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The magnetic behavior of epitaxial probe layers®fe down to a thickness of 1 monolay@L) has been
investigated with the technique of nuclear resonant scattering by synchrotron radié®&h in a grazing-
incidence geometry. The samples consisted of 10—55 ML Fe deposited on{d @)Gaubstrate and covered
with 2 nm Au. Probe layers of 1-10 M#’Fe were inserted at different depths in the Fe film. The technique
yields spectroscopic information, i.e., magnetic hyperfine fields and isomer shifts, as well as structural infor-
mation, such as layer thicknesses and interface roughness. The results show the existence of a honmagnetic
Ge/Fe interlayer of at least 10 ML thick after deposition at room temperature. Subsequent conversion electron
Mossbauer spectroscopEMS) data show that, although the samples were stored at room temperature, the
interlayer diffusion proceeds as a function of time. The relative merits of NRS and CEMS for the investigation
of ultrathin layers are discussd$0163-182608)03137-3

[. INTRODUCTION opened up the possibility for observation of the hyperfine
interaction of minute quantities ofFe by nuclear resonant
Metallic multilayers in which one of the components is scattering in a grazing-incidence geométrgimilar beam
magnetic are currently a topic of much interest because theljnes are completed, respectively under construction at the
show interesting phenomena like ferromagnetic/American Photon SourcéAPS) near Chicago and at the
antiferromagnetic coupling as a function of nonmagneticSPring8 facility near Hyogo, Japan. Earlier, this technique
spacer thickness, giant magnetoresistance and perpendiculeas already been applied successfully to the study of thicker
anisotropy! It has become clear that in many cases the mag¢multi)layers>® A sample of°’Fe nuclei is excited by a short
netic behavior is intimately associated with the structure of100 ps pulse of synchrotron radiation. If a hyperfine inter-
the interfaced. One of the key issues, therefore, is the de-action is present, the time evolution of the nuclear scattering
scription of interface magnetism in terms of different atomicshows a characteristic beat pattern, with frequencies corre-
sites at the interface. sponding to the energy level differences, superimposed on a
Mossbauer spectroscopy on magnetic multilayers containdecay with a characteristic time of the order of the lifetime of
ing 5Fe is a well known technique for the study of the mag-the nuclear leve{141 n3. In contrast, the electronic response
netic behavior of these layers. Similar to the magnetic moof the system(elastic scattering, photoeffect, Compton ef-
ment, the magnitude and direction of the observed magnetifect) is “prompt” on this time scale. Even though the elec-
hyperfine field is directly related to the local electronic struc-tronic response is normally much stronger than the nuclear
ture of the Fe atoms. At the interface, where the local symresponse, the latter can be observed with very low back-
metry is broken, one can also observe the interaction beground in a suitable time window after the exciting pulse.
tween the quadrupole moment of tAé e nucleus and the Provided one can obtain a sufficiently high counting rate,
resulting electric field gradienthe quadrupole interactipn  this method will be more sensitive than the CEMS technique.
Because the magnetic hyperfine field is sensitive to the direcknother advantage is that one can easily study the hyperfine
surroundings of the probe nucleus, this quantity can also givateraction as a function of temperature and/or external mag-
structural information. Interface roughness, for instance, canetic field. Finally, because the beam is nearly 100% polar-
be studied by inserting the'Fe probes at different depths ized in the horizontal plane, one obtains more detailed infor-
from the interfaces and measuring the resulting distributiormation about the directional distribution of the magnetic
of hyperfine fields. By detecting the conversion electronanoments in the sample.
emitted by the’’Fe nucleus that absorbed the 14.4 keV pho- In order to test the possibilities of this technique for the
ton one obtains a sensitivity of about 1 monolayer. The limitstudy of thin layer magnetism, we have chosen the system
is determined by the nonresonant background. This CEM$e/Au001), which can be grown epitaxially with good qual-
technique has been applied for instance to the system Fe/Aty on a Ge substrate® The results show that it is possible to
(100).23 measure the signal of one monolayer *Fe. Contrary to
The recent construction of a nuclear resonance beamlin€EMS, the sensitivity limit is determined by counting rate
at the European Synchrotron Radiation FacillBSRH has rather than background. Although in particular Anderson
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et al® claim a sharp interface between tBgassivated Ge was very low(0.01-0.02 s%). Time spectra were obtained

substrate and the Fe overlayer, our results demonstrate a camsing standard fast time electronfts.

siderable interdiffusion, which proceeds as a function of

time. Ill. THEORETICAL DESCRIPTION OF NUCLEAR
RESONANCE SCATTERING IN GRAZING INCIDENCE

Il. EXPERIMENT In a nuclear resonance scattering experiment the sample is
excited by a photon pulse which is so short that its frequency

Samples were prepared in the metal-MBE set up at Ph”éé)ectrum is much broader than the typical hyperfine interac-

ips Research Laboratories in Eindhoven. Three samples Welton spectrum associated with the splitting of the ground and

g{ngsr;o%rs] ?;Sorﬁ)ngu?rﬁéa;igt%fe m:\; tg:g;gﬁsivssn%odr;excited nuclear state. Whereas the response of the electrons
: prep is prompt, the nuclear time response is basically governed by

Bkr\r}ecﬁzmge\:viﬁeisutl)r;trzﬁ; v?ésprrilgggg \'I\r/]ii[]oﬂﬁzcg?lg Itrr]e:lgt e lifetime of the excited state. The response displays a
haracteristic beat pattern if the nuclear levels are split by the

)c/iwtr:] (fNH‘gZS foirVZ? gnm ?ft 70 IC}./%Eh_lrshleadi t?r t?e fs\:n;a- hyperfine interaction, but it depends also on the geometric
on ol a >passivated surface fayer. the substrates were arrangement of the scatterers and on the incidence angle.

annealed at 190 °C fo2 h in UHV before deposition. - . :
; This is described by the dynamical theory of nuclear reso-
SamplesA and B consisted of 40 monolayertML, 1 o000 scattering-*? In this theory, the nuclear resonant

ML =0.143 nm natural Fe grown on the Ge substrate, f0I-I - .
57 ayer is described by a frequency-dependent complex refrac-
lowed by 10 ML of *’Fe and another 5 ML of natural Fe. tive indexn=1—§, whered is proportional to the number

Thlcknesses were measureq by means of a quartz crystg nsity of recoilless resonant scatterers and to the nuclear
microbalance. LEED expgnments performed right aﬁerscattering amplitude of an individuafFe nucleus. The latter
growth showed a good quality EJEOO) pattern. These and ?‘” quantity is a sum of complex Lorentzians describing the in-
other samples were covered wi2 nm Au 10 prevent oxi- dividual transitions. The relative amplitudes of these Lorent-

dauor: and ia prot\r/:de at vt\{ell dGeﬂ/r;((a)('j:él?r;g/r;?:ce/AFo[r;hes ians depend on the the polarization state of the photons and
samples we use the notation >e EIAU. TN€ 41 the orientation of the photon wave vectowith respect

cct)hmpositiorll of sampleC wasGGe/ StE'e/:? Fe/ de/Au._ T\t’v?j to the quantization axis used to describe the hyperfine inter-
other samples were growma © mmthick, NONSPassivaled = g qtion The total frequency dependent reflectivity of the

Ge substrate with dimensions 2@5 mn?, sputter-cleaned : : :
N ) . ' . multilayer, R(w), is calculated by applying the Fresnel co-
in situ for 45 min at 700 °C and annealed' h at 780 °C. efficients for reflection and transmission at each interface,

Compositions were for sampl®: Ge/10Fe/Y’Fe/AFe/Au c -
taking into account the propagation through the layers. Inter-
and for sampleE: Ge/14Fe/I’Fe/Au. SampleA was grown ¢ o roughness is included in the Nevot-Croce

at 200 °C, all other samples at room temperature. Right afteépproximatiorF In principle this calculation must be per-

they were taken out of the MBE set up, the overa]l magneti(formed for two independent components of the polarization
behavior of 'the first three samples was StUd'ed. by th"?/ector. However, for the case ofFe and the geometry used
magneto-optical Kerr effe¢dMOKE). Soft ferromagnetic be- in the present experimefquantization axis perpendicular to

havior was (_)bserved in all cases when the samp_les_wer e beam direction and parallel to the linear polarization vec-
magnetized in th¢100] easy direction. The magnetization tor) we have only one relevant polarization component. In

reached saturation already Ina field-e8 mT. . this case the nuclear scattering amplitude is the sum of the
Nuclear resonance scattering was performed at beamling . complex Lorentzians describing them= =1 transi-

ID 18 of the ESRF, with the storage ring running in a mode,;
with 16 bunches, 176 ns apart. The beam from the undulat tions between the sublevels of the-1/2 ground state and

was monochromatized in two steps to a bandwidth of 6 me@he |=3/2 excited state of thé'Fe nuclei. After a pulse
: i . . Xcitation, the tim nden f the ampli f the wav
around the 14413 eV resonance’fire. Typical dimensions excitation, the time dependence of the amplitude of the wave

of the photon beam were 0.3 mm vertical and 1.5 mm hori-Scatteer In the forward directio(t=0), is given by

zontal. The sample plane was nearly horizontal, with the % o

longest sample dimensiofl00 making a small, adjustable G(t>0)=(277)_1f [R(w)—Re(w)]e'“ do, (1)
angle® with the beam. The scattering plane was vertical and o

the scattering angle of@was defined by slits in front of the where R(w) is the total reflectivity including the nuclear

sample and the detector. The scattered photons were detectgghttering andR.(w) is the electronic reflectivity. The mea-
in a 10< 10 mn? avalanche phOtOdiOdéEG&G),lo located sured signal is proportional [1@(t>0)|2'14

~30 cm downstream from the sample. In order to align the
magnetization perpendicular to the beam, a magnetic field of
15 or 44 mT was applied along the horizontallO axis,
parallel to the linear polarization of the incoming photon ©®—20 scans of both the prompt and the delayed re-
beam. Typically, 1& prompt photons/s were collectéde.,  flected intensity were obtained for the thicker sampleand
10—20 photons per pulsavhile we registered at most 105 B by varying® in an interval 0—25 mrad and adjusting the
delayed events from the nuclear resonant scattering procedseight of the slit-detector combination. The result for sample
Due to the fast time response of the avalanche photodioda is displayed in Fig. 1. The prompt respongég. 1(a)],
(APD) the delayed counts could be observed without intermeasured with a beam height of 2&m, shows Kiessig
ference from the prompt response in an interval 20—160 nbeat$® associated with interference between beams reflected
after the exciting photon pulse. The background of the APDfrom the back and front side of the Fe layer. The solid line is

IV. EXPERIMENTAL RESULTS
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FIG. 1. (8 ®—20 scan of the specular reflected intensity of 0.0 50.0

14 403 eV synchrotron radiation with an energy bandwidth of 6
meV impinging on a Ge/Fe/Au layésampleA); (b) ©—20 scan G, 2, Time spectra of the nuclear resonant scattering intensity
of the delayed reflectgq intensity due to nuclear resonant scatteringp, qer grazing incidence conditions, for five different Ge/Fe/Au lay-
under the same conditions. ers measured at room temperatug.SampleA, ©® =4.7 mrad,(b)
sampleB, ® = 4.7 mrad,(c) sampleC, ® =4.7 mrad,(d) sampleD,
a fit USing a standard Optical formalism, with the thickness Of@=4_0 mrad, ande) sampleE, ®=5.2 mrad. The solid lines are
the layers and the roughness of the interfaces as parametefigs using the formalism described in the text.
The thickness of the Fe and Au layer turned out to bé16.3
nm and 1.81) nm, respectively, while the interface rough- intensity were obtained for various rocking angles between
ness was taken to be Gaussian with a FWHM of @6bnm 3.4 and 9.9 mrad. The spectra@t=4.7 mrad for sampleA
(Ge/Fe and Fe/Auand 1.22) nm (Au/air). For sampleBwe  and B are displayed in Figs.(8) and 2b). The spectra at
obtained a Fe thickness of 61 nm, a Au thickness of other incidence angles are only slightly different. They are
1.7(1) nm, while the roughnesses were QB88, 0.7410), typical for a magnetic hyperfine interaction. As explained
and 1.42) nm for the Ge/Fe, the Fe/Au and the Au/air inter- earlier, the beat pattern originates from the interference be-
face, respectively. This means that in both samples the Feveen the four simultaneously excitédn= *1 transitions.
layer is roughly 20% thinner than expected on the basis ofThe solid curves in Fig. 2 are based on a calculation using
the growth data. The fits are insensitive to the thickness of ¢he theory described in Sec. lll. The structural parameters
GelFe interlayefsee later, because the refractive indices for were taken from the rocking curve fit. It turned out that in the
FeGe and Fe are nearly equal. Thus, only the sum of thease of 10 ML thick probe layers the results are only mod-
thicknesses of the Fe/Ge and Fe layers can be determined.dtately sensitive to the geometry of the scatterers, whereas
should be noted that the roughness parameter measures fioe thinner layers the spectroscopic information is nearly
uncertainty in the vertical position of the interface over acompletely decoupled from the structural aspects of the
lateral range from typically 10'° to 10 ® m. The rather layer. Adjustable parameters are the vertical scale, the back-
large values are therefore not incompatible with the expectedround and the hyperfine interaction parameters determining
layer-by layer growth on terraces with a typical length of 10the complex scattering amplitude. Although a fit with one
nm. Figure 1b) shows the delayed rocking curgmeasured magnetic component yields already a reasonable result, a
with the full beam, which has a maximum at the angle quite significant improvement is achieved by allowing for a
where the electronic reflectivity has the steepest slope. Thisecond, nonmagnetic, component with a random orientation
is the point where the nuclear contribution to the refractiveof the electric field gradient. This was done by assuming that
index has the largest influence on the frequency spectrum ahe scattering amplitudes of tRéFe nuclei in different sur-
the total reflectivity of the multilayel® The decrease at roundings could be added coherently. We will discuss the
lower angles is also caused by the fact that the projection ofalidity of this assumption later on.
the beam becomes larger than the sample size. The magnetic hyperfine fieldgorrected for the external
For sample#\ andB time spectra of the delayed reflected field) are 32.9863) T for sampleA and 32.993) T for sample

100.0 150.0
time (ns)
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B, not significantly different from the bulk value at 295 K. ' ‘
The (inhomogeneoyslinewidth of the magnetic component 1.040 | #% A

is only 1.30(5Y, whereI'y is the natural width of the
excited state(0.097 mm/s in Doppler velocity unitsThis
suggests a probe layer with a good structural quality. The
relative intensity of the nonmagnetic component(i¥)% for
both samples. Also the hyperfine parameters were similar for ~ 1.000 ¢
both samples, with a quadrupole coupling constant -4.0 2.0 0.0 20 4.0
eQV,,/h=20(2) MHz(quadrupole splitting 0.86 mm/and 1.020
an isomer shifto)=+5.8(4) MHz[ +0.50(4) mm/$ versus
the magnetic component. The fit yield lines of natural width
but the error is larges=0.6".

In contrast to the thicker Fe layers, the spectrum of
sample C showed no magnetic oscillatioig. 2(c)]. It
could be fitted reasonably well with a combination of two 1,000 Horss
guadrupole components with roughly equal intensities, with -
eQV,,/h=13.2(6) MHz and 25.8.0) MHz, respectively.
This corresponds to quadrupole splittings of 0.57 and 1.10
mm/s. The isomer shift between the two components(sl
MHz and the linewidths are similaf;=2.4(6)"y. We note 1010 ¢
that the average quadrupole coupling is very close to that
found for the quadrupole component in sampfesnd B,
suggesting a common origin.

In order to check the results of this spectroscopic tech- , , ‘
nigue we performed CEMS experiments on samples, -10.0 -5.0 0.0 5.0 10.0
and C by placing them at the cathode of a parallel-plate Velosily (mm/s)
avalanche detectdf.The results are shown in Fig. 3. Sample  gig. 3. Conversion electron Msbauer spectra of three Ge/
Cis indeed nonmagnetic. The two dominant quadrupole douge/au samples, measured at room temperature, using a source of
blets have splittings of 0.65 and 1.15 mm/s, respectively, ané’co in Rh.(a) SampleA, (b) sampleB, and(c) sampleC.
the same isomer shift of 0.36 mm/s versus Fe. In addition we
observe a third doublet with splitting 283 mm/s, isomer to avoid complications due to substrate curvature. These
shift 1.048) mm/s, and 10% relative intensity. The latter samples were placed horizontally on a special Cu tailpiece of
component was absent in the time spectra, but for the rest the closed-cycle refrigerator. Thermal contact was made with
results agree nicely. For the two thickest samples we see @&ycon grease. Figuresd® and Ze) display the results on
dominant magnetic interaction witd,=32.95(5) T. In ad-  both samples at room temperature. The fits assume that the
dition a quadrupole doublet is observed witlf  large majority of the®’Fe nuclei experience a magnetic in-
=0.36(1) mm/s vs Fe and a splitting of 0@B mm/s  teraction, with average hyperfine fields of 3308 T for
(sampleA) or 0.983) mm/s(sampleB). Its relative intensity sampleD and 32.83) T for sampleE. The linewidths are
is 381)% for sampleA and 231)% for sampleB. The split-  3.4(5), and 5.5(1.5), respectively, much larger than in
ting is in reasonable agreement with the analysis of the timgamplesA and B. This points to a distribution of hyperfine
spectra but the isomer shift is definitely lower. Moreover, thefields. Such a distribution would imply different widths for
relative intensity is up to a factor 4 higher than found fromdifferent frequency componenisee Ref. 25 for a recent
the time spectra. discussion of hyperfine field distributions in NRSlowever,

It turns out that the puzzling differences between the NRShe data are not sensitive to such a refinement. We could
data and the CEMS data can be ascribed to the fact that thshtain slightly better fits by allowing for a nonmagnetic com-
layers are not stable when stored at room temperature in gonent with roughly 10% intensity for sampl2 and 20%
dry box. Whereas the NRS measurements were performegtensity for sampleE. Although the parameters of this com-
3-4 days after the production of the samples, the CEMS datgonent were badly defined, it was definitely not the nonmag-
shown in Fig. 3 were obtained four months later. Subsequemetic component observed in the samplesC. For sample
CEMS measurements another three months later showedmwe had a count rate of 0.4 cps, whereas it was only 0.07
clear increase in the nonmagnetic fraction, which now wagps for samplee. This explains the relatively poor quality of
43(1)% for sampleA and 30.%5)% for sampleB. Further-  the data in Fig. @), an analysis in terms of different hyper-
more, the surprising third component observed before b¥ine fields at the interface was clearly not possible. For
CEMS in sampleC was absent in this case. sampleD, a measurement at 80 K yieldd&},=33.6(2) T,

In view of the results on the first three samples we deslightly but not significantly lower than the bulk value of
cided to grow sampleB andE with 1 ML thick probe layers 33.8 T.

at a distance of at least 10 ML from the Fe/Ge interface.
Moreover, we did not emplo$-passivated surfaces because

the sulphur atoms may end up at the Fe/Au interface. The
substrates were lon@5 mm in order to use the grazing- The most puzzling observation in the measurements de-
incidence beam as effectively as possible and tf&knm) scribed here is the presence of a nonmagnetic component in

1.020

1.010

Relative yield

-10.0 -5.0 0.0 5.0 10.0

1.000

V. DISCUSSION
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the 5’Fe probe layers. There is only one sensible explanationinore severe for samplé (deposited at 200 °Cthan for

we see interdiffusion of Ge and Fe to such an extent thasampleB (produced at room temperatiire

each Fe in the probe layer of samyileis surrounded pre- At this point we want to make a comparison with the data
dominantly by Ge atoms. Literature values #in crystal- of Andersonet aI.,8 who claim that the Ge/Fe interface is
line FeGe compounds ar€0.48 mm/s for the cubi®20  sharp after deposition of Fe onSpassivated G&00 sub-
phasé® and aboutt+0.30 mm/s for the hexagonal and mono- strate. Although we disagree on this conclusion, their experi-
clinic phases? Only the cubic compound is not ordered at mental data are not necessarily in conflict with ours. The
295 K. Amorphous Fe/Ge layers are also nonmagnetic at thielaim is based on Auger intensities of the various elements
temperature, showing an isomer shift of 0.35—0.40 mm/s an@luring deposition as a function of the thickness of the Fe
a quadrupole splitting ranging from 0.5 to 0.9 miAfigt  layer. Due to the limited depth resolution of this method, an
These values are sufficiently close to those measured here ijerdiffusion over a depth of-5 ML or less cannot be ex-
conclude that we have indeed a Ge/Fe interlayer of at least guded. The second point is that we observe interdiffusion in
ML thick. This result contradicts the claim of Anderson @ time interval of days to months, whereas Andersoal.
etal® that Spassivation prevents intermixing. We will probe the profilein situ during deposition. Obviously, the

present a detailed comparison with the data from those ad[]terd|ffu3|on ona Iong time scale, obser\_/ed hene;nu_m
thors later on Au-capped Fe layers, is relevant for possible applications of
' - . . Au multilayers grown on .
We observe a similar nonmagnetic component in the NRge/ u multilayers grown on Ge substrates

. . A complication may arise in the interpretation of NRS
0, . .
expepm_ents on sample% gnd B, although only with 6% measurements on thin probe layers, because the assumption
relative intensity. At this point we have a problem, because

) ) o %hat one may add the contribution of the two phases coher-
correct analysis requires knowledge about the position of thgny s not necessarily correct. Analysis of the coherence

nonmagnetic phase with respect to the Fe layer. If we assumgoperties of the synchrotron beam has shown that although
that this component is due to an Ge-Fe interlayer with ghe |ongitudinal coherence length is very long, the effective
homogeneOUS thiCkneSS, this Iayer would include the begirh‘ansverse coherence |ength is %Eor the present geom-
ning of the>’Fe probe layer, because a fit using such a modegtry, in which the solid angle of the detecteslit is rela-
shows that thé’Fe atoms in a 40 ML thick Ge-Fe interlayer tively large, we estimate a vertical coherence length of only
with natural Fe contribute only 4% to the intensity of the 4 nm and a horizontal coherence length one order of magni-
nonmagnetic component, whereas the relative intensity afude smaller(With a typical incidence angle of 4 mrad, the
the nonmagnetic component in the probe layer is 3.@6-  coherence length projected onto the surface 1sum.) This
cause the deeper layers are less illuminated by the photaneans that one should add the contribution of the two phases
beam than the probe layer, the fraction of 7.5% nonmagneticoherently only if a=4 nm wide section of the beam crosses
5’Fe atoms yields a relative intensity of only 6% in the spec-both of them. For those sections where the interlayer is so
trum) However, there are two reasons to rule out such dhick that it reaches the probe layer this is not necessarily the
thick homogeneous interlayer. First, from the reflectivity case. Adding the two contributions noncoherently leads to a
data of Fig. 1 it was deduced that the total thickness oflifferent picture, in which the information about the relative
FeGerFe is only ~6.5 nm. This is already smaller than isomer shift is lost. However, it turns out that our NRS data
expected on the basis of the growth data if this layer is pure€annot be fitted satisfactorily in this noncoherent picture.
Fe; if the layer would be largely GeFe the discrepancy wouldWVhereasy? decreases with roughly a factor of 2 if we add
be unacceptably large. Secondly, fits of the time spectra aghe complex nuclear scattering amplitudes of the two com-
suming such a thick Ge-Fe interlayer are clearly worse thaponents? only increases if a nonmagnetic GeFe time spec-
those assuming a natural Fe layer of equal thickness, posirum is simply added to a pure Fe time spectrum. We con-
tioning the nonmagnetic component in or close to the probelude that the regions in which the nonmagnetic layer
layer. We think, therefore, that the thickness of the inter+eaches thé’Fe probe atoms have lateral dimensions smaller
mixed layer is varying locally, in some places reaching thethan~1 um.
S’Fe probe layer. SamplesD and E, which were grown on nonpassivated
For samplesA and B, the combined NRS and CEMS re- Ge surfaces, do not show indications for the formation of an
sults clearly show a progress in the Ge/Fe interdiffusion as &eGe interlayer. Since the natural Fe buffer layer is only 10
function of time. We also have an indication that interdiffu- ML for sampleD, this suggests th&passivation favors the
sion took place after sample C was produced, because thisterdiffusion process. On the other hand, the large linewidth
sample showed a clear magnetic Kerr signal right after depdior sampleD points to a lower structural quality of the
sition, but no magnetic signal in théFe probe layer during evaporated layer than in the case of sample€. This is in
the NRS measurements three days later. It is highly improbagreement with other reports concerning the growth of Fe on
able that the magnetic Kerr signal originated only from the 2Ge(100.8% Apparently the sulphur atoms on the surface act
ML natural Fe covering the probe layer. The increase of thes surfactants, i.e., they promote two-dimensional growth of
intensity of the GeFe component in sampleandB is cor-  the Fe overlayer. In the absenceS¥toms, the initial growth
related with a decrease of the isomer shift. The isomer shifis in the form of three-dimensional Fe islands. The coales-
in the NRS data is consistent with the formation of crystal-cence of these islands gives rise to many structural defects.
line cubic GeFe, whereas the isomer shift in the CEMS data Unfortunately, an increase in linewidth directly leads to
points to the existence of an amorphous GeFe phase. W increase of the damping of the NRS signal and an accom-
have no explanation for this puzzling behavior, nor for thepanying decrease of the time integral of the delayed counts.
fact that the interdiffusion on a long time scdlmonthg is  When comparing the total delayed count rate of sanfble
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with samplesA andB, we also have to consider the fact that ties of thin Fe layers. The samples showed a number of sur-
the NRS signal for these thin samples is roughly proportionaprising features, most of which are related to the formation
to the squareof the total number of resonant scatterers, be-of a nonmagnetic GeFe interlayer. The current sensitivity
cause we sum the amplitudes of the individual contributiondimit of the method(determined by counting rates ~1 ML.
rather than the intensities. These two effects explain the biecause the signal is quadratic if the scatterers respond in
decrease in the total delayed count rate of samplesdE, phase, one can get good-quality spectra already freBn
although these samples are much bigger than sampl€s interfaces(each 1 ML thick in a thin multilayered sample.
The NRS spectrum of 1 monolayer 8fFe is still easily By taking more layers, one could even study submonolayer
observable, but a detailed analysis is difficult. Neverthelesamounts of’Fe at the interfaces.

the results on sampl® are surprising when compared to  With the present incident photon flux, the NRS technique
those on Fe/A(L00),% where it was observed that the room applied to thin layers has a sensitivity that is comparable to
temperature hyperfine field in the interior of the layer is ap-CEMS. Already now it is worthwhile to perform this type of
preciably lower than in the bulk for Fe layers thinner thanNRS experiments in case one wants to measure in large mag-
~40 ML. This is attributed to a change in the spin wavenetic fields and at various temperatures, a situation in which
spectrum. For 15 ML we expect a decrease of 0.3 T withCEMS is difficult to apply. Although this feature is not ex-
respect to the bulk value. We do not observe this behavioplored here, the NRS technique is also promising for deter-
but in view of the large linewidth we cannot draw definite mining the direction of magnetic moments in a probe layer,
conclusions. The average field at the interfés@mpleE) is  especially when combined with a polarization analyzer be-
also higher than in the case of FefAdg0. Unfortunately, hind the samplé*

the statistics of the NRS spectrum on this sample prohibit an

analysis in terms of severalFe probe atom sites at the
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