The electronic structure of a metastable ferromagnetic CoPt; film prepared
by ion irradiation
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INTRODUCTION

Strong efforts in the technologies of ferromagnetism have been devoted to study the magnetic and
meagneto-optica properties of ferromagnetic/non-megnetic multilayers and thin film dloys in order to
develop magnetic data-storage media, sensors, and read heads [1]. As the Size of those devices
dhrinks to sub-micron with ultrahigh storage dengity, the requirement for ferromagnetic materias with
superior magnetic properties are increasing. In the case of 3d trangtion metd/rare-earth metd systems,
Co/Pt multilayers and Co-Pt dloy films have attracted a lot of attention due to their large magneto-
opticd (MO) Ker rotation and perpendicular magnetic anisotropy which have been known to be
strongly correlate with dectronic structures of Co 3d and Pt & states and aso with their chemica
structures.

In this study, we gpply the ion beam mixing method to ferromagnetic Co/Pt films to modify the
electronic and chemicd sructures of Co-Pt dloy films. It has been reported that ion beam mixed
(1IBM) multilayered films show different eectronic sructure from those of thermodynamicaly stable
dloys and that IBM multilayered films show a metastable disordered aloy phase, which is amilar to
that of a rapidly quenched dloy [2]. Therefore, it is expected that Co 3 and Pt 5d valence-band
characteridtics of ferromagnetic thin films are modified by ion beam mixing, which leads the change in
magnetic properties and Co Lz soft X-ray fluorescence (SXF) spectra and valence-band
photoemisson spectra of IBM CoPt; films are presented.

EXPERIMETALS

Co/Pt multilayered films with 8 periods of Co and Pt sublayers were prepared by aternating
electron-beam evaporation on S (100) substrates. The sublayer thickness of Co and Pt layers was
chosento 15 A and 60 A, respectively, to match the CoPt; composition. lon beam mixing was carried
out by using 80 keV Ar" beam a room temperature. lon dose and beam current were fixed at
1.0" 10" iong/en? and 1.5 nA\, respectively. The spectra of IBM CoPY; films were compared with
those of pure Co, Pt, and stable CoPY; dloy films prepared by €ectron-beam evaporation.

SXF messurements of Co L (vaence 3d4s® 2p;, trangtion) were performed a ALS on
beamline 8.0. The spectrometer resolution in the first order of diffraction was 0.9 eV for Co Ls. In



addition, the eectronic vaence-band structure was measured by photoemission spectroscopy (PES) at
PLS, Korea. The incident photon energies were 100 eV for partia dendty of states of Co 3d and 50
eV for that of Pt 5d.

RESULTSAND DISCUSSION

Figure 1 shows valence-band PES spectraof IBM CoPt;. It should be noted that a superposition
inaratio of 0.25 : 0.75 of the spectra of Pure Co and Pt was added in Fig. 1b for comparison. We
chose the incident photon energies of 50 eV (Fig. 1) that the relative ratio of Co 3 photoionization
cross section to Pt 5d is minimized to distinguish the locd density of states of Co 3d from that of Pt &d.
Asseenin Fig. 1a avalley at about 3 eV (arrow A) is atypical feature of the Pt 5d band, while the
flattened spectrd weight at the Fermi leve (Ef) is attributed to the photon energy-dependent cross-
section effects at lower photon energies. In addition, the Pt 5l characterigtic fegture shifts dightly
toward higher binding energy from pure Pt to CoPt; dloy. This reflects that the covaent interaction of
Pt atoms changes under a variation of nearest neighbors surrounding the Pt Site and the relative
positions of Co and Pt d bands affect the Co 3d — Pt 5d hybridization and the vaence-band width is
increased in the Co-Pt dloys[3].
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Fig. 1. Valence-band PES spectra of IBM Fig. 2. Co Lz SXF spectra of Co/Pt multilayer,
CoPt,, stable CoPts, pure Pt, and IBM QOHS, pure Co, and stable CoPt;
pure Co films. aloy films.

As indicated by Fig. 1b, the energy shift is more sgnificantly observed in the spectra dominated
by Co 3d daes, even though the spectrd weight from Pt dtates is very wesk due to a smal
photoionization cross section of Pt 5d with respect to Co 3d states. However, the interesting festure is
the contribution of Pt 5d to the spectrum of IBM CoPt; (arrow B and C), which does not resemble
that of stable CoPt; dloy film but the superposed spectrum of pure Co and Pt with afactor of 0.25 and



0.75, respectively, which reflects that the Co 3d and Pt 5d dectrons are in an isolated State of gregtly
weekened interatomic eectronic interaction. During the ion beam mixing trestment, the independent
motions of atoms activated by ion bombardment are quenched in a very short period of the order of
10™ s at the end of ion-solid interaction. Therefore, the rapid quenching process can induce the
formation of a metastable CoPt; phase with expanded volume and reduced coordination, which does
not alow the eectronic interaction between Co and Pt atom to be relaxed to an equilibrium Sete.

To darify this implication, we measured the didribution of Co 3 gates using SXF, where the
dipole sdlection rule enables us to extract information about the partial density of Co 3d states from Pt
5d. Figure 2 shows the Co L3 SXF spectra of the investigated samples which correspond to dipole
3d4s® 2ps); trangtion. As seen in Fig. 2, the spectrd maximum of Co L3 (arrow D) shifts by about 1.6
eV from pure Co (780.8 eV) to the stable CoPt; dloy (782.4 €V). Acker et al. reported that, in case
of Fe-Pt and Co-Pt dloy phase, Fe and Co mgority-spin states located at higher binding energy have
astrong tendency to mix with Pt 5d states, while much Fe and Co minority-spin characters positioned
near and above Er as an unoccupied virtua bound state are driven to move higher above E- under the
d resonance with Pt minority-spin states [4]. This means that, in case of SXF measurements of Co Lg,
the emission energy of stable CoPY; film is higher than that of pure Co. Furthermore, it is dso naturd
that the spectrum of Co/Pt multiplayered film is smilar with theat of pure Co, because the interfacial Co
3d - Pt 5d hybridization is overwhdmed by the metdlic interaction between Co atoms in Co sublayer.
However, IBM CoPt; shows the same trend as in the PES measurements. The spectrd maximum of
IBM CoPt; (781.1 eV) is close to that of pure Co with respect to stable CoPt; dloy film, even though
the sample was ion-beam-mixed to form a CoPt; phase. As discussed above, thisis a direct evidence
of isolated Co 3d states with greatly weakened interatomic electronic interaction with Pt 5d states and,
therefore, lower Co coordination in IBM CoPY; film by the formation of metastable aloy phase than
that of a stable one which isin thermodynamicdly equilibrium state.

The overall spectroscopic results provide the direct evidences of the isolated Co 3d states with a
weakened interatomic interaction due to the reduced coordination which is expected to play an
important role in enhancing magnetic properties of ferromagnetic thin films.
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