

same type of coupling can be seen for the thinnest spacer ¢ibn of the temperature for our films. The signal of the low-
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field resonance in the coupled case and the Co signal for thduced becomes broader in the coupled system. This scenario
single layer film are compared. is supported by calculations of the FMR linewidths in
Uncoupled caseFirst the single layer case, i.e., the Co coupled trilayers. In our trilayers the Co signal has, in the
signal, is discussed in order to summarize the main mechawncoupled case, the smaller Gilbert damping parameter and
nisms that influence the linewidtii) For all spacer thick- by introducing the coupling this resonance becomes the
nesses one observes an increase of the linewidth in the regiatoustic mode. Since the linewidth of the acoustic mode
close to the Curie temperatuie:. This behavior can be broadens in comparison to the Co signal in the single layer

understood in terms of the intrinsic dampifig, film, our results verify the predictions made by theoiy a
direct way, because the broadening could be monitored di-
2 G rectly. In addition, we indeed find that for thinner spacers,
Apr:ﬁ yg_M . © i.e., stronger coupling, the increase of the linewidth is larger.

Another interpretation of the increase could be an inhomo-
Here G denotes the Gilbert-damping parametgiis the gy-  geneous broadening due to a lateral distribution of the film
romagnetic ratio, andv the microwave frequency. Since thickness, which would lead to a variation of the coupling
nearTc the magnetization becomes small due to fluctuationsstrengthJ,g across the film plane. However, for the un-
the linewidth increasesii) Below T a shallow minimum of  coupled films we have found that the inhomogeneous contri-
AH,, is found.(iii) For even lower temperatures deep in thebution to the overall linewidth is small. This and the system-
ferromagnetic regime the linewidth shows usually a smallatic increase of the linewidth makes the interpretation
increase. Qualitatively, this can be understood as an inhom@ssuming an inhomogeneous broaderongy very unlikely.
geneous broadening. Since the anisotropy constants afidherefore, in agreement with the thedryye attribute the
strongly temperature dependent and increase with decreasingain effect to an intrinsic broadening due to coupling.
temperaturé,a variation of say 1% causes a larger inhomo-
geneous linewidth for lower temperatures. Since the increase CONCLUSION
at lower temperatures in our films is obviously sni&ilg. 5),
we have to conclude that the inhomogeneous contribution t?ra

the linewidth is small in our case. X :
Cotpled casen the couple cases for 15-and 5.2 L PS0EET 40 100 K P oL ime e measuremens
spacer thickness the behavior as a function of the tempera: . o P P
e coupled trilayer with the uncoupled Cu capped Co sys-

ture is similar compared to the single layer films, but the . ; d
linewidth nearly doubles after the coupling is introduced. InteM- Consistent V.V'th theory we have observe_d two FMR sig-
nals, corresponding to the optic and acoustic mode. Due to

a simple picture this can be understood in the following way.Coupling a shift of the resonance field compared to the

Both ferromagnetic layers have different damping param'capped Co film was found which becomes larger for smaller

eters for the general situation of the asymmetric trilayer. In acer thicknesses. ie.. for stronaer counling. In addition we

the uncoupled case the larger the intrinsic damping, th‘%gve measured an ’in'cr',ease of thge Iinewi%thgc;f the Co signal

larger will be the linewidth. If these layers become coupled, : . ) . 9
after introducing the coupling, which shows that not only the

the magnetization of the layer with larger damping will relax atic but also the dynamical properties of the magnetization
slower during resonance, because it can transfer energy & ST yna prope ) g ’
e., the intrinsic damping mechanisms, are influenced when

the other layer, which has a smaller damping parameter. For

stronger coupling this transfer of energy is more effective’'© couples two ferromagnetic elements with different

and therefore the increase of the linewidth will be larger. Asdamplng parameters.
a consequence the line that was broader in the uncoupled
case becomes smaller. This argument consequently predicts

that the line which was smaller before the coupling is intro-  This work was supported by the DFG, Sfb 290.

Via FMR we have studied the magnetic properties of ul-
thin fcc Ni/Cu/Co trilayer structures grown on (©021)
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