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Spin-resolved photoemission from FeB and CoB binary amorphous alloys has been measured using,
for the first time, a synchrotron radiation source. A comparison of the experimental results with
several ab initio calculations on two model systems Fe80B20 and Co77B23 shows that the
spin-resolved photoemission provided a critical test of theoretical models, and gives insight into the
spin-dependent electronic structures of these materials. ©1997 American Institute of Physics.
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I. INTRODUCTION

Ferromagnetic transition metal binary amorphous allo
continue to be of interest both as model systems to un
stand the electronic structure and magnetism in amorph
metals and as prototypes of these technically important m
netic materials. Their physical properties such as electro
specific heat, magnetic susceptibility, and even gla
forming ability are directly related to their electronic stru
ture. There have recently been a number of theoretical s
ies on the spin-dependent electronic structure of these bi
amorphous alloy systems, e.g., FeB,1–4 CoB,5 and FeY,6 but
only limited experimental tests of their predictions have be
made.

Photoemission spectroscopy is the most direct techn
to probe electronic structure. There have previously bee
number of ultraviolet photoemission spectroscopy~UPS! and
x-ray photoemission spectroscopy~XPS! measurements in
magnetic amorphous alloys,7 but it is difficult to obtain an
insight into the electronic structure from the spin-integra
measurements as sharp features are not expected in the
phous state. The valence band is split into two subband
majority and minority spin states, and it is extremely va
able to separate the density of states into two spin chan
using spin-resolved photoemission measurements. Ther
however, a very limited range of spin-resolved photoem
sion measurements on amorphous magnetic metals curr
available. Hopsteret al.8 have studied the spin-resolved de
sities of states of FexByXz ~X5Ni or Si! using UPS~hn
521.2 eV! and See and Klebanoff9 have studied a commer
cial ribbon Co66Fe4Ni1B14Si15 using spin-resolved XPS
Recently, we have made extensive spin-resolved photoe
sion studies on the binary amorphous alloys, FeB and C
systems, using a synchrotron radiation source. In this art
the results on two model systems Fe80B20 and Co77B23 are
presented, and compared with severalab initio spin-resolved
electronic structure calculations.1–5

II. EXPERIMENTAL DETAILS

The experimental work reported here was performed
station 1.2 at the SRS Daresbury Laboratory. The pho
energy range is 5–90 eV with resolution better than 0.2
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for the spin integrated and 0.4 eV for the spin-resolved m
surements. The base pressure of the main chamber is b
than 4310210 mbar. A conventional high energy Mott pola
imeter operated at 100 kV has recently been establishe
this station, and has been described in detail in a previ
article.10 The system consists of nine detectors, four forwa
detectors, four backward detectors, and one straight-thro
detector. The forward detectors are used to monitor the
strumental asymmetry. The system was carefully align
during the experiment to make sure only spin-depend
asymmetry was measured. The effective Sherman func
was estimated to be 0.18 from the secondary electron po
ization of a Co66Fe4Ni1B14Si15 ribbon.
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Fe12xBx ~x515, 20, and 25! and Co12xBx ~x520, 23,
and 32! amorphous alloys were prepared by melt spinning
a helium atmosphere. The ribbons were formed into a clo
loop with an insulated wire wrapped around the rear of
sample in order to magnetize them. Magneto-optical K
effect measurements showed that the ribbons could be m
netized to saturation with 100% remanence. The sam
were cleaned by argon ion bombardment at;1.6 kV until a
sharp Fermi edge appeared. The composition and cont
nation were monitored byin situ Auger electron spectros
copy and analyzed quantitatively by XPS in the RUSTI S
enta spectrometer at Daresbury Laboratory. The compos
of the samples is very close to the nominal value, and
contamination of C and O was estimated to be C:;3% and
O: ;2%, respectively. The only heat treatment received
the ribbon was during the chamber bakeouts when it w
heated to a temperature of around 150 °C. The amorph
states were confirmed by x-ray diffraction after both the i
tial melt spinning and at the end of the measurements.

III. RESULTS AND DISCUSSIONS

Figure 1~a! shows the spin-integrated energy distributi
curves~EDCs! of Fe80B20 and Co77B23 amorphous alloys us
ing 35 eV photons. The EDC of Fe80B20 shows a sharp Ferm
edge, a maximum intensity just below the Fermi levelEf and
a shoulder at binding energyEb;1 eV, results which agree
very well with those reported by Paul and Neddermeye12

This agreement is encouraging from an experimental poin
4419/3/$10.00 © 1997 American Institute of Physics
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view, as it suggests that reproducible and reliable experim
tal results can be obtained even in such amorphous mate
provided the samples were well prepared and cleaned
good UHV environment. The spin-integrated EDC of am
phous Co77B23 in Fig. 1~a! shows a maximum just below th
Fermi level, and then decreases smoothly with increas
binding energy, showing essentially the same profile as
lier UPS results on crystalline Co3B and amorphous
Co77P14B8.

13

The spin-polarization spectra of amorphous Fe80B20 and
Co77B23 are shown in Fig. 1~b!. Both spectra show a simila
profile with a broad hump around 3 eV binding energy. T
spin-polarizationP around the Fermi level is of special in
terest: in Fe80B20 P is positive at and belowEf , while for
Co77B23 P changes sign atEb50.460.1 eV and a clear nega
tive polarization;14% was observed around the Fer
level.

The spin-resolved EDCs~SREDCs! of Fe80B20 are
shown in Fig. 2~a!, where we can see clearly the electron
structure for both spin channels. The majority and minor
spin spectra are well resolved with errors comparable to
size of the data points. As the cross sections of B: 2p and 2s
are very small compared with that of Fe 3d
~sB/sFe5;0.06!14 at 35 eV photon energy, the photoele
trons are essentially from the Fed band.

One significant feature is the two-peak structure. T
humps were observed previously in Fe80B20 using spin-
resolved soft x-ray photoemission,15 but with the photoelec-
tron kinetic energy of 25–30 eV the resolution is much be

FIG. 1. ~a! Spin-integrated photoemission energy distribution curv
~EDCs! and ~b! the photoelectron spin-polarization spectra of Fe80B20 and
Co77B23 amorphous alloys with photon energy 35 eV.
4420 J. Appl. Phys., Vol. 81, No. 8, 15 April 1997
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here. It is well known that the density of states~DOS! of
elemental bcc Fe shows two peaks originating from t
atomic arrangement in the bcc lattice with eight neare
neighbors arranged on a cube and six next-nearest neigh
arranged on an octahedron. The band splitting in the am
phous Fe80B20 alloy indicates that very short range local o
der exists in the amorphous phase and plays an impor
role in the electronic structure. It is useful to retain the lab
ling of states in the cubic environment even although t
local symmetry is only roughly retained in the amorpho
material. The band splitting;2 eV, defined as the separatio
between the peaks labelledeg↑ and t2g↑, is close to that of
pure Fe.9,16 Similarly, the exchange splitting;2 eV of the
t2g states, the separation betweent2g↑ andt2g↓, is also com-
parable to that of Fe.9,16

There are several spin-dependent DOS calculations
the model system Fe80B20. Recent computations by Hafne
et al.4 have combined improved structural modeling usin
molecular dynamics with enhanced self-consistency ba
on a supercell linear-muffin-tin-orbit approach. Theoretic
SREDCs, shown in Fig. 2~b!, have been convoluted with an
instrumental resolution function of breadth 0.3 eV. The e
perimental and calculated SREDCs show very similar p
files and the agreement around Fermi edge is especi
good. The experiment confirmed the two-peak structure p
dicted theoretically. Both experiment and theory suggest t
the Fermi level falls in a region of rapidly decreasing DO
but with majority spin states remaining dominant towar
Ef . On the other hand, according to the predictions by Br

s
FIG. 2. ~a! Experimental spin-resolved EDCs of an Fe80B20 amorphous
alloy and~b! theoretical spin-resolved bulk density of states~DOS! calcu-
lated by Hafneret al. ~Ref. 4!.
Xu et al.
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kovsky et al.,3 and Nowaket al.,1 the minority spin states
are dominant aroundEf , which is not in agreement with our
experimental results. The predicted spin-resolved DO
~SRDOS! by Hafner et al.4 gives the best agreement with
experiment near the Fermi edge, but the binding energy
the t2g↑ states is clearly larger than the experimental val
and that of other predictions.1–3

Figure 3 shows the spin-resolved EDCs of an amorpho
Co77B23 alloy using photons of 35 eV. In contrast to th
measurements on Fe80B20, no band splitting behavior was
observed. There is only one peak near the Fermi edge
both spin channels. The existence of band splitting in Fe
but not in CoB, may indicate that their local structure
different even in the amorphous state. The spin-resolv
EDCs of pure Co and Co66Fe4Ni1B14Si15 ribbon reported by
See and Klebanoff9 showed a profile similar to that of amor
phous Co77B23 alloy, but the negative polarization atEf is
well resolved here due to much better resolution in th
study.

Figure 3~b! shows the theoretical spin-resolved EDCs
Co77B23, which were convoluted from the SRDOS calcu
lated by Tanakaet al.5 At low binding energy, the minority-
spin state density is much larger than that of the majori

FIG. 3. ~a! Experimental spin-resolved EDCs of a Co77B23 amorphous alloy
and~b! theoretical spin-resolved bulk DOS calculated by Tanakaet al. ~Ref.
5!.
J. Appl. Phys., Vol. 81, No. 8, 15 April 1997

Downloaded¬28¬Nov¬2002¬to¬144.32.136.70.¬Redistribution¬subject
S

of
e

s

or
,

d

s

f

-

spin state, suggesting a negative polarization at Fermi e
This is in qualitative agreement with experimental resu
However, the calculated SREDCs predicted a two peak b
structure. As shown in Fig. 3~a!, no clear experimental evi
dence was observed to support this prediction.

In the results presented here, we have compared s
resolved photoemission intensities with spin resolvedbulk
densities of states of amorphous Fe12xBx and Co12xBx al-
loys. Two important effects have not been considered: fi
with hy535 eV photoemission is highly surface sensiti
and so should mainly reflect the surface density of sta
which, in the case of transition metals, differs significan
from the bulk.17 Second, we have assumed the same cons
3d photoelectron cross section throughout the band for b
spin-up and spin-down states. Significant differences in
cross sections may indeed exist across the band, but
likely to be similar in Fe12xBx and Co12xBx .

In conclusion, the electronic and magnetic properties
amorphous FeB and CoB have been investigated using s
resolved photoemission. A detailed comparison of the
perimental results with several bulk band structure calcu
tions on the two model systems Fe80B20 and Co77B23 shows
broad agreement, although a number of significant discr
ancies remain. Further understanding of the spin resol
surface densities of states of magnetic amorphous alloy
needed to resolve these issues.
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