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Angle-resolved photoelectron spectroscopy is used to determine the electronic structure and magnetic ex-
change splitting of an ordered nickel monolayer on Cu(100).

Recent interest in the magnetic properties of surfaces and
interfaces may be attributed to several related factors. '

Two primary factors have been the development of new ex-
perimental techniques, capable of providing definitive infor-
mation about electronic and magnetic properties of surfaces,
and the advancement of computational techniques which
now yield accurate and physically meaningful results based
on first-principles calculations. The highly successful use of
angle-resolved photoemission spectroscopy to determine the
bulk electronic properties of ferromagnetic metals has led
to corresponding experiments aimed at probing magnetic
surface states at transition-metal surfaces. ~ The experi-
ments have continued to verify the remarkable achieve-
ments of self-consistent calculations in providing accurate
energy bands for both bulk ' and surface electronic
states" " in transition-metal ferromagnets. More recent in-
terest has focused on the properties of freestanding Ni
films, ' ' Ni layers' on nonmagnetic surfaces, and on in-
terfaces incorporating various magnetic materials. The sub-
stantial success of these coordinated experimental and
theoretical studies in advancing our understanding of the
electronic and magnetic properties of homogeneous materi-
als provides a strong indication that surface and interface
magnetism in the layered systems can also be successfully
studied.

Several recent first-principles calculations have predicted
the electronic and magnetic properties of ordered Ni films
on a Cu(100) surface. '8 20 These calculations address issues
related to conflicting experimental results concerning mag-
netically inactive layers. Magnetically inactive layers have
been reported to exist for less than two layers of Ni deposit-
ed on Cu based on susceptability measurements. ' Hall-
effect measurements seem to confirm the existence of the
inactive layers, but electron-capture spectroscopy measure-
ments and spin-polarized photoemission measurements
predict that even a single monolayer of Ni on Cu is not
magnetically inactive. Relevant calculations' all predict a
decrease in magnetic moment of a Ni mon olayer on
Cu(100) (it is reduced by about 40'/o from the theoretical

bulk value) but do not predict a magnetically inactive layer.
There have not been any direct experimental tests (i.e., by
photoemission) of the theoretical predictions for the
Ni/Cu(100) system to date, and questions pertaining to the
accuracy of the calculations as well as the existence of inac-
tive layers in the p(1 && 1) Ni/Cu system remain unresolved.

This paper presents the first direct measurements of the
two-dimensional electronic structure and magnetic exchange
splitting of a p(1 x 1) monolayer of Ni atoms on Cu(100).
These new results show that the calculated electronic struc-
ture of the Ni/Cu(100) system is substantially correct, and
that the predicted exchange splitting of 0.3 eV is correct
within experimental error. The results imply (but do not
prove) that there is not a magnetically inactive layer at the
Ni/Cu(100) interface or for a monolayer of Ni atoms on
Cu(100) in agreement with the calculations.

Our experiments were performed using synchrotron radia-
tion from the Tantalus storage ring in Stoughton, Wiscon-
sin. The 1-m stainless steel Seya-Namioka monochromator
was used to disperse the light, and an angle-resolving pho-
toelectron spectrometer, described previously, was used to
obtain photoemission spectra. Energy resolution (combined
monochromator and analyzer) was better than 100 meV at
all energies, as judged by the Fermi edge, and angular reso-
lution was fixed at +1.2'.

The Cu(100) crystal was spark cut and aligned to + 1' ac-
curacy using standard x-ray Laue methods, and cleaned in
situ by Ne sputtering and annealing. Crystal order was
checked using low-energy electron diffraction (LEED), and
surface contamination was monitored using Auger electron
spectroscopy (AES). Nickel was deposited on the clean Cu
surface by evaporation from a resistively heated tungsten fi-
lament. The filament electrodes and evaporation chamber
were water cooled to maintain low pressures (10 ' Torr)
during vapor deposition.

Previous experimental work has shown that good
quality epitaxial films of Ni can be grown on Cu substrates,
and has established the upper temperature limit required to
avoid interdiffusion at the interface ( & 240'C). For Ni
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