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Giant enhancement of orbital moments and perpendicular anisotropy
in epitaxial Fe /GaAs(100)
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The spin and orbital magnetic moments and the perpendicular magnetic anisotropy of 8 and 33
monolayer epitaxial bcc Fe films grown on Gd280-4X6 have been measured using x-ray
magnetic circular dichronism and polar magneto-optical Kerr effect. Both the films have
approximately the same spin moments of abouj3.6lose to that of the bulk value. The ultrathin

film shows a giant orbital moment enhancement of about 300% with respect to the bulk value and
a perpendicular interface anisotropy fidﬂfe‘GaAS of the order of —5x10* Oe. This may be
partially due to an increased degree of localization of electronic states at the Fe/GaAs interface
associated with the atomic scale interface structure.20©1 American Institute of Physics.
[DOI: 10.1063/1.1359473

INTRODUCTION substrate was transferred to a second growth chamber and
then annealed to 550 °Crfd h toobtain a clean and ordered

Interf magnetism in ferromagnetic met&rM . . .
niertace  magnetis erromagnetic me o )/. Ga-rich 4x6 surface. Detailed growth and structure informa-
semiconductofSC) heterostructures continues to be an im- . . .
tion can be found in Ref. 7. The samples were capped with

portant topic for the study of fundamental magnetic proper- g .
ties of ultrathin films and for the development of next 20 monolayergML) of Au for ex situstudies. The XMCD

. . ; . experiment was performed at beam line 1.1, CLRC Dares-
generation magnetoelectronic devi¢ésThere are two is- . . .
. ; L bury Laboratory, with 80% circularly polarized x rays. The
sues of current interest concerning Fe/GaAswhich is a Fel. . absorpfion Specira were collected at room tempera-
model system for the study of FM/IIl-V SC heterostruc- 2.3 P P P

e - . o . ture in total-electron-yield mode where the sample current
tures: first, the origin of the in-plane uniaxial magnetic an-

isotropy and second the possible existence of magnetic deél’vd"’1 s recorded as a function of photon energy. An extemnal
Py P g magnetic field & 3 T was applied perpendicular to the

layers at the interface. We have shown in a previous studgample surface using a superconducting magnet. During the
that it is the growth morphology rather than the FM SCXMCD measurements the circular polarization of ihe photon
intermixing which plays a dominant role in determining the . S S

evolution of the ferromagnetic phases with thickness and thal-l’eam was fixed and the m agnetization direction was alter-
. . ST . nately aligned parallel/antiparallel to the propagation vector
there is no evidence of any significant dead layers forming a(t)f the photon
the interface in Fe/GaA$00-4x6 grown at room P '

temperatur_é.ln this article, we report a further ;tudy of this RESULTS AND DISCUSSION

system using x-ray magnetic circular dichroiggldMCD)

and polar magneto-optical Kerr effedlOKE). The XMCD Figures 1a) and Xb) show the normalized x-ray absorp-
technique has been demonstrated experimentally and theion spectra’XAS) for the 8 and 33 ML films, respectively,
retically to be capable of determining both the spin and or-
bital magnetic moments with submonolayer sensitivity.

We shall show that the Fe/GaAs interface has a full spin
moment and that the ultrathin Fe films exhibit a giant orbital
moment enhancement and a perpendicular magnetic anisot-

ropy.
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Fe films were grown on GaAs substrates at ambient tem-
perature(35 °C) in a molecular beam epitaxy chamber using
an electron-beam evaporator. A buffer layer0.5 um) of
homoepitaxial GaAs was grown on the commercial wafer to © (d)

provide the smoothest possible GaAs surface. The As capped 690 710 730 750690 710 730 750
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FIG. 2. XMCD spectra of the 8 and 33 ML films scaled to 1 at the peak of

the L edge. The difference between the peaks is shown clearly in the FIG. 3. Magnetization loops of the 8 and 33 ML films with the field applied
inset. perpendicular to the film plane measured with polar MOKE.

with two opposite magnetizations. These two samples were-0.03ug and 0.12-0.02ug, respectively. The spin mo-
chosen to represent an ultrathin film and a thin film, respecments obtained are in agreement with our previous magnetic
tively, according to our detailed study of this system using measurementsWhile the orbital moment of the 33 ML film
situ MOKE.” The MXCD spectra shown in Figs(d and is enhanced by about 40% compared with that of the bulk
1(d) are differences between the x-ray absorption spectrgalue, the 8 ML film shows a giant orbital moment enhance-
with the photon spin vector paralleb() and antiparallel ment of about 300%.
(o_) to the sample magnetization corresponding atg The giant enhancement of the orbital moment in the ul-
=0,—o_. The absolute value of the MXCD intensity at trathin films is expected to lead to an out of plane magnetic
theL; edge,|oy(L3)|, is proportional to the net magnetiza- anisotropy. Figure 3 shows the magnetization loops of the 8
tion. By normalizing| oy (L3)| to the total absorption cross and 33 ML films with the field applied perpendicular to the
section al_ 3, oo(L3)=1/40,(L3)+0o_(L3)], the magne- film plane measured with polar MOKE. The magnetization
tization on a per atom basis can be obtaifftWe can see of both films remains aligned in the plane, showing the
immediately from the figures that the ratios of the XMCD to dominant effect of the demagnetization field. However, the
the XAS are comparable in both films, indicating no reduc-saturation field of the 8 ML film is significantly reduced as
tion of the magnetic moment with decreasing thickness. T@ompared with that of the 33 ML film. As the spin moment
compare the XMCD spectra of two samples, both the spectref the films is independent of the thickness, the reduction of
are scaled to 1 at the peak of the edge and are plotted in the saturation field clearly shows the existence of a perpen-
Fig. 2. This shows clearly that the dichroic area underlthe dicular magnetic anisotropy. Neglecting a small volume an-
peak is smaller in the 8 ML film than that in the 33 ML film. isotropy in Fe films®!° the saturation fieldH¢ along the
Based on the XMCD sum rul¥%'?*’that link the dichroic  hard axis is determined by the following equation:
areas to the orbital and spin moments, this result suggests an _ _
orbital moment enhancerlralent in the thin 8 ML film as com-  Hs=47Ms+ (HEE S S HERYN, @
pared with that of the 33 ML film. where 47rMg is the demagnetization fieltll is the number of
The spin and orbital moments are determined by applythe Fe atomic layers, andf®~®**SandH " are the inter-
ing the XMCD sum rulé® with n,=6.61 (Refs. 10 and 16  face anisotropy fields of the Fe—GaAs and Fe—Au interfaces,
and by subtracting a simple two-step background from theespectively. TakingH,=9+1x10°0Oe and 4rM¢=2.1
XAS spectra. It has been shown earlier that due to saturatior 10* Oe for the 8 ML film, the sum oHE®~®*SandH e
effects in the total electron yield, the approximatiofiw) is found to be— 9.6+ 1x 10 Oe. According to the previous
xwY(w) is not always valid for studies of magnetic films studies of the epitaxial Au/Fe/Au systems by Heinrich
with photon incidence grater than 50We have chosen to et al® and Lugertet al,’ the Fe—Au interface anisotropy
work with 0° angle of light incidence with respect to the field HF®*""is about—4x 10" Oe® We would like to point
surface normal, so that the approximatiefw)*wY(w) is  out that the magnetization and the XMCD were both mea-
valid to within 5%? As shown in Table I, the spin moments sured in large perpendicular fields at room temperature. Any
of the 8 and 33 ML films are 2.080.14ug and 2.07 reduction inM due to thermal effects is taken into account
+0.12up, respectively, and the orbital moments are 0.26py measuring magnetic moments at room temperature. While
a detailed thickness dependence study is needed to accu-
rately determine the Fe—GaAs interface anisotropy field, the
TABLE 1. Spin and orbital magnetic moments in units pf/atom and  results from Fig. 3 show the existence of a perpendicular
saturation fields of two epitaxial Fe films on G4A80)-4X6. interface anisotropy in the order ef5x 10% Oe at the Fe—
Mapin Moy Mop/Mepn Ho(x1°0e) ~ GAAS interface. _
In contrast with the bulk crystals where the orbital mo-
8 ML 2.03:0.14 026:0.03 ~ 0.128 &1 ment is nearly completely quenched, an enhancement of the
33 ML 2.07+0.14 0.12:0.02  0.058 26:2 _ . ;
bulk bce Fe(Ref. 10 1.98 0.085 0.043 21 orbital moment is expected at surfaces and interfaces due to
a reduction of the symmetry, which can change the orbital
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