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Growth and magnetic properties of Fe films on InR002J)
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An investigation of the In®001) surface and the characterization of thin Fe films grown on this substrate at
~150 and~=300 K are presented. As substrates, highly ordered P-rieh4(2reconstructed surfaces obtained
by Ar* ion bombardment a&570 K were used. The growth of Fe films in the submonolayer thickness range
and the magnetic properties of thin Fe films grown on P-rickx42 InP(001) are reported. We observe a
uniaxial in-plane magnetic anisotropy up to an Fe thickness=&# monolayers, which is related to the
uniaxial character of the IfB01) reconstruction. From the magnetization behavior we obtained the surface/
interface contribution to the uniaxial anisotropy, and deduced that very small, if any, magnetically dead layers
form at the interface. Auger electron spectroscopy data reveal that about one monolayer of In segregates to the
top of the growing Fe film at=300 K, but does not support a strong Fe{@®) intermixing, in contrast
to the current belief. The current-voltage characterization of patterned Fe films growin®i001) shows
nonrectifying contacts at room temperature.
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I. INTRODUCTION preventing thus the spin information being transferred into
the semiconductor; all these facts should be considered in the
A strong interest towards the investigation of thechoice of the proper ferromagnet-semiconductor system.
ferromagnet-semiconductor interface has been triggered by Among the possible candidates for substrates we selected
the work of S. Datta and B. Dassvho proposed a spin- the InR001) for interesting physics is expected to emerge
electronic analog of the electro-optic light modulator, open-upon the growth of thin Fe films on a semiconducting sub-
ing thus the way to what was later called strate which shows a lattice mismatcha,p(oor)
magnetoelectronicsin spite of the large amount of experi- —2agg)/2ag, of only +2.2%. In addition, the In@01) sur-
mental effort focused on the topic, a recent work imposedace shows, under certain conditions, ax(@) reconstruc-
severe restrictions on the functionality of integrated ferro-tjon which does not resemble any one seen on other llI-V
magnetic metal-semiconductor solid-state devicesstead, compound semiconductotd® Also, the relevance of
it was pioven that an entirely semlconductor—bg_sed system KiP(001) in the field of high-speetopto-electronics and the
feasible; however, pnly under.ex_treme conditions of low possibility of realizing low rectifying contacdts'2were kept
temperatures and high magnetic fields. in mind. However, strong reactions were previously shown

smzmatzeenﬁrﬁgfgsﬁ driﬁlg;?/ri?g:;qggt;?;ﬁfg?g%r:g”:hto occur at the interface, leading to the formation of metallic
9 P ' “ Bhosphide compounds and to In out-diffusih'® In this

concept of spin injection into semiconductors needs substan- . . .
tial modifications, e.g., by the integration ofatunneljunctioncomeXt’ it has b_een also re.ported that m_etal f.'ImS.Wh'Ch
to produce hot electrons as part of the spintronic deL‘\_’/ice.Strongly react W'th.the ;emlc?gductor anion give rise to
Alternatively, spin polarized electrons can be generated in émall Schottky barrler heights: _The attempt c_)f grl‘gW'”g
metal-based spin-valve structure in which hot electrons ark- and In-free Fe films on S-passivated (0F)) failed™ the
injected and then filtered by the Schottky barfidherefore  S-términated surface is disrupted upon Fe deposition, and,
the presence of a uniform Schottky barrier appears to p@hile the substrate IR01) core-level photoemission signal
crucial for the feasibility of the devicélf a tunnel junction has been completely attenuated, the P, In, and, in addition,
is used as the source of hot spin-polarized electrons, the preile S chemically shifted components of the spectra are
ence of an additional barrier at the metal-semiconductor corclearly visible even for ordered Fe films.

tact might not necessarily be beneficial. To maintain a high The surface of Inf001) prepared by sputtering at elevated
spin polarization of hot electrons passing into the semicontemperatures was characterized with respect to its structure
ductor, where the signal is actually processed, it is necessagnd morphology, prior to the deposition of Fe films. We
that the electrons see a reduced amount of interface stateshow that a highly ordered surface is obtained in this way. In
These interface states, which may trap the tunneling eledhis work, thin Fe films of thickness ranging from the sub-
trons on their way to the bulk semiconductor, are responsiblenonolayer coverage to almost 20 monolayers were grown by
for the Fermi-level pinning and give rise to an enhancemeniolecular-beam epitaxy on such substrates. The films were
of the Schottky barrigt. Therefore, even if hot electrons are characterized with respect to their structural, morphological,
to be used for spin injection into semiconductors, it appearsompositional, and magnetic properties, and our findings do
that low rectifying contacts are highly desired. In addition, anot support a strong film-substrate intermixing. We show in
nonmagnetic layer at the interface between the ferromagnéhis work that thin Fe films grown on IiiP01) show appeal-
and the semiconductor, usually structurally disordered, mighing properties which makes the system a candidate for being
act on the traveling hot electrons as strong spin scatterergjtegrated into high-speed magneto-optic technology.
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II. EXPERIMENT

@ 4.0x10°

Pieces of about 0x42x10 mn? were cut from Wafer = 00
Technology Ltd. undoped-InP(001) =0.25° wafers with a < Iy
specified electrical resistivity of 32010 ! Qcm, and g -4.0x10
mounted on molybdenum holders equipped with radiative 2 80x10° In A
heating facilities. No chemical treatment was carried out , P (a)
prior to inserting the sample into the ultrahigh vacuum 205 200 400 600
(UHV) chamber via a load lock system. The substrates were Energy [eV]

first degassed in UHV up to about 570 K, and then sputtered
for 30 min at the same temperature with a 500 eV Aon
beam at an incidence angle of 45°. The samples were rotated
around their normal during sputtering to reduce the degree
of surface roughening. At a partial Ar pressure of about
5x10 8 mbar, a sputtering current density of about
0.02 uA/mm? was measured. The compositional investiga-
tion of the surface was performed by Auger electron spec-
troscopy(AES), while the structural and morphological in-
formation were obtained by low-energy electron diffraction
(LEED) and scanning tunneling microscog$TM). The
STM scans were performed at room temperat&®) in the
constant current mode. The K89.99% purity deposition
was performed by means of &beam evaporator at growth
rates of about 1.5 monolayefSIL's) per minute, where the
monolayer coverage is defined in terms of the atomic density
of bcc Fé001), i.e., 1.22<10' atoms/crd. The low-
temperature(LT) growth was performed by cooling the
sample holder with liquid nitrogen down to 150 K. The mag-
netization was probed by the magneto-optic Kerr effect _ _
(MOKE) in longitudinal geometry at an optical wavelength @ Ftlhi iE ;thse“(:ﬁfni fhlc;(\;?igg ?::r ;p;:(?”rng ﬁ‘:gb?n;e;(;'(r)‘g:
of 670 nm and an angle of incidence sf50°. The maxi-
mum dc magnetic fieldgreachable with our setup was 30 mT, 300 it STM scan performed at a bias voltage-o£.7 V ar_lq a
Henceforth it will be understood that film growth as well as constant tunneling current of 0.3 nA. Only four layers are visible at
. o S this scan range. The inset shows ax(2) LEED pattern taken at a
substrate and film characterization were carriedinsitu at beam enerav of 57 eV
a base pressure better than>¥10 ! mbar. For electrical 9y '
characterization, a patterned Fe film of about 25 ML thick-.qnstruction. However, our cleaning procedure seems to
ness capped with a protectiqn layer of Au was grown at RTyieId a P-rich surface as we determined by AESj. 1a)],
on ann-type InRO0Y) for ex situcurrent-voltage(l-V) char- (it 5 ratio between the peak-to-peak intensities of the
acterization. The patterning into disks of 0@ m diameter Py line at 120 eV andnyyy line at 404 eV of 1.20
laterally separated by 5@m was performedn situ by .05 No traces of contaminants were seen in the AES
means of deposition through a shadow mask with the a mesho1ra Annealing beyond 600 K, that is, close to the decom-

flipped over the cleaned substrate. Due to the low lateralsgition temperature, In droplets start to form and a hazy
dimension of the patches distributed over the sample, thﬁppearance of the surface is noticed, while the sharp (2

measurements were performed in the two-point geometry. » 4y | EEp pattern persists. Our procedure always yields a
droplet-free surface with large terraces, as can be seen in the

I1l. RESULTS AND DISCUSSIONS STM scans[Fig. ].(b)], with predominantly bi-atomic step
edges. The (X 4) reconstruction we observed in LEEe
A. The (001 surface of InP inset of Fig. 1b)] appears in the STM topographs as rows

The (001 surface of InP has been investigated recentlyrunning along[110] [Figs. 1b) 2(a), and 2b)). The row
with respect to the types of reconstructions and terminationdistances are consistent with the size of thex@ unit cell.
that can be assessed under different preparatiokrligh-resolution STM images, see Figb? suggest a trim-
conditions?1%*"-30 Dpifferent surface reconstructions after erlike reconstruction of the rows, possibly associated with
sample preparation were found, of which the most importanthe formation of mixed In-P dimer<.
are the In-rich (Z4) andc(2x8), and the P-rich (X4) The LEED pattern displayed in the inset of FigblL
andc(2Xx 8) phases. A high-resolution STM investigation of shows sharp (X4) spots and intensity modulated streaks
the In-rich (2x4) phase promoted a trimer modeFor  along[110] at the superstructure half order positions, indica-
P-rich (2x4) a mixed In-P dimer model was proposéd. tive of a significant degree of disorder at first sight, in con-

The ion bombardment and annealii@A) of InP(001)  trast to the highly ordered STM images. The apparent incon-
has been showh>*to yield an In-rich (4<2)/c(8x2) re-  sistency with the high degree of order we observed in the
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ture in the cells with a topmost In-P dimer. Two additional
weaker features, P anions, are visible as protrusions in the
STM filled state images, forming a trianglelike peculiarity
with the mixed dimer in the first layer. The features were
marked accordingly with circles in the §4) unit cell de-
picted in Fig. Zb). By inspecting the sequences of the trimer-
like features along the reconstruction rofike triangles in

Fig. 2(b)] we bring an evidence for disorder in the packifig.
Therefore, as suggested by Getoal,'° the disorder induced

by these three distinct packings on the electron density
stands for the real mechanism responsible for the occurrence
of streaks in the LEED pattern.

B. Fe grown on InP(001)

In contrast to the abundance of work concerning the mag-
netic, structural and morphological properties of ferromag-
netic films grown under different conditions on the most
widely used semiconductors, i.e.,(@1) and GaA§001),
there are few data published on thin Fe films grown on the
technologically relevant001) surface of InP. So far, to the
best of our knowledge, only the chemical reaction between
thin Fe films and S-passivated I[(T®1) has been
investigated® and no information on the magnetic behavior
has been reported up to date.

1. Growth investigation

: ) In our experiments, thin Fe films were grown onX2)
neIiFnIs;; .pfzi.raw%Terrisglsu?r? anm. s((;?n550§e3:50rrrrn$? tahtet hri\f,a;?f_ “"p-rich INRO0Y) at substrate temperaturesfl50 (LT) and
placements are marked with white arrows) 10x10 nn?: the ~300 K(RT). I_:or the QVOW”‘ characterlzgtlon, only the_ RT
(2x4) unit cell comprising the mixed P-In dimers indicated with CaS€ Was considered since the transport into the STM is per-
circles is shown. The solid circle marks the bright central dimer. formed via uncooled manipulators. The early growth stages

are investigated in the thickness regime starting from frac-

STM images might, at first sight, be simply explained bytions of a monolayer up to several ML's. The deposition of a
shifts of adjacent dimers in thel10] direction as also re- Minute amount of Fe, i.e0.2 ML, is able to almost com-
ported earlie?.®® These dimer displacements are accompa®pletely wipe out the streaks at half order position in the
nied by shifts in the same direction of entire groups of rows -EED pattern[Fig. 3@], and a stronger background is no-
without affecting the row position on the neighboring ter- ticed. It appears that an increased disorder is induced by the
races. This kind of row displacements are pointed out by th@rowing of small size Fe islands, but no preferred growth
white arrows in F|g 23) If the reconstruction rows shift direction can be seen in the filled states STM image in Flg
along[110] [Fig. 2@] by 5.87x\2/2 A, i.e., by 4.15 A, it 3(b). The regular and sharp appearance of the substrate re-
was suggested that the quarter LEED spots remain urfonstruction, like the one shown in the STM scan in Fig.
changed, and only the half order ones become stré¥ky. 2(2), becomes smeared out by the Fe islands, but the overall
However, the minimum lateral size of the shifted domains is’oWlike characteristic is preserved. Thus it seems that the Fe
of the order of 100 A, which accounts for about 4% of theislands prefer to nucleate atop the rows rather than in the
surface Brillouin zone(SB2). In other words, this corre- (roughs between them. The line scan in Fig)3aken along
sponds to a half order spot broadening alphf0] with 4%  substratg¢ 110] direction over one of the reconstruction rows
of the distance between tH60) and (01) spots. Thus it is gives us a hint about the island sizes. The observéb A
obvious that the mechanism described above will not resultorrugation in Fig. &) is assigned to the irregularly sepa-
in any conspicuous departure from a sharpx@) pattern rated Fe islands, of 1 ML thickness. The most predominant
with very well defined half order spots. Accordingly, their island lateral size is=1 nm, which stands for approximately
complete wipe out must be induced by a mechanism whicff =1 Fe atoms. These numbers point at the same island size
originates from the atomic scale disorder, as described in thas in the case of0.2 ML of Fe grown on As-rich (X 4)
following. GaAg001).%® The addition of slightly more Fe to a total

A careful inspection of the high-resolution filled statesthickness of 0.4 ML is not able to disrupt the reconstruction,
STM image in Fig. 2b) reveals details on the “packing” of since sharp LEED spots were still obserf&dy. 3(d)], and
dimers. The observed trimerlike appearance of the unit cellhe rowlike appearance in the filled states STM image per-
was shown to be comprised of mixed In-P and missingsists to some exterifFig. 3(e)]. Therefore small Fe islands
dimers!® Accordingly, we associate the central brightest fea-and (2x 4) reconstructed areas coexist at least up to 0.4 ML.
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FIG. 3. LEED patterns taken at a beam voltage of 52 eV, and5nnt STM scans of RT grown Fe films of thicknes=0.2 ML, (a)
and(b), and of~0.4 ML, (d) and(e). The STM images were taken at a bias voltage-@&7 V and constant tunneling currents of 0.3 and
0.1 nA, respectively. The line scans shown(i and (f) were taken along the substrat¢’s10] direction. A 75<50 nn? STM scan of
=<4 ML Fe grown at RT performed at 1.4 V bias voltage and 0.1 nA constant tunneling current, and a line profile are digpwndith),
respectively. The substrate symmetry axes are marked on the figures.

The line scan in Fig. @) taken along substrafel 10] over 2. Magnetic characterization
one of the rows reveals larger Fe islands tharsia.2 ML In contrast to the apparent disordered growth, magnetic
thick film, with the distribution of the lateral sizes around measurements point at some order in the film, as described
several nanometers. Most of the islands are 1 ML thick, bubelow. During LT and RT Fe growth, the magnetization be-
also 2 ML thick islands are observed. Such “tall” islands canhavior was probedh situ by the longitudinal magneto-optic
be seen as brighter bumps in FigleBand are generally Kerr effect(MOKE), for fields along the two relevant sub-
associated with larger islands lying over two substrate rowsstrate symmetry direction§110] and[110], that is, parallel
One can state that the growth of 3D islands proceeds vergnd perpendicular to the reconstruction rows. Shortly after
early at RT. the ferromagnetic order sets in, the loops taken afFigs.
Starting with an Fe thickness ef1 ML no LEED pat- 4(a) and 4b)] and RT[Fig. 4c) and 4d)], for 2.6 and 3.6
tern could be seen any longer up to the thicknesses investML thick films, respectively, reveal a strong uniaxial in-
gated, and the rowlike appearance is completely obscure®lane magnetic anisotropy behavior similar to the case of Fe
Therefore a high degree of structural disorder in the film orgrown on GaAg01):* while hysteresis open up in square-
on the surface of the growing film is inferred. This finding is like shapes for fields alongl10] [Figs. 4b) and 4d)], pure
in contrast to the reappearance of a sharp LEED pattern irotation loops were observed alom@10] [Figs. 4a) and
the case of RT Fe growth in excess of about 3 ML on4(c)], regardless of the growth temperature. We can denote
GaAg001),%” which cannot be solely explained by the differ- the substrat§110] direction as the easy axis of magnetiza-
ences in the sign and magnitude of the lattice misfitstion for the Fe film, and th€110] one as the hard axis. Thus
(8substrate— 2are)/2ap.= +2.2% and—1.6% for INR0O0J) the magnetic anisotropy of the film point at some order, in
and GaA$§001) substrates, respectively. The reason for thecontrast to the LEED results. The magnetization appears to
high disorder in the Fe film grown on I4B01) is not clear. be fully rotated parallel t4110] at fields of roughly one
At an Fe thickness slightly below 4 ML, the film is charac- order of magnitude higher than the coercive fields of the
terized by small three dimensionéD) coalesced islands, hysteresis measured alofg10]. For the two growth tem-
and no preferred orientation can be distinguisfed. 3(g)]. peratures and for the whole range of thickness investigated,
The islands are irregular and their heights vary between Zhe easy axis was found to lie in-plane, and no perpendicular
and 5 ML as can be deduced from the line profile in Fig.component of magnetization was detected. The discrepancy
3(h). Thus the RT deposition does not result in the growth ofbetween the lack of any LEED pattern and the order inferred
a smooth film. by the uniaxial behavior of magnetization might be ex-
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FIG. 4. In-plane magnetic loops taken shortly after the mag- 2'&, oF---- _..'__‘_jt‘im_g_uuﬂ.ﬂ _____
netization onset at botkr 150 and~300 K, i.e., for Fe film thick- < 8.0x10°™ m " 300K |
nesses of 2.6 and 3.6 ML respectively. The magnetic field was ori- 4.0x10° mpf :
ented along the two relevant crystallographic directions of the sub- 0.0 — (b)
strate:(a) [110] and(b) [110] at~150 K. The loops inc) and(d) 0 6 12 18 24
were measured at 300 K, for the same field orientations. t, (Al

FIG. 5. The dependence of the in-plane magnetic anisotropy
plained by assuming a high degree of disorder at the film'gonstantk, with respect to inverse coveragetd/ (a), and the
growth front induced by In segregation, as we will see in thecoverage dependence Kf, times the film thicknessg, (b). The
forthcoming section. The uniaxial behavior of the in-planesolid and dashed lines stand for linear fits of the anisotropy data
magnetic anisotropy persists up to about 13—-15 ML, angoints above~8 ML in the case of~150 K (the solid squargs
cannot be related to any shape anisotropy of the incipierand~300 K (the open squarggrowth temperatures.
growing film. Therefore the uniaxial character of the sub- ) o )
strate’s (2<4) unit cell, and implicitly of the interface may !f the anisotropy of a thin filmK,,, can be described by

bear the whole responsibility for the magnetic anisotropy weW0 anisotropy contributions, a volume contributié in
terms of energy per unit volume, aid defined in terms of

found. - .
From the saturation field of the pure rotation loops meaSN€rgy Per unitarea, then the total anisotropy enérgyper
unit area can be written as

sured alond110] [Figs. 4a) and 4c)] we estimated the mag-
nitude of the in-plane uniaxial magnetic anisotropy K t=Kt+K, . 1)
constar® at the onset coverageK,=I|B/2uy~1.2

x10* Jim? for films grown at ~150 K and ~0.8 Therefore we plot the measuréq,te. values for the two

x 10 J/n? in the RT growth casgsee the lowest coverage growth temperatures as a function of thicknéss in Fig.

data points in Fig. &)]. In the above approach, stands for 5(a). These plots show an initial increase, then saturate at
the saturation magnetization of ir¢@.16 T), andB, [T] for constant values. The constants mean that for Iarge_ thICk-
the magnetic flux density necessary to fully rotate the magn€Sses the volume-dependent term becomes vanishingly
netization alond110]. For comparison, one can notice that SMall, 8s expected. .

the measure&, values in both LT and RT growth cases are Alternatively, Eq.(1) may be rewritten as

much lower than the magnetocrystalline fourfold magnetic 1

anisotropyK ; for bee Fe at RT (4.72 10* J/n?). The stron- K,=Ky+ —K,. (2)

ger anisotropy we found for films grown at LT suggests a tre

sharper interface than in the RT case. In the first growttThis representation is rather popular, but can be misleading:
stages shortly after the ferromagnetic order sets in, an inf one plotsk, vs 1tg., one often observes curves with two
crease in the strength of the in-plane magnetic anisotropgpproximately linear slopes. Such behavior can be clearly
constant can be sedifrig. 5@)] regardless of the growth seen here at both growth temperaturélg. 5a)]. Therefore
temperature. The weakened anisotropy we found for the vergne needs a criterion to tell which slope should be consid-
thin films is due to the measurements being performed closered for the extrapolation tg.—« or 1kg.—0. The inter-

to their Curie temperatures. As the films thickness are insection with theK, axis for 1tz.—0 yields, according to
creased, their Curie temperature rises, and the measur&td. (2), the volume anisotropy, while the slope yields the
anisotropies reach their maxima at3.5 ML for films interface contribution. The needed criterion is provided by
grown at LT and=5 ML in the RT growth case. Afterwards, the plots in Fig. 8), which show that for large thicknesses

a monotonous decrease of the anisotropy strength with ind.e., 1tz.—0) the volume anisotropy becomes very small or
creasing coverage can be observed. zero, as it should be, for there is no uniaxial volume contri-
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FIG. 6. MOKE remanence deduced from the loops measured
along[110] vs the Fe coverage at150 and~300 K. Linear fits
of the data points intersect the coverage axis—#.5+0.7 and
+0.8£0.4 ML, respectively.

0.501

0.251

normalized P and In peak-to-peak AES intensities

Fe peak-to-peak AES intensities x1 0’ [arb. units]

0.00L52 )
0 5 10 15 20

bution to the total magnetic anisotropy in unstrained bulk bcc Fe thickness [ML]

Fe. Thgrefore the extr.apqlatlons.mu.st be done on the left- f16. 7. AES peak-to-peak intensities of the, g line at 651
hand side of the plots in Fig.(&), yielding volume anisotro- e\ (solid squares along with the normalized AES peak-to-peak
piesKy of 0.3+ 0.8x 10° J/n? for films grown at 150 K and  jntensities of the Buw line at 120 eV(open circlesand Inyyy line
0.0+0.9x10° J/n? for the 300 K growth case. The slopes at 404 eV(open triangles measured for films grown at 150 K
yield the interface contributionsK, of 14.2-1.3 (g, and at~300 K (b). The dashed and solid curves stand for the
X 10 ¢ J/n? at 150 K and 9.2 1.3x10 © J/n? at 300 K. predicted P and In normalized intensities, respectively, in the hy-
These values are about two orders of magnitude smaller thaiothesis of an ideal Fe growtfiat and continuous film as well as
the magnetocrystalline fourfold magnetic anisotrdpy for  no intermixing. The dotted curves are fits of the Fe signal.
unstrained bcc Fe at RT (4.%20* J/in?). Films thinner
than ~8 ML appear to undergo modifications which pre-
vent us from extending the analysis closer to the magnetizd-
tion onset coverage. However, the important result is that, ir%

contrast to the lack of any LEED pattern, the uniaxial behav-different numbers found above for the two growth tempera-

|or|0ftrr:1agrt1)et|zat|onl infers S(;).n:.e otrderbmtthe gr;)hwmg f'tm;) tures infer different interfaces, in accordance with the differ-
_nthe above analysis, a distinction between th€ Contribug, i 1,0 payior of the uniaxial magnetic anisotropy we deduced
tions of the two film interfaces is hard to make. In addition,

h " £ thi i | tributi d in these two cases. The lack of a significant dead layer might
intG:ar?aecl?srgnlgr;sogenerualllg E(iquveoszgqneal;:lgnfgr : ']%Cv Eli\;I]L tﬂ?ckbe due to either a very sharp interface or to the formation of
. ' ' : ““ferromagnetic Fe-based compounds, among which only ones
films*® but also throughout the whole thickness of certain J P g y

thicker films, as, for instance, in the case of Ni on(@af).* with =27 at. 9 P are known to possess a nonzero magne-

' . tization at RT*
Another factor which may obscure the linear dependence g~

the departure of the actual magnetization saturation from the 3. Compositional characterization
bulk value due to the different film structure and chemical
environment in ultrathin films. These facts, together with the
Curie temperature effect, should restrict the data interpretag
tion to film thicknesses of several monolayers above th

magnetization onset cover . . 4 :
agnetization onset coverage 651 eV were measured as a function of Fe film thickness.

In the following, we provide evidence to support the ex- . - .
istence of a net magnetization in the very first layer of Fel e normalized phosphorus and indium peak-to-peak inten-

being deposited. The remanent ellipticity measured along thlg,Itles are shown in Flgs.@ and Ab) for the wo gI‘OV\./th.
easy axis gives a good estimate of the degree of magnetizge_;mperatures. The _normahzatlon of phosphorus and indium
tion, and, by plotting it vs Fe thickness, valuable informationSIgnaIS was done with respect to the sum gffz and Inynn

can be obtained about the state of magnetization in the ﬁrfReak—to-peak intensities at zero Fe coverage. Along with the

. - . . i tal line intensities, the predicted(tRe dashed
layers by simply determining the intercept between the linea >Xperimen . X . o
fit of the remanent ellipticity data points and the coverage'ne) and In (the solid curvg AES peak-to-peak intensities

axis. This is shown in Fig. 6 for the two growth temperaturesnormalized as before are shown. The predicted curves were

investigated and the following values for the intercepts weré'€d du_cedt by assuming an attenuation of exponential form ac-
found: —0.5+0.7 ML for Fe films grown at LT and 0.8 ¢°rd@ingto
+0.4 ML in the RT case. The latter value would have been
ol 1.438.,
|PIn=15""ex

from this finding that the ferromagnetic order is likely
resent in the first layer of the growing film. No significant
agnetically dead layers form at the interface between the
ubstrate and the film, at least in the case of LT growth. The

To judge the degree of intermixing, we performed an Au-
er electron spectroscof#ES) investigation of the Fe films
rown at both LT and RT. The evolution of tH \; line
at 120 eV, the Igyn One at 404 eV, and the Fgy line at

lower if the MOKE ellipticity had been measured farther
from the Curie temperature of the film. Thus we can state

—mn ()
cosprpy"
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with inelastic mean free patf#VIFP) in iron, Af, and\}%, 8.0x107

of 4.6 A for the 120 eV Py Auger electroné? and 8.6 A P

for the 404 eV gy ones?>~*° Here, 1" stands for the 4.0x10°

normalized substrate |y and Inyny intensities without at- < 00

tenuation tr. is the Fe film thickness in ML's, ang repre- — '

sents the admittance angle into the cylindrical mirror ana- 4.0x10°

lyzer. In the above approach, we supposed that the deposited o pd

Fe forms a flat and continuous film, and no intermixing oc- -8.0x10°

curs at the interface. For both the sample and cylindrical ' -10 -05 00 05 1.0
mirror analyzer with electron gun had to be moved between U V]

the successive depositions/measurements, the scattering of
the experimental data points appears quite strong, but valu- FIG. 8. The current-voltage characteristic performed at RT on a
able information can still be obtained. patterned 25 ML thick Fe film grown at=300 K on n-type
From a first glance at the AES signals measured at the twtP(00D; the separation distance between the pat¢Hissneter of
growth temperatures, one can immediately see the differerk00 #m) was about 100um.
In line behavior from one case to the other: while the experi- . . ,
mental signal follows rather closely the predicted curve of ng“niaxial surface/interface anisotropy. In the RT case, the
intermixing at LT, an almost constant signal was observed dfitérmixing/segregation is stronger, probably due to a larger
RT up to about 12 ML, followed by a rather slow decay. We scale dlsrupt_|on_ of the substrate’s dlmers by the Fe adqtoms.
associate this behavior with a substantial amount of In seglhus the uniaxial character of the interface is accordingly
regating to the top of Fe grown at RT, which gradually be-educed. , ,
comes buried into the growing Fe film as its thickness further BY @ careful comparison between the evolution of the
increases, similarly to the finding of Hughetal® The al-  €xperimental Byy AES intensity with the thickness of the
most constant In intensity measured at RT does not meand grown film and its prediction curvthe open circles and
constant amount of In floating on the top of the Fe film. If the dashed line, respectively, in Figay], we can assert on
this were the case, the exponential decaying bulk contributh® remarkably good agreement between each other. The ex-
tion to the total measured signal would inflict a similar ex-Ponentially decaying Ry intensity close to its prediction
ponential behavior to the total signal throughout the thick-Curve and its vanishing at about 11 ML of deposited Fe do
ness range investigated. Therefore, with increasing filnfOt Support the picture of strong Fe-InRO0Y) intermixing
thickness, an increasing amount of In segregates on the tdﬁlth a s_,lgn|f|cant Fe phosphide formation. _Smce vanishing
of it, at least up to about 12 ML of deposited Fe. magnetlcally dead layers were foun(_j at the interface, at most
The average amount of In segregating to the top of the F& minute ar_noynt of thg ferromagnetlcally ordered compound
film at RT can be estimated by comparing the jrg signals yvhose stoichiometry is close to ff might form at the
measured at the two growth temperatures, and assuming trigterface.
the reduced intensity measured at RT is solely due to absorp-
tion in the In overlayer. In the hypothesis of a negligible
amount of In segregated at LT, and assuming an attenuation The other aspect mentioned in the introductory section,
of exponential form, the evolution of the peak-to-peak ironthe height of the Schottky barrier, was also addressed in our
intensities at LT and RT, can be fitt¢the dotted curves in study for the role it plays in processes associated with spin
Figs. Ma) and 7b)]. The AES signal given by one Fe mono- injection into semiconductors. For its estimate, we plot in
layer is deduced from the LT fit, and is assumed to be the=ig. 8 the current-voltage characteristic we measureditu
same at both growth temperatures. Therefore, from the Rén a patterned 25 ML thick Fe film grown at RT ortype
fit, the average thickness of the In segregated layer is estlnP(001) and capped afterwards with Au to prevent the film
mated to be 2.80.7 A, which stands for about 1 Mithe  oxidation. The measurement was performed in the two point
lattice constant of tetragonal In is 4.59.A geometry between two disk-shaped patches with diameters
Let us return now to the issue of the in-plane magneticof about 100 um, separated by approximately 1Qom.
anisotropy. The two different growth temperatures give riseFrom the linear shape of the |-V characteristic we can state
to the growth of Fe films whose interfaces are significantlythat no measurable Schottky barrier can be detected at RT.
different. While vacuum(and possibly some )ie/P-rich However, we are not able to asses the impact of the non-
InP(001) interfaces are encountered in the LT grown films, rectifying character of the Fe/InP(001) contact on the pos-
In/Fe/P-rich InRO0Y) interfaces are obtained in the RT case. sible embedding of the system into the emerging spintronics.
The presence of segregated In and possibly an increased
amount of P present at the RT grown film/substrate interface
might lead to a disordered interface yvhich potentially re- IV. SUMMARY AND CONCLUSIONS
duces the strength of the magnetic anisotropy. In contrast to
the vanishing of the LEED pattern regardless of the deposi- The surface reconstruction of Arion sputtered Inf01)
tion temperature, this fact points at the role of the uniaxialand the growth and magnetic behavior of thin Fe films grown
reconstruction of the substrate’s surface. It seems that then it at ~150 and~300 K were investigated. We identify
uniaxial order at the interface is kept, which causes thehe highly ordered surface reconstruction we observed as the

4. Electrical characterization
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P-rich (2x4) phase whose microstructure is associated withis found magnetically dead in the case of RT growth, all of
the existence of a mixed In-P dimer on the topmost layerthe LT grown layers are proven to be magnetically alive. In
The different packing configurations of theX2) units oc-  addition to the onset of a magnetic interface, the RT grown
curring as the result of different sequences of mixed In-Fre film—n-type INR001) system is characterized by a non-
dimers are strongly supported by our experimental findingsrectifying contact. Contrary to the currently accepted belief,
The growth of ultrathin Fe films on P-rich (24) InP001)  our AES investigation does not point asaongintermixing
proceeds as 2D islands up to about 0.4 ML, and no hintgetween the Fe film and I1@01) associated with a large
about any in-plane preferred growth direction was foundscgle formation of Fe phosphide.

Thereafter, 3D islands start to grow, which subsequently coa- oy experimental findings support the possible implemen-
lesce as the amount of deposited Fe increases. The filmgtion of the system in an integrated solid-state spintronic
show a good ferromagnetic order with a strong uniaxial in-device as mentioned in the introductory section. The pres-
plane magnetic anisotropy up to an Fe thickness of about 1gnce of a nonmagnetic interface can strongly enhance the
ML at ~150 K and 13 ML at~300 K with the easy axis spin-flip scattering of the polarized electrons generated in the
along [110]. The uniaxial character of the underlying ferromagnetic layer and impinging into the semiconductor. A
(2X4) substrate reconstruction is found responsible for thisnagnetic interface, highly desirable for a longer spin life-
behavior. A stronger surface/interface anisotropy was foundime, is expected to be encountered in such layer. Moreover,
at LT (14.2-1.3x10 ® J/n?) in comparison to the RT spin polarized electrons can also be generated within this
growth case (9.21.3x10° % J/n?). While less than 1 ML layer, or it can act as a spin filter by itself.
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