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Neutron scattering has been the scattering technique of choice for the analysis of magnetic structures
and their dynamics for many decades. The advent of magnetic thin film systems has posed new
challenges since such samples have inherently small scattering volumes. By way of examples,
recent progress in the application of neutron scattering for the study of both magnetic structure and
dynamics in magnetic thin film systems will be presented. First, a combined high angle neutron
scattering and polarized neutron reflectivity investigation of the magnetic order of Cr and its
influence on the exchange coupling between the Fe layers in Fe/Cr superlattices is discussed. It is
shown that in the whole thickness range up to 3000 A, the magnetic structure is governed by
frustration effects at the Fe/Cr interfaces. Second, it is demonstrated that it is now possible to
investigate the dynamic properties of magnetic thin films with neutron scattering. Unlike, e.g.,
Brillouin light scattering, inelastic neutron scattering provides access to large portions of the
Brillouin zone. First results on spin wave excitations in a Dy/Y superlattice are presente200®
American Institute of Physic§S0021-897@0)92908-9

I. INTRODUCTION France have been built, which can provide access to small
and high Q in one experiment.

Neutron scattering has been the scattering technique of The use of strong dynamical scattering effects, like the
choice for the analysis of magnetic structures and their dystrong reflectivity increase towards total reflectivity at very
namics for many decades. Due to advances in preparaticsmall Q (Fresnel reflectivity, can effectively increase the
techniques in the last decade, research in magnetism hasattering signal in PNR. At high scattering angles, no such
moved more and more towards the investigation of layeregffects occur. The scattering is simply proportional to the
magnetic thin film structures. A wealth of effects has beernumber of scattering atoms. Thus, if information on mag-
discovered which modify the magnetic structure, the dynamnetic order on atomic length scales is required, even more
ics, and the transport properties in magnetic thin films Comattentic?n must be given to the use of samples with sufficient
pared to bulk This development has posed new challenges$cattering volume.
for neutron scattering since such samples have inherently
small scattering volumes. In this ar.ticle, we will outling a || ELASTIC SCATTERING
few examples of recent progress which has been made in the
application of neutron scattering techniques for research in  The magnetic structure of Cr in thin films and superlat-
magnetic thin film structures. tices is such a problem. Cr exhibits a complicated spin den-

Polarized neutron reflectomettPNR) clearly is a very sity wave magnetic structure in bulkdistorically, epitaxial
important technique in the field. However, since it is covered™€/Cr structures have played a key role in thin film magne-
by Gian Felcher in this volume, we will focus on comple- tiSM- The oscillatory exchange coupling, the giant magne-

mentary recent developments. PNR is performed at smalpresistance effect and the noncollinear coupling have been
scattering vectorQ =4/ sin6 up to 0.4 AL, Here,\ is discovered in Fe/Ct Fe/Cr differs from most other systems,

the neutron wavelength anélis the scattering angle. This Whi,Ch also ShO.W these properties, .due. to the inherent q
scattering vector range is well suited to investigate magnetig?dtg?rg;r?ﬁgngrt_'irgr'r;gl:esé tcvir?l:ﬁ:t'gzcﬁazovg igﬁ nﬂﬁgnsgc
zation profiles of thin film structures which may exhibit pe- . ge coupiing

o tween the Fe layers. In the following, we review a recent
riodicities on the order of tens of A. However, PNR does not . . : . .
provide information on the magnetic order on the atomicComblnecj high angle neutron scattering and PNR investiga-
scale. To obtain such information, scattering vectors on th
order of a few A1 are required, i.e., classical high angle
scattering techniques must be used. Recently, instrumen

such as ADAM at the Institut Laue Langevin in Grenoble/

tion of the magnetic order of Cr and its influence on the
%xchange coupling between the Fe layers. It will be shown
that the details of the magnetic Cr structure and the exchange
E%upling are governed by frustration at the Fe/Cr interfaces
over the whole thickness range investigated.

Since Cr has only a small magnetic moment of about
dElectronic mail: andreas.schreyer@uni-bochum.de 0.55ug, the magnetic neutron scattering cross section is
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quite weak. This requires special efforts to maximize the
. . . 1800 T . T T T
scattering volume for high angle neutron experiments. We
have grown a series of Fe/Cr samples with a fixed Fe thick- 16001
ness of 20 A and the Cr thickness varying between 10 and 1400
3000 A by molecular-beam epitaxiBE) methods on a Nb 12004
buffer using large 2 ink2in. sapphire substratés® To ob- < 10001t =
tain sufficient scattering volume, Fe/Cr superlattice samplesZ”

with up to 250 bilayer repeats were used for the smallest Cr% 8001

thicknessedc,. Forte,>1000A, a single Cr film between 3'1:3 600+
the Fe layers was sufficient. £ 400
Bulk Cr is antiferromagnetic, i.e., the moments at the 2004
center of the Cr bcc structure are aligned opposite to those or
the corners. This simple structure is called a commensurate 07 0.8 0.9 1.0 1.1 1.2
spin density wavéCSDW). Superimposed on this structure L(r.L.u)

is a sinusoidal modulation of the magnitude of the antiferro-
magnetically aligned Cr momenjs with a periodA spy - FIG. 1. Neutron scans an_igthrough(OOl) as a function Qf temperatu_ré
Since A spw IS Incommensurate with the Cr latice this mag- % S4mPie o compestofCro Fasle, Tre scateng uecio =
netic structure is classified as an incommensurate spin deBponding axis of the reciprocal lattice. For the 250 K data, the distance of
sity wave (ISDW). A gpw is about 21 lattice constants &t the two fitted broad peaks from the central peak corresponds o
=0 and increases with temperatﬁr@he incommensurabil- =2As.=Agenc. The inset depicts the model obtained from the fitted data.
ity is ascribed to a nesting vector along #i®0: directions
of the Cr Fermi surface. The wave veciprdefines the di-
rection of propagation of the ISDW. At lowest temperaturesThis complicated magnetic structure mediates a noncollinear
a longitudinal ISDW(LSDW) forms, i.e.,u is parallel tog.  coupling between the Fe layers, as is shown by PNR. A
Above the spin-flip transition temperatui®; =123 K, mis  schematic picture is provided in the inset of Fig. 1. A lateral
perpendicular tog, forming a transverse ISDWTSDW).  Cr thickness variation on average leads to a lateral coexist-
Above Ty=311K bulk Cr is paramagnetic. ence of even and uneven number of Cr layers. The coupling
The incommensurate modulation of the antiferromag-of the Cr to the Fe is assumed to be the same at all top and
netic (AF) spin structure by the ISDW causeso satellite  bottom Fe/Cr interfaces, respectively. Then, partial spirals of
peaks to occur around tH@,0,G positions? e.g., at (0,0,1 opposing sense of rotation are the topologically simplest way
*+0), (1=6,0,0), and (0,* 6,0) which can be investigated to accommodate the Cr between the noncollinear Fe layers.
by neutron scattering. Heré=1—|q| with |g| in reciprocal  Since the Cr tends to be a collinear antiferromagnet, each of
lattice units,6=a/Aspw, and the Cr lattice constant a. In the spirals applies a torque. However, due to the opposing
the first case, the position of the satellites indicajdseing  sense of rotation of the laterally coexisting spirals, the torque
oriented along the out of the film plane L axis, the two latteris frustrated. Neither can an even number of Cr layers rotate
cases occur for either direction of in-plane propagation alonghe Fe layers antiparallel, nor can an uneven number of Cr
H or K. In addition, the polarization of the ISDWi.e., layers rotate the Fe layers parallel. Instead, the Fe layers
TSDW or LSDW can be obtained by making use of the choose a compromise. They align noncollinearly at roughly
selection rules for magnetic neutron scattering. It requires 80°. This spiral magnetic structure had originally been pro-
component of the magnetization vecjerto be perpendicu- posed by Slonczewski within his proximity magnetism
lar to the scattering vectd®|. Thus, a LSDW propagating model? Above the Nel temperature of this magnetic Cr or-
along L, i.e., out-of-plane, will generate no intensity atder, the frustration vanishes. Consequently, the noncollinear
(0,0,1* 8). However, satellites will occur at (1,0:05). On  order also vanishés.
the other hand, a TSDW propagating aldngwill produce It is important to point out that so far we have consid-
peaks at (0,0, ), whereas no intensity will occur at ered a case wherg, <A gpw. The observation of a com-
(1,0,0+ 6). A CSDW phase, on the other hand, will yield a mensurate SDW instead of an ISDW can be attributed to the
single peak of purely magnetic origin exactly at the{@1}  fact that the Cr is too thin to support an ISDW. This will
positions due to the commensurability with the Cr lattice.obviously change at larger Cr thicknesses. In Fig. 1, neutron
Thus, with neutron scattering we can uniquely distinguish(OOL) scans througH001) are shown for g Crgo/Feg]1a3
CSDW and ISDW magnetic order as well as ISDW propa-sample as a function of temperature. Unliketgt=42 A, ©
gation and polarization. For a more detailed discussion, se#he form of the spectra changes drastically as a function of
e.g., Ref. 8. temperature. Folf =20K, a double peak structure around
(001 is found, as is typical for a TSDW propagating along
the film growth direction (). In the present caseég, is on
First, we briefly review the results for smal,, where the order ofA 5py, i.€., one ISDW period fits into each Cr
the Cr mediates an exchange coupling between the Hayer along the growth axis. Thus, it is plausible that an
layers? Forte, =42 A, Cr is found to exhibit CSDW order. ISDW can form. The ISDW period ol spw=79 A deter-
Superimposed on this magnetic order we find a spiral modumined from the peak positions at (0,&%) is somewhat
lation which is induced by lateral Cr thickness variatiBns. enhanced compared to bulk valfeglso, weak second-

A. Thin Cr films
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order harmonics at (0,0;126) are observed, which do not
occur in bulk indicating a more square waveform of the 1.0+
ISDW than in bulk. It is tempting to attribute this effect to
the finite Cr thickness. The squaring can actually be viewed
as a precursor of the transition from ISDW to CSDW which 0.8
occurs as we redude,.

With increasing temperature, a dramatic change of the <
spectrum is observed in Fig. 1: The line shape changes from
a predominantly double peak to a broad peakOax) at T @ ]
=250 K which is very much reminiscent of the data fgr s e2teny il .
=42 A.° As is shown in the figure, the data fits well to the 047 oo eor o 1000 200
same model, as thg,=42A data, i.e., to a sharp central —— s : —
Gaussian and two broad superlattice satellite peaks. Their 0 50 100 150 200 250 300 350 400
distance to the central peak corresponds to twice the super- T (K)
lattice periodicityA g and is equal to the periodicit r¢ nc
of the noncollinearly coupled Fe layers, i-E\Cr,AF: 2A g FIG. 2. Kgrr rotation in remanence normalized by Kerr.rote_ltion in saturgtion
= A Inspection o th figure in the inset shows that this?2 % Rnclon of emperarefor e same samvle o= 1 . L i et
relation holds for the depicted model structure. As detailed ifyrows. The data indicate a transition from uncoupled behavior to NC cou-
Ref. 6, the disorder along the growth direction of the modelpling with increasing temperature.
structure induces the observed broadening of the satellite

peaks. Structure factor calculations and polarized neutron kind of sub han in th - b
measurements confirm that the frustrated spiral structurfeerent Ind of substrate than In the present case, it is to be

shown in the inset causes the observed scattering. Thus, v?é(peCtEd that in their case the distz_ince betyveen the steps is
find a transition from an ISDW at low temperatures to themuch smaller. Any antiferromagnetic order in the Cr layers

frustrated spiral CSDW at elevated temperatdPnis tran- would still be highly frustrated. However, the correlation
sition can be explained by the increase of the ISDW perioc!ength of this frustrated structure could be so small, that it
with temperature, as it occurs in bulk: For a given, a might not yield sufficiently strong peaks which are observ-

single ISDW period can form below a certain temperature. ”able with neutron.scatte.rlng. Nevertheless, such a frustrated
s‘jilructure could still mediate the observed noncollinear cou-

the temperature rises above this value, the LRO changes to
CSDW. pling between Fe layers. ' '
An obvious question at this point is if the exchange cou- The absence of coupling between the Fe layers n the
ISDW phase at low temperatures can be understood in the

pling between the Fe layers changes with the transition fro . T i
the ISDW to the frustrated CSDW Cr structure. In Fig. zf?_ollowmg way. Apparently, the ISD.W minimizes Fhe frustra
tion of the Fe/Cr interlayer coupling, which is induced by

tempgrature dependent magneto-optical Kerr eﬂsI!I'KE) .imperfect Fe/Cr interfaces, by moving its nodes to the Fe/Cr
data is shown. At low temperatures, the hysteresis loop is 2 )

o . interfaces:? The small magnetic Cr moments at the ISDW
nearly square, indicating very weak or no coupling. Above a

broad transition regioff a hysteresis curve typical of non- nodes then can effectively decouple the ISDW Cr from the

) o ferromagnetic Fe, strongly reducing any interlayer exchange
collinear coupling is found. PNR measurements have Conéouplingg gy g any y 9
firmed these results. Thus, we observe a transition from es- Shi and Fishman have studied the magnetic structure of

sentially no coupling between the Fe layers to NC coupling

the Cr structure transf from 1SDW to the frustratece” in Fe/Cr theoretically® For ideal Fe/Cr interfaces, they
as the LT StUcture transtorms irom 0 the TTUStralety adicted the observed ISDW to CSDW transition as a func-
spiral CSDW for a sample with.,=80A.

. . . . tion of temperature and Cr thickness. In a more recent
The detailed functional form of the region of existence P

¢ the ISDW ph functi dt wre h papert* Fishman considered more realistic interfaces with
orthe phase as a function tf, and temperature has steps. He findéelical SDWs(HSDW) corresponding to the

11,12 i _ - ) ) -
been_ mapped OUF by Fullertagt al: using MOKE hys spiral magnetic structure proposed by Slonczewski, confirm-
teresis loops, resistance measurements, and neutron scatiiﬁ?-

ing. The phase boundary which they obtain is fully consis g the frustration effect as the cause of the noncollinear
L X : “coupling between the Fe layers. Interestingly, he predicts for
tent with our data. As in our case, they also find that th Ping y gy P

lina betw the Fe | ish tet =80A that the HSDW performs a 270° twist instead of
coupling between the € 1ayers vanisnes, as soon as ly a 90° rotation as shown in the inset of Fig. 1. So far our

ISDW occurs. However, they do not observe the occurrenc ' .

of the strong CSDW signal as the ISDW vanishes with in-aata do not confirm this effect.
creasing temperature. This is most probably due to a differ- -
ence in the structure of the Fe/Cr interfaces. It has bee% - Proximity effect

shown by Slonczewski that the average distance between Most recently, we have extended our study tig
steps in the Fe/Cr interface, which effectively change the Ck 42 A.> We obtain strong evidence that thé éléempera-
thickness, must be on the order of 100 A, consistent with outure Ty of the frustrated CSDW increases as we redyge
data® Otherwise, the specific frustrated structure observedhis behavior is contrary to expectation, since scaling theory
here does not form. Since the samples of Fulleetbal. had ~ would suggest a reduction @, with tc,.'® We attribute this
been prepared by a different techniggeuttering on a dif-  to a proximity effect between the Fe and the Cr. The Fe

L . ' PecTIILE

K,sat

-2000 -1000 [} 1000 2000
H (Oe)
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layers have a much higher ordering temperaflgein bulk  |ayers. With increasindc,, however, the domain wall en-
than Cr and remain ferromagnetic .= 20A, asis seenin ergy of such domains increases so much that the system
our experiments. In this case, Fe is expected to polarize thehooses a different way to accommodate the frustration. In-
Cr atoms near the Fe/Cr interface and to induce magnetistead it effectively breaks the antiferromagnetic coupling be-
order, which would not exist otherwiSen this scenario, it tween Cr and Fe at the Fe/Cr interface and reorients the Cr
can be expected that the Cr ordering temperature will inmoments perpendicular to the Fe moments.
crease as we redude,, since the influence of the Fe will
increase strongly towar_d the Fe/Cr intgrfaces. This p_roximityD. Grazing incidence diffraction
effect was such a basic assumption in Slonczewski's prox- ) ) ) ) - o
imity magnetism modé&lthat he named the model accord- Interestingly, during the reorientation transition with in-
ingly. Only this assumption enabled him to postulate the excréasingic, an additional CSDW phase occurs with the mo-
istence of a specific magnetic structure as the origin of NGNents parallel to the TSDW, i.e., out of the film plane. To
coupling in layered systems consisting of FM and AF mate_estal_ollsh, if the CSDW an_d TSDW phas_es coexist Iater_ally in
rials. Our observation of magnetic order and an increasin€ film plane or stacked in layers, grazing incidence diffrac-
Ty With reducedtc, strongly supports the existence of a tion (GID) was perfprmed with neutr(_)ns_ on the EVA diffrac-
proximity effect in Fe/Cr layered systems experimentally. tometer at the !nsfutut Laue Lgngevm in Grenoble/Frafice.
Another way to test this proximity effect is to vary the By varying the incident gngle in the regime of total e_xternal
ordering temperaturg. of the FM material, and to study the reflection, the penetration depth of the.neu.tror?s into the
effect on the ordering temperatui, of the AF material. Sample can be tune?a.Th_us, GID can distinguish if one of
One would then expect thai, is reduced withT . We have the two phases alone exists near the sample surface, indicat-
performed such a study using the system EEr, /Cr. For ing a layering of the two phases. The measurements were
increasingx between 0 and 08, th@c of bulk FQ—XCVX carried out on a 3000 A thick Cr film with 20 A Fe on tOp at
drops from the value of pure Fe to nearly zero. Above T=50K with the in-plane scattering vector aligned either
=0.8, the system enters a spin glass stagince Fg_,Cr,, with the commensuratel00) _peak or with an incon_"nr_nen_su-
Fe and Cr have the same lattice structure and nearly equidt€(0.953 0 0 ISDW reflection. An ISDW peak originating
lattice constants Fe,Cr,/Cr layered structures can be from near the sample surface was fqund, .whereas an equiva-
grown in similar quality as Fe/Cr, making the system anl€nt Sean at the CSDW100 position yielded no such
ideal candidate for such a study of the proximity effect. TheP€ak-" Therefore, we can conclude that near the Fe/Cr inter-
experiments were performed as a functiorxan a series of face the ISDW prevails. The commensurate reflections ob-
samples withte,~30 A andtp.c~30A. Te(Fe_Cr,) was served with conventional high angle neutron scattering must
determined via measurements of the magnetization usingoMe from deep within the film. Consequently the occur-
PNR and MOKE! whereasT(Cr) was measured using '€Nce of the commensurate phase in this system appears not
that Ty(Cr) drops withTc(Fe,_,Cr,) as would be expected Pottom Cr/iNb interface. -
for a proximity effect. The weaker the ferromagnetism of the ~ AS is discussed in detail in Ref. 8, the large lattice misfit
proximity Fe _,Cr, layer is, the less it can polarize the Cr, between Cr and Nb at the Cr/Nb interface induce strain and a
reducing itsTy(Cr). The data and more details of the mea-Very small crystalline coherence in the film plane. Appar-

surements on the Fe,Cr,/Cr system will be reported ently, this small in-plane coherence prevents the formation of
elsewherd?20 an in-plane TSDW similar to the suppression of the ISDW at

small te,. Instead, a CSDW forms. Further away from the

Cr/Nb interface the crystalline quality improves allowing the
C. Thick Cr films formation of a TSDW. For out-of-plane propagation of the
TSDW for 45 A<t.,<250A, on the other hand, the out-of-
plane crystalline coherence length is found to be much larger
than along the in-plane direction. Thus, no concomitant
9csSDW forms. This argument also holds for those samples

tCrZ,OO'g]’Z fTSDW reorignts Iitself hbeft:/veen Zi@ft&q where the Cr does not directly touch the Nb due to an inter-
= fom propagating along the film growth axis 0 yening e Jayer. Since the Fe always was only 20 A thick, it
in-plane propagation with the Cr moments oriented out of th%annot relieve the strain induced by the Nb

film plane’® This reorientation transition again is caused by
steps at the Fe/Cr interface. These steps frustrate the systeén Conclusions
since the ferromagnetic coupling within the Fe, the antifer-—
romagnetic coupling within the Cr and the antiferromagnetic  In conclusion, we have discussed results obtained on the
coupling between the Fe and the Cr at the Fe/Cr intetface magnetic structure of Cr by neutron scattering methods. To
cannot be satisfied at the same time. be able to perform neutron experiments, it was important to
Calculations within a classical Heisenberg model repro-maximize the scattering volume by using large substrates
duce the observed reorientation transition as soon as stepsand, for smalltc,, many Fe/Cr bilayer repeats. Thus, the
the Fe/Cr interface are assunmfeBor smallts,, the frustra-  preparation of samples specially designed for neutron scat-
tion can be accommodated by forming domain walls contering is important if one wants to push the limits of neutron
necting the steps at opposing Fe/Cr interfatesughthe Cr  scattering in thin film research. This has enabled us to ob-

Last but not least, we briefly review our results for very
largetc,. As is shown above, we observe a TSDW fgr
=80A. Neutron scattering data show that with increasin
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serve a novel frustrated spiral CSDW order in Cr films,
which are only 42 A thick. This magnetic order causes the 400
noncollinear coupling between the Fe layers. In this regime,
we also observe a proximity effect between the Fe and the
Cr. As we increask,, the Cr layers become thick enough to
support a TSDW propagating out of the film plane. At high
temperatures, this TSDW transforms into the frustrated
CSDW, causing noncollinear coupling between the Fe lay-
ers. As we increasg, further, the frustration at the Fe/Cr
interfaces causes a reorientation of the TSDW propagation to
in-plane. A concomitant CSDW is observed, which is shown
to be limited to the region near the bottom Cr/Nb interface
using neutron GID. This latter technique operates at the lim-
its of what neutrons can do. Nevertheless, if the samples are
optimized accordingly, meaningful results can be extracted.

-1(10 K) (cts/30 min.)
1(75 K) -1 (10 B)(
o

FIG. 3. Difference spectrum of inelastic neutron scattering data taken at 75
IIl. INELASTIC SCATTERING and at 10 K with Gaussian fits and the resulting dispersion curve plotted in
’ the Q-E plane.

So far, we have only considered elastic neutron scatter-
ing on magnetic thin films. However, inelastic neutron scat-
tering has historically been just as important an application
in condensed matter science. For neutron wavelengths in the Theinelasticmeasurements were performed on a super-
A range, the neutron energies happen to be well matchedattice of the layer sequence s alDYas /Y 28 al3s0/
e.g., to phonon and magnon excitation energies in condenseéthsag 4/ Nbygoo 4/ Al,O5(substrate  which was grown by
matter. However, the cross sections of this inelastic scatteMBE method$® along the c-axis of the hcp structure of Dy
ing are orders of magnitudes smaller, than in the elastic casand Y. Again, the amount of Dy in the sample was maxi-
Thus, if elastic neutron scattering already poses a challengaized by growing 350 bilayers and using a rather large
in thin film research, inelastic neutron scattering will be evenl in.x0.5in. substrate. Nevertheless, the Dy in the sample
harder. However, in the following, we demonstrate that everamounts to only 10 mg. Below its bulk Neemperature of
inelastic measurements on thin film systems are possible. 179 K, Dy exhibits a helical phase which transforms into a
Up to now, information on magnetic excitations in mag- ferromagnetic structure below 89 K. In Dy/Y superlattices, a
netic thin films and superlattices has come from inelasticoherent helical phase occurs which extends over many bi-
light scattering(Brillouin scattering, B¥*2° and ferromag- layers whereas the ferromagnetic phase is suppressed due to
netic resonancé~MR) experiment$® FMR can probe spin magnetoelastic effecf8.The coherent helical phase is medi-
waves at the center of the Brillouin zoBZ), and at mag- ated by the paramagneftitinterlayers viaRKKY exchange
non wave vectors,, inversely proportional to the film thick- coupling. Elastic neutron scattering experiments have con-
ness. With Brillouin scattering, wave vectors on the order offirmed that the present Dy/Y sample exhibits the same long-
the wave vector of light are accessible, i.e., also close to theange helical order observed previously.
BZ center. Thus, it has not been possible to determine the The neutron scattering experiments were performed at
dispersion of spin waves in magnetic thin film systems in thehe NIST Center for Neutron Research on the cold neutron
whole BZ. spectrometer NG-5. A focusing analyzer was used for the
With inelastic neutron scatteringNS), on the other inelastic measurements to maximize intensity while sacrific-
hand, the dispersion of spin waves in much larger portions oing resolution inQ.
the BZ is, in principle, accessible. Smaller wavelength  The inelastic measurements were performed at 75 K to
(higherqg,,) spin waves on the order of the superlattice peri-create a sufficiently large spin-wave scattering cross
odicity would become accessible which can be dominated bgection®! Equivalent scans at 10 K, where the spin-wave
the magnetic exchange coupling between the magnetic layeross section is negligible, serve as a quasi-background. The
ers. Thus, INS would open up the possibility to study theintensity difference of these scans then is a good measure of
dynamic behavior of the exchange coupling in magnetic suthe spin-wave cross section. Counting for about 30 min per
perlattices, which was not possible so far. point was necessary to obtain the data summarized in Fig. 3,
Thin film samples made from rare-earth materials are thevhere the difference between the 75 and 10 K data sets is
prime candidates for a study of magnetic excitations withplotted together with Gaussian fits and the projections of the
inelastic neutron scattering, since the rare earths exhibit thpeaks onto th&-1 and Q-E planes. We find a spin-wave
largest magnetic moments of all elements, causing the largeskcitation, which is well-localized in energy. The resulting
possible cross-section for magnetic neutron scattering. Rarelispersion curve is shown in tl@@-E plane. Its extrapolation
earth superlattices have been studied intensely over the lasst higherQ yields an elastic peak at 1.97A as its origin.
decade usingelastic neutron scattering to determine their This peak is caused by the helical long-range magnetic order
magnetic structures.?® in the superlattice. Comparison with the data of bulk®Dy
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