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Interface magnetization -- Cu films on Ni (100)-
~J. Tersoff and L.M. Falicov
Materials and Molecular Research Division, Lawrence

Berkeley Laboratory and Deuartment of Physics, Unlver31ty
of California, Berkeley, California 94720

Y

Results of a self-consistent tight-binding
caiculation for one and two atomic layers of Cu on
férromagnet&c Ni (100) show a Cu-induced momeﬁt reduc-
tion of about 0.33 and 0.13 up ber atom in the first
ahd second Ni lavers, respectively. The Cu d orbitals
play almost no role. Even a single layer of Cu givés
an almost ideal (surface-insensitive) interface

behavior in the Ni, so spin-polarized interface states

should be easily observable by photoemission.

This work was supported by the Director, Office of
Energy Research, Office of Basic Energy Sciences,
Materials Sc1ences Division of the U.S. Department
of Energy under Contract Number W-7405-ENG-48.



Recently, there have been exciting advances in the

understanding of thin magnetic film systems, both experi-
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mentallg\i/and theoreticallg\é/. When a thin layer of‘
Ni is-déposited on a non-transition-metal substrate such . S
as Cu or Al, the magnetic moment per Ni atom is reduced.
Physically, it is of great interest to distinguish, as far
as possible, the effect of éhé free film surface from that
of the metal-metal interféqé. For computational feasons,
however, calculations tend to focus on ultra-thin films.
This presents two problems in interpretation. First, the
magnetic film is very thiﬁ, sSo thé surface and interface
effects cannot be separated for comparisoﬁ. Second, the
substrate itself is.treated as a thin film, which in some
cases could pose a problem. Moreover, for the Ni on Cu
system, comparisoh.with experiment must be somewhat ambiguous,
since Ni does not form smooth single lavers on Cuj; it
instead forms clumps, which should drastically alter the
magnetic behavior.
We therefore.ohose to calculate the magnetic and elec-
tronic structure of one and two monolavers ofVCu on the

(100) face of a semi-infinite ferromagnetic Ni crystal.

The results are of great interest for several reasons.
1) The svstem is realistic, since Cu does form almost ideal

layers on Ni. 2) Even for a single layer of Cu, the effect
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of the surface on the magnetic behavior of the Ni substrate
is very small. TFor two layers of Cu, the interface is
quite ideal, i.e. isolated from the surface. 3) Because

only one or two Cu layers are needed, the interface can

-be'directly prbbéd experimentally, e.g. by photoemission.

It should therefore be possible to observe interface states,
reduced local exchange splitting,efc. |

We find a reduction in the Ni magnetic moment ét the
interface of about 0.46 Mg most;y in the first laver.
This is in excellent agreement with the ekperimental results
of Bergmann v , who found thét‘depositing a Pb-Bi alloy on
a Ni film reduced the maénetic moment , apparently by ~0. U4 uB.

This reduction ié caused by changes in the shape of the

projected Ni local density of states (LDOS), and bv a

weaker local exchange interaction resulting from reduced
local d character of the statés at the Fermi energy (EP)‘ -
We find that the Cu d-band does not playv a crucial role:
These effects are discussed in more detail below.

In order to avoid problems with a thin Ni substrate,
we use a Green's function method, which has been discuséed

l J

elsewhere\@?’. It permits us to consider a semi-infinite crystal,
with an arbitrary finite number of layers treated self-
consistently, by means of a standard tigh‘t;-bindmg Hamiltonian.

For the Hamiltonian we chose the parametrized scheme

of Slater and Koste;\a/(also know as LCAO). The electron-



electron interaction was treated in the generalized single-

site model, which has been extensively discussed\a/. In

this way
H = Hy + Hep i (v
_ . + + ) ’
» Hee - Z Z qu)\K Ciuo Civo'Cirxo'Ciko ? (?)

igo!' wvik

where c;uo creates, at site i, an electron in an orbital of
symmetry u and spin o. The one-electron term Hoiis paramet-
rized in terms of one and two-center integrals, chosen so as
to give the correct paramagnetic band structure. We include
the 3d, 4s and Up levels. The interaction term Hoe is treated
in the Hartree-Fock appréximation} The ratios of the screened
iﬁteractiqn parameters quAK were qhosen from experiment |
(atomic datg\S/, solid state Auger measurements\&/, etc.)

‘and the overall magnitude was adjusted to.give the correc€\9/
bulk magnetization, 0.616 Ug- Details of the calculation

will be given elsewhere. For the Ni-Cu intersite matrix
elements, we took the geometric mean of the respective Ni-Ni
and Cu—Cﬁ matrix elements. The infersite matrix elements

for the two metals are quite similar, so this is an excelient
approximation. Wé sampled 15 wavevectors in the irreducible

eighth of the two-dimensional (square) surface Brillouin zone.
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The potential was converged in each case to 0.03 eV (2 mRy).
To test our Hamiltonian and method we first calculated

the magnetic and electronic properties'oflthe Ni bulk and

ideal (100) surface. We found excellent agreement with

results of Callaway and Wang\a/and Wang and Freemag\iﬂl.

We then performed calculations for one and two layers of

Cu on Ni (100). For the interface and adjacent lavers of

Ni, Table I gives the magnetization p; the change And in

the occupancy of the d orbitals at the site, relative to
the bulk; and Dd(EF)’ the projected d component of the LDOS

at EF for the layer. -The excellent agreement between the.

. two geometries shows that even for a monolaver of Cu, the

Ni properties are -‘a good approximation to.the ideal inter-.
face. This means that; with regard to the Ni magnetic‘be—
havior,-the "isolated" interface is éurprisingly accessible
éxperimentally. For examplé, it éhould be possible to
observe the highly localized majority-spin interface state
which splits off the top of the Ni d-band at the corner (M
of the éurface Brillouin zone. Details of interface states
wili be reported elsewhere. |

The Ni interface layer has its magnetié moment reduced
to about half the bglk Qalue. The loss of magnetic moment
due to the interface is almost entirely confined to |
the first two Ni layers. Each layer is essentially

charge néutral, and the localized magnetic moment in the. Cu

7



is négligible (<0.02 “B) even in the interface Cu layer.

There is a slight’increase in the local d occupancy
in the.Niiinterface layer, because narrowing of the Ni o “
LDOS at the interface causes the local d band to pull below
Er and beéome more full. This effect is quite modest,
however, due to fhe energy cost of transferring charge from
the‘§£ band to the d band. Charge‘transfer cannot explain
the substantial reduction in magnetization at the interface.

Part of the explanation can be seen in Figure 1, where
we show the LDOS at various layers near the iﬁterface for
two-layer Cu on Ni (100). The bulk Ni is also shown for
comparison. At the interface, theANi LDOS becomes rounded,
and in particular it loses the sharp upper band edge charac-
teristic of the ideal fcc d-band. ThiS/redﬁCeS the LDOS

at E. at the interface, as seen in Fig. 1 and Table I. For

F
a rounded band there is less tendency for the magnetization
to go to saturation (one spin-band completely full) than
in a band with a sharp edge. 1In a rigid-band.model such

as the Stoner model, for a square band the magnetization

of a ferromagnet always proceeds to saturation at T = 0.
For a band with a smooth tail, however, saturation is never
achieved. |

In addition, the states at Ep have reduced local d

character due to hybridization with the Cu conduction band
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at the interface.  The local effective exchange potential
felt by a s&ﬁe'ﬁsroughly proportidnai to its local d charac-
ter, and fhis local d character is reduced at the'iﬁterface.
:Some of the most interesting'experiﬁent;\b/;ith thin
Ni films have used free-electron-like substrates, aﬁd 50
it is important to know whether the é orbitals in Cu play
an impoftant role hefe. To examine this question we repeated
the calculation aone, but artificially‘feﬁovéd; the Cu d
orbitals from the Hamiltonian."The resulting changes were
remarkably,smail: vno'more thaﬁ O.Ou>uB for ¥, and 0.02 for
And, at any Ni site. For bﬁr purposes, the Cu d band can |
practically be regarded as‘an inert core level. This sug-
gests thaf any différénce.between results for Ni on Cu, and
on free-electron-like substrates, is due either \to the lat-
tice mismatch}for substrateé other than Cu, or more probably
to the different hybridization streﬁgth between Ni g—band
and substrate conduction-band.
| In c&gclusion, we have found that there is a significant
suppressioﬁ of local magnetic moment at the Ni-Cu (100)
interface. There is no éppreciableApenetration of the
magnetization into the Cu. Rathér, the Ni magnetization
is reduced by 0.u46 Mg, most of this in.the interface layer.
We éttribute this reduction to the change in the shape of |
the Ni LDOS at Fhe interface, and the consequent reduction
in the LDOS at Ers apd to hybridizatioh with the Cu conduc-

tion band, which reduces the d character of the states at Er.



For the Cu-film on Ni'geometry, a single layer of Cu gives
a good intérface, so the Ni interface behavior is sur-
prisingly accessible to experiments such as photoemission.
Since the Cu d-band pléyé almost no role here,'our resulfs vv
shoﬁld apply equally to_freg-electron—like metals, exceptv

that the degree.of hybridization betwgen the Ni d band and

sp-metal conduction band should vary from metal to metal.

This work was supported by the Director, Office of Energy
Research, Office of Basic Energy Sciences, Materials Sciences
Division of the U.S. Departmént of Energy under Contract

Number W-7405-ENG-48.
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TABLE I

Properties of Ni layers at Ni-Cu (100) interface --
magnetic moment, d-band filling and d LDOS at Eg.

o

ulup) any D4 (Ep) (eV™h) N

Cu 1-Ni

I 0.30 0.09 1.33

I-1 0.50 0.00 1.61

I-2 0.60 0.00 1.63
Cu 2-Ni

I 0.28 0.08 1.29

I-1 0.49 0.00 1.62

I-2 0.60 0.00 1.62
Ni bulk 0.62 0 | 1.60

The Ni interface laver is denoted by I.

b
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FIGURE CAPTION

Figurell Projected d component of LDOS at interface (I)
and neighboring (I-1) layers of Ni-Cu (100) interface,r
from calculation for two layers Cu on Ni (100).  The Ni
bulk is shown for comparison. Solid line--minority spin;

dashed line--majority spin.
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