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Growth, structure, and magnetic properties of thin Mn films epitaxially grown on (001) bcc Fe
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This work is dedicated to the study of structural and magnetic properties of Mn films epitaxially grown on
(001) bec Fe. At room temperature, the Mn growth mode(@@1) Fe is observed to be layer by layer, without
any interdiffusion, as shown by reflection high-energy electron-diffraction and Auger spectroscopy. Moreover,
Mn is observed to segregate on top of the Fe surface. Two-dimensional pure Mn films are thus grown and the
structural and magnetic properties of these Mn films are investigated ®yu and ex situx-ray absorption
(EXAFS) and magnetic circular dichroism. For uncapped Mn films, a structural and magnetic transition is
observed between 2 and 3 Mn monolayers. Up to 2 Mn atomic planes, the EXAFS oscillations are consistent
with calculated EXAFS spectra assuming a bct structure close to the Fe bcc structure. A ferromagnetic
behavior is observed in these films. From 3 to 10 atomic planes, the Mn film structure changes and the
ferromagnetic behavior disappears. Moreover, EXAFS analysis shows that this structural transition occurs at
higher thicknesses for Fe capped Mn films. Nevertheless, the ferromagnetic behavior observed on 0—2-ML-
thick uncapped Mn films is no more stable in thick bct Mn films capped by $@163-18208)03303-1

I. INTRODUCTION free atom is reached for a large atomic volume. According to
Hund’s rule, Mn is thus an interesting candidate to be studied
For about 20 years, a large amount of theoretical work hasince the magnetic moment of the free Mn atom is as large as
been dedicated to the interrelation between structure anBlug (half-filled d shel). However, in bulk metallic struc-
magnetic properties of transition metals. The comparison betures like Mny, Mng, and fcc Mn(characterized by a small
tween theoretical predictions and experimental investigationatomic volume~12 A3/atom), Mn is always found to be in
was limited however, because of the technical difficulties toan antiferromagneti¢AF) state* For these reasons, a num-
prepare sufficiently strained materigligh pressures and/or ber of experimental works have been performed in order to
high temperaturgsThis limitation was bypassed by growing grow Mn in crystalline structures with larger atomic vol-
strained or metastable metallic films using molecular-beanumes. However, a large atomic volume is not a sufficient
epitaxy (MBE).! Indeed, in the last decade, metallic films condition to observe a high spin ferromagnetic state. Indeed,
with strained or unusual crystalline structufes., not stable an AF state is shown to be the lowest energy configuration
in the regular conditions of pressure and temperatwere  for fcc Mn, even for large volumesin the case of nonuni-
epitaxially grown on appropriate substrates or buffer layergormly strained fcc Mn structuredct), no theoretical predic-
in order to investigate their magnetic properties. The bestions were available for a large range of /& ratio. Up to
illustrating example is undoubtedly fcc F@01) Cu system, now, all the strained Mn structures prepared on Ruf Ali,’
which has been one of the most extensively studied systems?d® Cu, Ag® Col° and Ir(Ref. 11) buffer layers are shown
One of the general trends predicted by the theoreticalo derive from a distortion of the fcc Mn structure. A volume
studies is the increase of the magnetic moment when thimcrease up to 10% is reached but an & nonmagnetic
atomic volume is increasedThe magnetic moment of the behavior was always observed. These experimental results
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show that these distortiorigrigonalization or tetragonaliza- by EXAFS. The structures of Mn and Fe in Mn/Fe superlat-
tion) of the fcc Mn structure are not sufficient to obtain Mn tices were also studied |k situEXAFS experiments. These
in a ferromagnetic state. experiments were performed on the DCI ring at LURE. The
At variance with the fcc Mn structure, a ferromagnetic Mn magnetic properties were determined by x-ray magnetic
behavior is predicted for bcc Mif.However, to our knowl- circular dichroism(XMCD) experiments performed at the
edge, nobody managed to grow Mn in a—even strained—syper-Aco ring at LURE. All thein situ experiments
bee structure in thin films. Finally, several recent theoreticalgrowth, structural, and magnetic analysegre performed
sftudies have shown_that the magnetic pro_perties of ultrathify, yHv with a base pressure of less than 1®torr. The
films can be much dlfferent. from the ones in thg bulk. HOW-SampleS have been prepared and analyzed in three MBE sys-
ever, the magnetic properties of 1- or 2-ML-thick magnetiCiams: our own MBE in Nancy, the MBE coupled to the
films are difficult to study using macroscopic techniques. Rexy\icp chamber at LURE. and ﬂ’1e EXAFS MBE chamber at
cently, x-ray magnetic circular dichroism has been shown t URE. In the XMCD and,home MBE, the chemical quality
be a powerful tool to measure the magnetic contribution oty -hacked by AES and XPS and the 'growth is controlled by

very small amounts of materials. O'Brien and Toriiexc- RHEED. Inin situ EXAFS experiments, AES and LEED
tually observe a ferromagnetic ordering of ultrathin Mn films ¢ ijities are available. ’

(i.e., in the monolayer rangeThese promising results, added

erties of Mn films epitaxially grown on €01) bec Fe sur- gnce [ocated at the place of the sample. The Mn layers are
face. i _grown at room temperatur@RT) on thick Fe buffer layers
We have actually observed a Mn ferromagnetic behaviofgg_500 A No oxygen and carbon contamination is ob-
in ultrathin Mn films grown on(001) Fe in the thickness  goneq on either Mn and Fe surface obtained at room tem-
range between 0 and 2 ML thidR.Rather small magnetic perature. The Fe buffer layers are grown at RT (601

moments _compared to thepreticallpredictions are observqglgo substrates and annealed at around 750 K in order to
?nd Ejhe alkljgnment”tﬁ\ivseﬁn interfacial Mn gnd Ffe MOMENtS I§piain flat surfaces with large terraces. However, if no car-
ound to be parallet.”™ However, a number of questions o, contamination is observed on Fe surfaces annealed up to

still remain to be addressed. First of all, several recent cal650 K, a small carbon contamination is always observed on
culations are devoted to the MA01) Fe system, leading {0 yhe gyrface of Fe buffer layers annealed up to 750 K. The

different lowest-energy spin configuratiolfsall these theo-  gichroic experiments were performed on both C contami-
retical studies are performed assuming an in-plane parametﬁéted(annealing up to 750 Kand uncontaminate¢anneal-
equal to the Fe one, and an out-of-plane parameter equal {o; pejow 650 K Fe surfaces. We have not observed any
3.27 A, as reported in Ref. 17. However, this value has to beq,ence of this small C contamination on our resuits.

confirmed for ultrathin Mn films.n situ x-ray absorption The EXAFS experiments were performed at the Kn
spectroscopYEXAFS) and reflection hi.gh-energy diffractioq edge with in- and out-of-plane polarizations. After back-
(RHEED) experiments are performed in order to characterize o \ng removal, the EXAFS oscillations are extracted and

Ic\1/|uantitatively thﬁ S”%‘C“#e of ':j"” Elmshgrt')\\/llvn fcﬁﬁOl) F€.  nhormalized to the height of the absorption step edge. As the
oreover, we show In this study that the Mn errom"’19net'cresulting oscillations are characteristic of the chemical and

behavior is observed to disappear above 2 ML. EXAFS and,c(ra| environment of the absorbing atom, the Mn struc-

RHEED experiments are also performed to investigate the e can e determined by simulating these oscillations. The
possible intervention of a structural modification accompasneoretical EXAES osciliations are calculated using the

nying this magnetic transition. Finally, the structural andmultiple-scattering approadtFEFF code 6, Ref. 18 Using

structure of a Mn film can thus be confirmed comparing the
gxperimental and simulated EXAFS oscillatidns.

The XMCD measurements are performed with the mag-
netic field aligned with the photon beam, and with an angle
of 20° between the direction of propagation of the photons
and the sample surface. The Fe layers are magnetized along
the (100 easy axis of magnetization of bulk Fe. The XMCD

Auger electron spectroscogpES) was used to studgi) spectra are collected at room temperature by switching the
the chemical quality of the Fe and Mn surfacép, the Mn  direction of the magnetic field and measuring the total elec-
interdiffusion in Fe, andiii) the Mn segregation on top of tron yield for each photon energy. The degree of polarization
growing Fe films. As the Mn and O contributions are mixedis equal to 70%, and the applied magnetic field is 250 Oe at
in AES but not in x-ray photoelectron spectroscdp§PS),  the place of the sample. The dichroism signals are calculated
XPS was also performed on Mn films. The surface latticespy subtracting the absorption spectra obtained with positive
growth mode, and in-plane parameter variation during theéind negative magnetic fields. The resulting dichroic signal is
Mn growth were studied by RHEED. The three-dimensionalnormalized to the intensity at the Mb,, edge calculated
structure of the Mn films uncapped by Fe were studiesitu ~ after background removétame method as in Ref. 1%nd

mode, relaxation, interdiffusion, segregalipfii) structure,
and (iii) Mn magnetic properties. The results are discusse
and summarized in the last part.

Il. EXPERIMENTAL DESCRIPTION
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FIG. 2. Mn (548 eV) and Fe(698 e\) AES peaks intensity
evolution with the number of deposited Fe atomic planes on top of
15-ML-thick Mn film (see texk

process is also evidenced by plotting the variation of the Mn
(548 eV} and Fe(698 eV) AES peaks with the thickness of
the top Fe film(Fig. 2). These AES curves are fitted with
exponential laws:

I'vin=ln €XP(—N/\ cos 6),

lre=1¢d | —exp(—n/\ cos6)],

where\ is the mean free path of the electrons in the Fe film
FIG. 1. RHEED pattern alongl00 (a), (c), (¢) and(110 (b),  and ¢ the angle between the sample normal and the detector
(d), (f) azimuth observed during the Mn growth at RT @01) Fe (6=20° in our system If Mn do not segregate on top of the
up to 10 ML (@),(b), between 10 and around 17 Mk),(d), and  growing Fe surfacey should be equal to the Fe bulk mean-
above 17 ML(e),(f). free path. We have measured this parameter on other systems
[Fe/V(001), Fe/ln001)] and found\ =5.4 atomic planes. The
corrected for the incomplete pOlarization and nOﬂpara”e*it reported in F|g 2 is performed with=8 atomic p|anes_
alignment of magnetization and photon spin. This large mean-free-path value added to the persistence of
the C(4X4) Mn superstructure up to 12 ML Fe confirms the
Mn segregation on top of Fe. Note that in MBE such a seg-
Il EXPERIMENTAL RESULTS regation phenomenon can be explained by surface
Growth diffusior?® (i.e., bulk diffusion is not necessary
About ten RHEED oscillations are observed during the
Mn growth on Fe(Fig. 3). The growth mode is thus layer by
layer up to around 10 ML. However, after completing the

Up to around 10 ML the in-plane structure of the Mn
films was observed by RHEED to be identical to t081) Fe
plane (Fig. 1). Above this thickness, aC(4x4) [or
(2v2x 2v2)(R)45°] superstructure takes place. Finally, for : : : :
large thicknesses, the RHEED patterns again chérige 1). specular .
These patterns are the same as the patterns observed®n Mn phase shift
thick films deposited o16001) Ir lattice. Thick Mn films de- l at2ml
posited on(001) Fe thus relax in the Ma structure.

We have checked by Auger spectroscopy that Mn does
not interdiffuse in Fe up to a substrate temperature around
450 K, as was previously shown by Walker and Hop$&ter.
On the contrary, Mn is found to segregate on the surface of
Fe capped samples during the Fe growth. This segregation
phenomenon can be easily observed by AES and RHEED
analysis. For this purpose, AES and RHEED experiments are
performed on 0—30 ML-thick Fe films grown at room tem-
perature on a 15 ML-thick Mn film. Note that @(4x4)

C(4x4)

(00) streak intensity

I~ diffuse

| 1
100 200 300 400

surface structure is thus observed by RHEED for such thick 0 time (s)
Mn film. First of all, although the Fe growth mode is ob-
served by RHEED to be layer by layer on Mthe Mn FIG. 3. RHEED oscillations observed at RT alofigL0) azi-

C(4X%4) surface structure is still observed even when themuth during Mn growth on Fe in speculéop) and grazing geom-
Mn layer is capped by up t@2 ML of Fe. This segregation etry (bottom.
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first 2 ML, an anomalous behavior is observed on RHEED
oscillations obtained in specular geometry. This behavior is ° .1 )
consistent with a structural modificatiqut-of-plane dis- k(A™) k(A™)
tance variation or pattern charngén grazing incidence ge-
ometry, this effect is, however, less observatdeen if a
larger period can be observed on the third oscillgtidrnis

is not surprising since the temporal evolution of the RHEED

intensity is essentially due to a diffraction process in specula . L . )
geometry and to diffusion ai~ waves by the step edges in 6n|y be explained by a variation of the crystallographic pa

grazing incidence geometry. Finally, the RHEED intensitiesrameters or/and a change of nucleation site.

stop to oscillate when th&(4x4) superstructure takes
place. Structural properties

Information about structural changes can also be obtained Thein situ EXAFS experiments were performed on 0.5-,
by measuring the in-plane parameter variations during th@- 2- 3- and 6-ML-thick Mn films deposited on F€ig. 5).
Mn growth?? Such an experiment is reported in Fig. 4. Threeone can easily see that the EXAFS oscillations clearly
regimes are observed. They are related to the three RHEEEhange between 2 and 3 ML, which confirms the structural
pattern sequences shown in Fig. 1. In this study, we araransition.
however, only interested in the first regime, in which the Mn  The AES analysis allows us to verify that such structural
surface lattice is pseudomorphic to the Fe one. In this retransition does not come from any interdiffusion or oxidation
gime, two main features are observed in Fig. 4. First, at thef the Mn films. This is moreover confirmed by EXAFS,
beginning of growth, the in-plane parameter is observed t@nalysis. In order to test a possible interdiffusion process, a
oscillate in antiphase with the intensity oscillations registereds-ML-thick Mn film was intentionally annealed at 650 K.
in specular geometry. This effect is explained in terms ofuin/Fe interdiffusion is actually observed by AES in this
elastic relaxation as proposed in Ref. 22. In our opinion, thigase. The EXAFS oscillatior{§ig. 6) are then totally differ-
oscillatory behavior is rather due to surface stress relaxatiorént from the EXAFS spectra measured on unannealed films

It should be noted that such a result is only obtained on highrig. 5). Any oxidation process is also eliminated since the
chemical and structural quality Fe surfadéarge terraces

2 4 6 8 10 4 6 8 10

FIG. 5. In situ EXAFS spectra measured at 77 K on 0.5-6
ML-thick Mn films. Note the oscillations drastic change between 2
and 3 ML. The dashed lines are just here to guide the eyes.

This result demonstrates that the Mn layers are compressed 0.3 . . . T
and pseudomorphic to the Fe lattice at least up to 2 ML. The
second point is that above 2 ML, the surface stress is relaxed 02

(the in-plane parameter oscillatory behavior disappeansl
the in-plane parameter smoothly varies. This is another con-
firmation of a structural change.

Obviously, the three-dimensional structure of these Mn
film cannot be determined by using RHEED. However, de-
tails on the 3D structure can be specified. First of all, the
1X1 surface lattice is still observed above 2 ML up to 10
ML. This means that the surface lattice has not changed dur- 03
ing the structural relaxation. Moreover, the time needed to 4 6k (A 1)8
complete a monolayer does not change below 2 ML and
above 3 ML. This means that the cell pattern is always 1 Mn  FIG. 6. Experimental EXAFS oscillations observed for both po-
atom per lattice site. This structural modification can thudarizations @ a 6 Mn ML film interdiffused with Fe at 650 K.
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For thicker Mn layers, the EXAFS oscillations drastically

. // polarization o . . . .

F(R) change and obviously cannot be fitted by assuming this
—~02 P 8 former bct structure. As the RHEED analysis allows us to

I of assume that the structure is always bct with an in-plane pa-

rameter close to the Fe one, the simulations are performed
for bet structures witha,=2.87 A and differenta, values.
The situation is, however, more involved than for 1- or 2-
%24 s s 0 ML-thick Mn films. For the 3-ML-thick Mn films, three dif-
R @A) ferent out-of-plane distances should be taken into account,
i.e., the distance between the first Mn layer and the under-
neath Fe layerd;, the distance between the first and the
10 F(R) second Mn layerd,,q, and the distance between the second
8r and the surface Mn layed, . As a starting point we arbi-
6 trarily assume thatl,,;q= dgys-
According to the results of Purcedt all’ and the results
of Kim et al? concerning thick Mn films, we have first
simulated the EXAFS spectra of a bct structure wdthg
experiment PRI AT =1.62 A andd;,;=1.47 A. The simulated EXAFS oscilla-
T simulation R (&) tions are found to be much different from the experimental
' ' ones observed above 2 ML. Keeping thig,q=1.62 A
2 4 6 8 10 12 ) . i
k (A value, S|mulat|o_ns were performed by varyidg; fro_m 1.43
to 1.62 A. Again, no agreement between experimental and
FIG. 7. Left: experimental and calculated EXAFS oscillations Simulated EXAFS is obtained. Finallg,,q was varied from
for 2 Mn ML/(001) Fe (see text Right: Fourier transforms which 1.6 to 1.9 A. Good fits for in-plane polarization are obtained
show the distinctive double-peak bcc structure. for d,q in the range 1.7—1.8 A. However, we do not manage
to correctly fit the EXAFS oscillations for out-of-plane po-
EXAFS spectra calculated for the seventh tabulated mangdarization. This means that the assumptiyy= dgys iS not
nese oxide structures are much different from the observedalid. Indeed, the intensity of the EXAFS oscillations for the
EXAFS spectra. These points being confirmed, we now tryout-of-plane polarization is very small, which can be ex-
to determine the Mn structures in these films. plained by the occurrence of several different distances be-
In the case of ultrathin films, the EXAFS oscillations can-tween Mn (001) planes when the Mn film thickness is in-
not be compared to the simulations calculated assuming ereased.
“bulk” structure. Indeed, the number of neighbors is limited  To conclude, even if distance values between (@61
in the growth direction. Moreover, the chemical environmentplanes cannot be accurately determined, the modifications of
and the distances betweéd01) planes are not necessarily the EXAFS spectra observed between 2 and 3 ML are due to
the same from the interface to the surface of the Mn film.an increase of the distance between {@01) planes.
This fact leads to several inequivalent absorbing atoms. For a Ex situ EXAFS experiments were also performed on
1-ML-thick Mn film, there is only one kind of absorbing Mn/Fe superlattices. The effect of Fe deposition on top of a
atom. But for a 2-ML-thick Mn film, there are two different bct Mn layer is thus investigated. Surprisingly, we find that
Mn absorbing atomgat the Mn/Fe interface, and in the Mn the Mn EXAFS spectra observed on(Mng . Feigm ) X30
surface. Finally, for the same reason, three different absorb-superlattice(Fig. 8 are identical to those observed on the
ing Mn atoms must be taken into account for a 3-ML-thick 2-ML-thick Mn film without any Fe capping. The only dif-
Mn film. The EXAFS oscillations are calculated by adding ferences are first, a higher intensity of the EXAFS oscilla-
the EXAFS amplitudes calculated for each absorbing atomtions in the superlattice and second, a loagvalue. This is
A bct structure is used to simulate the EXAFS oscillationshowever not surprising since it simply means first, that the
of the Mn films, in agreement with Ref. 17. Up to 2 Mn ML, Debye temperature is increased in a superlattice compared to
the best fit is obtained using an in-plane paramajezqual a thin Mn film and second, that Fe is also strained by Mn.
to the Fe oné2.87 A) according to our RHEED results. The The best fit is obtained for a bulk bct Mn structure with
out-of-plane distanca, between the Fe underlayer and the =2.84+0.02 A anda, =3.00+0.04 A (Fig. 8). This Mn bct
Mn monolayer is found equal to 1.48.02 A. The distance structure is thus stable up to at least 6 ML when Mn is
between the first and second Mn layer is slightly increasedapped by Fe. This higher critical thickness can be explained
(1.52-0.02 A). The comparison between experimental andy the fact that Fe is also strained by Mn. It should be noted
calculated EXAFS spectrarfa 2 Mn ML sample are shown however, that a sufficient amount of Fe is necessary to avoid
in Fig. 7. The bct structure is thus confirmed up to 2 ML. Mn relaxation during the superlattice growth. Indeed, Mn
The Debye temperatures for in-plai250 K) and out-of- was found to relax when it is grown in a
plane(200 K) polarizations are found to be smaller than the (Mng . Fe; mL) X 50 superlattice.
bulk one(410 K). This is not surprising since the Mn layers
are almost two-dimensional. This bct structure is conse-
qguently close to the bcc Fe structure, as illustrated by the
distinctive double peak observed on the Fourier transform XMCD experiments are performed situ on Mn films in
(Fig. 7), typical of a bcc structure. the thickness range from 0.3 to 10 ML thick. First of all, we

k (k)

k x(k) (A

Magnetic properties
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FIG. 9. XMCD spectra observed on Mn films from 0.3 to 10
ML thick. Note the drastic change of the XMCD shape above 2
ML.

10 12

FIG. 8. Mn EXAFS spectra observed on a
(Mng mLFero mu) X 30 superlattice, and comparison with simulations  For large thicknesses, the XMCD signal is almost zero,
(Mn bet, a=2.83 A, a, =3 A) for both polarizations. which means that the Mn films are nonmagnetic or antifer-
must point out that a “metallic” shape, i.e., without fine romagnetic. However, \_Nalker and Hopster opserveq a Mn
structure, is always observed for the MIf-L,, absorption surface magnetic contnbut@‘hup to 20 ML thick, which
edgel*15 This result contrasts with the results reported inMeans that these Mn films are in an AF state.

Ref. 23. This means that in our case, an atomic description The struptural and magnetic FranS|t|on described above for
for the Mn atoms is not correct, even for a 0.3-ML-thick fre€ Mn thin layers on R€01) is no longer observed for
film. Mn/Fe superlattices. In the latter case, the Mn structural tran-

Up to 2 ML, a ferromagnetic behavior was observed onsition is observed to occur for larger thicknesses. It is thus
Mn, as reported in Ref. 14. A XMCD signal of 16% is ob- Possible that Mn is in a ferromagnetic state in this bct struc-
served for 1 ML Mn/Fe and 13% for 2 ML. It should be ture upto 6 ML. In order to determine the corresponding Mn
noted that O'Brien and Tonner observed a similar effect for 1magnetic contribution, an XMCD experiment was performed
ML |\/||']/Co'13 which means that the Mn magnetic momenton a 6 ML-thick Mn film Capped with a 30 A-thick Fe film.
value is probab|y similar in each system. However, thisAS shown in Flg 10, no dichroic Signal was observed. This 6
XMCD signal is two times smaller than the one calculated
by Wu and Freematf. We have concluded that theverage
Mn magnetic moment is around L, as discussed in Ref. i 2ml 11\\442(/)(28% Fe/| 238% 152;16\4";101\(40%/1)_
14. Above 2 ML, the dichroic signal drastically changes
(Fig. 9. Up to 4 ML, the films are still magnetic since a net £
dichroic signal is observed. Nevertheless, the shape of thes@_;_
dichrok signals is quite unusual and has never been observe(y
on metallic films.

A possible explanation of the shape of the XMCD signal ®

bs

[$;]

(="
above 3 ML could be that the third Mn layer is ferromag- &
netic, its magnetic moment being antiparallel to the Mn mo- Ly 03
ment of the underneath Mn layer. This assumption is sup- Y
ported by Walker and Hopst@rwho actually observed an 1 1-5 =
antiferromagnetic stacking of Mn ferromagnetic planes %
above 3 ML. In this case, the dichroic signal could be inter- 1 T10=
preted as the superposition of two contributions with oppo- 2

L L L L L L 155

site sign if there is a chemical shift of around 0.5 eV between 30 40 650 660 670 640 650 660 670
energy levels of both magnetic sites. Even if this value is not
realistic in the case of metals, however, it is well known that
the energy levels of an atom onto a flat surface are shifted FIG. 10. Comparison between Mn,-L,, edge and XMCD

compared to the ones of the same atom in the bulk. Such pectra measured dleft) a 2 ML-thick Mn film uncapped with Fe,
“surface to bulk” energy shift between two AF coupled Mn and(right) a 6 ML-thick Mn film capped with a 30 A-thick Fe film.
moments could lead to such unusual XMCD signal. In both samples Mn is in the bct structure described in the text.

energy (eV) energy (eV)
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ML-thick bct Mn film is thus antiferromagnetic. This analy- since our results cannot be explained by assuming a fixed
sis clearly demonstrates that the Mn ferromagnetic state oldistance between M(001) planes.
served on the uncapped Mn films in the 2 ML range is not Finally, we observe in uncapped Mn films that a magnetic
stable for thicker Mn film prepared in the same structure. transition from a ferromagnetic to an AF state comes with
this structural transition. At this stage of the investigation, a
IV. DISCUSSION AND CONCLUSION conclusion that can be drawn is that this magnetic transition
is due to this structural change. However, the analysis of
In summary, uncapped Mn films are found to grow in astructural and magnetic behaviors of Mn/Fe superlattices
bct structure witha=2.87+0.02 A andc=3.04-0.04 A shows that this is not true. Indeed, in superlattices, this struc-
(c/a=1.06) up to 2 ML on(001) bcc Fe lattice. Thig value  tural transition is observed to occur at larger thicknesses. The
is lower than the value reported by Purcetlal}’ However, initial bct structure ¢/a= 1.06) is actually found to be stable
Wu and Freemdh predicted a rather low value for 2 Mn  at least up to 6 ML at room temperature. However, the fer-
ML/(001) Fe and a qualitative experimental confirmation romagnetic behavior observed in the 0—-2 ML uncapped Mn
was recently given by Kinet al?* This low ¢ value is defi-  films is no longer stable for thick bct Mn films capped with
nitely confirmed in this study. However, it should be notedFe. These results demonstrate that the bct Mn structure is
that our results are not consistent witlt aalue lower than  ferromagnetic on Fe when the Mn films are almost two di-
the (002 Fe value(1.43 A), as proposed by these authors. At mensional, but not when the films are three dimensional.
3 ML, this bct structure is no longer stable. Indeed, a strucThese results can be compared to recent theoretical investi-
tural relaxation is observed, which can be explained by aations. Up to 1 ML, the Mn magnetic properties observed in
relaxation of the surface stress as shown here by RHEEDhis study can be explained by the occurrence of a ferrimag-
Our results are consistent with an increase of the distanceetic statd® On the contrary, an antiferromagnetic state is
between Mn(001) planes. This is in agreement with the find- predicted for bulk bct Mrf® This is again in agreement with
ings of Purcellet al!” and Kim et al?* These authors actu- our observations. The Mn ferromagnetic behavior observed
ally came to the conclusion that thick Mn films are bct with in this study can thus only be attributed to the reduction of
a c value close to 3.25 A. However, we show in this studythe Mn film dimension from three dimensions to two dimen-
that this structural relaxation is undoubtedly more involvedsions, as predicted theoretically.
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