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Growth and magnetic properties of Fe ,Ni; _, ultrathin films on Cu(100)

F. O. Schumann, S. Z. Wu, G. J. Mankey,® and R. F. Willis
Department of Physics, The Pennsylvania State University, University Park, Pennsylvania 16803

We have investigated ultrathin i, _, films grown epitaxially on C(00) with different
stochiometry. With the surface magneto-optic Kerr eff@¥IOKE) we measured the variation of

the Curie temperaturg: as a function of the film thicknessin monolayergML). Using the results

of our previous investigations on finite-size scaliftifuanget al.), we are able to extrapolate the
value T () for samples with different Fe content. In particular, alloy films with Fe concentrations
close to 65% remain ferromagnetic. This is in contrast to buligNfigs, which shows a collapse of

long range order, which is the so-called invar effect associated with a fcc to bcc structural transition.
Growing these alloy films on a @lO00) substrate forces them to adapt the Cu lattice spacing,
thereby suppressing the structural relaxation. 1€96 American Institute of Physics.
[S0021-8979(96)19908-1]

I. INTRODUCTION the collapse of the magnetic moment is not an invar relevant
feature.
Molecular beam epitax¢MBE) has offered the possibil- The bulk lattice constants of fcc i, _, vary between

ity of stabilizing materials as thin films in new metastable 3.55-3.59 A for concentrations 0-%>0.21* This gives
phases, e.g., fcc Co/Cu(10énd fcc Fe/Cu(100). Theoretical only a very small lattice mismatch with Cu. This fact moti-
studies reveal that fcc Fe can have several magnetic statesates the growth of E&\i; _, films on Cu(100), for which we
Depending on the lattice constafutr atomic volume)anti-  can expect good epitaxy with the above lattice matching ar-
ferromagnetic (AF), nonmagnetic(NM) or ferromagnetic gument. Furthermore, “clamping” E#li,_, films on
with high spin(HS)/low spin(LS) phases are stable. At the Cu(100)should extend the concentration range for which the
Cu lattice constant, these magnetic phases are very close f@c structure prevails.

energy, which made the Fe/Cu(10€ystem very attractive At this point it is important to refer to the work of Abri-
for experimental studies® The LEEDI-V study by Miller ~ kosov et al.'* which discusses bulk fcc B, through

et al1% shows that Fe/Qa00)films with thicknesses up to 4 the whole concentration range. They find that the magnetic
ML order in a heavily distorted fcc structure, where the moment collapses at=0.75 and the lattice parameter drops
atomic volume of Fe is increased with respect to Cu. Thigioticeably, this is due to the fact that the LS/NM solution
has the result that the whole film is in a ferromagneticoecomes lower in energy. We see that “clamping;Ng
state®* Going to higher thicknesses at 300 K, Fe adopts thd® & fcc structure alone does not prevent the deylauon from
Cu atomic volume, except for the top layer, which still has anth€ Slater—Pauling curve, but by keeping the lattice constant
increased atomic volume before Fe transforms into the bcfix€d We expect a suppression of the invar effect.

phase. This means that the ferromagnetism is only located in

the top layet while the rest of the film is antiferromagneti- . EXPERIMENTAL

cally orderec In simple terms one can say that the Fe atoms The experiments were performed in an UHV apparatus
try to adopt the bulk bce crystal atomic volume while at thepreviously describél with a base pressure ofx10 L0
same time fulfilling the constraints imposed by the Cu subypar which was better than 4x18 mbar during Fe, Ni
strate. . o . _ codeposition. The Qa00) crystal was mechanically pol-

A well-known moment instability in the bulk is the invar jsneq and electropolished before inserting into the vacuum

effect in FeNi, _, alloys. At a Fe concentration of 65% the gystem. A few cycles of At sputtering and annealing re-
magnetic moment deviates strongly from the Slater—Pauling

curve, dropping quickly to zero, as does the Curie tempera-
ture, at which point a structural transition from the fcc into 11
the bcc phase is observEdAlso, the thermal expansion is 1.0
very low!? From a comparison with FePt and FePd alloys, 09
which do not show a collapse of the magnetic moment, but
have a small thermal expansion and strong reduction of the
Curie temperaturg it seems that the moment instability is
not an invar relevant feature. A recent stlitipf 200 nm
thick as-grown FgNiss films revealed that the magnetic mo-
ment follows the Pauling—Slater curve, but a small thermal
expansion was still present. Again, stressing the point that O e mo eso 800 1000
Deposition time/sec
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¥present address: Dept. of Physics, Louisiana State University, Baton
Rouge, LA 70803. FIG. 1. Variation of the specular RHEED intensity during,\&,3 growth.
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FIG. 3. Comparison between bulk Curie temperattfréslid squaresand
280 Tc(w) of the thin film data(open squares). Error bars show variatiorirgf
: on fit parameters and accuracy of composition.
¥
< 240
) by the calibrated QCM and by the RHEED oscillations of the
FeNi; _, films agree to within 3%. This confirms our ability
200 to control the thickness and the stochiometry very accurately.
The presence ofp(1X1) LEED patterns confirmed
160 pseudomorphic growth, which agrees with the observation of
) Fe N1 Dresselhaus et al., who investigated 30 ML thick
. FeNi,_,/Cu(100)films, with x=0.47, 0.64, anck=0.871'
280 Small C,0 contamination were detectable at the end of
the experimental run. With the surface magneto-optical Kerr
¥ A effect (SMOKE) we measured the remanence as a function
;v 240 of temperature, thereby determining the Curie temperature
Te.
200
/ I1l. RESULTS AND DISCUSSION
160 Although the magnetic measurements focused on the in-
b var concentration at~0.65, we investigated the growth of
FeNi,_,/Cu(100) through the whole concentration range.
280 We found RHEED oscillations of th@®,0) beam for up to 10
ML, which is exceptional in metal epitaxy and confirms
5 240 good epitaxial growth even better than, e.g., NiQ0). As
E an example we show the RHEED oscillation for a
Fe,7Ni,y/Cu(100)film. This concentration is above the bulk
200 invar concentration, where the transition to bcc has already
occurred. This curve is qualitatively identical with the
160
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FIG. 2. Thickness dependence T for different alloy concentrations. The
solid line represents the fit to the scaling law; see the text.

sulted in an ordered and clean sample, as judged from LEED
and Auger spectroscopy. The growth rate of the Fe and Ni
sources were controlled by quartz crystal monit@@CM),
which were calibrated via RHEED oscillations of Fe/
Cu(100)and Ni/Cu(100):°

The alloy films were grown at 350 K in order to avoid
Cu segregation, we also observed RHEED oscillations dur-
ing the growth of FgNi;_, films, which indicates good
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layer-by-layer growth; see Fig. 1. The thickness determinedashed line is a guide for the eye.
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rFIG. 4. Thickness dependence D§ for a FegNiys alloy in the thin film
limit and intermediate thickness. The solid line is fit to scaling law; the
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RHEED data for FNi, _, films, with x below 65%. We can Extending the measurements for a4/, alloy film up

therefore rule out a sudden transformation into the bcc phaség 10 ML thickness reveals a strong deviation from the scal-

which would also be accompanied by a drop in the RHEEDing law; see Fig. 4. At 4 MLT - has dropped when compared

intensity, like for Fe/C(100).%*® with the scaling curve, and increases only slowly with fur-
In our previous studie¥'® we have shown that the ther deposition. These results indicate a structural relaxation/

variation of the Curie temperatufigs(n) with film thickness  spin reduction occurring between 3 and 4 ML thickness.

n can be described with the empirical scaling law:

Tc(n) 1
Te() - 1+[(n—n")/ng] ™ 1) This work was funded via National Science Foundation
Grant No. DMR-94-21728.
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