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Abstract
The magnetic tunnel junctions (MTJ) consisting of two ferromagnetic (FM) 

electrodes separated by a semiconducting or insulating spacer (S) (FM/S/FM) are attracting 
a great interest due to their applications in spin electronics. A particularly interesting 
system is represented by FeCo/MgO/FeCo MTJ that present a large tunneling 
magnetorezistance effect (TMR) [1-5] and also exhibit a broad range of magnetic properties 
with the variation of the film thickness. 

In the present work the electronic structure, magnetic behavior and transport 
properties of M/MgO/M MTJ with M=Fe, Co and FeCo are studied.

For all systems the electronic properties and magnetic behavior of interface M 
atoms are strongly influenced by the M/MgO interface geometry. In case of FeCo/MgO/FeCo 
heterostructures the highest values of the iron and cobalt magnetic moments are obtained 
for experimental interface configuration with Fe(Co) atoms sitting above O ones (mFe=2.9 μB
and mCo=1.9 μB). 

A small antiferromagnetic (AFM) coupling is observed between Fe electrodes, in 
agreement with experimental data [6-7]. For Fe1-xCox/MgO/Fe1-xCox series, a transition from 
FM to antiferromagnetic (AFM) state is obtained for x=0.7.

High values of TMR ratio are obtained for Fe1-xCox/MgO/Fe1-xCox systems. 
TMR=275% for pure Fe electrodes and decrease down to 70%  for Co one. 

ComputationalComputational Details
Electronic  Structure  Calculations:

• Performed by means of a first principle Green’s function technique for surfaces 
and interfaces, based on the tight-binding linear muffin-tin orbital method in its 
atomic sphere approximation (TB-LMTO-ASA) [8].  The local spin density 
approximation (LSDA) was used for exchange correlation potential within Vosko-
Wilk-Nusair parametrisation [9].

Interdiffusion at the interfaces and chemical disorder:

• Use of the coherent potential approximation (CPA) [8].

The Conductance and the TMR Ratio:

• The calculations are performed in the ballistic limit in the current perpendicular-
to-plane geometry (CPP) by means of the transmission matrix formulation of the 
Kubo-Landauer’s formalism [10].
The self consistent calculations were performed for 648 k-points in the 

irreducible part of the 2D Brillouin zone. The convergence of the total energy, 
charge transfer, magnetic moment and tunneling  magnetoresistance ratio (TMR) 
with respect to the k point sampling  has been checked and the total energy is 
converged within 0.1 mRy. 
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Fig. 3 DOS for bulk MgO

The electronic structure calculations were performed for following electronic 
configurations: Mg: core 3s2, O: core + 2p4 (Exp. Gap MgO 7.8 eV(0.57 Ry)).

The total energy calculations gave an equilibrium lattice constant of 4.05 Å that is only 3.6 
% smaller than the experimental value of 4.2 Å.

The main inconvenient of the LDA approximation is the reduction of the calculated band 
gap compared with the experimental value.
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Results
1. Electronic Structure and Magnetic properties Versus the Lattice Spacing

• Total energy calculations versus lattice spacing were performed for all studied systems for 
two configurations of M/MgO interfaces: (a) M sitting above O (M/OMg interface) and 
respectively for M located atop Mg atoms (M/MgO interface). All calculations shown that 
Fe/OMg interface is the most stable.
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Fig. 4 Interface and bulk Fe and Co magnetic moments  versus 
lattice spacing for 4Fe/3MgO/4Fe and 4Co/3MgO/4Co systems
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•• A transition from FM to the AFM coupling with A transition from FM to the AFM coupling with 
increasing lattice parameter is obtained for Fe increasing lattice parameter is obtained for Fe 
system while the Co one remains always more system while the Co one remains always more 
stable in the FM state.stable in the FM state.

2. Ground-State Electronic and Magnetic properties.
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Fig. 7 Layer resolved magnetic moments for 4Fe/3MgO/4Feand 4Co/3MgO/4Co  systems
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in Fe1-xCox/3MgO/Fe1-xCox series

• A small charge transfer was evidenced at the M/MgO
interface.

• The magnetic behavior of the interface Fe atoms is sensitive 
to the interface configuration. Thus, MFe=2.87 μB at the 
Fe/OMg interface and MFe=2.78 μB at the Fe/MgO interface.

• The Co magnetic behavior is less sensitive to the interface 
geometry: MCo=1.91 μB at the Co/OMg interface and MCo=1.87 
μB at the Co/MgO interface.

• A transition from the AFM state to the FM one is obtained 
for the exchange coupling for Fe1-xCox/3MgO/Fe1-xCox series 
x >0.7.

-1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (

μ B
)

z (FeCo lattice spacing)

Fe

Co Co

Fe

MgO
MgO

MgO

Fe

Co Co

Fe

4Fe
0.5

Co
0.5

/3MgO/4Fe
0.5

Co
0.5 

(bcc type structure)-1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (

μ B
)

z (FeCo lattice spacing)

Fe

Co Co

Fe

MgO
MgO

MgO

Fe

Co Co

Fe

4Fe
0.5

Co
0.5

/3MgO/4Fe
0.5

Co
0.5 

(bcc type structure) -1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (μ

B)

z (FeCo lattice spacing)

Fe

Co
Co

Fe

MgO
MgO

MgO

Fe

Co
Co

Fe

2(FeCo)/3MgO/2(FeCo) (CsCl-type 
structure) (Co termination)

-1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (μ

B)

z (FeCo lattice spacing)

Fe

Co
Co

Fe

MgO
MgO

MgO

Fe

Co
Co

Fe

2(FeCo)/3MgO/2(FeCo) (CsCl-type 
structure) (Co termination)

-1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (μ

B)

z (FeCo lattice spacing)

Fe

Co Co

Fe

MgO
MgO

MgO

Fe

Co Co

Fe

2(FeCo)/3MgO/2(FeCo) (CsCl-type
structure) (Fe termination)

-1

0

1

2

3

0 1 2 3 4 5 6

m
ag

ne
tic

 m
om

en
t (μ

B)

z (FeCo lattice spacing)

Fe

Co Co

Fe

MgO
MgO

MgO

Fe

Co Co

Fe

2(FeCo)/3MgO/2(FeCo) (CsCl-type
structure) (Fe termination)

Fig. 8 Layer resolved magnetic moments for 4Fe0.5Co0.5/3MgO/4Fe0.5Co0.5 and 2(FeCo)/3MgO/2(FeCo)  systems

-0.6

-0.4

-0.2

0

0.2

0.4

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

J ex
ch

(m
Ry

)

x

4Fe
1-x

Co
x
/3MgO/4Fe

1-x
Co

x

FM

AFM

-0.6

-0.4

-0.2

0

0.2

0.4

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

J ex
ch

(m
Ry

)

x

4Fe
1-x

Co
x
/3MgO/4Fe

1-x
Co

x

FM

AFM

Fig. 9 Composition dependence of the exchange coupling 

in Fe1-xCox/3MgO/Fe1-xCox series

• A small charge transfer was evidenced at the M/MgO
interface.

• The magnetic behavior of the interface Fe atoms is sensitive 
to the interface configuration. Thus, MFe=2.87 μB at the 
Fe/OMg interface and MFe=2.78 μB at the Fe/MgO interface.

• The Co magnetic behavior is less sensitive to the interface 
geometry: MCo=1.91 μB at the Co/OMg interface and MCo=1.87 
μB at the Co/MgO interface.

• A transition from the AFM state to the FM one is obtained 
for the exchange coupling for Fe1-xCox/3MgO/Fe1-xCox series 
x >0.7.

30
20
10

0
10
20
30

-0.8 -0.6 -0.4 -0.2 0 0.2

D
O

S 
(s

ta
te

s/
at

om
 R

y 
sp

in
)

Energy (Ry)

E
F

4Fe/3MgO/4Fe

Fe
III

Fe
III

Fe bulk

30
20
10

0
10
20
30

-0.8 -0.6 -0.4 -0.2 0 0.2

D
O

S 
(s

ta
te

s/
at

om
 R

y 
sp

in
)

Energy (Ry)

E
F

4Fe/3MgO/4Fe
Fe

I

Fe
I

Fe bulk

Fig. 10 Layer decomposed DOS in 4Fe/3MgO/4Fe system
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• The DOS of Fe and Co atoms away from M/MgO interfaces are bulk-like.

• At the M/GaAs interfaces the majority-spin DOS are shifted toward lower energies while the 
minority-spin DOS are shifted toward higher energies and a maximum is observed near the Fermi 
level.
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Fig. 12 Layer decomposed DOS in 4Fe0.5Co0.5/3MgO/4Fe0.5Co0.5 system

3.  Effect of the Interdiffusion at the M/MgO Interfaces
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Fig. 13 Total energy dependence on the interdiffusion concentration for 4M/3MgO/4M systems 
(M=Fe, Co and Fe0.5Co0.5)
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where E0 is a reference value
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3.  Effect of the Interdiffusion at the M/MgO Interfaces
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For  a  trilayer  system  sandwiched  between  two semi-infinite  leads,  the conductance           for  
spin  σ and  magnetic  state  X  (X=FM  or  AFM)  may  be expressed via the transmission function as:

),(1
//

2

//
ETdE

dfdEN
e X //

k
kσσ ∑∫ ⎥⎦

⎤
⎢⎣
⎡−=hGX

where N// is the number of k// points in the surface Brillouin zone, e the electron charge, h the Planck 
constant, , f(E)  the Fermi-Dirac distribution  function and  T represent the transmission coefficient of 
the magnetic state X and spin σ and may be computed using the surface Green’s function of the leads 
and that of the active region of system [10].

The TMR ratio for a trilayer system where the consecutive magnetic layers  may be coupled either 
FM or AFM may be expressed as:

XGσ

4. Transport Properties
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5. Spin-Transfer Torque

Fe Fe
MgO

LM
→

RM
→

⊗
θ

//τ
→

⊥

→

τFe Fe
MgO

LM
→

RM
→

⊗
θ

//τ
→

⊥

→

τ

The spin torque acting on electrodes is given by the net angular momentum transferred by 
the current passing through MTJ [11-14]:

Magnetization dynamics is described by the modified Landau-Lifshitz-Gilbert equation.
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Where γ represents the giromagnetic ratio, α is the Gilbert dumping parameter,           is an 

effective field acting on the system, M/Ms is the reduced magnetization and cos(θ)=           .
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where the majority and minority 
spin currents may be expressed in 
terms of conductances Gss’ (σ, σ’= 
↑, ↓) (Eq. (6)):

Fig. 18 Schematic geometry of the magnetic moments vectors and the in-plane and 
perpendicular spin torques
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where Ps is the tunneling polarization
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Fig. 19 Differential conductance 
versus composition for               

Fe1-xCox/3MgO/Fe1-xCox series
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The in-plane torkance (      ) is given by:dV
d //τ

(8)

(9)

Conclusions

• The results show the formation of sharp M/MgO interfaces with weak 
interactions between M (M=Fe, Co, Fe1-xCox) and MgO layers.
• The interface Fe and Co magnetic moments are enhanced over the 
corresponding bulk values i. e.,  mFe=2.9 μB, mCo=1.9 μB at Fe(Co)/MgO 
interfaces 
• At the Fe/MgO interface the magnetic behavior of iron atoms is sensitive 
to the interface configuration while in the case of Co systems, it  is less 
influenced by the interface geometry.
• The exchange coupling for the Fe1-xCox/MgO/Fe1-xCox series is 
composition dependent and a transition from the AFM state to the FM one 
is obtained for x≥0.7. 
• The TMR ratio of Fe1-xCox/MgO/Fe1-xCox series decrease with increasing 
Co content from 275% for x=0 down to 70% for x=1.
• For the FeCo/MgO/FeCo system (FeCo in CsCl-type structure) the 
transport properties are sensitive to the terminations of the FeCo
magnetic slab.
• The highest value of the TMR ratio was obtained for the FeCo/MgO/FeCo
system (FeCo in CsCl-type structure) in the case of Fe termination.
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M/MgO/M Multilayer Structures with M=Fe, Co and Fe1-xCox

Studied Systems:

/(semi-infinite) M (001)/nM/mMgO/nM/M (001) (semi-infinite)/ (M=Fe, Co and FeCo)

n, m=numbers of atomic monolayers (ML) of either M or MgO (in present work n=4, m=3).
The bcc-type structure is assumed for Fe1-xCox magnetic slabs and the NaCl-type structure for the MgO

spacer (Fig.1). For Fe0.5Co0.5, the CsCl-type structure is also considered.
A perfect lattice matching is assumed between M and MgO (aMgO=    aFe) (aFe=2.867 Ǻ ). 
The  MgO layers are rotated with 45° with respect to the Fe ones.
Each M monolayer  consist of only one position while the MgO ML consist of two non-equivalent 

positions occupied by Mg and O atoms.
Due to the open structure of  the MgO spacer, two empty spheres were  introduced between MgO planes 

as well as between M and MgO layers at the M/MgO interfaces.
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