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pseudomorphi
ally on the Fe(001) substrates. It has been shown with quanti-tative low energy ele
tron difra
tion (LEED) [1℄, extended X-ray absorptionspe
tros
opy (EXAFS)[2℄ and s
anning tunneling mi
ros
opy [3℄ that Mn de-posited at room temperature on the Fe(001) surfa
e grows in a layer-by-layermode up to more than 10 monolayers (ML). The Mn layers grow pseudomor-phi
ally on the Fe(001) surfa
e presenting a b
t stru
ture with an in-planelatti
e 
onstant of 0.287nm and interlayer spa
ing of 0.166nm. For the �rstthree Mn layers the interlayer spa
ing is smaller due to a limited intermixingbetween Mn and Fe [3℄.Mn is exa
tly in the middle of the 3d transition metal (TM) series, just be-tween Fe, whi
h is a natural ferromagnet in the bulk, and Cr, whi
h is anantiferromagnet. Therefore, Mn stands as one of the more 
omplex 3d TMfrom the point of view of the magneti
 
oupling, and it is a 
lear 
andidateto exhibit a great variety of magneti
 properties. On the one hand, Mn has alarge number of d-holes available to be spin-polarized so that high magneti
moments are expe
ted in low-dimensional regimes; on the other hand, Mn isexpe
ted to have tenden
ies to present ferromagneti
 (F) or antiferromagneti
(AF) 
ouplings depending on the growth 
onditions, like those related withthe lo
al 
hemi
al environment, for instan
e the hybridization with other TMelements.The system formed by the deposition of a b
t Mn �lm on Fe(001) is a 
lear
andidate to investigate the above fa
ts, sin
e both the surfa
e e�e
t asso
iatedwith the loss of neighbors (low-dimensional regime) and the Mn/Fe interfa
e(hybridization e�e
t) o

urs at the same time. This system, whi
h is the fo
usof the present work, has been experimentally investigated by spin-polarizedele
tron energy loss spe
tros
opy[4℄ and s
anning ele
tron mi
ros
opy withpolarization analysis[5℄. A layered AF (LAF) arrangement was found in theMn �lm, that is, ea
h Mn atomi
 plane is AF 
oupled with both its upperand lower Mn planes and the 
oupling within ea
h Mn atomi
 plane beingF. The 
omplexity of the Mn/Fe system from the magneti
 point of viewwas 
orroborated by the ab initio 
al
ulations of Elmouhssine et al.[6℄ forone Mn monolayer on Fe(001), for whi
h multiple magneti
 solutions werefound, some of them nearly degenerated. Therefore, it is expe
ted that othermagneti
 arrangements 
lose in energy to the ground state 
an also exist for thesupported Mn �lm. The aim of the present work is to perform a systemati
alstudy of di�erent magneti
 solutions (and the relative energy di�eren
e) of thinMn �lms of 6 and 7 monolayers supported on Fe(001). The in-plane latti
e
onstant (0.287nm) and inter-layer spa
ings (0.166nm) used in the 
al
ulationsare those measured in the experiments[1,2℄ We will investigate the 
ompetitionbetween the F and the AF 
ouplings within these systems. We 
onsider F
oupling within ea
h (001) plane, as observed also in the experiments for thesupported Mn �lms. 2



Taking into a

ount the F 
hara
ter of the Fe substrate together with the ten-den
y to AF 
oupling in the Mn �lm, di�erent degrees of magneti
 frustrationare expe
ted for the di�erent magneti
 solutions if atomi
 roughness or stepsare present at the interfa
e. In this 
ontext, the analysis of the 
ompetingmagneti
 intera
tions intended in this work will provide valuable information.Besides, the presen
e of multiple magneti
 solutions would provide 
ompellingeviden
e of the possibility that Mn may adopt non-
ollinear magneti
 arrange-ments under 
ertain 
onditions.The 
al
ulations were performed using a s
alar-relativisti
 version of the ab-initio k-spa
e TB-LMTO method [7℄ within the atomi
-sphere approximationand with the generalized gradient approximation in the form of Perdew for theex
hange and 
orrelation potential[8℄. The number of k points were in
reaseduntil �nal 
onvergen
e was obtained for 135 k points in the irredu
ible Bril-louin Zone. In order to simulate the surfa
e the super-
ell te
hnique was used,
onsidering enough layers of empty spheres to assure that there was no in-tera
tion between the surfa
es of adja
ent super-
ells. The 
riterion used toassume that two super
ells are isolated was that the 
harge of the 
entral layerof empty spa
e is smaller than 10�4 ele
trons. 5 monolayers of empty sphereswere enough.In tables 1 and 2 we report some of the di�erent magneti
 arrangementsfound, respe
tively, for the 6 and 7 layers Mn �lms on Fe(001), together withthe total energy di�eren
e with respe
t to the ground state solution. Highmagneti
 moments are obtained, parti
ularly at the surfa
e sites whi
h arethe less 
oordinated sites. This is due to the large number of d-holes availableto be spin-polarized in the low-dimensional regime. The ground state magneti
solution (LAF solution) 
oin
ides with the one found in the experiments[4,5℄.It is interesting to noti
e that although the magneti
 
oupling within the Mn�lm is AF-like, a F 
oupling is obtained between Mn and Fe at the interfa
e.This 
an be understood if we 
onsider that the ele
tron states at the interfa
eresulting from Fe-Mn hybridization must have some Fe 
hara
ter, and thus anenhan
ed tenden
y towards the F 
oupling 
ompared with pure Mn states.In �gure 1, we have plotted the lo
al densities of states (LDOS) at somelayers of the LAF solution of Mn6/Fe(001). The large spin-splitting is evidentparti
ularly at the surfa
e and subsurfa
e Mn layers. Besides, the 
hange ofsign of the splitting of the LDOS between these Mn layers re
e
ts their AF
oupling, in 
ontrast to the situation at the interfa
e, where the same signof the splitting is re
e
ted in the LDOS of Mn and Fe. It is well known thatthe magneti
 properties of TM systems are sensitive to 
hanges in the atomi
environment. In order to test the stability of the LAF ground state undersurfa
e relaxation, we have performed additional 
al
ulations 
onsidering anarti�
ial relaxation of �5% in the surfa
e and subsurfa
e Mn layers. The LAFsolution remains the most stable one and the energy di�eren
e between themetastable solutions and the LAF do not 
hange appre
iably ex
ept for the3



less stable solutions 4 and 5, being solution 4 degenerated with solution 3 inthe expanded geometry and degenerated with solution 5 in the 
ompressedgeometry. The lo
al magneti
 moments only 
hange in no more than 0.1 �Bex
ept for the subsurfa
e Mn layer whose moment in
reases in about 0.2-0.4�B under 5% expansion (
ompression).The tenden
y of pure Mn also towards the F 
oupling is re
e
ted in most ofthe magneti
 solutions, where some layers of the Mn �lms are ferromagnet-i
ally 
oupled. Besides, some of those solutions for the Mn �lm are 
lose inenergy to the LAF one, a 
lear prove of the small energy needed to 
hange themagneti
 
oupling from AF to F in this material. This 
an be qualitativelyunderstood taking into a

ount that Mn is lo
ated in the TM series betweenan antiferromagnet (Cr) and a ferromagnet (Fe) so that the Mn d-ele
tronsexhibit tenden
ies to both magneti
 
ouplings. Between the di�erent magneti
arrangements found, those having the lowest energies (solutions 1, 2 and 3)have two 
ommon 
hara
teristi
s: (i) AF 
oupling between the surfa
e andsubsurfa
e Mn layers and (ii) F 
oupling between Mn and Fe at the interfa
e.This means that in the 
ase that a magneti
 
on�guration other than the LAFone were stabilized (at �nite temperature for instan
e), the magneti
 trendsdes
ribed at both the surfa
e layers and the interfa
e layers of the systemwould persist. The most stable magneti
 arrangements for the 6 and 7 Mn�lms (with thi
kness di�ering in one monolayer) display opposite sign of thesurfa
e magneti
 moment relative to the Fe substrate (
ompare the Mn on thesurfa
e Mn(S) in solution 1 of tables 1 and 2).The above results have important impli
ations in the magneti
 behavior ofnon-ideal Mn/Fe interfa
ial systems. For instan
e, the presen
e of monoatomi
steps at the interfa
e of supported Mn �lms on Fe would disturb the antifer-romagneti
 order at the edges, being the origin of magneti
 frustration. Thisfa
t, together with the existen
e of multiple magneti
 solutions, makes thissystem a 
lear 
andidate to exhibit non
ollinear magnetism under interfa
ialdefe
ts like monoatomi
 steps or other more general stru
tural 
hanges. In this
ontext, we have re
ently reported a non-
ollinear magneti
 behavior of Cr�lms supported on a stepped Fe(001) substrate[9℄. Due to the 
omputationallimitation of the ab-initio methods, that 
omplex system was investigated inthe framework of a semiempiri
al non
ollinear tight-binding model parame-terized to TB-LMTO results of ideal interfa
es. The resulting non-
ollinearbehavior was related to the magneti
 frustrations at the interfa
e. However,the magneti
 frustration at the Mn/Fe interfa
e is expe
ted to be lower thanin the Cr/Fe 
ase in view of the tenden
y of Mn to exhibit F 
ouplings with alow energy 
ost. Then, a non-
ollinear study of su
h stepped Mn/Fe systemsis quite interesting at present. The TBLMTO results reported in the presentstudy for ideal Mn/Fe interfa
es will serve us also to parameterize and testour TB model. Non
ollinear 
al
ulations of Mn �lms supported on a steppedFe(001) substrate are in progress and will be reported at due time.4
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Table 1Some of the di�erent magneti
 
on�gurations (one per 
olumn), obtained with theTBLMTO method for 6 Mn layers supported on Fe(001). The lo
al magneti
 mo-ments (in units of �B) at ea
h Mn plane and at the Fe interfa
e are given. The totalenergy di�eren
e with respe
t to the most stable solution is also provided.layer 1 2 3 4 5Mn(S) -3.80 3.76 3.73 -3.74 3.82Mn(S-1) 1.74 -1.93 -2.09 2.50 -1.74Mn(S-2) -3.05 2.85 2.92 2.99 3.05Mn(S-3) 2.81 2.85 -2.87 -2.83 -2.80Mn(S-4) -2.91 -2.78 -2.86 -2.82 3.04Mn(Int) 2.82 2.89 2.88 2.89 -2.21Fe(Int) 2.45 2.46 2.44 2.44 2.44�E(eV ) 0.00 0.07 0.16 0.26 0.37Table 2As in Table 1 for 7 Mn layers supported on Fe(001).layer 1 2 3 4 5Mn(S) 3.80 3.76 3.76 -3.78 -3.74Mn(S-1) -1.72 -2.42 -1.95 -2.72 2.47Mn(S-2) 3.00 -2.97 2.78 2.75 2.99Mn(S-3) -2.85 2.89 2.79 2.75 -2.81Mn(S-4) 2.71 2.83 -2.78 -2.79 -2.82Mn(S-5) -2.85 -2.79 -2.79 -2.81 2.61Mn(Int) 2.82 2.87 2.88 2.90 2.02Fe(Int) 2.44 2.45 2.43 2.44 2.01�E(eV ) 0.00 0.24 0.31 0.53 0.95
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