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Growth mode and magnetic behavior of thin Fe films on Cu3Au(001) studied by low-energy
electron difFraction and spin-resolved electron spectroscoyies
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The structure and magnetic behavior of ultrathin Fe films on Cu3Au(001) have been examined.

By low-energy electron diffraction (LEED) and Auger measurements it is shown that films up to a
thickness of 7 monolayers (ML) deposited at room temperature grow pseudomorphically as face-
centered-cubic Fe(001) with the Cu3Au lattice parameter of 3.75 A parallel to the surface. The films

grow layer by layer. The magnetism of the fcc Fe films has been investigated by spin-polarized
secondary-electron spectroscopy as a function of film thickness. The spin-polarization component
parallel to the film plane is zero for films thinner than 3.6 ML. The nonzero spin polarization for
films thicker than 3.6 ML indicates the existence of remanent magnetization parallel to the surface
at room temperature. Spin-resolved photoelectron spectroscopy with synchrotron radiation has
been used to study the electronic and magnetic structure of the films. The high spin polarization
P& 50% of the photoelectrons clearly demonstrates the ferromagnetism of y-Fe with a lattice con-

0
stant of 3.75 A. The spin-resolved energy distribution curves (SREDC's) may be understood ac-
cording to the spin-resolved band-structure calculations of Bagayoko and Callaway [Phys. Rev. B
28, 5419 (1983)]. The results indicate that in contrast to a-Fe, y-Fe with a lattice parameter of 3.75
0
A is a strong ferromagnet.

I. INTRODUCTION AND MOTIVATION

At room temperature, the stable structure of Fe is the
body-centered-cubic a-Fe structure, while above 1183 K
face-centered-cubic y-Fe becomes the stable state. ' The
magnetic properties of a-Fe have been investigated
thoroughly and are relatively well understood. In con-
trast, experimental results on the magnetism of y-Fe are
contradictory. To investigate the magnetic behavior of
y-Fe it is necessary to stabilize this structure at tempera-
tures below the critical temperature for the structural
phase transition in Fe. Above this temperature y-Fe is
paramagnetic with a negative Curie temperature. It has
been shown that the fcc structure may be stabilized in
small Fe precipitates in a Cu matrix at low temperatures
and in Fe films on Cu surfaces. While y-Fe precipi-
tates are found to be antiferromagnetic with a Neel
temperature of 67 K which decreases with particle size,
the present results on y-Fe films on Cu are not definite.
Ferromagnetism at room temperature' ' as well as
paramagnetism at room temperature and a phase transi-
tion to antiferromagnetic behavior at low tempera-
ture' ' was reported for y-Fe on different Cu surfaces.
In photoemission and surface magneto-optical Kerr-effect
experiments an easy axis of magnetization perpendicular
to the film plane for films thinner than 6 monolayers
(ML) was found, ' ' turning into the plane for thicker
films. ' Evidence for a strong dependence of the magnet-
ic behavior on the growth conditions, especially the sam-
ple temperature during evaporation, was reported in ex-
perimental and theoretical work. '

Calculations of Fu and Freeman for two fcc Fe layers
on Cu(001) predicted ferromagnetic coupling between

these layers and between the Fe atoms within one layer,
and an enhanced Fe moment of 2.85pz at the surface. A
strong dependence of the magnetic moment of y-Fe on
the lattice constant has been predicted. ' Based on
various experimental results about the behavior of the
electrical resistance, thermodynamic and volumetric
properties as functions of temperature and pressure,
Weiss and co-workers postulated different magnetic
phases at different lattice parameters. ' The existence
of these magnetic phases is supported by self-consistent
spin-polarized band-structure calculations by different au-
thors. Some of these calculations show that there
may be a range of coexistence of different phases for fcc
Fe. The theoretical considerations on the lattice-
parameter dependence of magnetism in fcc Fe are sup-
ported by experimental investigations of Isbert and Grad-
mann on the magnetic moment of y-Fe(110) on Cu-Au
alloys as a function of lattice parameter, which was found
to be similar to that predicted by Andersen et al.
These results may explain the different behavior of y-Fe
precipitates and y-Fe films on Cu by a difference in the
lattice constant of the Fe. y-Fe precipitates with a lattice
parameter of 3.57 A are clearly in the antiferromagnetic
region. y-Fe films epitaxially grown on a Cu surface ex-
hibit an expanded lattice constant of 3.61 A correspond-
ing to that of the Cu matrix. This lattice parameter be-
longs to the critical region near the phase transition from
the antiferromagnetic state to the low-spin ferromagnetic
state. Therefore for Fe on Cu the results of investigations
into the magnetic properties may strongly depend on de-
tails of the film preparation, as suggested by the experi-
mental results. ' Furthermore, the magnetic properties
of thin films may be determined by magnetic anisotropies
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which depend on temperature and film thickness, as well

as by lattice distortions and defects induced by the inter-
face.

The aim of the experiments presented here was to in-
vestigate the magnetic properties of fcc Fe with a lattice
constant which clearly lies in the high-moment region as
a function of film thickness. Furthermore, the electronic
structure of these films should be investigated and com-
pared to theoretical predictions on the spin-split band
structure of fcc Fe with increased lattice constant. As a
substrate for the films we chose Cu3Au with a lattice con-

0
stant of 3.75 A. Recently pseudomorphical growth of
Fe on Cu&Au(001) has been reported for the first time. '

In these experiments pseudomorphical growth was only
found for film thicknesses up to 3 ML, while we were able
to grow pseudomorphical Fe films on Cu3Au(001) with
thicknesses up to 7 ML. Therefore we will first present
our investigation on the growth of Fe onto the Cu3Au
substrate and then show our results on the magnetic and
electronic structure.

II. SAMPLE PREPARATION
AND STRUCTURAL ANALYSIS

Our samples were prepared in an ultrahigh vacuum
(UHV) chamber with a base pressure of 6X10 "mbar.
The Fe films were deposited by electron-beam evapora-
tion at 4X10 mbar with evaporation rates of 0.2
A/min and the substrate at room temperature during
evaporation. Before evaporation, the Cu&Au(001) crystal
was cleaned by Ne-ion bombardment, heating to a tem-
perature of 500'C and annealing. The cleanliness of the
crystal was monitored by Auger electron spectroscopy,
the surface order by low-energy electron diffraction
(LEED). The deposition rate was checked by a quartz os-
cillator. To determine the structure of the Fe films de-
posited onto the Cu3Au, lattice constants parallel and
normal to the surface have been measured.

Lattice parameters parallel to the surface were deter-
mined by analyzing LEED patterns. Figure 1(a) shows
the LEED pattern of a clean and ordered Cu3Au crystal
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FIG. 1. (a) LEED pattern at 70 eV of a clean and ordered Cu3Au{001) surface; the four (11) spots are evident. The spots between

the (11) spots are due to the superstructure of the ordered alloy. (b) LEED pattern at 70 eV of a clean Cu3Au surface at T )390 C:
the superstructure spots have vanished. (c) LEED pattern at 70 eV after deposition of 5 ML of Fe: the (11) spots remained at the

same position as for Cu3Au. (d) LEED pattern at 55 eV after deposition of 250 ML of Fe: the four (10) spots are evident. The lattice
0

parameter is 2.85 A.
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at an energy of 70 eV. The pattern consists of eight
spots. The four outermost spots are the (11) spots, the
others are due to the superstructure of the ordered alloy.
They vanished by heating the sample to a temperature
above the critical temperature of 390'C for the order-
disorder transition of the alloy. ' The corresponding
LEED pattern is shown in Fig. 1(b). After Fe deposition
of 1 ML, the superstructure spots vanished. At the same
energy the (11) spots remained at the same positions as
for the Cu&Au matrix, indicating pseudomorphic growth
with the same lattice constant of 3.75 A parallel to the
surface. This is shown in Fig. 1(c). As for the CusAu,
maximal intensity of the LEED spots was found at 70 eV.
Fe films of 250 ML thickness and more showed maximal
intensity of the LEED spots at 55 eV instead of 70 eV.
This indicates that the structure of these thick films is
different from the structure of the films up to 7 ML. The
LEED pattern of a 250-ML film at 55 eV is shown in Fig.
1(d). For thick films the spots are interpreted as the (10)
spots of the bcc Fe lattice. The lattice constant parallel
to the surface calculated from the spot positions is 2.85
A.
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Lattice parameters normal to the surface were ob-
tained by taking the intensity versus voltage dependence
of the (00) LEED beam for Cu&Au, Fe films on Cu~Au of
various thicknesses and for bcc Fe. The experiments
were performed with an polar angle 8 of 10' relative to
the surface normal and an azimuthal angle of 45' relative
to the [100]direction of the CusAu substrate. The energy
positions E„ofthe intensity maxima are given ' for
normal incidence

2
2
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Eo is the inner potential and n an index for the intensity
maximum considered. From the measured energy posi-
tions E„,the lattice constant a perpendicular to the sur-
face can be calculated. For fcc Fe films on CusAu(001)
growri with the expanded lattice constant of the Cu&Au
(Ref. 30) we expect a lattice constant of about 3.75 A per-
pendicular to the surface, which might be contracted due
to the expansion of the lattice parameter parallel to the
surface induced by the lattice mismatch between Cu&Au
and y-Fe. In contrast, bcc Fe films grown on the Cu&Au
matrix with a contracted lattice constant of 3.75/&2 A
and the (001) direction in the film plane rotated by 45' to
the (001) direction of the Cu&Au would exhibit a lattice
parameter probably expanded compared to that of the
bcc Fe of 2.87 A (Ref. 30) perpendicular to the surface
due to the compressive stress in plane induced by the lat-
tice mismatch. The I(V) curves for the LEED (00) beam
of the Cu&Au(001) and Fe films of different thicknesses
grown on this substrate are shown in Fig. 2. They agree
well with the curves given by Lu et al. ' Figure 3 gives
the evaluation of these plots for Cu&Au, a 5-ML film and
a 250-ML film. The results for all films from 1 ML thick-
ness to 7 ML thickness are the same as for the 5-ML film.
Indices n were given to each intensity maximum and its
energy position E„wasplotted as a function of n . The

) I & I

200 000 600

Primary Energy {eV}

I

800

FIG. 2. Intensity vs voltage dependence of the LEED (00)

beam for Cu&Au and Fe films of various thicknesses taken with

a polar angle of incidence of 10' and an azimuthal angle of in-

cidence of 45' relative to the [100]direction of the substrate: the
0

thin-Fe films have a lattice parameter of 3.75 A normal to the

surface, which is close to the value for Cu&Au. The 250-ML
0

film exhibits a lattice constant of 2.91 A normal to the surface,
indicating bcc structure.
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FIG. 3. Energy position E„ofthe intensity maxima versus an
index n: the lattice constant normal to the surface can be ob-
tained from the slope of the curve.

indices were chosen in such a way that the deviations of
the resulting points from a straight line were minimized.
From the slope of the curve, the lattice constant normal
to the surface can be calculated, as can easily be seen,
from the formula given above. For Cu&Au a lattice con-
stant of 3.76 A and an inner potential of —11.4 eV was
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FIG. 4. Normalized Auger intensities as a function of film
thickness for the 46-eV Fe Auger line.

Seah. The Auger intensities were normalized to the
sum of all three Auger amplitudes according to Ref. 34.
The mean-free-path D was given by Gradmann to be 3
ML for the fcc Fe(111) surface. Figure 4 shows the nor-
malized Auger signal of the Fe as a function of deposition
time at a constant rate of deposition. The curve exhibits
the exponential form expected for layer-by-layer growth.
For each layer, the curve may be approximated by a
straight line. For layer by layer growth, the ratio of gra-
dients of adjacent lines should be a constant which is,
indeed, observed within the error limits. After the depo-
sition of 1 ML of Fe onto the Cu3Au the superstructure
spots vanished. This rapid attenuation of the superstruc-
ture spots might be due to the occurrence of some inter-
mixing at the interface for the first monolayer, as was
also found by Chambers et al. Furthermore, the pho-
toemission spectra, which will be discussed in detail later,
indicate some amount of Au segregation but no Cu segre-
gation in agreement with the Auger spectra.

The fact that our samples grew pseudomorphically up
to 7 ML, while Lu et al. ' did not find pseudomorphical
growth for films thicker than 3 ML, may be explained by
the different conditions during evaporation, for example,
the different evaporation rates. Gradmann et al. ' have
shown that the growth mode of Fe onto Cu(111) depends
strongly on the deposition rate and temperature. Fur-
thermore, also for Fe/Cu different authors reported
difFerent thicknesses up to which they found pseu-
domorphical growth. ' ' This suggests a strong depen-
dence of the growth mode on the experimental condi-
tions. These reasons may also be true for Fe/Cu3Au.

III. MAGNETIZATION AS A FUNCTION
OF FILM THICKNESS

To test for ferromagnetism, spin-reso1ved electron-
energy-loss experiments have been carried out. The spin
polarization is defined as

N (E) N(E)—
N'(E)+N'(E) '

where N(E) is the number of electrons at an electron en-
ergy E, and 1($) refers to electrons with magnetic mo-
ments parallel (antiparallel) to the magnetization direc-

obtained from the data. The lattice parameter normal to
the surface for the Fe films with thicknesses between 1

and 7 ML calculated from the I(V) curves are 3.75 A.
For 250- and 450-ML-thick films a lattice constant of

0
2.91 A is obtained. The inner potentials obtained from
these data are —8.7 eV for the thin fcc Fe films and—5.5 eV for the thick bcc Fe films.

For the clean Cu3Au(001) surface we measure a lattice
0

constant of 3.76 A parallel and perpendicular to the sur-
face. This agrees within the experimental error of
+0.04 A with the literature value of 3.75 A. For thin Fe
films up to 7 ML thickness, the lattice constants parallel
and normal to the (001) surface are 3.76 and 3.75 A, re-
spectively. The lattice constant of the Fe film perpendic-
ular to the film plane is slightly smaller than that of the
Cu3Au substrate, as can already be seen from the steeper
slope of the curve for 5 ML of Fe in Fig. 3. A decrease of
the perpendicular lattice parameter would be expected
for fcc Fe on Cu3Au due to the stress induced by the
mismatch of about 4%%uo between the CuiAu(001) and the
fcc Fe(001) lattice constants, which tends to stretch the
Fe lattice constant in the film plane. A tetragonal distor-
tion of the unit cell due to lattice mismatch was also re-
ported for Fe on Cu(001). " It is possible that the
difference between the lattice parameters parallel and
perpendicular to the surface is even bigger than suggested
by the experimental values because the errors quoted here
are purely experimental. They do not take into account
the limits of the kinematical model used to determine the
perpendicular lattice constant for low-energy electrons.
We conclude that these Fe films grow epitaxially and
pseudomorphically as fcc Fe(001) onto the Cu3Au(001)
surface with the Cu3Au lattice constant parallel, and a
probably slightly smaller lattice constant perpendicular
to the film plane.

Above a thickness of 10 ML of Fe on Cu~Au(001) the
LEED pattern became worse and vanished at about 20
ML. With increasing film thickness a LEED pattern
developed again. At about 100 ML it consisted of very
broad spots which became sharper with increasing thick-
ness of the overlayer.

The results for 250- and 450-ML films of Fe on Cu3Au
0

are consistent with the value of 2.87 A expected for bcc
Fe. The measured lattice constants are 2.91 A perpendic-
ular and 2.85 A parallel to the surface. The difference
suggests a slight perpendicular uniaxial strain. This
means that films thicker than 250 ML grow in body-
centered-cubic structure onto the Cu&Au(001) with a per-
pendicular spacing between the planes which might be
stretched due to the misfit of nearly 8%%uo between the lat-
tice of the substrate and that of bcc Fe leading to a
compressive stress in the film plane.

The growth mode of the films was determined by
Auger-electron spectroscopy. The low-energy Auger
lines of Fe at 47 eV, Cu at 60 eV, and of Au at 67 eV
were taken as a function of deposition time at constant
deposition rate. For island free growth the Auger signal
of the deposit should increase as 1 —exp( d/D) and the-
Auger signal of the substrate should decrease as
exp( —d/D). ' Here d is the film thickness and D is
the mean free path of the Auger electrons as described by
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tion. Electrons of 400-eV primary energy from a com-
mercial electron gun were inelastically scattered at the
surface of the specimen. For the scattering experiments
the angle of incidence was 32.5' to the surface normal,
and the angle of the scattered electrons was 42.5'. To
magnetize the specimen along the [110]direction a r:ag-
netic field of about 840 Oersted was applied to the target
by running a current pulse of 200 A through a magneti-
zation coil which was mounted underneath the sample.
The direction of the magnetization was reversed periodi-
cally and spectra for both magnetization directions were
taken alternatively to determine the apparatus asym-
metry.

As a probe for long-range ferromagnetic order, secon-
dary electrons of E=47 eV kinetic energy were selected
by the electron energy analyzer. The spin polarization of
these electrons was measured with the help of a Mott
detector. Secondary electrons from a ferromagnet have
been shown to be spin polarized. At E=47 eV the spin
polarization is slightly enhanced due to the superposition
of the spin-polarized MVV Auger electrons. The spin
polarization was measured as a function of film thickness
to detect at which film thickness spin polarization sets in.

The measured spin polarization as a function of film
thickness is shown in Fig. 5. Spin polarization is first
detected at a thickness of 3.6 monolayers, reaching a
value of about 9% at 5.3 monolayers. The data show
that there exists remanent in-plane magnetization for fcc
Fe films on Cu3Au(001) thicker than 3.6 ML at room
temperature. For thinner films no magnetic in-plane
remanence is found. This does not mean necessarily that
films thinner than 3.6 ML are not ferromagnetic. It is
known that for ultrathin films the Curie temperature and
the magnetic anisotropies may strongly depend on the
film thickness. For samples of 1 ML of bcc Fe(110) on
W(110) a Curie teinperature of 210 K was found by
conversion electron Mossbauer spectroscopy, while 1 ML
of Co on Cu(001) was found to be ferromagnetic up to
400 K by spin-polarized photoemission. In both cases
the Curie temperature is strongly reduced compared to
the bulk value. A large reduction is also found for
Co(111) and Ni4sFe, 2(111) on Cu(111) by torsion magne-
tometry. ' Also for y-Fe films on Cu(001) a Curie tem-
perature below room temperature was found for films
thinner than 5 ML. ' Therefore it cannot be excluded
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FIG. 5. Spin polarization of the 46-eV Fe Auger electrons as
a function of film thickness: remanent magnetization parallel to
the surface exists for films thicker than 3.6 ML.

that the Curie temperature of fcc Fe films on Cu3Au(001)
thinner than 3.6 ML is below room temperature. Furth-
ermore, a magnetic anisotropy perpendicular to the film
plane as was found for y-Fe on Cu(001) (Ref. 17) could
also lead to zero spin polarization in the film plane. As
the spectrometer only permits the measurement of the
spin-polarization components parallel to the surface, per-
pendicular spin polarization was not investigated. A
strong dependence of magnetic anisotropies on the film
thickness has been found in many cases. ' ' In our ex-
periments the onset of spin polarization parallel to the
surface appears at about the same thickness where it was
found for bcc Fe(001) on Ag(001) by Jonker et al. For
bcc Fe(001) on Ag(001) at room temperature N. C. Koon
et al. showed by conversion electron Mossbauer mea-
surements that films of 1 and 2.4 ML thickness are
remanently magnetized perpendicular to the surface,
while for a film of 5.5 ML thickness the remanent magne-
tization lies in the film plane. Also for the system studied
here, fcc FejCu3Au(001), strong magnetic anisotropies
leading to a remanent magnetization normal to the sur-
face might exist for films thinner than 3.6 ML. The re-
sults suggest that for y-Fe on Cu3Au(001) the easy axis
turns into the film plane at lower coverages than for y-Fe
on Cu(001), where Pescia et al. ' reported a perpendicu-
lar easy axis also for 5 ML. The existence of nonzero
spin polarization in the film plane at room temperature
for films thicker than 3.6 ML agrees with the measure-
ments of Isbert and Gradmann on fcc Fe on
Cu3Au(111), who detected ferromagnetism with high
magnetic moment for lattice constants bigger than 3.65
A. The measurements support the prediction that fcc Fe
with the lattice constant of Cu3Au is ferromagnetic.

IV. SPIN-POLARIZED PHOTOEMISSION
STUDY OF THE ELECTRONIC STRUCTURE

In Fig. 6 we present spin-integrated EDC's for clean
Cu3Au(001) and for various fcc Fe films on Cu3Au(001) of
different thickness taken at photon energies of 30 and 45
eV for normal emission. For normal emission the
features in the spectra correspond to initial states in the
I'X direction of the band structure. For normal emission
with s-polarized light, only states with 65 symmetry are
observed in the spectrum if no spin-orbit coupling ex-
ists. With spin-orbit interaction, 52 and 62 states are
mixed into 65 and the resulting bands are labeled 67.
The photoemission spectra show two groups of peaks:
the peaks above 4 eV binding energy are predominantly
copperlike with some gold character due to hybridiza-
tion, while those below 5 eV binding energy are mostly
goldlike.

Fig. 6(a) shows the spin-integrated energy distribution
curves taken at a photon energy of 30 eV. The Cu3Au
spectrum consists of four peaks at binding energies of 3.3,
4.8, 6.0, and 6.8 eV. The peak at 3.3 eV is split and
shows two shoulders at 2.3 and 3.5 eV binding energy.
These peaks are due to emission from the two spin-orbit
split bands with 67 symmetry near I 7 and X around

3.3 eV below Ez. The shoulder is due to emission from
the h7 symmetry band from I + to X near 2 eV below
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FIG. 6. Spin-integrated energy distribution curves for nor-
mal emission with s-polarized light from clean Cu3Au(001) and
fcc Fe films on Cu3Au(001) of different thickness for photon en-
ergies of (a) 30 and (b) 45 eV.

Ez. Also the energy positions of the three peaks at
higher binding energies correspond to emission from
bands with 67 symmetry, those at 4.8 and 6 eV binding

energy describe the emission from the spin-orbit split
bands between I + and X +, while that at 6.8 eV below

E~ describes emission from the band I to X7. Com-
7

parison of the spectrum with experimental data at 32 eV
photon energy by Wang et al. shows good agreement be-
tween the peak positions for normal emission. For 45 eV
photon energy the spectra are shown in Fig. 6(b). The
peak at 2.3 eV binding energy and the features between 5
and 7 eV binding energy are dominant in agreement with
the results by Wang et a/. In contrast to their spectra
at 44 eV, the different features are much better resolved
in our spectrum. The dominant peak is due to emission
from the band of 67 symmetry near the I point 2.5 eV
below Ez and near X7 2.3 eV below Ez, all the other peak
positions are the same as for 30 eV photon energy.

With increasing film thickness of fcc Fe on the
Cu3Au(001), two peaks appear which are due to photo-
emission from the Fe overlayer. The peak which grows
strongly near the Fermi level at a binding energy of 1 eV
is due to emission from the d bands near I 25, X2, I &2, and
X5. The peak at 2.5 eV binding energy in the spectrum
for 7.2 ML of fcc Fe on Cu3Au is due to emission from
the majority spin band I z& of the spin-split band struc-
ture of the ferromagnetic fcc Fe. Furthermore, we detect
strong changes in the Cu3Au valence-band emission with
Fe coverages as small as 0.1 ML. These Fe coverages do
not change the LEED pattern which means that the sur-
face symmetry remains the same. The observed
differences in the spectra may be explained by adsorbate-
induced changes in the surface potential or by surface re-
laxation, which can strongly inhuence the surface elec-
tronic structure. With increasing Fe thickness the emis-
sion from Cu 31 derived states (2—4 eV) decreases faster
than the Au Sd-related emission (4—7 eV). This effect can
be seen very well in the series of spectra taken at a pho-
ton energy of 30 eV. At this photon energy the Au Sd
emission peaks are much smaller than the Cu 3d emission
peaks in the spectrum of the clean Cu3Au. After deposi-
tion of 7.2 ML of Fe onto the surface, the Cu emission
has almost vanished, while the Au emission is still clearly
seen. This observation may indicate that even at room
temperature a limited amount of surface segregation of
Au atoms occurs.

Figure 7 shows spin-resolved energy distribution
curves for 5.4 ML of fcc Fe on Cu3Au(001) for normal
emission and different photon energies. The spectra for
majority spins are plotted with solid lines, and those for
minority spins with dashed lines. It can clearly be seen
that 5.4 ML of fcc-Fe on Cu3Au(001) are ferromagnetic,
as the energy distribution curves are different for majori-
ty and minority spins. In addition to this we observe a
spin polarization of more than 50% for fcc Fe films
thicker than 4.5 ML. For normal emission from the (001)
surface k~~=0 and k is found along I X in the Brillouin
zone. Therefore one has to compare the peak positions in
the photoemission spectrum with the band structure of
fcc Fe along I"L, which has been calculated for a lattice
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due to the limited angle resolution of the spectrometer.
The shoulder at the low-energy side of this peak at 0.4 eV
binding energy describes the emission from initial states
at Xst. The binding energy of these states has been calcu-
lated to be 0.2 eV. The existence of this peak in the
photoemission spectrum means that the top of the fcc Fe
d bands, which is found at X5, lies below the Fermi level.
We conclude that in contrast to a-Fe, y-Fe is a strong
ferromag net.

The minority spin channel exhibits one peak at a bind-
ing energy of 0.5 eV for a photon energy of 30 eV. Also
this peak, which is due to emission from I 25, shifts slight-
ly to higher binding energy with increasing photon ener-
gy. At 60 eV photon energy it is found 0.7 eV below EF.
Like the majority spin emission peak from I'zs, also this
peak becomes broader with increasing photon energy.
The peak position is shifted by about 0.5 eV to higher
binding energy compared to the calculated band struc-
ture, where it appears near EF. The experimentally
determined exchange splitting of the d bands near I zs is
2.2 eV in the spectra, in good agreement with theoretical
predictions.

4, 2 O=EF 4 2 O=EF

Energy below EF ( eV)

FIG. 7. Spin-resolved energy distribution curves for normal
emission from 5.4 eV of fcc Fe on Cu3Au(001) for different pho-
ton energies.

constant of 7.0 a.u. by Bagayoko et al. The majority
spin energy distribution curve for 5.4 ML of fcc Fe on
Cu3Au exhibits three emission features. The peak at a
binding energy of 2.6 eV is due to emission from I 25.
With increasing photon energy this peak becomes
broader. It shifts slightly from a binding energy of 2.6 eV
at a photon energy of 30 eV to a binding energy of 2.8 eV
at a photon energy of 60 eV and more. The energy posi-
tion of this peak has been calculated to be 2.3 eV below
the Fermi level for a lattice constant of 3.7 A by
Bagayoko et al. Furthermore, the intensity of this
peak relative to the second peak at a binding energy of
0.9 eV increases up to a photon energy of 60 eV and de-
creases again. The second peak 0.9 eV below E„is due to
emission from the band between I &2 and X2. The bind-

in~ energy calculated by Bagayoko et al. is 1.3 eV near
I &2 and 0.5 eV near Xz. For normal emission and s-
polarized light it should not be found in the spectrum, ac-
cording to photoemission selection rules. It appears to be

V. CONCLUSION

In conclusion, we have shown by LEED and Auger
electron spectroscopy that ultrathin Fe films on
Cu3Au(001) grow epitaxially as fcc Fe with a lattice con-
stant of 3.75 A up to a thickness of 7 ML. We do not ex-
clude a slight tetragonal distortion of the unit cell due to
the stress induced in plane by the lattice mismatch of fcc
Fe compared to Cu3Au. Films thicker than 250 ML
grow as body-centered-cubic Fe with a lattice constant of

0
~ ~ 0

2.91 A perpendicular and a lattice constant of 2.85 A
parallel to the surface. fcc Fe films with a lattice con-
stant of 3.75 A and thicker than 3.6 ML are ferromagnet-
ic with the easy axis of magnetization in the film plane at
room temperature, indicated by spin polarization of
secondary electrons. This is supported by the observa-
tion of highly polarized (P &50%) photoelectrons emit-
ted by the films. The photoemission peaks obtained for
normal emission with s-polarized light from the (001) sur-
face are shifted by about 0.4 eV to higher binding energy,
compared to band-structure calculations on face-
centered-cubic Fe with an expanded lattice constant of
7.0 a.u. performed by Bagayoko et al. The measured
exchange splitting of 2.2 eV at I 25 agrees well with the
value predicted by Bagayoko et al. Our results indicate
that y-Fe is a strong ferromagnet.
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