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SoR —x-ray appearance-potential spectrosco has bscopy as een applied to the metallic glass
~p g ~~81ll. T e L ~&& spectra of the transition metals resemble closel

pure samples in the region determ'n d by the d partial densi of states.

of the signal is also clearly affected b cr stallizati
chmged. A dramatic cage . ramatic change upon crystallization is exh'b't d bis e i 1e y the boron K spectrum.

PACS numbers: 71.20.+c, 61.40.Df, 78.70.En

In thos Letter, we report the first successful
attempt to observe band-structure changes of a
metallic glass upon crystallization. Electron
spectroscopic investigations of metallic glasses
are particularly attractive since our current un-
derstanding of electronic properties of solids is
so far based on crystal periodicity. Several ex-
periments employing Auger-electron spectros-
copy (AES), x-ray photoelectron spectroscop

~, and ultraviolent photoelectron spectros-
copy (UPS) have been reported. However, since
a terations of the observed spectra due to crystal-
lization either escaped detection' or remained
within the limits of experimental uncertainty, '
the main emphasis in this work was on the change
of electronic properties of the alloy constituents
upon alloying. Moreover, in the course of this
work, it turned out that application of XPS valence-
band spectroscopy is practically limited to binary
alloys because progressive interpretation difficul-
ties are encountered as the number of alloy con-
stituents rises.

Soft-x-ray appearance-potential spectroscopy
(SXAPS)' differs from the above-mentioned meth-
ods in two respects. In contrast to AES and XPS
which probe occupied electronic states of the
sample, SXAPS measures the density of empty
electronic states. Further, SXAPS is a local
probe because it measures the density of empty

oystates in the environment of a particular allo
constituent. Since spectra of different constitu-
ents are well separated in energy, the applica-
tion of SXAPS is by no means limited to binary
alloys.

In the present work, we report SXAPS measure-
ments on the commercially available metallic
glass Co„Ni»Fe, B„S„(Vitrovac 6010). All of its
constituents are known to produce easily detect-
able appearance-potential spectra. The experi-
ment was carried out in a small ultrahigh vacuum
(UHV) system at pressures below 5 && 10 "Torr

during data acquisition. In order to avoid changes
of chemical composition in the surface layer due
to selective sputtering, the sample was cleaned
in situ mechanically with the help of a tungsten
brush. Most of the carbon contamination and all
the oxygen could be removed. Residual carbon
as monitored by SXAPS may well be a trace bulk
impurity.

The Ihe I-~» spectra of the pure elements Ni, Co,
and Fe are shown as solid dots in Figs. 1 to 3.
Energy scales are not corrected for cathode bias
and cathode work function. The prominent first
maximum is due to the M partial density of empty
states. The amplitude of the subsequent minimum
indicates the importance of the s partial density of
states as compared to the d density of states
(DOS). The lower the s DOS, the deeper this
minimum. ' The structures at 866, 790, and 720
eV in the respective spectra of Ni, Co, and Fe
are most probably satellites since they correlate
well with corresponding structures in XPS.'
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the cobalt and iron sites. The boron spectrum
after crystallization is entirely different in nature.
First of aQ, in contrast to 3d metal spectra, it
shows a large core-level shift. The shape of the
spectrum resembles closely that obtained by
Houston and Park" from a boron-contaminated
nickel surface. The similarity of the boron spec-
trum after crystallization to appearance-potential
spectra of graphite suggests the formation of bo-
ron islands on the surface during crystallization.
If we adopt the current assumption in metallurgy
that free surfaces are essentially equivalent to
grain boundaries, "we conclude that boron segre-
gation during crystallization is responsible for
embrittlement of the sample.

In conclusion, we find that application of soft-
x-ray appearance-potential spectroscopy to metal-
lic glasses reveals a lot of information on their
electronic structure not accessible by other spec-
troscopic methods.
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%'hen a counterflow supercurrent is generated in a superconducting bimetallic loop by
a thermoelectric quasiparticle current, the phase difference can only be maintained con-
stant if very large surface currents flow. %e show that this implies a magnetic flux as-
sociated with the loop of order rj~ {r is the radius of arm perpendicular to V'T and A, is
the penetration depth) greater than the simple theory suggests, and that this may be used
to measure the normal current directly.

PACS numbers: 74.30.Ek, 74.20.De

It has been suggested that a bimetallic super-
conducting loop should become threaded by ther-
moelectrieally generated magnetic flux when a
temperature difference is applied between the
junction. " The measurement of this flux would
provide a unique way of studying the transport
properties of the quasiparticles in a superconduc-
tor and thus the phenomenon is potentially of con-
siderable importance. The several measure-
ments' ' which have been made to date, however,
all appear to find fluxes which are several orders

of magnitude greater than the original proposal
suggests.

It is the purpose of this Letter to point out that
the surface currents induced in such a loop are
likely to be very large indeed and that they will
provide a flux associated with the loop which is
many orders of magnitude greater than that pre-
dicted by the simple theory. ~'

Let us first consider the usual argument for the
existence of the flux linking a loop such as that
shown in Fig. 1. Metal I. is a superconductor just
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