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Spin polarization of secondary electrons from amorphous 3d metallic ferromagnets
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It is shown that the spin polarization of secondary electrons from Fe-Ni-based metallic glasses

(Fes2B]2Si6, Fe6pNi2pB2p, Fe44Ni37Bt9) in the energy range of 10-20 eV directly reflects the bulk

magnetization of the material. All samples show a strong spin-polarization enhancement at low

secondary energy ( & 10 eV). No additional structure is observed for these amorphous materials,

contrary to single crystals where the spin polarization is affected by band-structure (low-energy

electron diffraction) effects.

Measuring the spin polarization of secondary electrons
from ferromagnets has, over the last few years, evolved
into a powerful tool for studying the magnetism of sur-
faces. ' When combined with highly focused primary ex-
citation sources, "magnetic imaging" can be achieved
with a lateral resolution of 100 A.. This so-called
secondary-electron microscopy with polarization analysis
(SEMPA) has become an important and exciting tech-
nique for measuring the domain structure at the surface of
a ferromagnet. For a quantitative interpretation of these
kinds of data, the relation between surface magnetic mo-
ment and measured spin polarization has to be estab-
lished.

After the first successful experimental demonstration—on a rather ill-characterized surface —that secondary
electrons from magnetic samples are indeed spin polar-
ized, it was generally thought that the spin polarization
of low-energy secondary electrons simply reflects the net
magnetization of the material. Detailed energy-resolved
measurements showed that the spin polarization of secon-
dary electrons exhibits unexpected interesting features.
Below about 10 eV secondary energy, a strong enhance-
ment of the spin polarization over the bulk magnetization
is common to all 3d ferromagnets studied so far. This
eAect has been explained in terms of Stoner excitations by
Glazer and Tosatti, or as being due to a strong spin
dependence of the inelastic mean free path by Penn,
Apell, and Girvin.

Above 10 eV the spin polarization levels oIT into a "pla-
teau, " showing only a weak general decrease with increas-
ing energy. For single-crystal surfaces additional struc-
tures have been observed to be superimposed on this pla-
teau. ' These structures have recently been explained by
Tamura and Feder as being due to band-structure [low-
energy electron diffraction (LEED)] effects. There has
been some discrepancy in the literature about the absolute
spin-polarization value of the plateau. In some cases, the
plateau value closely resembled the bulk magnetization,
while in others significantly smaller values were found
(see Ref. 1). In this Brief Report, it is shown that for a
series of 3d amorphous ferromagnets with varying magne-
tizations, the measured spin polarization between 10 and

20 eV energy equals the bulk magnetization of the materi-
al within the experimental uncertainty of the measure-
ment (i.e., 1%-2%).

The experiments were performed in an ultrahigh-
vacuum apparatus described in detail elsewhere. The
samples were ribbons, clamped together to form circular
loops, and could be magnetized by a current pulse through
a small coil wrapped around them. The samples were
cleaned by noble-gas-ion sputtering (up to several hours)
at room temperature without any subsequent annealing, in
order to avoid recrystallization and possible surface-
segregation eA'ects. The excitation source was a commer-
cial LEED gun, run at 400-eV primary energy. The elec-
trons impinged on the surface 30 off' normal while the
secondary electrons were collected normal to the surface.
After passing through a hemispherical energy analyzer
(dE =200 meV) the spin polarization was measured in a
high-energy (100 kV) Mott detector. A negative bias of
30 V was applied to the samples in order to suppress any
low-energy stray electrons not originating from the sam-
ple and to more efficiently collect the secondary electrons.

Figure 1 shows the results obtained for the three
difrerent samples. The lower panel shows the typical in-
tensity distribution curve of secondary electrons (for the
Fes2B~zSis sample), strongly peaking at zero energy. The
intensity curve did not vary significantly for the three
samples. The three upper panels of Fig. 1 show the spin-
polarization spectra. All three samples show the same
general features: strong enhancement of the spin polar-
ization below 10 eV, followed by a plateau where the spin
polarization is almost constant over a large energy range.
No significant structures like those found in single crystals
are superimposed on this plateau. The spin-polarization
values of these plateaus (i.e. , between 10 and 20 eV) are
22%, 19%, and 15%, respectively. These values quantIta-
tivel'y agree with the known bulk magnetizations of these
samples within the absolute accuracy of the measure-
ments (estimated to be between 1% and 2%). I believe
that this quantitative agreement can be expected at least
for all 3d ferromagnetic samples, where no magnetic sur-
face reconstruction takes place and the changes in surface
magnetic moments are relatively small. This then also im-
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plies for the present samples that the composition at the
surface is essentially bulklike. In cases where much lower
spin-polarization values have been found (see Ref. 1), this
could be due to incomplete magnetization of the sample,
surface contamination, and miscalibration of the spin po-
larimeter.

Finally, I want to mention two practical aspects of the
present work. First, SEMPA can, in principle, be done in
a quantitative way, i.e., measuring absolute magnetiza-
tion. For this purpose, an energy spectrum between, e.g. ,
10 and 20 eV kinetic energy should be taken in order to
find the real plateau-polarization value for single-
crystalline or polycrystalline samples. In this way, struc-
tures in the polarization due to diAraction efr'ects can be
accounted for. An energy resolution of a few eV would be
good enough. Of course, this type of operation implies a
large loss in sensitivity because of the loss in intensity and
the reduced polarization values at higher kinetic energies,
so that for a more qualitative application, i.e., imaging of
domain structures, the operating mode which collects
essentially all secondary electrons might be advantageous.
Second, an amphorous sample like Fe82B~2Si6 can be used
as a "calibrated" spin-polarized electron source. The
measured spin-polarization values are very reproducible;'
it is relatively easy to clean these samples as compared to
single crystals. Sputtering with Ar or Ne, at 2 kV, and 10
pA for 1 h at room temperature was sufhcient to get a
clean sample, which did not change anymore with further
sputtering. No annealing was done after sputtering. Un-
fortunately there was no sensitive Auger equipment (cy-
lindrical mirror analyzer) available during the measure-
ments to check surface cleanliness and composition. This
type of source is not as involved as, e.g. , the GaAs source,
and is at least as reproducible.
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FIG. l. Intensity distribution curve (lower panel) and spin

polarization spectra of secondary electrons from three diferent
amorphous ferromagnetic samples. The solid lines are guides to
the eye. The broken lines and the numbers give the "plateau"
value, i.e., the spin polarization around 15 eV energy.

I thank Professor H. J. Guntherodt for providing the
samples. I also thank Professor M. Campagna and Pro-
fessor G. Guntherodt for support of the experiments, Dr.
J. Glazer and Professor E. Tosatti for helpful discussions,
and Professor D. L. Mills for a critical reading of the
manuscript. The experiments were supported in part by
Deutsche Forschungsgemeinsch aft through Sonder-
forschungsbereich No. 125 and were performed at the In-
stitut fur Festkorperforschung of the Kernforschungsan-
lage Julich.

'For a recent review, see M. Landolt, in Polarized Electrons in
Surface Physics, edited by R. Feder (World Scientific, Singa-
pore, 1985).

zK. Koike and K. Hayakawa, Appl. Phys. Lett. 45, 585 (1984);
J. Unguris, G. Hambree, R. J. Celotta, and D. T. Pierce, J.
Magn. Magn. Mater. 54-57, 1629 (1986); J. Kirschner,
Appl. Phys. A 36, 121 (1985).

3G. Chrobok and M. Hoff'mann, Phys. Lett. 57A, 257 (1976).
4E. Kisker, W. Gudat, and K. Schroder, Solid State Commun.

44, 623 (1982); J. Unguris, D. T. Pierce, A. Galejs, and R. J.
Celotta, Phys. Rev. Lett. 49, 72 (1982); H. Hopster,
R. Raue, E. Kisker, G. Guntherodt, and M. Campagna, ibid.
50, 71 (1983).

5J. Glazer, Ph. D. thesis, International School for Advanced
Studies, Trieste, 1984 (unpublished); J. Glazer and E. Tosat-
ti, Solid State Commun. 52, 905 (1984).

D. R. Penn, S. P. Apell, and S. M. Girvin, Phys. Rev. Lett. 55,
518 (1985).



36 BRIEF REPORTS 2327

7E. Tamura and R. Feder, Phys. Rev. Lett. 57, 759 (1986).
R. Raue, H. Hopster, and E. Kisker, Rev. Sci. Instrum. 55, 383

(1984).
See, e.g. , F. E. Luborsky, in Ferromagnetic Materials, edited

by E. P. Wohlfarth (North-Holland, Amsterdam, 1980), Vol.
1.

' Actually, this sample was used as a first test sample in the new
spin-polarized electron spectrometer at the University of Cali-
fornia, Irvine. With no difficulty and in very little time, we
were able to reproduce quantitatively the results presented in
this paper. D. L. Abraham and H. Hopster (unpublished).


