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We report experimental results on the structural, magnetic, electronic, and spin transport properties of a
21 nm FgSi/GaAg001) heterostructure epitaxially grown by coevaporation. High-resolution x-ray diffraction
shows an almost stoichiometric film, which is lattice matched in-plane to the GaAs substrate and therefore
slightly tetragonal distorted. Polarized neutron reflectometry measurements yield a magnetic moment of
(1.107+0.014ug per atom at room temperatu(®T), while superconducting quantum interference device
magnetometry yields a magnetic moment (6f9+0.)ug per atom at RT, both close to the bulk value.
Magneto-optic Kerr effect measurements show that this system has in-plane cubic anisotropy with easy axes
along the(100) directions and a cubic anisotropy constiit(3.1+0.6 X 10* erg/cn? at RT. A resistivity of
(4.1£0.9 X107 Q m in the FgSi film was measured, which is close to the bulk value. Optical spin orienta-
tion in the GaAs was used for spin transport measurements and spin detection is demonstrated at RT for this
system. Point contact Andreev reflection spectroscopy was used to determine the spin polarization of the
transport current, yielding=(45+5)%.
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[. INTRODUCTION to external pressure or special atomic configurations. Fur-

iiiat 5] 10
Heusler alloy in thin film form are currently attracting termore, Fujiiet al.” postulate that somie2, structure type

much interest due to their potential for applications in future(full Heusler alloys are HM, as for the case of ferromagnetic
b PP eMnSi with a real gap in the DOS of the minority band. In

magnetoelectronic and spintronic devices, e.g., as possibF . . X X
spin injector electrodes in tunnel magnetoresistancéﬁe last few years GMInSi has been widely investigated

. A 1115 A
structures;® in spin valves to increase the giant magnetore-eXpe”menta"y in thin film forn, because of its high

sistance effect,or for spin polarized current injection into Curie temperaturdc=985 K (the highest among all known

semiconductors. The main interest in these compounds aris%Hﬁeusler alloys containing Mf). In addition, new DOS cal-
) lations of Ishi 117 real minority-spin f
from the fact that the “half” Heusler alloysXYZ whereX ations of Ishidzet al attest a rea ority-spin gap o

o ) ~0.42 eV in the bulk case, while indicating also that for
andY are transition metals and is a B subgroup element, g Hm behavior depends on thickness and surface termi-
e.g., NiMnSD are predicted by band structure calculations tonation as well as surface orientatiaqd11) being better than

be half-metallic ferromagnet$iMF’s) due to the asymmet- (oo1) films to obtain HM behaviot As is already known for

ric band profile reflected in the character of @&, structure  some bulk Heusler alloyd as well as for filmg, antisite

in which they crystalliz&:® Half-metallic (HM) means that disorder between Co and MiRefs. 11-13 (e.g., indicated
the minority-spin electrons are semiconducting, whereas thgy a high electrical resistivity as compared to hublarticu-
majority-spin electrons are metallic at the Fermi level. Con-arly at the surface, changes the termination of the film and
sequently, these materials should be 100% spin polarized @estroys the HM behavior, therefore reducing the amount of
0 K. For the full Heusler alloy$X,Y2) crystallizing in the  spin polarization®2°In addition, due to their ternary nature,
L2, structure, some exhibit a state close to a HMF with aHeusler alloy stoichiometries in thin films are difficult to
deep “pseudogap® [minority-spin density of stateDOS) control leading easily to excess or deficiency of one atom
close to zero at the Fermi leygfor instance CgMnZ, where  specie$!® and to deviations in the expected physical
Z=Al,Sn/ Si, and G& More recent band structure calcula- properties->'> Moreover, the existence of nonferromagnetic
tions by Ishidaet al® extend the work on th€1, structure interfaces as reported by Geiersbaeh al,'® which are
and postulate also other “half” Heusler alloys to be HM un-present in their Co-based Heusler alloys films, are detrimen-
der certain conditions, such as reduced lattice parameters dted for spin injection. The measured transport spin polariza-
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FIG. 1. (8) LEED image of a “pseudo(P4
X 6) reconstructed GaA801) surface prior to
growth; E=125eV. (b) Image of a
74 ML(21 nm thick FgSi film showing that the
cubic L2, (“Heusler”) structure has been stabi-
lized; E=115 eV.

(a)

tion of some Heusler alloy films has been disappointinglyhas two nonequivalent Fe sites with magnetic moments
low at P=58%(NiMnSb, Ref. 2] and P=54%(Co,MnSi,  urd=2.2ug per atom andurgi=1.35ug per atom and is
Ref. 19 at 4.2 K as measured by point contact Andreev retherefore sometimes referred to a%FéSi. Moreover, the
flection. The reason for this reduced spin polarization mighsSi site has a magnetic moment @f;=-0.07ug per atom?’
be due to a combination of the above factors, namely, surfac8ince FgSi is nearly lattice matched to Ga@&$.21%, it
termination and orientation, structural inhomogeneities, and¢an be grown epitaxially on Ga#301). Only a few studies
nonmagnetic interfaces, and/or, as recently argued by Dowsn the growth and magnetic properties of thin films have
ben and Skomski, due to some fundamental restrictions dfeen reported thus fa&#4* A further advantage of
true HM behavior in perfect crystals at 0% These authors Fe,Si/GaAg001) heterostructures relates to their thermal
show that magnon and phonon excitations reduce the spigability upon postgrowth annealing as reported by Hsieh
polarization at finite temperatures and suggest that elemeni.3® and Nohet al,** as compared to Fe/Gaf91).4546
tary ferromagnet¢Fe, Co,N) are better candidates for spin Here we report experimental results on the structural, mag-
injection than HM systems. However, for spin injection into netic, electronic, and spin transport properties of
semiconductorgSC's) these ferromagnetic metal§M's)  Fe,Si/GaAg001), which indicate the possibility of using
and their alloys have so far exhibited small spin injectionthese heterostructures in future device applications.
efficiencies at room temperatu(BT).?3-26 This ineffective-
ness most likely results from the impedance mismatch be-
tween the(high-resistanceSC and thelow-resistancg FM Il. RESULTS
in the diffusive regime/=2° L _

One way to circumvent the impedance mismatch problem The growth and thé situ measurements were carried out

is to use a tunnel barrier at the SC/FM interfa®&? The 1N an ultrahigh vacuum molecular beam epitalyiBE)
intrinsic  Schottky  barrier formed at the SC/FM chamber combining a low-energy electron diffraction

interfac@®25260r additional insulating tunnel barrigfgrep- ~ (LEED) and magneto-o%ic Kerr effeCMOKE) setup, with
resent promising options in this context, but high spin injec-2 Pase pressure o810 ™ mbar. The substrate COQS'S_t:f ofa
tion efficiencies are restricted to low temperatures. Thiommercial Sin-doped GaA€01) wafer (n= 104 m™),
raises the question whether alternative ferromagnetic convhere a buffer laye¢~0.5 um) of homoepitaxial GaAs was
ductors can be found with resistances larger than that typic&fown in anothetsemiconductgrMBE chambe(in order to

for FM's with identical or higher spin polarizations. fstis ~ Provide a smooth surfag@nd capped with As. After trans-
one such candidate: although the calculated density oferring the GaAs substrate to the metal MBE chamber the As
stated™-33 for bulk FeSi does not predict half-metallic be- cap was removed by annealing Bt=430 °C for 15 min.
havior, the DOS close to the Fermi level exhibits a dip forSubsequently the temperature was increase@i~+®70 °C

the minority spins and the spin polarization should befor 30 min in order to obtain a clean and ordered surface
roughly of the same order of magnitddeas that for Fe, before the FgSi growth. This treatment leads to a “pseudo”
~43%2 A striking advantage of RSi is that the growth is (4 6) reconstructed GaA801) surface. The stoichiometric
easier to control, as compared to the ternary Heusler alloy$;&Si film was obtained by coevaporation of Fe and Si at a
due to its binary nature and due to the fact that the phaseonstant temperaturd ~300 °C with a growth rate of
diagram of the ordered allof') is relatively broad with Si  0.36 nm/min. The deposition was monitored with a quartz
contents ranging from 9.5 to 26 at. % %85 Crystallo- microbalance. To prevent oxidation of the_film fex situ _
net with a Curie temperatu&.=803 K and a lattice param- AU layer®® The surface reconstruction of the substrate and
eter of 5.642 A’ which can be stabilized in the Culh.iz_]_ the deposited film was eXamined W|th aVG rearVieW LEED
structuré®*-36 The cubicL2; structure with the composition System. Figure (&) shows a LEED image of “pseuddP4
X,YZ has four penetrating fcc sublattices. TKeatoms oc- X 6) reconstructed GaA801) surface. While the & recon-
cupy two sublattices with the origins &t/4,1/4,1/4 and  struction spots are clear and visible, th& 4econstruction
(3/4,3/4,3/4 and theY and Z atoms are positioned at SPots are missing. Howeverx2and 3x intermediate streaks
(0,0,0 and(1/2,1/2,1/2 sublattices, respectively. F&  along the[110] are apparent. This surface reconstruction is a
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FIG. 2. (a) X-ray (004) diffraction peakw/26 scan of the 21 nm thick RF8i/GaA$001) sample. The inset shows an 26 scan around
the (111 peak of the same samplg) The reciprocal space map at t#4) diffraction peak, given in reciprocal lattice units, indicates that
the F@Si film is, at this thickness, still fully strained in plane.

transient phase between the As-righx 4) and the Ga-rich . 1-vp
(4% 2) phased’ Furthermore, the image indicates that the n=n X 1+,
surface was clean and well ordered prior to the growth of the
Fe;Si film. Figure 1b) is the LEED image of a 74 monolayer wherev=0.395 is the Poisson ratio determined by using the
(ML) (21 nm) thick FeSi film. The diffraction spots exhibit stiffness constants published by Kotetral*® The equilib-
the expected1x 1) reconstructed surface of the culi®;  rium lattice mismatch can thus be determined from the lattice
structure. mismatch definition,

Further structural characterization was perfornesdsitu
by high-resolution x-ray diffraction. Th¢004) and (111) _a"a ?)
w/26 scans and404) reciprocal space mafRSM) were ag

collected in continuous mode on a PANalytical PW3050/65 I .
high-resolution diffractometer using G radiation with a wherea anda; are the equilibrium lattice constants of the

parabolic graded mirror, a four-bounce @20 monochro- FeSi and the substratéGaAsg, respectively. We calculate

mator, a triple-bounce analyzer crystal, and a dwell time otfor the 21 nm FgSi sample the stoichiometﬁrgic composition
) ] + 0, H 1 ’
20 s. The PANalytical softwarepITAXY 4 was used to ana- as 24.4+0.2 at. % Si by applying Vegard's the bulk

vze the experimental data. An x-raw/26 scan around the lattice parameter results available in the literaftr&. This

é 4004 giﬁraction peak.is pres:?;ted in Figa. At o result indicates an almost stoichiometric sam(®& at. %
aA ) N . .

=33.2° we find the sharp diffraction peak from the Si).>* The inset of Fig. £a) presents an/26 scan around the

. . o (111) diffraction peak, which was measured by means of a
GaAdq004) plane while the F£5i(004) layer peak is visible 55° offset in ¢ (tit angle). The shoulder inside the

at ®=33.3°. The F¢Si layer peak is relatively broad and GaAd111) peak represents the &Si(111) diffraction peak
weak as compared to the GaAs peak and its position canngt (11D p P S(11Y D pea.

be determined very accurately. However, a full width at half/ N€ latter only appears if the ordered space grim3m has
maximum of~0.17° implies a crystallite size similar to the been stabilized. In the case of Si randomly diluted in bcc Fe
film thicknesg21 nm from x-ray reflectometrgXRR)*3]and  in the space groupm3m, the FgSi(111) diffraction peak
thus very few crystalline defects or grain boundaries. Furdoes not exist, as for low Si concentratiofzs9.5 at. % or
thermore, the presence of distinct interference fringes up tthe case of the closely related meteoritical mineral suessite.
the fourth order indicates that the interface between substrate Polarized neutron reflectomet(i?PNR) experiments were
and the FgSi film is reasonably sharp. Figurél® presents a carried out on the neutron reflectometer CRISP at the Ruth-
RSM taken at th€404) diffraction peak. The diagonal streak erford Appleton Laboratory. Measurements were taken at RT
is a feature of the analyzer, caused by finite angulawith a 4.5 kOe magnetic field applied in pla&10] ) along
resolution?® The reciprocal space map yields information the direction normal to the scattering plane using an electro-
about the film stress. As can be seen from the vertical streaknagnet. Previous superconducting quantum interference de-
the 21 nm F6Si film is still fully strained in-plane at this vice (SQUID) measurements confirm that this field is suffi-
thickness, which means that the in-plane lattice parameteigent to saturate the film in the plagee Fig. 4 beloy The

of the film are matched to the substrate lattice parameter. Theeutrons were polarized by reflection from an Fe-Co
(004) scan yields an “experimental x-ray mismatdbtt-of-  -V:TiN, supermirror and were collimated by two sets of
plane lattice mismatohof % =-0.0029. This is related, to slits; the polarized beam was then reflected by the sample
first order of approximation, to the true lattice mismatch®y and the spin up and down reflected intensities measured us-

1)
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FIG. 3. (a) PNR spectra of the 21 nm E&i/GaAg001) sample. The boxes and circles are the experimental data, while the straight lines
indicate the fit for the spin up and down reflectiviti€b) The spin asymmetry is the normalized difference between spin up and down
reflection and the corresponding fit is an indication of the quality of the reflectivity fits to the measured data. The line represents the fit to
the data.

ing a single®He detector. The longitudinal momentum trans-  In addition to the PNR measurements, SQUID magnetom-
fer 2q (determined by a time-of-flight methpdaried from etry measurement$Quantum Design MPMS were per-
~0.006 to~0.1 A™* and was collected using three incident formed in order to determine the magnetic moment per atom
angles from 0.45° to 1.2°. The polarization of the incidentat different temperatures. Figure 4 shows the SQUID data
beam(97%) was reversed by means of a Drabkin two-coil with the magnetic field applied along th&10] direction for
nonadiabatic spin flipper every 5 min throughout the meathe 21 nm thick film. The magnetic moments thus obtained
surementgsee Ref. 54 for further details of the experimentalare (0.9+0.) ug per atom at RT and1.0+0.)ug per atom
setup. The raw spectra obtained were corrected for the poat 10 K for the FgSi film. Furthermore, the coercive field for
larizer, flipper, and detector efficiencies and fitted using &his direction is=7.5 Oe and the film is saturated in plane
slab layer modet>°6 Parameters of the fit include the mag- along the hard axis direction already at 200 Oe.

netic moment per atom, roughness, mass densities, layer To estimate the anisotropy consta#tsandK, we have
thickness, nuclear scattering length, wavelength resolutiorperformed longitudinal vector MOKE measuremergs

the number of layers, and a scaling factor that corrects theitu.’® A polar plot of the magnetizing energy,, as deter-
spectrum for misalignments of the sample. In order to reducenined by the integration of the magnetization curves is given
the number of fitting parameters, bulk values were assumeith Fig. 5@). The polar plot ofw,, shows a dominant fourfold
for the nuclear scattering lengths and we confirmed thicknesgubic) component. The in-plane fourfold magnetic easy axes
and roughness values by means of XRR, publishedre along the in-plang100 directions relative to the
previously*® Figure 3a) shows the normalized polarized GaAg001) surface. A fit ofw,(¢) to the expression
neutron reflectivity data of the 21 nm §S8/GaAg001) . . i i . i i
sample for spin up and down neutron states. The solid lines 107 RRRRR500 ]

represent the fits to the data. The amplitude of the reflectivity g :{(‘)r K MAMA:

fringes is determined by the nuclear contrast between the

different layergarising from the nuclear as well as magnetic € 954 HI[1-10] 77N T
. . . . . . o

potentia) while the period is determined by the different ) | ﬁ

layer thicknesses and the drop in overall intensity is affected=

by the presence of interface roughness. PNR allows us§ 001
therefore, to determine simultaneously the moments, thick-§ J RAa
nesses, and interface roughnesses. The best fit yields a thicf2
ness of 21.63+0.05 nm, an §8/GaAs interface roughness
of 2.3+0.1 nm, and a magnetic moment(&f107+0.014ug J

per atom at RT, which is very close to the bulk value of .AAAAAAAQQ
1.175u5 per atom at 6.5 K757-59Furthermore, the fit indi- e S . . . . I
cates a Au capping layer thickness of 2.0+£0.1 nm. Figure 200 -150 -100 -50 0 50 100 150 200

3(b) presents the spin asymmetry, which is the normalized Field (Oe)

difference between spin up and down reflectivities. The spin

asymmetry gives an indication of the quality of the reflectiv- FIG. 4. Two hard axis hysteresis loops of the 21 nm sample
ity fits and it shows that the fit follows closely the data evenmeasured at Ritriangles and 10 K(boxes with the magnetic field

up to higher momentum transfer values. applied along th¢110] direction.
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tribution Igg (bottom) with @=51.5x 1072 (see text |ge is negli-
FIG. 5. (a) Polar plot of the magnetizing energy,, for the  gible at reverse bias and becomes finite for forward bias, which we
21 nm FgSi/GaAg001) sample obtained from longitudinal vector attribute to spin-dependent tunneling of electrons from the SC into
MOKE measurement&lue to the symmetry of the plot, only half of the FM.
the polar plot is shown (b) Coercive field versus angle of the

magnetic field showing that the two hard and easy axes are slightly,rrier height of 0.51 e For the photoexcitation measure-
nonequivalentthe 0° is relative to th¢110] direction. ments an in-plane setup was used with the magnetic field
applied along the easy axis and the light incident at an angle
Ky _ 6=45° from the sample surface normal. At this angle of in-
o(P) = - 2 Sin’(2¢) + Ky sir’(¢), (3)  cidence the photon helicity, and therefore the spin polariza-
tion of the excited electrons, have an in-plane component
parallel to the FM layer magnetization. For a range of ap-
plied bias, the spin polarized electrons which tunnel into the
FM are filtered at the SC/FM interface according to their
polarization with respect to the FM layer magnetizafidin
our setup we use a photoelastic modulatoperated at
50 kH2) to alternate from right- to left-circularly polarized
light and a lock-in technique to measure the corresponding

where ¢ is measured from thglL10] direction in analogy to
measurements on Fe/Ga@81) structures$! yields the ef-
fective anisotropy constant&;=(3.1+0.6 x 10* erg/cn?
andK,=—-(4.6+0.9 X 1¢? erg/cn¥. K, is in good agreement
with the bulk valueK?"k=5.4x 10* erg/cn?.52 The negative
sign for K, indicates that the uniaxial easy axis is along the,
[110] dllrect|on, as in the Fe/Gak@01) heterostructure .4 ation in the currendl. This helicity-dependent photo-
systenf Hoyveve_r, Ky is two orders of magr_utud_e smaller . rrent has a magneto-optic contributiggp due to mag-
than the cuk_)lp anisotropy constant and hias. little !nfluence ORetic circular dichroism(MCD), besides the spin filtering
the magnetlfzmg energyn(¢) for this FaSi film thickness.  oonwibution 1= The fact thatly,ep is proportional to the
Herfortet al."” mention a slight non-equivalence between thepnotocurrent ,, as measured with linearly polarized light is
orientationg[ 110] and[110] of the two hard axes, which is used in order to account for the MCD contributi®émf « is
also apparent in our sample due to a higher magnetizinghe constant of proportionalityyicp=alp, then

energy along th¢110] direction. We also observe this non-

equivalence in coercivity along the hard and easy axis direc- Al =lyep + 1se0 Ige= Al = al . (4
tions as shown in Fig.(b).

The spin-dependent transport measurements were carri€wr then-type Schottky barrier structure used, we expect all
out using optical spin orientation where electrons are photothe photoexcited electrons to travel toward the SC back con-
excited in the GaAs substrate with spin polarization depentact at sufficient reverse bias, in which caseis only due to
dent on the incident light helici§# For this purpose, an MCD since no photoexcited electrons pass through the FM
Ohmic NiGeAu bottom contact was added to the structurdayer. Thereforeq is determined by the ratio df,, and Al
(see Ref. 64 for details about the preparation and growth dfor this reverse bias range up to the breakdown of the diode.
the bottom contagtand two electrical top contacts were Figure 6 shows the measurements dog, Al, andlsg with
grown by thermal evaporation of 200 nm thick Al pads ona=51.5x 1073 As expected|lsd is zero for reverse bias
the Au capping layefall reported measurements were car-whereas for forward bias where the probability for tunneling
ried out at RJ. The two top contacts and the back contactinto the FM layer is progressively increaséidd is nonzero
were used for conventional three-point-geomedty mea- and peaks at 0.38 V. Surprisinglyy, exhibits a dip at
surements which showed a Schottky diode behavior with .57 V, which has only been previously reported for tunnel-
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Il. DISCUSSION
1.02
For the growth we have chosen the Ga-ri€ X 6) re-

constructed GaA®01) surface, which can be stabilized by
annealing the GaAs substrate t©823 K prior to the
growth, ! to avoid As segregation into the 43 film. How-
ever, segregation of As and Ga into the;&efilm seems
unlikely as has been shown by means of synchrotron x-ray
studies*! Indeed, Herfortet al#?4* report high-quality epi-
taxial films stabilized even on the As-rich Ga@81)-2x 1
surface. The LEED pattern of the 74 ML film exhibits the
(1X 1) reconstructed surface of the?; structure. We have
reported befor® the appearance of this LEED pattern at
3.7 ML. In addition, Refs. 40, 42, and 44 describe the ap-

1.00

0.98

Normalised conductance

096 bt o 0y pearance of reflection high-energy electron diffraction pat-
-10 5 0 5 10 terns already at 1 ML and sharp Kikuchi arcs=at2 ML,
Bias (mV) thereby indicating a two-dimension@D) growth mode. Af-

_ o ter the deposition of 74 ML we cannot detect aig X 1) or
FIG. 7. The normalized conductance versus applied bias as meg(2 x 2) surface reconstruction due to Si enrichment of the
sured with Andreev reflection. The fitraight ling to a generalized surface as reported previou&ly’ for bulk FeSi after an-
BTK model gives a spin polarization ¢f=(45+5)%. nealing at temperatures of 6%3r <953 K. The two Si-rich
phases are reported to be temperature reversible unless
2
ing barrier structure®, but not for a SC/FM Schottky barrier gggnlg?ﬁﬁrg)e'%‘ﬁeformwﬁ OS?;:\(’E 4 bf;(():{(n cgitgact? f(?r??hg satin
interface®* : g B ; 1€ Sp
transport measuremefiphotoexcitation studies required a

In addition to the spin-dependent measurements the Vanostgrowth anneal to 703 K followed by a cooling process at

der FfaU\/és methpd was used to measure the resistivity of th%o K/min to 473 K in a rapid thermal annealer and therefore
Fe;Si sample with four copper probes lowered onto the Au

: : . . we cannot exclude the possibility of a Si enrichment in the

capping Iayer._ EIectn_c current flowing through fche semicon top 2—3 ML of the FgSi film. The appearance of Pendell6-
ductor is negligiblg'this was checked by repeating the mea- ; . ! .

. i . sung fringes and the relatively sharp;6epeak in our(004)

surements with a negative bias between the top and bottom . . Y . . .

. o . x-ray diffractionw/26 scan indicate that high-quality epitax-

electrodes, showing no significant alterations to the mea- | , . .

> ._lal films have been grown with smooth interfaces in good

sured resistivity. The sample was treated as two sheet resis-

: . agreement with our x-ray reflectometry dé&ta.The
tors in parallel(Au and F@Si) in order to extract the value . . ;
for Fe;Si from the effective overall value of the multilayer. A (11)GaAs diffraction peak as seen in olrll) w/2¢ scan

value of (4.1+0.7 X 107 Q m is obtained which compares surprisingly exhibits a shoulder peak toward a smaller angle
well with the resistivity of 3.8< 10”7 Q m for bulk Fesis?  2d ot as would be expected from @4 scan toward a
For comparison, the resistivity of ourtype doped GaAs higher angle. Epitaxial relations for F%[110]11GaAd110]
substrate is about:210°5 ) m 8 and FgSi(001) IGaAg001) have been reported by Horeg
Point contact Andreev reflection spectroscopy was peral-* and Hsiehet al3° Furthermore, our LEED pictures
formed in order to measure the spin polarization of the transpresent a clear proof that the desited) phase crystallized
port current of the F¢Si film. Ten spectra have been obtained in the cubicL2; structure has been stabilized. Therefore, we
at 4.2 K, with the superconducting Nb tip contacting theattribute this shoulder in the Gafsll) peak to local
sample at different locations. The normalized conductancehanges in the stoichiometry of the ;8 film or to the
spectra were analyzed using the generalization of theingle-crystalline quality of the GaAs substrate. If the latter
Blonder-Tinkham-Klapwijk(BTK) model for spin polarized were the case, then theS¥(111) peak would not be visible
materials®® The spectra are relatively broad due to interfacedue to the reduced intensity of this diffraction peak as com-
scattering in the junction between the tip and the sample. Apared to the GaA411) peak. The RSM shows that the film
has been shown elsewhéfein this regime only the upper is fully strained in-plane and relaxed in the out-of-plane di-
bound for the spin polarization can be inferred from the fit-rection leading to a tetragonal distortion as reported also by
ting. The upper bound varies betweBrr25% and 55% at other groups?442Strain relaxation of the R8i/GaAs in-
different locations on the sample surface. This is quite likelyterface has so far only been reported for growth temperatures
due to a variation in interface properties because of the goldxceeding 773 K or after extensive postannealing4 h).3°
cap. For one data séwhich had the smallest broadenjng Regarding the interface roughnesses and layer thicknesses,
the fitting procedure yieldeB=(45+5% (Fig. 7). The other  the results of the PNR fits are in relatively good agreement
parameters from the fitting yield a value for the superconawith our XRR result$3 However, we obtain different values
ducting gapAy,=1.50+£0.05 meV, a dimensionless interface for the FgSi/GaAs interface roughness from the PNR and
parameter Z=0.50+£0.05, and a smearing parameter XRR fits. Since the XRR measurement extends to higher-
=2.54 meV. The normal statevhen Nb is a normal conduc- momentum-transfer values and hence exhibit more fringes
tor) resistance was measuredRs=37.7 (). we are more confident about the value given by XRR,
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0.7+0.1 nn® In addition, the GaAs buffer layer deposited the interface. This segregation of Si toward the surface is at
prior to the FgSi growth should provide a relatively smooth first sight an undesired phenomenon, but it could be used to
surface as has been shown by the LEED results. Electrocircumvent the conductivity mismatch between SC/FM by
microscopy studies are being conducted at the moment toreating a higher-resistance region at the interface than in the
clarify this roughness discrepancy. Furthermore, differenfilm. This topic is under further investigation and the results
changes in density from the bulk vald€7.192 gcm?®) are  will be published elsewhere. The value of the resistivity of
suggested by XRR+5%) and PNR(-20%). However, the F&Si is another interesting point in the context of the con-
tetragonal distortion of the film can only account for a ductivity mismatch. Even though we show that our film ex-
change of —1.5%. This may be related to atomic disorder irhibits bulk behavior, it must be mentioned that the resistivity
the film, which changes the respective scattering factors. Thef the stoichiometric F5i is roughly only four times higher
scattering factorgx-ray and nuclearare closely related to than that of pure F& which would not necessarily lead to a
the density of the materials in the fits for XRR and PNRhuge increase in spin injection efficiency. However, site dis-
measurements. A slight Fe and Si site disorder has alreadyder in thelL2; structure for Fe-richa’ compounds with
been suggested by Paoletti and Pa8&dor stoichiometric =20 at. % Si leads to an increase by a factordfO in the
bulk Fe;Si and shown to exist by means of neutron diffrac-electrical resistivity® at RT to =75 (Ref. 67 in residual

tion by Pickartet al.”® An indication of some site disorder is electrical resistivitf0 K) as compared to pure Fe. Si surface
given also by the value of the resistivity, which is slightly segregation after special postgrowth treatment together with
higher than for bulk. Another explanation is that our film is an increased resistivity for off-stoichiometric samples make
slightly off stoichiometry; as Herforet al*? have pointed this a very promising compound for future spintronic de-
out, there is a large discrepancy in the literature about th&ices. The Andreev reflection measurements yield a polariza-
“real” lattice constant of the stoichiometric & intermetal-  tion of the transport currel®=(45+5)%. This is of the same

lic compound. Regarding the total magnetic moment of theorder of magnitude as measurements on Fe as is anticipated
film the value yielded by the PNR measurements is closer terom DOS calculationg?-33The Andreev reflection measure-
the bulk valué”>~>%or values given for film¥42than the ments reinforce the point that §=i is likely to be a good
value obtained from SQUID magnetometry. The sensitivitycandidate for spin injection into GaAs even though it exhib-
of PNR to the magnetic moment of the single atom ratheits no half-metallic behavior.

than to the volume magnetization, which is the case for

SQUID magnetometry, makes it a more reliable source to IV. CONCLUSIONS

determine this observable. Vector MOKE measurements in- \va have studied the structural, magnetic, electronic, and

dicate the presence of an in-plane uniaxial contribution i”spin transport properties of a 21 nm thick;5efilm grown
addition to the dominant in-plane cubic anisotropy. The co-y, GaA$001). LEED pictures show an orderefl x 1)
ercivity of our sample21 nm thicK is higher than the value £ 5i01) surface, while high-resolution x-ray diffraction

reported in Ref. 42 for their 33 nm thick sample. CoerCIVedata indicate an almost stoichiometric film. The film is lattice

fe'ﬁlges ﬁlretr:i)ﬁﬁzg Scrgﬁ:(ljery'igléh';kgirﬁglrrgﬁt s\c/)am:.t ;g(')ﬁ%rl;rmatched in-plane to the GaAs substrate and therefore slightly
growth temperature was slightly highéthan the optimal tetragonal distorted as evidenced by (464) RSM. Further-

growth temperature suggested by Herfett al,*2 which more, the film has a bulklike moment as measured by PNR

) ) . i nd exhibits magneti ic anisotr with the in-plan
could result in more defects in our film leading to morea d exhibits magnetic cubic anisotropy with the in-plane

o . T easy axes along th@00 directions. Photoexcitation studies
pinning sites and therefore to a larger coercive field. HOW_based on optical spin orientation demonstrate spin detection
ever, comparison with the results of Li@ al#° shows that P P P

our film exhibits a coercivity along thgL10] direction four in th'.s FM aI_I(_)y at RT in _the tunneling regime, €.g., for_
times smaller than their extrapolated value for a 21 nmsufflment positive applied bias valu_e_s. The resistivity val_ue IS
sample. For Schottky barrier interfaces spin filtering is eX_close to the F¢5i bulk value. In addition, Andreev reflection

pected to occur due to the tunneling process of electrong'(aldS a transport spin polarlzanon 67=(4515%. These
through the barrie®® This agrees well with the measured result_s_ suggest_ that @/GaAs{OO?) het_e rostruc_turc_as are
llsd, which shows a peak where tunneling is most probab|eprom|5|ng candidates for future spintronics applications.
Thus we attribute the obtainddr to spin-dependent tunnel-
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