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Structural and magnetic properties of ultrathin fcc Fe,Mn_, films on Cu(100)
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We have studied ultrathin E¥n; _, films on CY100) for Fe contents ranging from 45% to 80%. In the bulk
the fcc structure displays antiferromagnetic order in this concentration regime. The growth was investigated via
reflection high energy electron diffraction and structural properties were investigated with low energy electron
diffraction. From lattice mismatch arguments one would have expected to obsefted ) pattern. However
we find ac(2X%2) structure for thicknesses below 5 ML. Above this coverage it transforms ip{d x 1)
structure. Thes(2X2) structure is not present when the alloys are grown on a Ga@@0usurface. With the
use of Auger spectroscopy we find clear evidence of Fe surface segregation. At 54% Fe content we estimate an
enhancement of the surface content of Fe-il0%. The amount of excess Fe agrees well with the observation
of ‘uncompensated’ Fe spins in Colgeins, structures. Further we were able to detect magnetic signals for
coverages below-5 ML.
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[. INTRODUCTION magnetic behaviors, which we briefly review via a simplified
phase diagram in Fig. 1.

In exchange-bias systems the antiferromagnetic layer The fcc phase is stable for Fe contents between 80% and
material often consists of a EMns, alloy since at this con-  50%. There the Nal temperatureTy increases monotoni-
tent the Nel temperaturel is largest. The exchange bias cally as a function of the Mn content. A sample with 20%
is due to the exchange interaction at the interfacdVin has a value offy of ~360 K compared to-500 K for
ferromagnet-antiferromagnétDiscussions of the exchange 50% Mn. For Fe contents above 90%Mm;_, is in a bcc
bias often assume the magnetic structure of the bulk due tBhase, which displays a ferromagnetic behavior. The Curie
the lack of experimental results about the surfacefinterfacd€mperaturélc decreases linearly in this regime and at 90%
However it has been recently demonstrated that the situation

at the surface is different from the bulk in the system 0.4

Co/NiO(100).? The materials used for the antiferromagnetic ] ;
layer in exchange-bias systems can be roughly divided into 0.2 E
two groups One class consists of oxides, and examples are 0.0

CoO and NiO. The other class contains Mn alloys, like FeMn 8 ] E
and IrMn. The important fact is that the antiferromagnetic g 027 E
layer material is not a single element, but some chemical E 041 C
compound. Growing the ferromagnet onto the oxide will ] '

cause oxidation-reduction reactions modifying the interface -0.6 7
responsible for the exchange interactishOn the other ]
hand, when growing alloy films one has to address the ques-
tion of surface segregation as observed, for example, in
FeNi;_, in bulk and thin film sample3:’ This means the
interface which is important for the exchange interaction
cannot simply be derived from a bulk terminated surface. It

is also well known that due to the lattice misfit between film
and substrate a tetragonally distorted structure evolves, e.g.,
Co and Ni/C100) films2® This change of symmetry could
have an impact on the exchange interaction. It is therefore
imperative to address the chemical and structural properties
of antiferromagnetic ultrathin films. Surprisingly very few
studies have been performed addressing these issues. In the
following we want to discuss Eb®In,_, alloys grown on
Cu(100. On the basis of bulk lattice constants of fcc
FeMn, _, alloys'® we have calculated the misfit when grown  FiG, 1. The top panel displays the misfit of fcc,Fn, _, on

on a CY100 surface; see Fig. 1. The value ranges fromcy100) using bulk lattice constantéRef. 10. The bottom panel
—0.8% to 0.5%, and therefore a 00 surface is a good shows a simplified phase diagram and critical temperatures for bulk
choice as a substrate and we expect pseudomorphic growthgMn; _, (Refs. 11 and 18 The dashed lines separate fcc and bcc
In the bulk FeMn,_, alloys display complex structural and phases. The solid lines serve as a guide for the eye.
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= found to be stable within 5%. A well ordered @00 sur-

[ face was prepared via Arsputtering and annealing to 720
K. Alloy films were deposited at 300 K by simultaneous
deposition at a rate of0.2 ML/min. At present the lowest
temperature we can achieve is 110 K with Lbboling. For

L magnetic measurements we utilized the magneto-optical
I Kerr effect(MOKE), our setup allows to perform these ex-
periments at the growth position. The in-plane and out-of-
plane magnetization can be probed by orthogonal magnets.
[ Therefore no sample movement is necessary for Kerr mea-
L surements along two directions. The maximum available
[ field is at present~1000 G. We prepared uniform and
wedged samples, both sets gave identical results. For the
wedges we placed the Ci00) crystal behind a shutter. Dur-
ing the growth we varied the position of the sample via a

RHEED Int. (arb. units)

Jo L stepper motor. The slope was typicatyl ML/mm. The
R s T T T size of the light spot is~0.25 mm, which gives us a thick-
0 4 8 12 ness resolution of-0.25 ML. The positioning error in the
thickness (ML) MOKE position is at most~0.5 mm, which results in a

FIG. 2. RHEED Intensity variations during growth for different thickness error of-0.5 ML.

FeMn,_, alloy films.
Ill. GROWTH OF FCC Fe yMn,_,/Cu(100) FILMS
Fe T is around 500 K, which is-50% of the value of bcc ) ) _
Fel The T value for fcc Fe stems from measurements of From the lattice mismatch argumefee Fig. )] we

fcc Fe precipitates in a Cu matri%We want to address the €XPect good epitaxial growth of fdn,_, on CY100. In
following questions(i) How does the growth of E#n; order to study the growth we recorded the RHEED intensity
films proceed on a Qa00) surface?ii) What is the structure during evaporation. The results for different concentrations

of these films?iii ) Does surface segregation play a rofie/? are plotted in Fig. 2. All curves are normalized such that at
Can magnetic order be directly observed? the beginning of the growth the RHEED intensity is 1. Fur-

ther we plotted all curves in the intensity interval 0.2-1.
Only then one can compare these curves. The behavior of
Fe/Cy100 is well studied and our intensity curve is in
The experiments were performed in an ultra high vacuun@greement with published data. The main features are a miss-
chamber (% 10 %% mbar) equipped with a LEE[ow elec-  ing peak at the 1-ML position and a significant increase of
tron energy diffraction optics for structural analysis and the intensity at~-4 ML, where RHEED oscillations also set
CMA (cylindrical mirror analyzerfor chemical analysis. A in. This we could use for the calibration of the Fe source. For
second electron gun for reflection high energy electron dif90% Fe we observe a maximum at the 1-ML position and
fraction (RHEED) studies during the growth is available. oscillations are pronounced for the first 2 ML. At 3 ML only
E-beam sources were used for the deposition of Fe and M@ weak peak is present, and finally-a# ML we notice an
The rate of all evaporators can be controlled by individualincrease in the intensity. RHEED oscillations are present be-
quartz crystal monitors. In order to calibrate these thicknesyond this thickness. However the amplitude is smaller when
monitors we used RHEED oscillations, which are well docu-compared with Fe/Qd00. The intensity curve for a kg
mented for Fe/C(1.00).1**°The calibration of the Mn evapo- alloy is similar except that beyond 4 ML no oscillations are
rator is not so straight-forward since no RHEED oscillationsdetectable. At 65% Fe we notice a rapid decrease of the
for Mn/Cu(100) exist. We adopted the following procedure intensity once the growth has commenced. Oscillations in the
for calibration of the Mn source. Similar to the recent obser-RHEED intensity are detectable up t010 ML. For an Fe
vations of Offi et al. we observed RHEED oscillations for acontent of 53% the RHEED intensity drops rapidly but for
~ Fe;Mng, alloy during the growth on Ql00); see Fig. 26 thicknesses above 4 ML RHEED oscillations are found. The
From this experiment we can determine the total thickness ctmplitude of the oscillations is of the same order as for Fe/
the alloy film. Since the Fe source is already calibrated weéCu(100). Our observations regarding the growth of
know the amount of Fe deposited. From the difference of thésgMn;_, on CU100 are in line with the findings of Offi
total thickness and the Fe contribution we can calculate thand co-workers®!” We conclude that F#n;_, alloys on
Mn contribution. This gives us the calibration value for the Cu(100) are a good epitaxial system.
Mn source. Additionally we use Auger spectroscopy to de-
termine the Fe poncentration. Si.nce. we kno_w the Fe amount |\, sTRUCTURAL ASPECTS OF Fe,Mn,_/Cu(100)
we can determine the Mn contribution to yield the concen- FILMS
tration measured with Auger spectroscopy, independently
confirming the result from the RHEED experiment. In regu- Due to the small lattice mismatch between/¥a,_, al-
lar intervals the calibration values were checked, which wdoys and Cy100 we expect pseudomorphic growth; see Fig.

II. EXPERIMENT
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Cu(100) 0.6 ML Mn/Cu(100)

2 ML Fe,Mn,/Cu(100) 9.7 ML

0.6 ML Mn/4.2 ML Fe
/Cu(100)

3.5 ML Fe/0.5 ML Mn
/Cu(100)

FIG. 3. Various LEED patterns obtained at 110 eV.

1(a). Hence we expect LEED images pf1x1) symmetry
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FIG. 4. LEED I-V curves of the £3) spots. We compare
0.5-ML Mn/Cu(100) at various stages during the Fe overlayer
growth with 2 ML FegyMnsy. The intensities have been scaled such
the spectra are of equal height. We note a close resemblance of
these curves.

face. At this coverage the(2X2) structure is buried; see
Fig. 3. This in contrast to 4-ML RgMn,,;, where ac(2

X 2) pattern is clearly visible. Therefore the formation of a
MnCu alloy is not likely. In a next step we collectéd/ data

on the ¢ 3) spots, which are plotted in Fig. 4. The top curve
is from 0.5 ML Mn/CU100) in agreement with Wuttig

like the substrate. In particular we should not observe recoret al?° Growth of Fe on this sample leaves the shape of the
structions. In Fig. 3 we display LEED images obtained at ani-V curve almost unaffected. The important observation is

electron energy of-110 eV. The C(L00) surface displays
the knownp(1x1) symmetry. This we can compare with
the pattern of 2 ML FgMn,;. We immediately notice ex-
traspots, which are of(2X2) symmetry. Increasing the
thickness to 9.7 ML leads to@(1x 1) pattern, as expected.
The transition from a(2X2) pattern to gp(1X 1) pattern
takes place between 4 and 6.4 ML for ansfMn,; alloy.

that the curve of 2 ML FgMns is also very similar to the
curve of 0.5 ML Mn/Cy100). This is strong evidence that a
buckling of Mn is important for the(2X2) structure in our
alloy films. Having said that an ordered alloy could account
for the presence of &(2X 2) structure, it becomes clear this
is at odds with an uniform sample. A “perfect(2x2)
structure is equivalent to an Fe content of 50%. However,

This type of behavior has been observed for all concentrasamples with a higher Fe content also displayed d¢f2
tions in the regime 50—75 % Fe. A similar transition from a X 2) pattern. This suggests that some Fe has to segregate to

c(2X2) to p(1x1) structure was reported in related sys-

tems like Mn/C100) and Mn/P¢100).*8-2
The question arises what is the origin of thé€2x2)

the surface or Cu interface. We will show below that indeed
Fe surface segregation occurs. In Fig. 5 we have summarized
our findings with respect to superstructures in the LEED pat-

structure. We recall results of so-called surface alloys whichiern. For completeness sake we have included experimental

are present for 0.5 ML Mn/Gd00 and 0.5 ML Mn/Ni/

results on Fe-rich EMn,;_, alloys?* In the interval 100—

Cu(100. There the toplayer consists of an ordered alloy with75 % Fe we observed up to5 ML a nX 1 pattern, withn
a c(2x2) LEED pattern, which we are able to reproduce;~5.2 Exceeding a thickness of5 ML results in a 1

see Fig. 22 |n this structure a significant buckling of the

pattern. A solid line marks the boundary of these two re-

Mn atoms occuré® More precisely the Mn atoms have a gimes. At about 75% Fe the symmetry of the LEED pattern
different displacement along the surface normal than the Cahanges significantly, and we placed a vertical dashed line in

atoms?® Therefore two possibilities for the observed2
X2) structure in FgMn,; are conceivable(1) significant

the diagram. For Fe contents below 75% we obsereé2a
X 2) pattern as discussed above for the special case of

surface segregation of Mn, which forms a surface alloy likeFe;sMn,;. At 10 ML this pattern has transformed into a

Mn/Cu(100); and(2) the formation of a Mn/C(L00) alloy at

p(1x1) pattern. A second solid line separates these two re-

the interface. We have grown 0.5 ML Mn on 4.2 ML Fe/ gimes. Our findings on E#n;_,/Cu(100) do not agree in

Cu(100, and observed @(1x1) pattern with some faint
intensity due to a X 1 reconstruction similar to Fe/CL00);

every aspect with the recent reports by Gffiall® They
focus in their work on FgMns, alloys and report only a

see Fig. 3:**Therefore we dismiss the first possibility. Next p(1x 1) structure. The preparation is different only in two

we investigated 3.5 ML Fe on @(2X2) Mn/Cu100) sur-

aspects. First, we grow our samples at 300 K whereas, Offi
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FIG. 5. Symmetry of the LEED pattern of fidn; ,/Cu(100)

alloy films. The lines serve as a guide to separate regions of differ-
ent properties.
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et al. deposited their alloy at 315 K. Second, we employ a

growth rate of~0.2 ML/min compared to 0.5—1 ML/min in FIG. 6. LEED I-V curves of the(0,0) spot for Ni/Cy100),
their work. These are in our view only modest differences,Cu(100), FesMnss, and FggMng; /Cu(100). The dashed lines con-
and it is not clear whether these can explain the differennect Bragg peaks of the same order.

observations. Interestingly when growing as§éns, alloy

onto 8-ML Co/C{100) we observed only @(1Xx 1) pattern nwh

even for a coverage of 1 ML. This result is inline with the di:sinﬁm' @
reported data of Offet all® Immediately repeating this ex- e 0

periment on C(L00) did result in the emergence of &2 E(n) is the energy of the Bragg peak with ordeand the
X2) structure below~6 ML. Since the Co film grows inner potential is denoted with/,. The electron mass is
pseudomorphically on GUOO the FgoMns, alloy experi-  |abeled withm,. We estimate the penetration depth to be

ences the same in-plane lattice constant. Yet the resulting 5 ML, this meansd, is the average of the first 5 ML. In
LEED pattern is different. Clearly the chemical/magnetic na-Fig. 6 we show some selectéf\V) curves. Compared to the
ture of the substrate plays a role as far asdf#ex 2) pattern  curve of C100) the FggMn3; and FgsMnss alloys show a

is concerned. We would like to add a few comments as temall variation of the bragg peak position. For the latter we
whether thec(2X 2) extraspots have their origin in a con- see a shift towards smaller energies, which meanscthas
tamination of the sample since we generally observe a smalifrger than for C(L00). For the FggMnj3; alloy we observe a

C contamination of~3% in our samples. In a first step we shift towards larger energies. Cleady has decreased com-
grew a~6 ML Fe/Cu100 sample and exposed it then de- pared to C100. We also show thé-V curve for 5 ML
liberately to a vacuum with an enhancédy a factor of ~Ni/Cu(100) which displays a larger shift. This is a conse-
~100) CO and CQpartial pressure via degassing filaments.duence of the Iarger misfit. The important fac_t here is that the
Only after an exposure of 20 L for each species we could films are not strictly ch but tetragonally dls_torted as ex-
observec(2x 2) spots on the 6 ML Fe/Q00) sample. The pected: We have compiled valuesaf for a vgne;ty of con-
resulting Auger spectrum showed contamination levels 0Eentratlons. In order to compare bulk and thin films better we

~20% and 3% for C and O, respectively. These values ar ave calculated the atomic volume. For the films we as-
. . sumed pseudomorphic growth; the result is shown in Fig. 7.
an order of magnitude higher than for our as-grown allo

Y - . .
. . X For the bulk we see that the atomic volume is a linear func-
films. From this result we conclude that th€2x2) inten- tion of the Fe content. This is matched by the behavior of 10

sity _Of t_he |nvest|gateq Fdn, _x alloys is not due to con- ML thick alloy films in the concentration interval 45—65 %
tamination. Further evidence comes from the LEED patterme e attribute the offset to a systematic error in the deter-

of a 9.7 ML Fe3Mn,; sample which does not display spots mination ofd, . We notice, however, that there is a clear
due to ac(2x2) structure; see Fig. 3. A contamination in- deviation from a linear curve for higher Fe contents, there
ducedc(2X2) structure should also be present at a largethe atomic volume is larger than the bulk. Compared to the
thickness. 10 ML thick films 5-ML-thick specimens have a slightly

Although the misfit is smal[see Fig. 1a)] we expect a increased atomic volume. It is of course tempting to ask
tetragonally distorted structure of the alloy films. It is well- whether this could be related to a moment-volume instability
established that the LEEBV measurement of th@,0) spot  similar to fcc Fe and F&li;_ invar alloys®®?’In this case it
yield the layer averaged perpendicular lattice constant®>  might be possible to drive the fdn,_, into a ferromag-
examples are shown in Fig. 6. For a quantitative analysis thaetic state. Evidence of magnetic order in these samples will
following formula is employed to determirgg, (Ref. 25: be discussed below.
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FIG. 7. The concentration dependence of the atomic volume is
plotted for 5 ML and 10 ML thick alloy films and the bulk. The
dashed line refers to the atomic volume of ¥he solid lines are Fe
guide to the eye. H

V. Fe SURFACE SEGREGATION

An important aspect for alloy surfaces and alloy thin films
is surface segregation of one constitueHtin the context of
exchange bias it is of course important to determine the con-
centration at the surface of the antiferromagnetic layer. Con-
sequently we employed Auger spectroscopy to investigate
surface segregation for fdn,_, alloys. In a first step we
tested the probing depth of our experiment. For this we in-
vestigated a Fe/QuO0 sample. We collected Auger spectra
across the low kinetic energy Auger electr@dg and 60 eV
for Fe and Cuunder various angles of incidence. We then Mn
computed the intensity ratio of Cu and Fe Auger peaks. Us-
ing the following equation we determined an effective at-
tenuation length\:

55°

Int. (arb. units)

Fe

_din 30 40 50 60 70 80
| e

o= -S4__~ Ene eV
ratio o o 2 nergy (eV)

FIG. 8. Auger spectra of a EfMn,g alloy. The Auger peaks of

The numerator describes the attenuation of the Cu Auge¥n. Fe, and Cu are labeled. Partal depicts the spectrum for 2.8
intensity due to the Fe layer. The increase of the Fe AugeML, Whereas paneib) shows the spectrum for 7.3 ML.
intensity is given by the denominator. For normal incidence
of the electron beam we derive a valhe=2.2 ML. If we  tion. Panel(b) also shows that surface segregation of Cu
take into consideration the take-off angle (22°) of the elec-does not play a role, since at 7.3 ML no Cu peak can be
trons given by the circular aperture our CMA-type spectrom-detected. Surface segregation is expected to occur after an-
eter we get 2.4 ML for the “true” attenuation length. This nealing to 350 K. This temperature is known to be sufficient
value compares favorable with the value of 2.0 ML deter-for Cu surface segregation to occur in such systems as Co/
mined by Pappast al. for 40 eV photoelectrons on the sys- Cu(100) and Fe/C(100).2%° This is driven by the smaller
tem Fe/C100).28 An enhancement of the surface sensitivity surface free energy of Cu compared to the film material; this
is possible if we rotate the sample 55° off-normal. We themalso applies to our case. Because of the fact that we cannot
derive a value ofA=0.8 ML. This means that employing determine the maximum of the Fe Auger peak, the peak-to-
this geometry one will detect contributions within the first peak height cannot be determined. However, we may assume
two monolayers at most. With this in mind we investigated athat the maximum of the Fe peak has the same value as for
Fe;,Mn, sample with thicknesses of 2.8 and 7.3 ML. In Fig. the Mn. Using this approximation for the spectrum obtained
8 we show the Auger spectra for the two different angles ofat 0° the peak-to-peak ratio of the Fe and Mn peaks is
incidence. It becomes immediately clear that the Fe peak haghich is equivalent to a 50% Fe content. In the case of the
become stronger compared to the Mn peak when rotating thgpectrum measured at 55° the peak-to-peak ratio amounts to
sample from 0° to 55°. This is true for both thicknesses~1.6 or to 62% Fe. This is a sizeable segregation effect, a
investigated. This means that the segregation is not tied tmore surface sensitive technique could yield an even larger
the appearance of either tlg2x2) or p(1X1) pattern. surface concentration since we still sample the second layer.
Consequently we have clear evidence of Fe surface segregé/e are not aware of a previous study on the segregation in
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FeMn,_, alloys despite the extensive use offng, as an FewMn
antiferromagnetic layer. The use of the bulk spin structure
when discussing the exchange bias is already questionable 110K 290K

but with the evidence of Fe segregation not warranted. Inter-
estingly publications on the exchange bias in CefMas,
systems find evidence of uncompensated Fe moments, which | 3-5ML
appear to reside at the interface CefMnsgand are parallel
to the Co moment§3132 This observation is surprising
when considering the bulk spin structure offéns,. There

one expects that thg.00 surface has no net mometitlt is

tempting to determine an estimate of the amount of Fe at the 1ML Fe
surface. For this we assume that the segregation is located in 27 ML

the first ML. A content of 62% Fe amounts to 0.62 ML of Fe, )

but only 0.38 ML of Mn reside at the surface. This means I ‘
that only 0.38 ML Fe are required to form ansjdns, alloy.

This yields a remaining value-0.24 ML “uncompensated”
Fe, in agreement with XMCD studié43:*?We conclude 22 ML
that surface segregation can easily explain the “uncompen- __./

sated” Fe. However we have to point out that growth of 17 ML o=
another metallic layefe.g., Co might change the Fe enrich- - >
ment at the interface. We have tried to investigate this effect 2000 G

by growing up to 3 ML Ni on a FgMnso sample. Thicker ’_\” FIG. 9. Selected polaMm-H loops from a FgMn,;q sample at
films cannot be investigated due to the strong attenuation Qfayigys thicknesses. The loops on the (€fjht) half are obtained at

Fe and Mn. A Co film would have been more appropriate;;g k (290 K). For comparison of the signal levels we added an
when comparing with previous XMCEDX-ray Magnetic Cir-  arrow indicating the signal equivalent of 1-ML Fe. The height of the
cular Dichroism studies:”*"**However the low kinetic Au-  |oops has been normalized, therefore the signal levels can be di-
ger peak of Co is too close to the peaks of Fe and Mn. Weectly compared.

find preliminary evidence that the Fe enrichment at the inter-

face Ni/FggMnsg is reduced compared the vacuumyfdns,  increase with thickness, but decreases. Beyond 4.1 ML no
interface. These facts highlight that a careful chemical analysignal can be obtained in either field direction. For a
sis of the interface is essential for a discussion of the magFe;,Mnzg sample we are also able to detect a magnetic signal

netic properties. when probing the out-of-plane magnetization. However the
signal levels are significantly smaller compared to the, Fe
VI. MAGNETIC PROPERTIES OF Fe yMn,_, FILMS sample and no hysteresis is detectable. Even forsgVifg

sample we could detect a magnetic signal in this thickness

As discussed in Sec. | bulk fcc fdn;_, alloys in the regime, which was even smaller than the signal levels of the
concentration interval 50—80 % display antiferromagnetic or+e;, sample. Further work is in progress to study the prop-
der. Despite this we are able to detect magnetism via MOKEerties of alloy samples near an Fe content of 50%.
as we will show now. In Fig. 9 we display polar Kerr loops  Having established that the feand Fe, sample display
of an Fg;Mn4 alloy. At 1.7 ML we are able to pick up a ferromagnetidor ferrimagneti¢ order it would be of interest
weak Kerr signal at 110 K though without a remanence, ato determine the Curie temperatur€s(d). Therefore we
290 K reduces the signal level is almost zero. The 2.2 MLperformed temperature dependent measurements. From the
sample displays a hysteresis at 110 K the remanence beingerr loops we determined the temperature dependence of the
~50% of the saturation, which has vanished at 290 K. Thisemanence and identified the vanishing remanence as the Cu-
means we have exceeded Significantly. The 2.7 ML thick  rie point. In the case of perpendicular magnetized samples it
sample has a square hysteresis loop at 110 K, at 290 K thghould be emphasized that a vanishing remanence is not
remanence is zero though only small fields are required tidentical to the Curie point? A multidomain state with do-
achieve saturation. This suggests tiatis close to 290 K. main sizes much smaller than the spatial resolution of the
Finally the loops of the 3.5 ML sample are square at bothexperiment would also yield a zero remanence belgsas
temperatures; consequenily: must be above 290 K. This reached. Such a situation has been observed for perpendicu-
first rough estimate of ¢ as a function of the thicknesshas  lar magnetized Ni/C(100) films.>* However the difference
been confirmed by more careful measurements. In Fig. 10 wim the temperature values where the remanence vanishes and
show polar loops for a FgVin,g and Fg,Mnsg sample at 110 a proper analysis via Arrott plotsis only a few percent
K. For the Fe;Mn,q sample we detect the first signal at 2.1 which we neglect in the following. Our experiments show
ML although the remanence is zero. This curve resembles that Tc of 2.2 ML Fe;; is about 180 K the corresponding
hard axis loops, but we cannot pick-up a magnetic signavalue for the 2.7 ML sample is-280 K. Similar experi-
in-plane. The first loop with low remanence can be observednents have been performed for samples with an Fe content
at 3.1 ML. The remanence increases for thicknesses of 3.6f 72, 67 and 61 %, respectively. The data have been com-
and 4.1 ML; however, we note that the signal level does nopiled in Table | together with published data on Ni{CQ0)
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ST ' L TABLE |. Comparison of thickness dependeht values for
19 F‘*"M“”/C“(mo - Fe,Mn,_, alloys and published data on Ni andsf¥éiz, films on
: Cu(100) (Refs. 36 and 317

J41 ML
Te(K)

d(ML) Ni FegMn;g FeygMny, FepMnyg FesiMngs FesgNisg

2.2 - 180 120 - - 248
] i 2.4 70 - - - - -
136 ML F 2.6 - - - - - 308
] a 2.7 - 280 - - - B}

] 2.8 - - 210 170 <110 -
2.9 110 - - - - -

1MLFe |

Kerr Int. (arb. units)
1
I

26M

“ML : . magnetic order and is termed HSigh spin. The phase with
b) FeszM“ss/C““"‘” a small atomic volumésmall moment belongs to an anti-
o - ferromagneticly ordered state termed U8w spin). A simi-
:34M'“ - lar behavior has been predicted for fcc FfnHowever, the
main difference is that for realistic atomic volumes only an-
tiferromagnetic phases are possible. We expect volume-
moment instabilities for fcc Edn,_, alloys to be present
where the HS state becomes eventually an antiferromagnetic
] [ state. Although we are not aware of a systematic theoretical
J2.0 ML L study for fcc FgMn,_, alloys confirming this view. Using
1 this argument we may ascribe the observation of magnetic
- - order in ultrathin FeMn;_, films below ~5 ML to a
] moment-volume instability. At-10 ML the structure has re-
laxed and we expect that the bulk properties are adopted
namely antiferromagnetic order. On the other hand we have
L B B B AL B to recall that we have observed Fe surface segregation and a
-1000 -500 0 500 1000 c(2x2) structure indicative of chemical order. In this con-
Applied Field (G) text a recent theoretical paper discusses chemically ordered
fcc FeMnsgg.® They find that the groundstate does have a
FIG. 10. Selected polaM-H loops from a FaMnyg and et magnetization despite strong antiferromagnetic Mn-Mn
FéMngg sample obtained at 110 K. The signal levels have been,, \n_Fe interactions and a weak ferromagnetic Fe-Fe in-

normalized therefore the height of the loops can be directly COMiaraction. This provides an alternative explanation for the
pared for each sample. For comparison of the signal levels w W& bservation of magnetic signals.

added an arrow indicating the signal equivalent of 1 and 0.2 ML Fe,
respectively.

0.2 ML Fe -

Kerr Int. (arb. units)

J23ML

;36,37 : VIl. SUMMARY
and FegNigo.>>>" We find for all sampledexcept for the

Fe;;Mngg alloy) that T at a given thickness is above the ~ We studied ultrathin F#n, , alloy films grown on
value of Ni/Cu100). From this we deduce that the “bulk” Cu(100) in the concentration interval 50—80% Fe. There the

value of these alloys is above the bulk value of Nibulkis stabilized in the fcc phase. Our results are as follows:
(~640 K). On the other hand, the data of thedNsy alloy (i) In agreement with the observations of Gdtial. we find
determine an upper boundary ef750 K for the infinite ~ good epitaxial growth for Fn;_,/Cu(100)*** Further,
thick FeMn, _, alloys. These numbers we can compare nowthe films are not exactly fcc but in a tetragonally distorted
with bulk data; see Fig. 1. We recall that théeélléempera- phase.(ii) Our structural studies revealed that for 40—-75%
ture Ty for fcc FeMn,_, alloys is in the range Fe content&(2x2) symmetry can be observed suggesting
~400-500 K, hence below tHE: of Ni. Clearly the order- an ordered alloy. This transforms into the expected
ing temperature of the alloy films is surprisingly high. Addi- X1) symmetry in the interval 6-10 ML. Growth on a Co/
tionally we observe ferromagnetic or ferrimagnetic order inCu(100 surface produced alloy samples without(@ X 2)
contrast to the bulk antiferromagnetic structure. LEED pattern despite the same in-plane lattice constant as
We have shown above that the atomic volume of 5 MLCu(100).. We conclude that the chemical/magnetic properties
was larger than 10 ML thick films. It is well known that of the substrate are of relevance for the emergence of the
moment-volume instability exists for fcc Fe and Mn and for ¢(2X 2) structure(iii ) We observed that Fe surface segrega-
fcc FgNi,_, alloys?®?"38For fcc Fe it is well-established tion plays a role in FgMn; _, alloys. For a FgMn,q alloy
that two distinct magnetic phases exXi$The one associated Wwe estimate an Fe content enhancement @0%, resulting
with the large atomic voluméarge momentdisplays ferro- in ~0.24 ML of “uncompensated” Fe spins. This is in
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agreement with studies on ultrathin Coéféns, structures FeMn;_,/Cu(100) films are markedly different from a sur-
investigated with XMCD}3132(jv) We detect magnetic or- face termination of the bulk. These observations are of rel-
der if the thickness is below4 ML. Though a remanence evance for further discussions on exchange-bias systems.
can only be observed for Fe contents above 67%. A possible

explanation of this could be related to volume-moment insta- ACKNOWLEDGMENT
bilities. However, a chemically ordered alloy with a net mo-
ment could also be feasibfé. This work was supported by the DFG, Sfb 20T A11).

Our results show that structure and chemistry ofWe thank Dr. J. Lindner for critical proofreading.
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