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Figure Captions

Layer projected paramaganetic density of states for fec iron. These have been smoothed by
a Gaussian of full width at half meximum (FWHM) of 0.3 eV. The lattice constant used
here is that of Cu, {6.83a,). The high density of states at the Fermi level makes it an jdeal
candidate to satisfy the Stoner criteria.

Layer projected density of states for Fe/Cu(001) and Cu(001) shown by solid and dashed
baes respectively. The lattice constant and the smoothing are the same as in fig. 1. Note
how the parrow Cu surface atom density of states gets broader and pushed to higher
binding energies when s monolayer of iron is deposited on it.

Layer projected spin-polarized density of states for fcc iron. The lattice constant and the
smoothing are the same as in fig. 1. The solid lines show spin up (say) deasity of states
while the dotted lines show the spin down density of states. Note that the surface spin
up (majority) states are ail occupied and also that the center layer net spin is aligned
antiferromagnetically to those of the surface and subsurface layers.

Calculated paramagnetic bands for fec iron (001) 5 layer slab. The solid and dashed lines
refer 1o + and - £ (normal to the slab) reflection symmetries respectively. The darkened
solid and dashed lines indicate states whese the surface Fe weight is more than 50%. The
even and odd symmetries in (a) and (b) refer to reflections about mirror planes through
the corresponding high symmetry directions.

Calculated spin-polarized bands for fcc iron (001) slab. (a) Even symmetry majority bands.
(b) Even symmetry minority bands. () Odd symmetry majority bands. (d) Odd symmetry
minority bands. The solid and dashed lines refer to + and - z (normal to the slab) reflection
symmetries. The darkened solid and dashed ines show states where the surface Fe weight is
more than 50%. The even and odd symmetries refer to reflections about the mirror planes
through high symmetry directions.

A comparison of the film derived bulk bands along A with those reported in Ref. 8. The

open circles denote the states at I’ calculated for our paramagaetic, 5 layer fec iron film.
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The solid line is a guide to the eye. The dashed line connects calculated states (not shown
hese) that have been strongly affected by the surface compared to a bulk calculation. The
vertical ba.:;s refer to experimental data from Ref. 8. The symmetry labels identifying the
bands are also shown.

A difference density contour plot of fec Fe(001) and fcc Cu(001). This plot has been ob-
tained by subtracting our (self-consistently) calculated fcc Cu(001) 5 layer film electron
density from our caleulated Fe/Cu(001) film electron density by aligning the surface lay-
ers. Tt should be used to compare differences in electronic density between the Cu(001)
surface and the Fe/Cu(001) surface. The contours are labeled in units of 0.01 el/aq”. The
numbers slong the vertical and borizontal sxes refer to distances in Bohr radii. The dotted
regions show aress with increased electronic density. This change helps explain the work
function increase calculated in going from 5 layers of Cu(001) to 5 layers of Fe(001) , both
paramagaetic. |

A compatison of our calculated spin-polarized bands with ARUPS data of Ref.3. The open
squares are the exp:nm.cntal data of Ref. 3. The upper panel {even symmetry) shows
two pairs of calculated minority bands in # z reflection symmetry (dotted Lines) and -
¢ reficction symmetry (chain- dashed Lnes). The Jower panel (odd symmetry) shows 4
pairs of our calculated bands, solid and dashed lines showing majority bands in + and - 2
reflection symmetries respectiv;:ly while the dotted and chain-dashed lines show mizority
bands in + and - £ reflection symmetries respectively. All the calculated bands shown here

contain at least one state with 40% or more surface Fe weight.’
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Table I. Valence Charges , Magnetic Moments and Work Functions

Layer projected valence charges and magnetic moments together with the work functions
of nonmagaetic and magnetic {cc iron 5 layers and nonmagnetic monolayer of iron on

Cu(001). The values in parentheses are for the (2%) relaxed Fe/Cu(001) system.

——————————— — e —

Fec iron(para.) | Fec iron(ferro.) Fe/Cu(001)(para.)

Valence (el) : Center 7.20 7.20 (10.32) 10.32
Next to Center 7.16 717 (10.33) 10.33
Subsurface 7.16 7.17 (10.36) 10.34

Surface 6.98 6.96 (6.87) 6.95

Spia (pg) : Center - 1.68 (1) -
Subsurface - 2.30 (1) -

Surface - 2.79 (1) -

‘Work Function (eV) :
Present Theory 5.3 5.1 (5.5) 5.6
Experiment (Refs 6,7) 54 5.0 5.5

—— e . —_—




Table II. Contact Hyperfine Fields.

Fermi contact byperfine fields in kG separated into core and valence coptributions from
various layers of the fcc iron slab. Note that the total contact field at the center layer
nucleus is significantly lower than those at the surface and subsurface. The last row gives

the ratio between the core contribution to the contact field and the respective magnetic

moment.

— 1 |

Center Subsurface Surface

Core +209 -294 -359

Valence {4s) -223 +39 +80

Total -14 -255 -279

Core Field/Momeat (kG/ug) 124 128 129
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3. LEED MEASUREMENTS OF Fe EPITAXIALLY GROWN OF Cu(100)

{(Quarterly Report April 16, 1986 = July 15, 1986)



ABSTRACT

Iron was epitaxislly grown on a Cu{100) surface., Low energy electron
diffrection (LEED) intensity versus energy curves were recorded for one
and ten layers of iren on Cu{100) at room temperature, A full dynamical
analysls was performed using the renormalized forward scattering
perturbation method, The Debye temperatures for 1 and 10 layers were
deternined from the temperature dependence of the (00) beam. The surface
Debye temperatures determined by this method were 233K 'r:r 1 ML Fe and 380
K for 10 L of Fe, The value obtained .for fee iron was 550 K, A multiple
relaxation approach was employed in analyzing the experimental data. The
estimated interlayer spacings for the first and second layers were 1,78 «

0.02 ;(first) and 1.87 + 0.02 A(second) for 1 ML Fe, and 1.81 + 0.02 A
(first) and 1.78 = 0.02;(second) for 10 layers of Fe on Cu(100). Auger
electron spectroscopy was used to determine the thicknesa of the Fe films,
and the LEED measurementa indicate approximately a layer-by-layer growth

until about i? layers at room temperature., At higher temperatures there

is evidence of iron diffusion or copper surface seggregation.





