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a b s t r a c t

The augmented space formalism (ASF) coupled with recursion method and a tight binding linear muffin-
tin orbital basis has been applied to study the layerwise electronic and magnetic properties of (0 0 1)
interfaces of body-centered cubic Fe/Ag and face centered cubic Co/Ag, Fe/Cu and Co/Cu. Three different
thickness of interfaces are considered: mono, two and three layers of transition metals with metal
substrates. Layers of an interface are considered disordered alloys with different degree of disordered-
ness due to interdiffusion of transition metal layer atoms and substrate atoms during growth process. We
show that ASF is applicable to sharp interface also. Result of three layers of transition metal rough in-
terface agrees well with available experimental result.
1. Introduction

Growth of low dimensional magnetic atoms on metal substrates
is important for magnetic recording and sensor applications [1]. This
is because of their suitable magnetic properties at the surface and at
interfaces. There is a significant change in the electronic and mag-
netic properties at a surface or interface due to reduced coordination,
weak hybridization and roughness. Fe/Ag and Fe/Cu can be grown
with flat interface [2,3] because Fe and Ag as well as Fe and Cu are
immiscible at equilibrium [4,3]. This reduces the intermixing and
favors the growth with very sharp interfaces. But when the target to
substrate distance is small, there are chances of intermixing [3],
which decreases with the increase in target to substrate distance. But
for small Fe concentration, Fe atoms are found to be dispersed in
face-centered cubic Ag and it is difficult to distinguish them [1].
Growth of Fe on Ag follows the Stranski–Krastanov growth mode [5]
with layer-by-layer growth for the first three layers and then island
growth. When Fe is deposited on Ag layer using molecular beam
epitaxy (MBE), abrupt interfaces are obtained [6]. The solubility of
magnetic atoms is very small in host metals [7]. There is segregation
of metals in order to lower the surface energy [8,9] due to the
difference in their surface energy [10]. The dispersion of magnetic
nanoparticles (Fe and Co) in a non-magnetic metallic matrix (Cu and
,

Ag) is also observed [11]. These experimental findings show that
there is high probability of interdiffusion of atoms at the interface.
Interdiffusion of magnetic atoms of deposited layers and substrate
atoms makes an interface a random binary alloy or a rough system.
Because of immiscibility in some cases nearly flat interface may also
formed. Therefore the objective of the present work is to treat the
interface as rough to explain experimental results. We have also
considered sharp interfaces to compare our calculation with other
theoretical results.

The augmented space formalism (ASF) [12,13] was proposed
originally for the study of random binary alloys [14,15] and dealt
effectively with inhomogeneous randomness and extensive con-
figuration fluctuations where mean-field approaches like the co-
herent potential approximation (CPA) were unable to accurately
tackle. The ASF was extended to the study of rough surfaces [16]
and interfaces [17,18] also. Very recently it was shown that ASF
can effectively deal with nearly smooth surfaces [16] as well.

The present work focuses on the application of ASF to the study
of electronic and magnetic properties of rough and sharp inter-
faces. Since the amount of interdiffusion of two types of atoms is
different at different layers at the interface, therefore it is im-
perative to treat varying degree of randomness at different layers.
In its first application to interface, ASF was applied to only one
layer of Fe on Ag/Cu substrate with 5% and 10% interdiffusion
[17,18]. As discussed earlier that interdiffusion is possible up to
few layers on both sides, therefore apart from 1 ML (mono layer),
we have also considered a more physical situation, i.e., the growth
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Fig. 1. Layerwise spin polarized DOS for a single layer of Fe/Co deposited on Ag/Cu substrate. S stands for topmost layer of the interface. Left panel: x¼0 (sharp interface),
middle panel: x¼0.05 and right panel: x¼0.1. Fermi level is reset at zero.
of two and three ML of transition metals on metal substrates. We
allowed interdiffusion up to two layers on each side of the
boundary. Our results are well comparable to experimental
observations. There are experimental studies of magnetic proper-
ties on 2.9 ML using SQUID magnetometry [19] and on 3 ML using
X-ray magnetic circular dichroism (XMCD) [20].



Table 1
Layer-wise magnetic moment ( /atomBμ ) for a single layer of Fe/Co deposited on Ag/

Cu substrate. S stands for topmost layer of the interface. x¼0 (sharp interface).

Layers Fe/Ag Co/Ag Fe/Cu Co/Cu

S 2.994 2.03 2.49 1.51
S-1 0.03 0.001 0.04 0.003
S-2 0.005 �0.004 0.01 0.006
S-3 0.02 �0.04 0.00 �0.04
S-4 0.00 0.00 0.00 0.00

Table 2
Layer-wise magnetic moment ( /atomBμ ) for 1 layer (S) of transition metal on metal subst

and metal atoms respectively. x¼0.05 (rough interface).

Layers Fe/Ag (0 0 1) Co/Ag (0 0 1)

Tμ Mμ μavg Tμ Mμ μavg

S 2.94 0.01 2.80 1.77 �0.04 1.68
S-1 3.26 0.006 0.17 1.69 0.10 0.18
S-2 0.01 0.06
S-3 0.06 �0.04
S-4 0.00 0.00

Table 3
Layer-wise magnetic moment( /atomBμ ) for 1 layer (S) of transition metal on metal substr

and metal atoms respectively. x¼0.10 (rough interface).

Layers Fe/Ag (0 0 1) Co/Ag (0 0 1)

Tμ Mμ μavg Tμ Mμ μavg

S 2.82 0.04 2.54 1.87 0.03 1.69
S-1 3.29 �0.13 0.21 1.62 0.17 0.32
S-2 0.00 0.01
S-3 �0.07 �0.03
S-4 0.00 0.00

Table 4
Magnetic moments (in /atomBμ ) (for sharp interface): a comparison with other method

Methods Fe/Ag (0 0 1) Co/Ag (0 0 1)

S S-1 S

FPLAPW 3.01 [31] 0.03 [32,33] 2.03 [31]
2.96 [25,32–36]

SCLO 3.0 [38] 0.03 [38]

ASR 3.02a [17], 2.93a [18]
2.86b[17], 2.76b [18]

TBLMTO-ASA 2.86 [28]

LCAO 3.02 [39]
3.10 [39]

KKR-GF 3.00 [40]

FPLMTO

Present work 2.994 0.03 2.03
2.80a

2.54b

SCLO, self-consistent local orbital.
a 5% Ag/Cu in Fe layers.
b 10% Ag/Cu in Fe layers.
2. Computational methods

The augmented space formalism [12,13] has been one of the
successful theories that tackled inhomogeneous disorder and
short-ranged order. It was shown to be an extension of the
mean field approximations like the coherent potential approx-
imation (CPA). Unlike CPA, ASF not only accurately describes
average properties, but can also successfully tackle config-
uration fluctuations. We refer the reader to a large number of
papers [12,13,15] and review volume [21] for the detailed
rate. S and S-1 are T Mx x1− and M Tx x1− respectively. T and M stand for transition metal

Fe/Cu (0 0 1) Co/Cu (0 0 1)

Tμ Mμ μavg Tμ Mμ μavg

2.50 �0.005 2.37 1.46 0.26 1.40
2.98 0.03 0.18 1.96 0.02 0.12

0.00 0.14
�0.002 0.00
0.00 0.00

ate. S and S-1 are T Mx x1− and M Tx x1− respectively. T and M stand for transition metal

Fe/Cu (0 0 1) Co/Cu (0 0 1)

Tμ Mμ μavg Tμ Mμ μavg

2.52 -0.06 2.26 1.44 0.30 1.32
3.00 0.02 0.31 1.93 0.02 0.21

0.01 0.05
�0.002 0.00
0.00 0.00

for one layer transition metal deposition.

Fe/Cu (0 0 1) Co/Cu (0 0 1)

S-1 S S-1 S S-1

2.69 [32] 0.06 [32] 1.79 [32] 0.05 [32]
2.85 [25,37]

2.25a [18]
2.13b [18]

2.81 [41] 1.85 [41]

0.001 2.49 0.04 1.51 0.003
2.37a

2.26b



Table 5
Fermi energies for a single layer of transition metal on metal substrate.The % shows the amount of interdiffusion at the interface.

Properties Fe/Ag (0 0 1) Co/Ag (0 0 1) Fe/Cu (0 0 1) Co/Cu (0 0 1)

0% 5% 10% 0% 5% 10% 0% 5% 10% 0% 5% 10%

Surface Fermi energy (Ry) �0.19 �0.18 �0.18 �0.28 �0.28 �0.28 �0.05 �0.05 �0.05 �0.08 �0.08 �0.08
Bulk Fermi energy (Ry) �0.18 �0.19 �0.19 �0.19 �0.18 �0.18 �0.11 �0.11 �0.11 �0.11 �0.11 �0.11
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Fig. 2. Layerwise variation of DOS for one ML of transition metal (Fe and Co) on metal (Ag and Cu) substrates from topmost surface (S) layer to inner atomic layers. Fermi
level is reset at zero.
description of the theory. We present here briefly the main
concepts.

The randomness in our system is described by a set of variables
n{ }i . In ASF each such variable is associated with an operator Ni.
The eigenvalues of Ni are the values taken by ni with probability
density which is the spectral density of Ni. The ASF Hamiltonian is
then obtained by replacing each ni by its corresponding Ni. The
original random Hamiltonian in a Hilbert space is augmented
with the “Configuration space” spanned by all possible random
configurations of n{ }i . In the present case ni takes the value 1 with
probability x if site i is occupied by a transition metal film layer
muffin-tin and 0 with probability y if it has an metal substrate
muffin-tin. Choosing the basis as x y, 1 0| ↑ 〉 | ↓ 〉 = | 〉 ± | 〉

n N xP yP xy T T( )i i
i i i i

iΦ⇒ = + + + ∈↑ ↓ ↑↓ ↓↑

and,

H n H N[ ] [ ]i i⇒ ˜

Here P and T are projection and transfer operators.
The full ASF Hamiltonian in TB-LMTO basis [22] is given by

(1)RL RL R L

∑ ∑ ∑ Δ Δ= + ⊗ ⊗͠∼ ∼∼

′ ′

where

C P I C C P N( )RL
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RL RL
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RL
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= ′ ′ ′ ′ ⊗ + ′ ′ − ′ ′ ′ ′ ⊗ + ′
+ ⋯ ′ ′ + ′ ′ − ′ ′ ′ ′ ⊗ ⊗ ′

͠

Here R are the lattice sites and L lm( )= are the orbital indices.

For transition metal l 2< . CRLA, CRLB, RL
AΔ and RL

BΔ are the TB-LMTO
potential parameters of the constituents atoms A and B of the
alloy.

The averaged resolvent is

G z n z( , { }) ( )i
1≪ ≫ = 〈 ↑ ↑ ⋯| − |⋯ ↑ ↑ 〉͠ −



When recursion method of Haydock et al. [23] is invoked here
on augmented space, the averaged Green function can be written
in the form of a continued fraction. Infinite continued fraction is to
be terminated after a finite terms using a suitable terminator. We
have used Luchini and Nex terminator [24].

In the case of (0 0 1) interface Fe/Ag, Fe is deposited on Ag in its
bcc phases. There is a large lattice mismatch (42%) between bcc Fe
and fcc Ag. Therefore to reduce the lattice mismatch Fe is de-
posited on Ag by rotating Fe layers about 45° w.r.t. Ag [2,5,25–28].
This gives lattice mismatch of only 0.8%. But in the case of (0 0 1)
Fe/Cu, Fe is deposited on Cu in its fcc phases [18], where the lattice
mismatch is within 1%. Interfaces of Co with both Ag and Cu are
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Fig. 3. Layerwise variation of magnetic moment for a single layer of Fe/Co de-
posited on Ag/Cu substrate. x¼0 (sharp interface), x¼0.05 and x¼0.1 from top to
bottom respectively. Layer 0 represents surface layer.
found in fcc phase. There is large lattice mismatch between Co and
Ag (15%). Therefore we carried out lattice relaxation of the top
layer in this case. This is done by minimizing the total energy by
varying the lattice constant of the top layer. After relaxation, the
Co lattice parameter increases by 17% and the lattice mismatch
reduces to within 2%. The lattice mismatch of Co/Cu interface is
only about 2%. The potential parameters are generated from TB-
LMTO within local spin density approximation (LSDA) using Barth
and Hedin exchange correlation potential. We have used seven
shell augmented space calculation and nine steps of recursion.
3. Results and discussion

We represent metal substrate as M and deposited transition
metal layers as T. Therefore, when x fraction of atoms interdiffuse
into both sides, then at the interface substrate is an alloy of M Tx x1−
and overlayer is T Mx x1− . We have taken x¼0.0, 0.05 and 0.1. The
justification of applying ASF to nearly zero disorder (x¼0) is dis-
cussed in detail in the paper [16], where ASF was applied to
smooth surface. In short, sharp interface (x¼0) cannot be achieved
just by putting x¼0 in the augmented space recursion (ASR) cal-
culation. A nearly sharp interface can be achieved by using a sui-
table terminator which shows that the asymptotic behavior of the
continued fraction is able to reproduce isolated impurity structure
in the density of states (DOS). The right choice of the terminator in
this case is the terminator proposed by Viswanath and Muller
[29,30] which is appropriate for infra-red divergences and seam-
lessly enmeshed with the calculated recursion coefficients. We
have used this terminator for the sharp interface case.

3.1. Single layer transition metal deposition on metal substrate

The application of ASR to single layer transition metal deposi-
tion is mainly to establish its validity in the case of sharp interface
when interdiffusion of atoms between transition metal layer and
substrate layer is negligible. There are numerous first principle
calculations for this case using different methods. Therefore
comparison is possible to test our theory.

Fig. 1 shows that the roughness has some effects on the density
of states. Though there is no prominent change in splitting of spin-
up and spin-down DOS, but there is noticeable change in the peak
height. In all the cases, peak of spin-up DOS at Fermi energy
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Fig. 5. Layerwise variation of spin resolved DOS at the 4 layers rough interface of 2 layers Fe plus 2 layers Ag substrates (4 layers of Fe deposited). Solid line: spin-up and
dotted line: spin-down. I: boundary of Fe and substrate Ag.
decreases with the increase of roughness except in the case of Fe/
Ag. In the case of Fe/Ag, the spin-down DOS decreases whereas,
spin-up DOS increases. This change in peak height of spin-up and
spin-down eventually changes the magnetic moment at a parti-
cular layer as evident from Tables 1–3. Table 4 shows that our
calculated values of magnetic moments are closer to other calcu-
lation using various different techniques for sharp interfaces. This
shows that ASR can also be applied in the limit of nearly sharp
interfaces similar to order phase. Table 5 shows surface Fermi
energy, i.e., the Fermi energy of the transition metal overlayer is
different from the bulk Fermi energy, i.e., the Fermi energy at the
fourth substrate layer down the surface. This is expected.

Fig. 2 shows that spin-down DOS of Co is larger than Fe at
Fermi energy and also wider than the spin-up bands, which agrees
with the earlier study [31]. The splitting of spin-up and spin-down
states are more for Fe/Ag than other systems. This means sp-d
hybridization between Fe and Ag is comparatively weak. The weak
hybridization narrows down the Fe bands and hence the magnetic
moment of Fe on Ag is more compared to others. In the cases of Fe/
Ag and Co/Ag, the peaks of Fe and Co spin-up and spin-down
states do not coincide with that of peak position of the Ag atoms in
both the sub-surface (S-1) layers and bulk (S-4) layers. This in-
dicates that the hybridization is very weak in these cases. This
causes the band narrowing of the transition metal. Hence the
magnetic moment of Fe and Co overlayer increases and induced
magnetic moment at the Ag substrates becomes less. This is clear
from Tables 1–3. In cases of Cu substrate, sp-d hybridization is
strong due to overlap of states of Cu with Fe and Co. The strong sp-
hybridization in these systems arises due to contraction of lattice
constant by about 11% [34]. Fig. 3 shows that the magnetic mo-
ment reaches to zero at the S-4 layer for sharp as well as for rough
interfaces. Therefore Ag and Cu obtain their bulk properties at the
fourth layer down the surface layer. We get similar picture in other
systems also.

With increase in the amount of Fe impurity in Ag layers, the
average magnetic moment of first substrate layer increases
(Tables 2 and 3). The magnetic moment of Fe impurities in Ag
layers is more than that of Fe overlayers which matches well with
the earlier study [31].

In both the systems, with the increase in Cu atoms in the
transition metal layers, the average magnetic moment of the S
layer decreases and the induced magnetic moment of the metals
in S-1 layer increases. Unlike other three systems, the presence of
different amount of Cu atoms in Co layer decreases the magnetic
moment of this layer below its bulk value. The magnetic moment
of the sharp interface of Co and Cu (0 0 1) is less than the bulk
which agrees with other reported result [42].

3.2. Interface of two layers of transition metal and two layers of
metal substrate

We consider 2 layers of deposition of transition metal for sharp
interface whereas 4 layers for rough interface. This is because we
intend to define total 4 layers as interface, two layers each from
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Fig. 6. Layerwise variation of spin resolved DOS at the 4 layers rough interface of 2 layers Co plus 2 layers Ag substrates (4 layers of Fe deposited). Solid line: spin-up and
dotted line: spin-down. I: boundary of Co and substrate Ag.
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Fig. 7. Layerwise variation of spin resolved DOS at the 4 layers rough interface of 2 layers Fe plus 2 layers Cu substrates (4 layers of Fe deposited). Solid line: spin-up and
dotted line: spin-down. I: boundary of Fe and substrate Cu.
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Fig. 8. Layerwise variation of spin resolved DOS at the 4 layers rough interface of 2 layers Co plus 2 layers Cu substrates (4 layers of Fe deposited). Solid line: spin-up and
dotted line: spin-down. I: boundary of Co and substrate Cu.

Table 6
Layer-wise magnetic moment ( /atomBμ ) for two layers of transition metal on metal

substrate for sharp interface (x¼0).

Layers Fe/Ag Co/Ag Fe/Cu Co/Cu

S 2.99 2.01 2.48 1.65
2.94 [25,35,36] 2.84 [35],

2.83 [37]
S-1 2.75 1.55 2.47 1.61

2.63 [25,35,36] 2.60 [35],
2.58 [37]

S-2 0.02 �0.02 0.02 0.18
S-3 �0.16 0.12 �0.004 0.19
S-4 0.00 0.00 0.00 0.00

Refs. [25,35–37] use FPLAPW method.
deposited film side and substrate side. The four layers interface is
more realistic due to interdiffusion of atoms from both the sides.
Figs. 4–8 show that there are significant effects of interdiffusion on
DOS. These figures further show that spin resolved DOS vary sig-
nificantly from layers to layers. Tables 6 and 7 show that magnetic
moments decrease due to roughness at various layers. For all the
systems, magnetic moment at the fourth layer down the topmost
layer becomes zero for sharp interface. Tables 8 and 9 show that
there is indeed variation of the Fermi energy with different layers.

Comparing the magnetic moment with one and two layers of
transition metal deposition (Tables 1 and 6), it is clear that for all
the systems except for Co/Cu, the magnetic moment of the top
layer decreases for two layers of transition metals than that of the
one ML deposition. As the splitting of electronic states decreases,
hybridization increases hence magnetic moment of the S-1 layer
for two layers deposition is less than that of the S layer for 1 ML
deposition. Hence the induced magnetic moment is less for two
layers of transition metal deposition. In the case of Co/Cu the S-1
layer magnetic moment is more than the top layer magnetic mo-
ment for 1 ML deposition, so the induced magnetic moment is
more in this case. There is a layer based oscillatory behavior in
magnetic moment for all systems except for Fe/Cu as evident from
Fig. 9.

Figs. 9 and 10 show that the induced magnetic moment ceases
to zero with oscillatory behavior in the case of sharp interface
whereas it ceases to zero gradually for rough case.

The interface magnetic moments calculated using FPLAPW
method [43] without considering interdiffusion of atoms is more
compared to other layers. But we get a lower average magnetic
moment with increase in Ag content at the interface. In our study
for 10% and 5% of Ag in interface, the average magnetic moment of
Fe atom is found to 2.95 Bμ . The interface magnetic moment Co/Cu
calculated using TB-LMTO method shows a decrease in Co mo-
ment at the interface [44]. Our calculated average magnetic mo-
ment for Co/Cu interface also decreases at the interface.

3.3. Three monolayers of transition metal

Most of the experiments on the measurement of magnetic
moments of transition metal film are carried out for film of 3 lay-
ers or more as discussed in the introduction. Table 10 shows that
our result for rough Fe/Ag interface (with 5% interdiffusion) agrees
quite well with the available experimental observation whereas
other theoretical value [45] overestimates it. Our result with sharp
interface also overestimate it. This shows theoretical modeling of
rough interface is a more realistic than sharp interface.



Table 7
Layerwise magnetic moment ( /atomBμ ) at the 4 layers rough interface of 2 layers of Fe/Co plus 2 layers Ag/Cu substrates (4 layers of Fe/Co deposited). I: boundary of Fe/Co

and substrate Ag/Cu. Interdiffusion, x¼0.1 at I71 layer and x¼0.05 at I72 layers and x¼0 at other layers.

Layers Fe/Ag (0 0 1) Co/Ag (0 0 1) Fe/Cu (0 0 1) Co/Cu (0 0 1)

Tμ Mμ μavg Tμ Mμ μavg Tμ Mμ μavg Tμ Mμ μavg

Iþ4 2.99 2.02 2.45 1.68
Iþ3 2.74 1.55 2.00 1.51
Iþ2 2.96 0.16 2.81 1.68 0.65 1.63 2.49 �0.04 2.37 1.86 �0.04 1.76
Iþ1 2.94 0.07 2.66 1.50 �0.13 1.34 2.44 �0.02 2.19 1.50 0.09 1.36
I�1 2.93 �0.04 0.26 2.7 �0.01 0.26 3.09 �0.001 0.31 1.60 �0.003 0.16
I�2 3.41 �0.01 0.16 3.27 �0.02 0.16 3.23 �0.04 0.16 1.88 �0.006 0.09
I�3 �0.01 �0.02 0.00 0.001
I�4 0.00 �0.004 �0.001 �0.002
I�5 0.00 0.00 0.00 0.00
I�6 0.00 0.00 0.00 0.00

Table 8
Surface and bulk Fermi energies for two layers of transition metal on metal sub-
strate for sharp interface (x¼0).

Properties Fe/Ag
(0 0 1)

Co/Ag
(0 0 1)

Fe/Cu
(0 0 1)

Co/Cu
(0 0 1)

Surface Fermi energy
(Ry)

�0.20 �0.28 �0.06 �0.07

Bulk Fermi energy (Ry) �0.19 �0.19 �0.11 �0.11

Table 9
Fermi energies (in Ry) at the 4 layers rough interface of 2 layers of Fe/Co plus
2 layers Ag/Cu substrates (4 layers of Fe/Co deposited). I: boundary of Fe/Co and
substrate Ag/Cu. Interdiffusion, x¼0.1 at I71 layers and x¼0.05 at I72 layers and
x¼0 at other layers.

Interface layers Fe/Ag (0 0 1) Co/Ag (0 0 1) Fe/Cu (0 0 1) Co/Cu (0 0 1)

Iþ2 �0.23 �0.07 �0.07 �0.05
Iþ1 �0.19 �0.06 �0.06 �0.07
I�1 �0.19 �0.16 �0.09 �0.10
I�2 �0.19 �0.16 �0.09 �0.10
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Fig. 9. Layerwise variation of magnetic moment for sharp interface of 2 layers of
transition metal and metal substrates. Layer 0 represents surface layer.
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Fig. 10. Layerwise variation of magnetic moment ( /atomBμ ) at the 4 layers rough
interface of 2 layers of Fe/Co plus 2 layers Ag/Cu substrates (4 layers of Fe/Co de-
posited). Layer 0 represents surface layer. Layers 2–5 define interface. Interdiffu-
sion, x¼0.1 at layers 3 and 4 and x¼0.05 at layers 2 and 5 and x¼0 at other layers.
4. Conclusion

Augmented space formalism (ASF) coupled with recursion
method and TB-LMTO is applied for the calculation of layer de-
pendent density of states and magnetic moment for (0 0 1) rough
interfaces of bcc Fe/Ag, fcc Co/Ag, fcc Fe/Cu and fcc Co/Cu. The
formalism developed for disordered systems, in this case rough
interfaces, is successfully applied for the study of nearly sharp
(ordered) interfaces also using suitable recursion terminator. Our
calculated results for sharp interfaces agree quite well with other
first principle calculations. This shows that ASF is also suitable to
study sharp interface along with rough. We considered three types
of interfaces, one, two and three layers of transition metal with
metal substrate. Result obtained for the roughed interface of three
layers of Fe on Ag substrate agree quite well with available ex-
perimental observation. This shows that an interface must be ta-
ken as rough. The ASF can effectively deal with such cases unlike
other theoretical first principle calculations which consider only
sharp interfaces. The magnetic moment of the transition metal
increases for all except for Co/Cu (0 0 1) in the case of one layer
transition metal deposition. The magnetic moment for Ag sub-
strate systems gets enhanced more showing the effect of weak
hybridization compared to Cu based systems. When two layers
transition metal deposition is considered, film magnetic moment
decreases compared to one layer deposition interface. The mag-
netic moment of the film layer below the surface is less than the
surface layer. The induced moment on the top substrate layer is



Table 10
Magnetic moments for three layers deposition of transition metals in metal substrates.

Methods Fe/Ag (0 0 1) Co/Ag (0 0 1) Fe/Cu (0 0 1) Co/Cu (0 0 1)

Average Interface Average Interface Average Interface Average Interface

SQUID magnetometry 2.67 [19] 2.87 [19]
XMCD 2.80 [20]
KKR 3.05 [45]
Present work 2.93a 3.08a 1.73a 1.63a 2.32a 2.62a 1.63a 1.73a

2.87b 2.93b 1.72b 1.53b 2.34b 2.49b 1.62b 1.67b

Ref. [19] deals with 2.9 ML of Fe. XMCD: X-ray magnetic circular dichroism.
a Sharp interface (x¼0.0).
b Rough interface (x¼0.05).
less in this cases except for Co/Cu. When there is 5% interdiffusion
of atoms, the average magnetic moment of the top layer decreases
and the average induced magnetic moment of the top substrate
layer increases than that without interdiffusion in the case of one
layer deposition. When interdiffusion increases to 10%, the average
magnetic moment of the overlayer further decreases and it in-
creases at the substrate layers. The magnetic moment of Co atom,
as well as the average magnetic moment, is less than that of the
bulk for the interface Co/Cu.
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