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Structural and magnetic properties of F€ZnSe(001) interfaces
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We have performed first-principles electronic structure calculations to investigate the structural and magnetic
properties of Fe/Zn$601) interfaces. Calculations involving full geometry optimizations have been carried
out for a broad range of thickness of Fe layérs—10 ML) on top of a ZnS@01) substrate. Both Zn- and
Se-terminated interfaces have been explored. Total energy calculations show that Se segregates at the surface,
which is in agreement with recent experiments. For both Zn and Se terminations, the interface Fe magnetic
moments are higher than the bulk bcc Fe moment. We have also investigated the effect of adding Fe atoms on
top of a reconstructed ZnSe surface to explore the role of the reconstruction of semiconductor surfaces in
determining properties of metal-semiconductor interfaces. Fe breaks the Se dimer bond formed for a Se-rich
(2% 1) reconstructed surface. Finally, we looked at the reverse growth, i.e., growth of Zn and Se atoms on a
bcc FE001) substrate to investigate the properties of the second interface of a magnetotunnel junction. The
results are in good agreement with the theoretical and experimental results, wherever available.
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I. INTRODUCTION proximation. They concluded that the enhanced Fe magne-
tism is suppressed as the Fe thickness is increased and the

Spin electronics is one of the major topics of researchinterface effects rapidly die out in the inner Fe layers. de
nowadays where one combines the charge and spin degreé@ngeet al.” have performed first-principles electronic struc-
of freedom of carrierd This has got immense applications in ture calculations of superlattices of Fe and several semicon-
modern technology, e.g., magnetic recording industry andluctors(Ge, GaAs, and Zn3éy a localized spherical wave
semiconductor appliances. The recent exciting suggestiori§ethod. Butleret al? studied the tunneling structures of fer-
are to fabricate spin-transistors and spin polarized tunnelingPmagnets and semiconductors by a layer Korringa-Kohn-
junctions made up of ferromagnetic metals and semicondudRostoker method. Moreover, they have investigatexden-
tors. Large tunneling magnetoresistati€®R) has been ob-  sively the transport properties of magnetotunnel junctions of
served experimentally for heterostructures built of diluteFe and ZnSe using Landauer approach for the calculation of
magnetic semiconductof®MS). There are also theoretical conductance.
predictions of |arge TMR for heterostructures based on Fe All the above theoretical calculations were done for ideal
and semiconducto[?sln this context, the interface between a interfaces, i.e., the metal and semiconductor atoms followed
metal and a semiconductor plays a crucial role in determina regular stacking. In this paper, we study the relaxed Fe/
ing the magnetic and hence the transport properties of thdnSe interface, i.e., we allow for ionic, shape, and volume
hybrid systems as the injection of a spin-polarized electrori€laxations. We do not consider any temperature-driven re-
from a magnetic material to the semiconductor depends crueonstruction except segregation, because it is known that the
cially on the interface properties. The typical semiconductor§emiconductor constitutents segregatewards the surface
used for these purposes are GaAs and ZnSe, which belong Yghen they are in contact with a metdlVe compared the
l1I-V and 1I-VI compounds, respectively. In such devices Fetotal energies of different atomic configurations to investi-
is one of the most commonly usedi 3netal as it has got a 9date the surface segregation of Zn and) $ée study(Sec.
high Curie temperature. Ill) the dependence of the interface electronic properties on

Information about the structural and magnetic propertieéhe Fe film thickness and the semiconductor termination.
of the interface between Fe and ZnSe is available fronince, for a magnetotunnel structure, two interfaces are
experiments™® Jonker etal. studied Fe growth on formed between Fe and ZnSe, we also studfsec. IV) the
ZnSe001) at 450 K. The growth was smooth and epitaxial. reverse growth, i.e., Zn or Se on a bcc(G@l) substrate.
However, they observed a reduction in magnetic moment oloreover, we investigat¢Sec. V) the importance of the
Fe compared to the bulk value. Recently, Reigeal ® stud- s_emiconductor surface reconstruction for the interface forma-
ied Fe growth on Zn§601) at room temperature and found tion.
a three-dimensiondBD) nucleation at the beginning of the
growth process followed by a coalescence of the 3D islands
around 7 ML. There was no reduction of the Fe magnetic
moment even for a low Fe coverage.

Theoretical investigations bgb initio electronic structure Calculations have been performed by a self-consistent
calculations have been done for Fe/ZnSe interfaces aniitst-principles plane-wave pseudopotential codesp).!
multilayers?5-8 Continenzaet al® studied various Fe/ZnSe Vanderbilt type ultrasoft pseudopotentidiwere used for the
superlattices by all-electron full potential linearized aug-calculations, which are reported to work well for transition
mented plane-wave method within the local spin density apmetals*® More accurate projector augmented w4\gseudo-

Il. COMPUTATIONAL DETAILS
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potentials were also used in some cases for testing the accprojected on linear combinations of spherical waves inside
racy. Calculations reveal that the ultrasoft pseudopotentialthe atomic spheres around the atoms. The coefficients of the
are good enough to reproduce results with reasonable acclpcal spherical waves were used to construct the angular mo-
racies. An energy cutoff of 250 eV was used for the kineticmentum projected local DOS. Details have been discussed
energy of plane waves in the basis set. We have checkd®y Eichleret al!® For the present calculations, the radii of
thoroughly that this cut-off energy is sufficient as it producesFe, Zn, and Se atoms were chosen to be 1.41 A, 1.35 A,
negligible Pulay stress. Perdew-Wang G@neralized gra- and 1.4_8 A respectively. These values were taken from the
dient approximation exchange -correlatidh was used in- Ccalculations of bulk bee Fe and bulk ZnSe systems.

stead of LSDA(local spin density approximatiopnLSDA
description of the Fe ground-state structure is inappropriate
and the structural information of Fe layers obtained from
geometry optimizations might be incorrect. We used a (1
% 1) unreconstructed surface cell with at least 10 A vacuum A. 0.5 ML coverage
and 6 ML of ZnSe(three Zn and three Se lay@r§he num-

Ill. DIFFERENT FE COVERAGES

. . We first present results for the calculations involving ideal
be_r of Fe atoms varied from (.5 ML) to 20(10 ML.) in the .._stacking positions. Though this situation is not energetically
unit cell. The bulk layer at the bottom was terminated with¢,, o aple compared with the relaxed case, we investigate this
two pseudohydrogen atoms to avoid charge slosi'ﬁﬁ'gvo as a starting point. Total energies are compared for the two
layers of ZnSe(one Zn and one Setogether with the  cages(i) Fe is on the top of the ZnSe substrate in a regular
pseudohydrogen atoms were kept unrelaxed at the ideal bulitacking position(ii) Fe is in a substitutional Z(Se site in
positions. It is to be noted that the lattice constant of bcc F subsurface layer in exchange with a @® atom kept on
is almost half of that of ZnSe. This helps Fe to grow in a bccthe surface. We have found that Fe in a substitutional Zn site
phase on a Zn$@01) substrate without appreciable strain. in the subsurface layer is more favorable than Fe being on
Our calculations with GGA yield equilibrium lattice con- the surface. The energy difference between the two configu-
stants of bce Fe and zinc-blende ZnSe systems to be 2.86 fations is 0.83 eV/cell. But, for Se substitution, Fe prefers to
and 5.75 A, respectively. The experimental lattice constanstay on the surface keeping the Se atom in the subsurface
of ZnSe is 5.66 A and the overestimation of the calculatedayer. Here, the energy difference is 0.40 eV/cell. However,
one is obvious for using GGA. Thus, in experiment, the Fethese cases without relaxations are unfavorable compared to
lattice constant is 1.4% smaller than the ZnSe lattice conthe relaxed case. It is well known that in the case of dilute
stant, whereas in our calculation the Fe lattice constant i®MS of (Fe,ZnSe;® Fe prefers to stay in the cation site. For
0.5% larger. The calculated direct band gap afitimoint for ~ this case, the calculated Fe-Se distance (2.47 A) is slightly
the equilibrium lattice parameter is small.14 e\j com-  Smaller than the Zn-Se bond length (2.49 A), whereas the
pared to the experimental band g@p8 e\V). As a first step, measured Fe-Se distance (2.48 A) is slightly larger thgn th_e
we did not attempt to correct that, but this correction might™éasured Zn-Se bond length (2.45 A). The magnetism is
be important from the point of view of metal-semiconductoratOmICIIke W'Fh an integer magnetic moment ,Of qull.
junction properties. Total energies were always converged Now we dlscuss_the results of the rela_1xat|on studies. The
2 . . Structure of the region very close to the interface of a metal
upto 104 eV for electronic relaxations and 18 eV for

S . . - and a semiconductor is an important factor for spin injection
lonic relaxations. The atomic positions were relaxed alonQ‘rom a metal to a semiconductor. Since semiconductors have

W'th the yolume anq shape' of the unit cells. The full optimi- pen structures, the metal atom will proceed inside the semi-
zation with relaxations of internal and external degrees of,nq,cting substrate, where the charge overlap with the sub-
freedom is important as far as magnetism is concemedyaie atoms is increased. To investigate this possibility, an
Forces were converged with a tolerance of 1ceV/A. The  approximate energy landscape has been calculated by putting
Monkhorst-Pack schemewas used for the generation of haif a monolayer of Fe in different positions on and inside
specialk points in the Brillouin zone. The convergence wasthe host ZnSe lattice and comparing the total energies. The
checked carefully with respect to the numberkopoints  result is shown in Fig. 1 for a Se-terminated surface. The
used. For example, a 86x2 mesh fork points was used energy difference is defined asE=E{ ,—E> , whereE},,

for the largest unit cell containing 20 Fe atoms, whichis the total energy for an Fe atom staying in the regular
yielded 36 k points in the irreducible Brillouin zon@BZ) position on top of the surface arﬁfm is the total energy of

for the accurate calculation of density of stat&®0S) by  the Fe atom staying on different positions within the sub-
tetrahedron method. For smaller cells, we used kQ®8oints  strate. The most preferable position we found to be an inter-
in IBZ. For the relaxation of the atoms, smaller setskof stitial one, which is 2.875 A below the surface. The corre-
points were used (5 points in IBZ for a 20-atom cell  sponding total magnetic moments of the unit cells are plotted
along with the Gaussian smearing lopoints. It should be in the inset.

mentioned here that there is no unambiguous way of deter- The final atomic configurations of the most preferable po-
mining the local properties, e.g., local density of states, locasitions are shown in Figs(2-9 and 3a—9 for the Zn- and
magnetic moments, etc. for a plane-wave method as the r&e-terminated cases, respectively. One can note the differ-
dius within which these properties are sought is not wellence in the relaxations in the two cases: For a Zn-terminated
defined. The plane-wave components of the eigenstates wecase(shown in Fig. 2, with relaxations of atoms, the surface
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lower for Zn- and Se-terminated cases, respectjvelyis
seen that for Zn termination, the nearest Fe-Zn and Fe-Se
distances are 2.49 A and 2.37 A, respectively. For Se cov-
erage, the distances are 2.96 A and 2.52 A, respecitively.
(So, magnetic moment is enhanced compared to that of bulk
bcc Fe. However, it should be kept in mind that as we are
using GGA, the calculated value of magnetic moment
(2.33up) is greater than the experimental value ofZzZor

bulk bcc Fe).

Atom and orbital projected DOS’s are shown in Figs.
2(d—h and Figs. 8d-h for Zn- and Se-terminated cases,
respectively. For both terminations, the majority Fe DOS has
no states at the Fermi energy and we find an atomiclike in-
teger moment of 3.Q@g for the unit cell. This is not found
for cases without the relaxations described before. The mag-

FIG. 1. Energy difference plotted as a function of the distancenetic moments for the unrelaxed cases are greater and of
(in angstrom of the Fe atom from the Se-terminated surface. Seenoninteger type. Half metallicity is seen only when relax-

ation is allowed. Half-metallic systenfa system where one
finds a metallic DOS for one spin channel and semiconduct-

Zn atom moves upward leaving a vacancy, which is eventuing DOS for the other showing 100% spin polarization at the
ally occupied by the burried Fe. The topmost Zn atom occufermi energy are extremely important in the context of

pies an ideal stacking position. This also conforms with themagnetoelectronics involving spin transport between ferro-
unrelaxed calculation mentioned above.
For a Se-terminated cagghown in Fig. 3, starting from

magnetic systems across a semiconducting/insulating barrier.
However, with increased Fe coverage, this behavior dies out

an identical situation as before, Se moves a little bit upwardand we arrive at a normal metallic DOS. A similar calcula-
The burried Fe atom remains more or less in the interstitiation for Co for 0.5 ML coverage also yields an integer mo-
position. So, the distinct difference in the two cases is thanent of 2.0Qug/cell with both Zn and Se on top of burried
site occupancy of Fe. In both cases, relaxation leads to loweCo.

total energies compared to the cases of unrelaxed regular Comparing this case with the total magnetic moment of

stacking as discussed befo{@.03 eV/cell and 0.8 eV/cell

4.00ug of a bulk DMS(Fe,ZnSe, it is clear that the differ-
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ence is due to the occupancy of the minority spin states of Fehe subsurface ZfFig. 2(g)] having more bulklike character.
as the majority states are completely occupied for the twd-e d states are narrower compared to the same for Se-
cases. In DMS’s, Hund's rule for the atomic moment is fol- terminated casEsee Fig. &d)] due to less number of nearest
lowed, resulting in the occupation of five and one electronsieighbors in a substitutional position compared to an inter-
in the majority and minority spin channels of [estates, stitial position for Se-terminated case. This yields a slightly
respectively. In the present case, again Hund’s rule for théarger local magnetic moment of Fe for the Se-terminated
atomic moment is followed, but Fe has gained one electroncase(Table |). For Se termination, the effect of the Fe atom
such that now two electrons are in the minority spin channelstaying in an interstitial position is pronounced even in the
The reason is the following: At the ideal surface, i.e., withoutstates of the atoms of deep subsurface layers, e.g.agk
Fe, the two Zn(Se dangling bondgDB) are each partially Zn,. The sharp peaks in the conduction bands have mostly
occupied with 0.51.5) electrons. A semiconductor gains en- Zn 4s and Se 4 and 4p characters. The induced spin polar-
ergy by having either occupied or unoccupied DB. Usually,izations of Zn and Se atoms at the surface are evident from
anion DB (Se are fully occupied and catiofZn) DB are the relative shift of the majority and minority states
empty. Therefore, taking one electron from the (&® DB (Table ).
will lead to either occupied or unoccupied DB: for the Zn
termination two empty DB and for the Se termination one
empty and one occupied DB. This electron from the DB is
transferred to Fe and gives rise to the two electrons in the This case corresponds to three Fe atoms in the unit cell.
d-minority channel. As a complete Fe monolayer should contain two Fe atoms
Now, let us look at the projected DOS in detail. In both and already one Fe atom is burried in a subsurface layer, it is
sets of figure§Figs. 2d—h and Figs. 8-h)], Fes andd

B. 1.5 ML coverage

states, Zrs, p, andd states, and Sgandp states are shown TABLE I. Magnetic momentgin ug) for 0.5 ML of Fe.
(see figure captions for detgil§ he energy scale is chosen to

avoid showing the huge peak for Zm 3tate, which is deep Surface Surface  Total
in energy and does not hybridize with the Hestates. For Fe Zn Se moment/
both terminations, the Fe DOS looks quite different from that moment moment moment cell

of bcc bulk Fe. The majority spin states are filled up for Fe
For Zn termination, in Figs. (®) and 2g), projected DOS'’s

for surface (Zn) and sub surface Zn(Zh atoms are shown. Se-terminated case 2.84 0.08 3.00
The relative distributions of andp states are different, with

‘Zn-terminated case 293 -0.023 3.00
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Bulk

FIG. 4. Final relaxed configurations for 1.5 ML of Rree Fe atoms in the unit cethn a Se-terminated surfad@) A complete ML of
Fe at the surface and Se is at the interfdmeSe has gone towards the surfdcg Se covers the surface followed by Fe atoms. The other
notations are similar to those of Figs. 1 and 2.

interesting to find the configuration with the segregated Sems attain the magnetic moments of bulk bcc Fe very near to
atom. For a Se-terminated cases, we explored three differettte interface. The induced moments on Se and Zn atoms
situations to find the lowest energy configuratisee Fig. 4. close to Fe are parallel and antiparallel with respect to Fe
In Fig. 4(a), Se is perched at a subsurface layer covered by emoments. The corresponding projected DOS’s are shown in
complete Fe layer at the surface. In Figb} the surface is Fig. 6. Figures @) and Gb) show the surface Fe and Se
covered by 0.5 ML of Fe and Se is still in a subsurface layeratoms, respectively. Figure@ shows the PDOS for an Fe
Finally, in Fig. 4c), Se is at the surface followed by a com- atom in an intermediate Fe monolayer and Fi¢d) Ghows
plete Fe monolayer. The resulting sequence of energetics the same approaching the interface. Figures énd Gf) are
E.<E,<E,. The energy difference between the configura-PDOS’s of burried interface Fe atom and Zn atom, respec-
tions of Figs. 4c) and(b) is quite large(2.6 eV/cel). So, in  tively. For the surface atom, the majority DOS is full,
summary, Se segregates towards the surface. In all cases, tivbereas the minority DOS is partly occupied. Both the bond-
magnetism is almost similar. In the most favorable case, Figing and antibondingd states of majority spin are filled,
4(c), the two Fe atomg¢indexed 1 and 2 in the figurdelow  whereas the bonding states for minority spin are occupied
the surface have magnetic moments of Z84nd 2.6G.5, leaving the antibonding state fully empty. Figure)6corre-
respectively. The burried Fe atofindexed as Bhas a mag- sponds to the bulk bcc Fe DOS where the majority states are
netic moment of 2.925 . The surface Se atofindexed as ¥  occupied(both bonding and antibonding states are filladd
attains an induced magnetic moment of u@7 Fe(1)-Se4)  the Fermi level lies at the pseudogap of the minority DOS
distance is 2.48 A which is different from the cases whereseparating the bonding and antibondihgtates. The major-
Fe and Se lie almost in the same layer. Though we haviéy DOS is more affected than the minority one while going
performed calculations for different thicknesses of Fe layersfrom surface to the interface. Approaching the interface, the
we present only the details of the important ones. The folexchange splitting between the majority and minority DOS’s
lowing section describes a case with a relatively thick Fencrease and for the interface atom, which is marked as Fe
layer. the minority DOS is pushed towards the low-energy side.

DOS looks similar to that obtained by other authbBOS at

Fermi level is considerably different for different Fe atoms.

C. 20 atoms(10 ML) of Fe The spin polarization(SP) is defined asSp=n(Eg);

To see the effect of the interface on the bulk Fe atomlike
layers, we performed calculations with 20 atoms of Fe on TABLE II. Structural and magnetic information for selected
ZnSe substrate. We explored both the Se-segregated and nifknesses of Fe layers. All these results are for Se-terminated and
segregated cases. The configuration with Se at the surfagg9regated cases. The subscripsnd | denote surface and inter-
has the lower-energgenergy difference between the surfaceface atoms. Reis in the burried position close to the interface Zn
segregated and nonsegregated profiles is 1.5 eY/&at a atom. The values in the parenthesesdid () are for Fg-Zns and
Se-segregated case, the surface Fe-Se distance is 2.81 %-Sq distances for a Zn-terminated case with the corresponding

Magnetic moment of the surface Fe atom is 286 The local moment shown if).

burried Fe atom in the interface has a moment of 2,88 - ]

with a Fe-Zn distanc_e of 2.87_ A._ In_forma_tion about the E;;(Snﬁf)m Fe distgch:S(A) diZ?a:cné (A) moriaenpg)

structural and magnetic properties is listed in Table Il for a

few selected cases. 0.5 2.52(2.49%7 2.96(2.30* 2.84(2.93
In Fig. 5, we have shown the layer projected local mag-1.5 2.48 2.78 2.89

netic moments for the case of 20 Fe atoms deposited op.o 2.74 2.77 2.74

ZnSe. The surface and the interface Fe atoms have large .o 281 2.87 2.88

magnetic moments compared to the bulk value. But the at
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larger due to the presence of Fe surface atoms. For Fahd 20 Fe atoms, the spin polarization is reduced. For the
GaAg001) interface, it is seen from experimefftshat the  thickest layer, i.e., 20 atoms of Fe, we find that the spin
extrapolated curve in a magnetic moment vs thickness plapolarization reduces faster to zero as one approaches the bulk
touches the thickness axis above the zero value. This meaf®yers. For Se-terminated cag€$gs. 8a—0], spin polariza-

that for low thickness, magnetism of the interface is reducedion is always negative but for Zn-terminated cases, the same
compared to the bulk value. The same experiment for Fefor four and 20 atoms FgFigs. 8e,f)] shows positive values.
ZnS€00)) interface does not show any reduction of mag-
netic moment at the interface. The reason is that ket
wave function overlap between Fe and As is stronger than
between Fe and Se. For example, the Fe magnetic moment in
an As environment is considerably reduced, whereas it is To prepare a magnetotunnel junction, one has to account
atomiclike in a Se environment. The inset shows the averfor two interfaces. One where the semiconductor atoms are
aged magnetic moment per Fe atom in the cell as a functiodeposited on the metal electrode and the other where the
of Fe thickness. Averaged moment is defined as the ratio ghetal electrode atoms are deposited on the semiconductor
the total magnetic moment and the number of Fe atoms igubstrate. It has been observed by transmission electron
the unit cell. It is seen that this value decreases for a thickeficroscopy™ that the interface structures are not the same
Fe layer and approaches the bulk magnetic moment of FdOr the two cases. The upper interfa&e/ZnSe is rougher
This is understandable because as we deposit more and mdf@n the lower oné¢ZnSe/Fe. To investigate this, we have

Fe atoms, the effect of the surface and interface washes offPne very simple calculations where we put either Zn or Se
and the bulk character is achieved. atoms on a bcc KB01) substrate. We compared the total

The DOS's at the Fermi levels for both Se- and Zn_energies of two configuration§) Zn or Se atom is on top of

terminated cases are depicted in Fig. 8. It is to be noted thA:te substrate(ii) Zn or Se atom is in a subsurface Iayer.
. covered by one Fe layer at top. We have found that the semi-
for these cases, surface segregation of Se and Zn atoms h&s .
; . onductor constituents prefer to stay on top of a Fe substrate

also been considered. For that reason, a Zn atom is close

. . dicating a sharp interface. For Se, the energy difference is
Fe for a Se_-termlnated case and a Se atom 'S close to Fe f9.r15 eV/cell, whereas for Zn it is 0.9 eV/cell. It suggests that
a Zn-terminated case. A segregated profile for a Znwgere interface is less probable to be a mixed one compared
terminated case has been chosen intentionally to have a coRy the 7zn/Fe interface. However, the magnetic moments are
parative study with the Se-terminated case though Zn segrejot changed appreciably for different configurations. We
gation has not been confirmed by the experiments. Th@aye already reported in the preceding sections that for Fe/
sequence of the atoms from left to I’Ight is from the interfaceZnSe inter‘face7 half a mono'ayer of Fe prefers to Stay in a
toward the bulk semiconductor. For one Fe atom, the spiburried position in the ZnSe host. We can conclude that this
polarization is— 1.0 (i.e., 100% spin polarizationFor four  interface is less sharp than the one with the reverse growth.

IV. REVERSE GROWTH
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V. Fe ON A RECONSTRUCTED SURFACE VI. CONCLUSION

In this section, we present the results of depositing Fe In this paper, we have extensively studied structural and
atoms on a Se-rich (1) reconstructed surface. It is al- magnetic properties of Fe/Zn@&1) interfaces. Geometry
ready known from experimerfts and theoretical Optimizations have provided useful structural information of
calculationé® that the Zn-rich and Se-rich surfaces undergothe interface. Our results show that half a monolayer of Fe
c(2x2) and (2<1) surface reconstructions, respectively. Prefers to stay below the surface. For the Se-terminated case,
For a Se-rich (X 1) reconstructed surface, a Se dimer of F& prefers to stay in the interstitial site, whereas for Zn-

bond length 2.40 A is formed on the surfddave have put terminated case, Fe prefers a Zn substitutional site. We have
two Fe atoms on top of a Se-rich ¥2L) reconstructed sur- observed surface segregation of Zn and Se atoms. However,

face having a Se dimdiSel and Se2and started relaxing the magnetic properties are not ghanged appreci_ably for seg-
the atoms. In the final relaxed configuration, one Fe atonj€9ated and nonsegregated profiles. The magnetic moment of
stays in the same layer as one of the Se at(Bed) of the the interface Fe atom is increased compared to the bulk bcc

dimer breaking the Se dimer bond. The distance between sdi€ moment for both Zn and Se terminations. Fe attains its
and Se2 atoms becomes 5.24 A. As the Se dimer is broke }Jlk moment very close to the interface. A reverse growth,
the effect of the reconstructed semiconductor substrate is di-*- .Zn or Se on top of the bec Fe surface has also been
minished. The other Se atofSe2 goes beneath the layer. Studied. For a Se-rich (1) reconstructed surface, Fe
Another Fe atom goes to the surface. This is in accordancgreaks the .Se d|m¢r bon_d and stays in between 10 have a
with all the cases where one Fe atom wants to be burriei’OPer bonding configuration. The effect of the reconstructed
under the Zn or Se layer. The bond length between two Fgemiconductor substrate is diminished.

atoms and Sel is 2.50 A each. The magnetic moment is
increased compared to the unreconstructed case by
0.5 ugl/cell. This increase is due to the lack of nearest neigh- S.M. is grateful to the Swedish Natural Science Research
bors of the topmost Fe atom. As the signature of the recon€ouncil and Gean Gustafsson Foundation for financial sup-
structed semiconductor substrate is lost, we therefore corport. We also thank the Swedish foundation for strategic re-
clude that the surface reconstruction has no sudden effect search(SSH and the EU-networKRTN) on spintronics for
determining the properties of the Fe-ZnSe interfaces. financial support.
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