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Effect of hydrogen on the interlayer exchange coupling in F&/ superlattices
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Electronic and magnetic structures of Fe/V superlattices with and without hydrogen in the vanadium spacer
are investigated using a relativistic full-potential linear muffin-tin orbital method. We obtained short-range
induced spin polarization in V as well as reduced Fe polarization at the Fe/V interface. The value of the
magnetic moment induced on the vanadium atoms depends strongly on the distortion caused by the lattice
mismatch and hydrogen loading whereas the total moment of the Fe and V interface layers remains almost
unchanged. Hydrogenation of the V spacer leads to the decrease of the interface magnetic moment on the V
atoms and to a reduction of the density of stale®9) at the Fermi level. A low DOS could be one of the
reasons for the experimental increase of the resistivity of the samples under hydrogen loading and leads to the
disappearance of the antiferromagnetic exchange coupling in tli¢HPesuperlattices for large hydrogen
concentration. Doping the V film by a gold monolayer increases the DOS at the Fermi level and could recover
the antiferromagnetic coupling.

[. INTRODUCTION magnetic moments at the interface V atoms but the value of
the moment on the second from the interface layer is almost
The interest to the magnetic properties of the multilayersero. Interface roughness and distortion essentially influence
with V spacers was stimulated recently by the possibility tothe value of the moment and it can be important for the
change in a relative simple way the electronic and magnetianderstanding of the coupling phenomena in the superlat-
structures of the V layers. Such changes governed by théces.
lattice mismatch in the superlattices or by the introduction of IEC through the vanadium spacer in epitaxial Fe/V super-
hydrogen into the V spacer open a new way for the manipulattices was detected and characterized only recently. Gran-
lation of the interlayer exchange couplitigEC) in the mul-  berg et al!! investigated Fe/M(001) superlattices with
tilayers. thicknesses of V layer from 1 to 12 monolayé¥4l ). For all
Bulk V is a nonmagnetic metal. However, calculation the thicknesses the system shows ferromagr&i¢) cou-
gives the transition to the antiferromagneti) staté when  pling. Similar behavior without signature of an AF IEC was
the lattice constant increases by 23%. Lattice constant of Wound by Schwickeret al® for the sputtered Fe/V superlat-
can be changed by contact with material having larger latticéices with thin(less then 13 MLV spacers although super-
constant like in Mo/V superlatticsr by introducing hydro-  lattices with larger thicknesses of the V spacer show oscilla-
gen which penetrates in the V layers only and leads to ation of the IEC. Poulopouloset all? found for the
essential increase of the interatomic distahdhere are, superlattices wit a V interlayer thickness of 13 ML an hys-
however no experimental evidences of the V transition intaeresis loop with bilinear and biquadratic IEC features. The
the magnetic state even in the case of lattice expansion up #e;/V, superlattices were investigated using spin-polarized
10%. neutron reflectivity® and by longitudinal magneto-optical
The small V clusters and even the monolayers supportelerr effect* and forl varying from 12 to 14 ML the AF IEC
on the surface of nonmagnetic metal have localized magnetiwas found.
moments. Shintaket al* observed, using super conducting  Hjorvarssonet al'** have shown that the IEC in the
guantum interface device magnetometer the existance dfe/V superlattices can be switched from AF to FM and vice
magnetic moments in ultrathin V layers sandwiched in Agversa upon introducing hydrogen to the V layers. Loading of
layers. Webeet al® performed the calculation for small free the hydrogen leads to the expansion of the vanadium spacer
standing and supported V clustersah initio Green’s func-  layer. The total thickness of the V layer can be changed
tion techniqgue and found magnetic moments greater thareversibly by as much as 10% at moderate H pressures with-
2 ug per V atom. In the FeV alloysand in the interface out any memory effects.Within a free electron model it
region of the Fe/V multilayef€ magnetic moment on V leads to the change of the thickness of the quantum wells for
atoms due to the Fe-V interaction was measured. The augdhe electron with different spin projection on the direction of
mented spherical wa¥¢ASW) and the tight-binding linear magnetization in the magnetic layers and, correspondingly to
muffin-tin orbitaf® (TB-LMTO) methods reported nonzero- the short-range oscillations of the IE€The FgV, superlat-
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tices that were investigated in experimérifhad a thickness fixed at three monolayers whereas the nunibefrV mono-
| of the V spacer between 11 to 16 ML. Without hydrogenlayers varies from 11 to 16 ML. Previous calculations of the
they show AF IEC forl between 12 and 14 ML. Hydrogen Fe/V multilayer$'®®show that the induced magnetic mo-
loading leads in these superlattices to the sharp transition tments in the V spacer decreases very fast with distance from
FM coupling. In the structures with=15 and 16 ML intro- the interface and that on the 2nd—3rd from the interface lay-
duction of H induces an AF ordering for a narrow concen-ers it became practically equal to zero. Our calculations for
tration range. However further increase of the hydrogen consuperlattices with 7 and 9 ML of vanadium in the FP-LMTO
centration destroyed the AF IEC. So, for high-hydrogenmethod with different kind of distortion also give neglegible
concentration AF IEC was suppresed in in all the superlatmagnetic moment and very similar electronic structure for all
tices. It means that the influence of H on IEC cannot bevV atoms beginning from the third from the interface layer.
explained only by the change in the V thickness. ThereforeSo, in what follows we will discuss only the Bés superlat-
detailed information on the electronic and the magnetidices taking into account that for thicker V spacer inner V
structure of the V spacer under hydrogenation is needed fdayers are nonmagnetic and have electronic structure similar
the explanation of the experimerits:* to that of the central V layer in B¥s system.

In the present paper, we investigate the electronic and The electronic structure is calculated by a relativistic FP-
magnetic structures of the Fe/V multilayers with hydrogen inLMTO method® within the generalized gradient
V spacer using the relativistic full-potential linear muffin-tin approximatiod® (GGA) to the exchange-correlation potential
orbital (FP-LMTO) method'® We will focus on two ques- in the framework of the density-functional theory. The GGA
tions. The first is the role of the lattice expansion and of theémproves considerably the quantitative agreement of the cal-
tetragonal distortion in the V layers on the formation of theculated bulk equilibrium volume with the observed dfie.
magnetic structure in V/Fe superlattices. The bulk latticeThe spin-polarized electronic states of the core electrons are
mismatch between Fe and V is about 5.1% so that the inealculated by solving iteratively the Dirac equation. For the
plane biaxial strain of the V layers is compressive. It leads tosalence electrons the spin-orbit coupling is added to the
an increase of the in-plane lattice constant of the Fe layerscalar-relativistic Hamiltonian. The magnetization axis is
and consequently to an enhancement of the Fe magnetic mohosen along thg100] direction in superlattice’s plane. The
ments due to the decrease of thband width. The V layers, electron density and potential were expanded in spherical
on the contrary, will have smaller lattice constant in planeharmonics up td_,,,= 6 inside the nonoverlapping muffin-
but perpendicular to the plane the interatomic distance wiltin spheres centered on each atom. The potential for the in-
be larger than in the bulk. Hydrogen induces additional ex+erstitial region is obtained by using the fast Fourier transfor-
pansion of the lattice and as was shown by Andersgal®  mation and the real space grid isX466x 16-n (n is the ML
for Fe/V multilayers, only in perpendicular-to plane direc- numbey. Our results are converged in the numbek gbints
tion. So, in Fe/V superlattices we have very specific strucof the Brillouin zone as well in the number of tails of basis
tures with large tetragonal distortion and calculations base¢lnctions in the interstitial region. The Gaussian smearing
on the atomic sphere approximatior’ may be dubious. function of 7 mRy width is chosen to improve the conver-

The second question is connected with the modificationgence in the 12&-point sample in the irreducible part of the
of the electronic structure of the V spacer in the superlatticesyijouin zone. To calculate the spin-resolved partial DOS a
under adsorbed hydrogen. Calculations of the structural angynyerged potential together with the tetrahedron method are
the electronic properties of the bulk YVHix=0,0.5,1.0) was | geq.
performed ;"”thm FP-LMTO method by Andersson and  The sites in the unit cell of the E&Vs (100) superlattice
co-workers.” When the octahedrad, sites of bulk VH sys-  are shown in Fig. 1. Three types of model superiattices were
tem are occupied by hydrogen the V-H interaction moves th@ejected to describe the tetragonalization of the films under
Fermi level into the density of stat¢BOS) dip.” The pres-  eyperimental investigatioh+* (i) the perfect bee structure
ence of the Fe layers leads to the hybridization of Fe and Vyith in-plane lattice parameter which corresponds to the ex-
stat(_as and to the appearance of indugeq magnetic mqmepts@rimemm value of bulk Fea(=2.87 R), (i) the bct
the interface V layers. How much this induced polarizationgirycture with the in-plane lattice constant of bulk Fe while
will be modified by hydrogen loading and what will be the ihe ratio of out-of-plane parameter-=a, to a is changed
resulting elect_ronic structure of Fe/\,{Hi_s an open qgestion. from C/aH: 1 for Fe layers toc/aH:1.1 for V layers, and,
These two points have to be solved in order to find an exfinaly, (i) the bct lattice with in-plane lattice parameter of
planation of the behavior of the IEC in Fe/V multilayers with 1k '/ and claj=1 and 1.1 for Fe and V layers, respec-
H in V spacer. tively. The out-of-plane interface parameter between Fe and

‘The paper is organized as follows. In Sec. Il, we describg; js ajways a mean value of the tven constants. The value
briefly the first-principles method used and the computays the tetragonal distortion of the V ML corresponds to the
tional details. Section Il includes our results and discussion

; ) - , - maximal measured/a ratio for Fg/V, (100) superlattice
Finally, in conclusion, we summarize the ability of our ynqer hydrogenatiohThe muffin-tin radii of the V and Fe
model to interprete the experimental data. atoms were kept the same for each supercell but for different
supercellgFig. 1) it was modified in order to keep the same

Il. THEORETICAL MODEL ratio between the interstitial and the total volume of the su-

percell. Such a model allows us to investigate the effect of

The available measurements of the IEC in the Fe/V sutetragonalization on the interface magnetism and the mag-
perlattices with hydrogen in V spacer were performed for thenetic behavior of the V spacer in Fe/V superlattices. Calcu-
FeV, structures, where the thickness of the Fe layer wadations of the electronic and magnetic structures of bct
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FIG. 1. Unit cell of the tetragonally distorted and nondistorted
Fe;/Vs (100) superlattices(a). bcc supercell with the lattice pa- FIG. 3. Calculated layer-resolved spin moments of the Fe and
rameter of bulk Fe(b). bct supercell with the in-plane lattice pa- the V atoms for Fg/Vs (100) superlattices. Thick dotted line join-
rametera; of bulk Fe and the tetragonal distortion of V spacer ing triangles corresponds to the bce supercell withethef the bulk
c/a=1.1; (c). bct supercell with the in-plane lattice parameter of Fe [Fig. 1(@)]; dashed line(open circleg corresponds to the bct
bulk V and the tetragonal distortion of V spacga=1.1. supercell with thea, of the bulk Fe anct/a=1.1 for the V layers
[Fig. 1(b)]; thin-solid line joining squares corresponds to the bct

Fe;/Vs superlattice with hydrogen are performed for Super_superce_ll with the in-plane lattice parameter of bulk V ai@d
cell shown in Fig. 2. =1.1[Fig. 1(c)].

The z direction in Fig. 2 is perpendicular to th@00
surface. We restrict our consideration to the specific type o
aﬁe and c/a=1.1 for tetragonally distorted V spacer. This
value of the distortion corresponds to the measurements

the expansion coefficient in Fe/V100) single crystal system

performed by Andersson and co-workér$his expansion

&oefficient depends strongly on the average kitomic ra-

tio) concentratiorcy . At cy~0.5, thec/a ratio is ~1.09.

Andersson and co-workers connect this strong tetragonaliza-

tion effect with the occupancy of the octahed@gltype sites

by the hydrogen atoms.

Fe /NOVH),V/  Fe [NOVEDY(VE)V/  Fe,/VV(VH)VV/ In order to investigate the magnetic properties of the hy-

drogenated Fe/M100 superlattices vs H concentration we

modify the O, sites population as shown in Fig. 2. Thg

\. starts from 0.4Fig. 2(a)] and increases up t,= 0.6 [Fig.
2(c)]. The muffin-tin radii for vanadium and hydrogen were

optimized and found to be related bfj/ry,;;=0.3.
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Ill. RESULTS AND DISCUSSION

A. Spin moment versus strain in FQV5 superlattices

A starting point of our investigation of the Fe/V superlat-
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(\ C) /> C\ () /) () C\ C) r> () tices is an illustration of pure strain effect. We plot in Fig. 3
H .\ = .\ = .\ the layered-resolved spin magnetic moment for the three
types of supercells shown in Fig. 1. The bcgPRé; (100)
._F‘4 ._F.4 ._F.4 superlattice with the bulk Fe lattice constant, shows a spin
ay magnetic moment of 2.54uz on the central Fe ML. It is
@ -F O V e-H essentially larger then the one reported for inner Fe layers in

Fe,/V, (n=5) superlattice$:}° The bct distortion, which in

FIG. 2. Unit cell of the tetragonally distorted &/ (100) our case means the increase of #elattice constant in the
superlattices under hydrogenatiaay:is the Fe bulk lattice param- V' spacer leads only to an increase of the moment on the
eter whilec/a=1.1 for the V spacer. The interstitial H atoms are central Fe layer. The reason for such an enhancement lies in
shown at the different octahedr@l, sites. the chemical arrangement of the system under consideration.
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Previous calculatioris® have reported small increase of the
moments for the second from the ideally sharp interface Fe
layer in Fe/V multilayers. The central Fe layer in the, Fég 4
superlattice has next-nearest-V layers at both sides. So, th
moments on this Fe layer should be enhanced relatively t¢ 0
the moment of the second from the interface Fe layer in the
Fe/V superlattices with larger thickness of Fe slabs. Howevet
observation of this enhancement requires very smooth inter _g
face without alloying and very special experimental meth-
ods, which provide local information about magnetic struc—%
ture. A similar increase of the magnetic moments for the Fe<
atoms having Cr among its second neighbors was predicterg
in Fe/Cr multilayers and for Fe clusters embedded in €r.
However, enhancement of the hyperfine fields at the Fe nug
clei relative to the bulk value, which is connected with these 8
increased moments, was found only for specially preparec
epitaxial sampleg with suppressed alloying and was never

Fe interface

4

state

2

DOS(states/eV/spin)

reported in sputtered sampl&s. 6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Magnetic moments of the Fe atoms at the interface with V Energy (eV) Energy (eV)
are smaller than in the bulk Fe. The values of the moments

for these atoms are more sensitive to distortion than the mao- FIG. 4. The spin- and layer-resolved DOS of;Pés (100)
L ) superlattices fora of the bulk Fe. Solid and long-dashed lines

ments of the ceptral Fe layer. This is connected W'th,thecorrespond to the befFig. 1(a)] and bet[Fig. 1(b)] supercells,

increase of the distance to the nearest V atoms due to distofsgpectivelyE, = 0.

tion and has the same origin as the enhancement of the mag-

netic moments near the Fe surf&é®revious band-structure

calculation$'%8displayed similar results with Fe magnetic

moments between 1.ag and 1.8 ug at the interface with ) o U
V. The values of the Fe magnetic moments reported in thgntlparallel to the Fe magnetization direction in accordance
' ith experimental dafaand previous calculatior’s:%'8 The

experimental papers are essentially less then those obtain&d . .
by the theoretical predictions. Poulopoules al’? have value of the V moment depends strongly on the distortion.

found that the Fe magnetic moment is reduced to @, An increase of the lattice constant enhances the induced po-

For the inner Fe layers they found a magnetic moment equé?“zat'on of the V atoms, as well as the_ Fe m"?‘gn‘?“c mo-
to the moment of bulk Fe. Laberge®é al *# concluded from ments. The total moment of the superlattice, which includes

the magnetization experiments that for theyRg; (I=11 the moments of the Fe layers and of the interface V layers,

—16) superlattices not only the boundary layers exhibit l€Pends very weakly on the distortion, although the indi-
reduced moment (0.7g) but also the interior Fe layer. vidual moment at th_e interface V atoms indicates a more
The discrepancy between the theory and the experimerfonounced changéig. 3).
needs more careful considerations. Poulopoeloal 1 esti- Distortion in epitaxial Fe/V superlattices can be governed
mated the value of the Fe magnetic moments using the linedy the choice of the number of Fe and V layers. Within the
dependence of the saturation magnetization iy Pesuper-  linear elasticity approach, the biaxial strain state is expected
lattices (per Fe volumgto the inverse of the number of Fe to scale linearly with the ratio of the constituents’
layersn. They completely neglected the polarization of the vV thicknesses.However, contribution to the saturation magne-
layers in accordance with Granbezgal,'! who wrote thatit tization from the interface layer remains almost constant and
is only 1-2% of the total magnetization of the Fe slabs.does not depend on the thicknesses of the Fe and the V films.
However Granberg and co-workétsonsidered the super- This point is important to accounts for the interpretation of
lattices with 15 ML in the Fe slabs. For the superlattices withthe linear correlation between saturation magnetization in the
3-5 Fe monolayers the contribution of the V layer to theFe/V superlattice and the inverse number of Fe layers in each
total moment will be much more essential. So, effectivelyFe film 12
Poulopouloset al!? estimated not the moment of the inter-  In Fig. 4, we display the spin-resolved DOS of the perfect
face Fe layer but the difference between Fe and V interfacbcc and tetragonally distorted bct &5 (100) superlat-
moments due to AF Fe-V couplifg. Another important tices, corresponding to the samﬁe lattice constan{see
point which was not taken into account in Ref. 12 is theFigs. 1a) and Xb)]. The shape of the DOS has many points
interface alloying. As was shown by calculations within in common with the DOS for the FeV-disordered alfSyin
ASW method” alloying at the interface increases the polar-particular, for the Fe interface layer, the Fermi level resides
ization of V and decreases the moments on the Fe atom the bonding-antibonding valley of the minority spin. The
Obviously this effect will be especially important for super- position of this valley is not modified by tetragonal distor-
lattices with thin Fe slabs. Therefore, the small value of theion. In the total DOS the Fe component dominates the oc-
magnetization in the experiments of Labergegieal!* is  cupied d bands while the V DOS component indicates a
most probably the signature of the alloying, which cannot bgronounced multipeakd structure around 2 eV above the
avoided for 3 ML Fe films. Fermi level. It is this multipeaks structure that changes es-

The V atoms have sizable induced magnetic moments
only at the interface layer with F@-ig. 3. This moment is
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FIG. 5. Calculated layer-resolved spin moments of V atom ofvariation of the magnetic moments takes place at the Fe in-
bct Fey/Vs (100) superlattices foaf® andc/a=1.1 under hydro- ~ terface. The Fe moments at first decrease from lug2(c
genation. Open circles correspond to non-hydrogenated superceif; 0, Fig. 3 to 1.56 ug for c,;=0.2 but than again increase:
triangles to the Fg/V,(VH)V, [Fig. 2c)], squares to the 1.65 upforcy=0.4and 1.72ug for cy=0.6. So, for high-
Fe;/V(VH)V(VH)V [Fig. 20b)], and diamonds to the hydrogen concentration, the interface Fe atoms have almost
Fe; /V(VH) 3V [Fig. 2a)], respectively. the same magnetic moment as without hydrogenation. The

magnetic moments of the central Fe layer remains practically
sentially under distortion. These states, however are not od!nchanged. "

cupied and do not influence the magnetic properties of the V. Anderssoret al."" proposed that it should be possible to
spacer. produce magnetic V by a combination of hydrogenation and

the growth of overlayers or multilayers with Mo, having
larger lattice constant. Our calculations show that despite the
distortion, the polarization of the interface V layers in Fe/V
superlattices decreases after hydrogen loading. Therefore,
In this section, we will consider the changes of the elec-hydrogenation of the nonmagnetic Mo/V multilayers will
tronic and magnetic structures of Fe/V superlattices undeprobably not give a magnetic moment on V atoms.
hydrogenation. Experimentally it was detectédat hydro- Figure 6 displays the spin- and layer-resolved DOS of the
gen in FeV multilayers penetrates only into the V spacer andhiydrogenated superlattice far,=0.6. The hydrogen 4
moreover a few(two or three@ V monolayers at each inter- states are located at around 8 eV below the Fermi level
face do not dissolve hydrogen to the same extent as the ifEz=0). The hybridization of these states with ttidands
terior layers. Loading of the hydrogen is accompanied by thef V is localized in real space: only the inner V atoms have
extention of the V spacer perpendicular to the superlattice’peaks at energy around8 eV. A similar peak was found
plane direction and by the increase of the resistivity of theby Anderssoret all’ for the bulk VH, (x=0.5 and 1. The
superlatticé’ interface V layers with Fe do not contain hydrogen and show
We performed the electronic structure calculations of thevery small DOS below-4 eV relative toEg . The Fe atoms
superlattices FgVsH, (x=1,2,3) which are shown on Fig. change their state under hydrogenation only indirectly
2. Concentratiorty = (H)/(V) of the hydrogen in the V lay- through the hybridization with V neighbors.
ers corresponds to 0.2, 0.4, and 0.6. The calculated layer- An interesting detail that is important for the understand-
resolved spin moments of V atoms are displayed on Fig. 5ing of the properties of the superlattices under hydrogenation
Moments of the inner V atoms changes slightly under hydrois the pinning of the V DOS at the Fermi level. In order to
genation but their values do not exceed 0.,25. The mo-  trace the origin of this low DOS on Fig. 6 we plotted the
ment of the interface V atoms decreases from Oggwith- layer-resolved DOS of the central V layer in the;%e su-
out hydrogenatiorFig. 3) to 0.32 wg for c;=0.2 and then perlattice for different concentrations of hydrogen in the V
slightly increases versus hydrogen concentration untispacer. The deep valley, which for the superlattice without
0.34 ug for cy=0.6 (Fig. 5. Similar but more pronounced hydrogen, was located at 0.5-1 eV above the Fermi energy

B. Electronic structure of the FeV multilayers
under hydrogenation
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moves versus hydrogen loading towards the Fermi level. The

DOS at the Fermi level decreases monotonically from 1.7 to FIG. 8. The layer-resolved DOS of bct AWWH)V,/(100)
0.1 when the hydrogen concentratiog changes from 0 to superlattice with thea; of the bulk Fe andc/a=1.1 for the V
0.6 (see Fig. 7. layers.

This low DOS at the Fermi level is able to explain un-tice constant. Usually the change of the spacer layer thick-
usual behavior of the Fe/V multilayers under hydrogen loadness can only occur by discrete values, which are a multiple
ing which was observed experimentalf’* In more detail:  of the lattice constant. As a result the observed period of

(1) The increase of the resistivity under hydrogenationoscillations period appears to be much larger thann the
was reported by Andersson and co-workéiEhey postu- case of the Fe/V superlattices the thickness of V spacer can
lated that this increase is exclusively associated with hydrobe changed almost continiously under hydrogenation. So,
gen as impurity atoms assuming that no major change in thehort-range oscillations of the IEC can be observed as a tran-
electronic structure occurs. Influence of low DOS at thesijtion from FM to AF coupling and vice versa. However, as
Fermi level will diminish the number of carriers in the V we have seen from the calculations of the electronic struc-
spacer but it will decrease also the probability of electronture, simultaneously with extention of the V spacer perpen-
scattering. In the limit of very low DOS obtained here for dicular to the superlattice plane direction, loading of the hy-
high-hydrogen concentration, the resistivity has to increasérogen leads to the decrease of the DOS at the Fermi level.
without taking into account the additional impurity scatter- This means the reduction of the amount of the electrons that
ing. are responsible for the AF IEC in the superlattice. Therefore,

(2) Oscillations of the IEC in metallic magnetic superlat- for a large hydrogen concentration the AF coupling has to
tices could be explained within the quantum wéQW)  disappear due to the diminution of the free-like electron’s
model through the oscillations of the energies of the elechumber in the V spacer.
trons confined in the QW’s formed by the magnetic stbs  The effect of the V DOS pinning is extremely sensitive to
or through the optical model with different electron refrac-the details of the chemical structure of the magnetic and
tion indexes for FM- and AF-coupled magnetic layers innonmagnetic layers. If into the V spacer a relatively small
superlatticé® Within a free electron model the oscillations amount of Ag or Au, which brings additional electrons to the
of the IEC is governed by the dimensionless paramegtkp, V film is introduced, it can shift the valley in the DOS away
wherekg = (2meg) ¥ is the Fermi momentum without trans- from the Fermi level and therefore return to the AF IEC.
verse quantization antl, is the thickness of the nonmag- Similar phenomena was observed by Ebetsl?’ in the
netic spacer. The period of the oscillations appears to b€o/Ru multilayers, when a small amount of Ag introduced in
rather short: of the order of de Broglie wave lengthof  the Co layer was able to change bythe phase of the IEC.
electrons. One of the ways to overcome the discrepancy b&o check this hypothesis, we performed the calculations of
tween the small periotabout 2 A obtained in free-electron the electronic structure for bct Aub superlattice which
model and the long periogabout 10 A observed in the consists of a single Au ML ah5 V ML with hydrogen on
experiment on Fe/V superlatticBss to take into account the the central V ML. The layer-resolved DOS for this system is
noncommensurability of the electron wavelength and the latelisplayed in Fig. 8. It is interesting to note that the interface
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V layer shows a small magnetic moment of Qug due to  ments depends very weakly on the V lattice constant. Al-
interaction with Au layer. This is in agreement with obser-though the value of the polarization at the V interface atoms
vation of the weak magnetism of monolayers and multilayersan be changed several times by distortion, the V layer sec-
of V on Au films by Beckmann and co-worke?%. ond from the Fe/V interface has a moment which does not
At the Fermi level, for the central V layer, there is a peakexceed 0.05u5 even for bct structure with in-plane V lattice
because of the hybridization between ¥ 8nd Au & states  constant ancdc/a=1.1. Hydrogen loading in the V spacer
whereas at the interface V layer this peak is essentiallyeads to the decrease of both the interface magnetic moment
higher. Therefore, in the neighborhood of the Au atoms theon V atoms and of the DOS at the Fermi level. Low DOS
increase of the V-DOS at the Fermi level is larger and thecan be one of the reasons for the increase of the superlattice
short-range IEC oscillations after doping the V spacer withresistivity under hydrogenation and for the disappearance of

Au can reappeatr. the AF IEC for large hydrogen concentration. Doping the V
film with Au increases the DOS at the Fermi level and the
IV. CONCLUSIONS AF IEC can reappear.
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