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The partial spin-dependent densities of staie®S) of both the iron and the boron in Fe—-B
amorphous magnetic alloys have been determined from spin-resolved photoemission using a
synchrotron radiation source. The spin-integrated energy distribution c(E@S9, polarization

spectra and the spin-resolved EDCs show distinct differences between 15 and 40 eV photon energies
due to strikingly different photon energy dependencies of the cross sectiondadrieeBp states.

The B states were found to hybridize with Eestates and occupy a binding energy range of about
1-5.5 eV with a negative polarization; i.e., tBemoment is “antiferromagetically” coupled with

that of the Fed moment. © 2000 American Institute of Physid$0021-897@0)67408-X]

INTRODUCTION There is an important experimental reason why the
amorphous Fe—B system may offer an ideal opportunity to

The magnetism, electronic structures, and local atomigrobe the spin-polarized density of states of both Fe states
structures of amorphous alloys have been of interest for morand B states. The inset of Fig. 1 shows the photon energy
than 20 year$:? Recently there has been particular attentiondependence of the cross sections of Fe arld Bhe cross
devoted to the spin-polarized density of sta@®S)*®and  sections of the B-& and 2 states are much smaller than
the nature of the ferromagnetism in disordered métils. that of the Fe 8 states for photons with energy larger than
Several first-principles electronic structure calculations have-25 eV. Using higher energy photons, the photoelectrons
been made to obtain insight into the fundamental mechaare therefore essentially due to thd 8tates of Fe in these
nisms of magnetism of the amorphous magnetic alfo¥s. alloys. However, the figure also suggests that for photons
The electronic states close to the Fermi level are predicted twith energy lower than about 20 eV the cross section of the
be dominated by the TMband that is strongly hybridized boronp states are comparable with those ofd~and could
with the metalloid to form g@—d band complex. A decrease
of the magnetic moment with increasing metalloid content is
also predicted and attributed to a dilution effect; polarizable
d—d bonds are replaced by magnetically inprtd bonds.

In contrast with the significant progress in theoretical
studies, experimental investigations of spin-dependent elec-
tronic structures are relatively rare in magnetic amorphous
alloys*'° and, indeed, in magnetic alloys in general. In our
previous work!® we measured the spin-resolved energy dis-
tribution curves(EDC9 of the Fed band in amorphous
FesoBog and compared the results with three theoretical pre-
dictions. It is however, essential, to probe experimentally the
element specific density of states in the alloys. As we dis-
cussed above, a key feature of these DOS calculdtibis
that the TMd band interacts with the metalloidp2band and
forms ap—d band complex. A polarized boron state due to
this p—d hybridization was predicted ia- Fe;oB,o by Ching
and Xu? and in a-Fejq,_ B, with a composition range of
x=10-50 by Bratkovsky and Smirndowand x=5-50 by O aton onerer e 2
Hafneret al® 3 1 5 £,
Binding energy (eV)

Spin-integrated EDCs

dpresent address: Cavendish Laboratory, Cambridge University,
Cambridge CB3 OHE, United Kingdom; electronic mail: FIG. 1. Spin-integrated EDCs of 8,5 with different photon energies.
ybx20@cam.ac.uk (Insed Cross sections of Fe and B.
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even be larger. That is to say the boron will contribute sig- Photon: 15eV 35eV
nificantly to the total photoelectron emission if excited with :
low-energy photons. Furthermore, there is no concept off
k-space in amorphous states in the absence of translation;
symmetry and band dispersion is not expected. The differem*‘é
cross sections therefore play a dominant role in determiningg 0.5
the photoelectron intensity. This is crucial in separating the-i
different states using a range of photon energies. '

In this paper, we report spin-resolved photoemission _
studies of magnetic amorphous Fe—B alloys using a synchro® 20t (b) (e)
tron radiation source. A similar sFt)%dy on Co-B alloys has
been presented in a previous reporgnd polarized boron : 3 ) FE i #
states were found. One great advantage of the synchrotrog 10 Eﬁi%g# 3%%? &1 ﬁjﬁg s
radiation source is its tunability. With spin-detectors, the ¢& : !
photoelectrons can further be separated into two spin chand g
nels. We show that the spin-resolved EDCs of bottdred
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EXPERIMENTS E o Spin S in .
The experiment was performed using station 1.2, beam-& 0.0 - .

line 1, on the SRS at the UK Daresbury Laboratory. The
photon energy range was 5-90 eV with a resolution better 6 4 2 Er 6 4 2 B
than 0.2 eV for the spin-integrated and 0.4 eV for the spin- Binding energy (eV) Binding energy (eV)
resolved measurements. The base pressure of the main chagl. 2. spin-integrated EDG® and ¢, polarization spectréb and 8, and
ber was better than X410 °mbar. A conventional high- spin-resolved EDC& and § of Fe;sB,s at photon energies of 35 eV and 15
energy Mott-polarimeter operated at 100 kV consists of nineeV. respectively.
detectors, four forward detectors, four backward detectors,
and one straight-through detector. Magnetic amorphous rib- i
bons were prepared by melt spinning in a helium atmothe Fe_d band is much larger than that of B states for photon
sphere. The samples were formed into a closed loop with afin€rgies of 35 eV and 40 eV, the EDCs should be a repre-
insulated wire wrapped around the rear for magnetizationSentative of the Fe partial density of states in Fe—B amor-
The magnetic properties of the ribbon were assessed by supfous alloys. The spectra at lower photon energieks eV)
face magneto-optical Kerr effe¢SMOKE) measurements. show different profiles from those at higher photon energies.
The samples with 100% remanence ratio were used for th&N€ cUrves show two broad peaks around 1.4 eV and 3 eV.
spin-resolved photoemission measurements and wefEhe relatlve.photoelect.ron intensity betvyeen leVand5eV
cleaned by argon ion bombardment-at.6 kV until a sharp ~Ncreases with dgcreasmg photon energies. As shown.clearly
Fermi edge appeared and the contamination was reduced td"a the inset of Fig. 1, the cross section of B Ztates in-
minimum level. The composition and contamination wereCreases sharply with decreasing photon energies below about
monitored byin situ Auger electron spectroscopy and ana-20 €V. This suggests that the B Zlectrons in the TM-B
lyzed quantitatively by XPS in the RUSTI Scienta spectrom-alloy_s gontnbute S|gn|f|paptly to the total photoelectron in-
eter at Daresbury Laboratory. The compositions of thd©€nSity in the 1-5 eV binding energy range.
samples determined from XPS were close to the nominal "€ Spin-integrated photoemission of ~amorphous
values quoted her@vithin about 6%, and the contamination 75825 has been studied by Paul and Neddermeytar
of C and O were estimated to be-€3% and 0~2%, re- photon energies of 16.85 eV, 21.22 eV, and 40.8 eV. They
spectively. also found that the photoemission intensity between 0.5 eV
and 5 eV increases with decreasing photon energy. They
further studied polycrystalline Fe and pure B and this effect
was not observed in polycrystalline Fe. The partial density of
Figure 1 shows the spin-integrated energy distributionstates of FeB,s has been calculated by Hafnerral2 They
curves(EDC9 of amorphous FgB,s with the photon ener- found that Bs states interact only weakly with the e-
gies varying from 14 to 40 eV. The particular alloy compo- band, lying about 8 eV below the Fermi level. Howeverm B-
sition FegsB,5; was chosen to give a relatively large boron states interact strongly with the Fe-band and form a
contribution while retaining the ferromagnetic phase. TheFe-d—B-p band complex, which occupies a broad energy
spectra were collected under the same photon and electraange from about 1.5 eV to 6.0 eV.
energy resolution, and normalized to the maximum near the Figure 2 shows the spin-integrated EDCs, spin-
Fermi edge. The spectra at 35 eV and 40 eV show littlepolarization spectra, and the spin-resolved EDCs of amor-
difference with the intensity decreasing monotonically fromphous FesB,s for photon energies of 15 and 35 eV, respec-
the maximum around the Fermi level. As the cross section ofively. These were chosen to give large counting rates in the

RESULTS AND DISCUSSIONS
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detectors and reflect the features of the spin-integrated EDCs o 03

shown in Fig. 1. The spectra collected at 35 eV are mainly 8

due to Fed states as we discussed above. The polarization is 3 02 oy 7

positive around the Fermi level and there is a broad peak g o1

around 3.4 eV, similar to that observed ingfo.X° This I 00

may be due to the fact that their compositions are rather &

close. The positive spin-polarization of the #&eband at g 30

Fermi level is in good agreement with the models of Ching 5 L

and X and Hafneret al® I N
The polarization spectra of k8,5 collected at 15 eV § a0l @ }

show a distinct feature—a broad minimum around 2 eV, not § £ ’

observed at higher photon energies. This minimum in the

spin-polarization yields a broad local maximum in the mi- 8

nority spin states as shown in Fig(cZz From the spin- § 01} (o) ‘aﬂ“zxij%Spiw

integrated measurements discussed above, tlpe sBates 3 Qg‘” Spin‘&: .

contribute significantly to the total photoemission intensity at “;’ 0.0 - DU

low photon energies. The binding energy rarigel—5 e\) - I

of the B-2p states coincides with the minimum of the spin- 6 4 2 E

polarization spectra. This suggests tBab states carry a net Binding energy (eV)

spin-polarization with a direction opposite to that of ée- FIG. 3. (a) Spin-integrated EDC(b) polarization spectra, antt) spin-
states. resolved EDC of Bp states in FgB,s.

In order to eliminate an alternative explanation we con-
sider the possibility of a “spin filter” effect. A strong spin

dependence of mean free paths at low kinetic energies hgs,s peen successfully measured with spin-resolved photo-
been observed in all the transition metal ferromagnets studsission using a synchrotron radiation source. The B-
ied so far."™® Although for amorphous materials the polar- giaies were shown to hybridize with Bestates and to oc-
ization typically shows an enhancement below kinetic energ)éupy a binding energy range of 1-5.5 eV with a net negative

of about 10 eV, above that vz_ilue it is more or less ConStantspin-polarization. We have shown that spin-resolved photo-
In the course of these experiments we have therefore me@; . ission from an amorphous Fe—B alloy can be used to

sured the secondary electron polari_zation in the kinetic eNaytract element specific spin-resolved density of states.

ergy range of 0—30 eV and found it to be constant above

about 8 eV but increasing monotonically by as much as 60%

at lower energies. Theninimumin the spin-polarization AckNOWLEDGMENTS
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