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The Boltzmann kinetic equation is used to analyse the in-plane elec-
tronic transport in magnetic multilayers. Both diffuse and electron-momen-
tum-conserving spin-flip scattering processes are included. Numerical re-
sults show that the momentum-conserving scattering processes reduce the
spin-valve magnetoresistance.
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Theoretical interpretations of the spin-valve magnetoresistance (SVMR) in
magnetic multilayers are usually based on the two-current model [1-3]. In the sim-
plest version of the model one assumes a parabolic electron band for the conduction
electrons (s-band) and a narrow band for the magnetic electrons (d-band) and one
neglects a contribution of the latter band to the electrical conductivity. At low
temperatures the two spin channels for electronic transport can be considered as
independent, but at higher temperatures spin-mixing scattering processes have to
be taken into account [4-6]. In this paper we use the Boltzmann kinetic equation
to describe SVMR in magnetic sandwich structures for an electric current flow-
ing in the film plane. Both diffuse and electron-momentum-conserving (coherent)
spin-flip scattering processes are taken into account.

Consider a symmetrical structure, in which two ferromagnetic films of thick-
ness dm are separated by a nonmagnetic spacer of thickness dn . Let the electronic
potential Vm for the conduction electrons in the magnetic films be independent of
the spin orientation, but generally different from the electronic potential Vn in the
spacer.

If the axis z is normal to the film plane, then the Boltzmann kinetic equation 
for the i-th layer (i = 1, 2, 3) can be written in the form [4]

where giσ(z, v) is the deviation of the Fermi—Dirac distribution function in the
i-th layer from the equilibrium distribution f° (v). In the above equation /7, is
the spin-dependent relaxation time, which in the ferromagnetic films (i = 1, 3) is

*Corresponding author.

(261)



262 O.M. Baksalary, J. Barnaś

equal to τm+ and τm_ respectively for the spin antiparallel and parallel to the local
magnetization axis, whereas in the nonmagnetic spacer (i = 2) it is independent
of the spin orientation, τ2σ  =τn . Finally,Ti+_is a spin-mixing relaxation time,
which is equal to m+_ in the magnetic films and in the nonmagnetic spacer.
Diffuse spin-flip scattering processes contribute to τiσ, whereas the coherent ones
to n + _ .

A general analytical solution of Eq. (1) can be found in Ref. [6]. The solutions
in individual layers have to obey some boundary conditions at all interfaces and
surfaces. Consider first the interfaces between the magnetic films and the spacer.
If isis the probability that an electron with energy ε , incident from the layer i
on a perfectly flat interface, will be transmitted to the adjacent layer j and R° is
the probability that it will be reflected from the layer j back to the layer i, then
R°, and Tij are given by the formulae [7]:

Here Vi is the electron potential in the layer i and ui = cos θi, where i is the angle
of incidence measured with respect to the axis z. The transmission and reflection
coefficients obey the relations

Following Ref. [7] we include electron scattering processes at the interfaces
between the magnetic and nonmagnetic films by the factors

where ?iii is the amplitude of the geometrical roughness of the corresponding in-
terface, ki is the Fermi wave vector in the i-th layer and the factors S"

 

describe
effectively those scattering processes, which are not due to the geometrical rough-
ness. In the following we assume the same roughness amplitude ηij = dint for both
interfaces. The boundary conditions at the interface between the (i — 1)-th and
i-th lavers can be written as
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where z0 is the position of the interface. The terms with the factors 75 '̀''— '7  describe
effectively those spin-flip scattering processes, which conserve the in-plane electron
momentum. In the following we introduce the notation: .S° ' —° = = ńt and
756 ' 6 = S;nt •

Similar boundary conditions also hold for the free surfaces. One can obtain
them from Eqs. (10) and (11) by extending the layer index i to include the outer
half-spaces (i = O and i = 4), and by taking into account the fact that the
distribution functions vanish exactly for i = O and i = 4 and the appropriate
reflection coefficients are equal to unity. The surfaces are assumed to be statistically
similar with the same roughness amplitude η sur. The corresponding factors Ś6 ' 61

will be denoted as S°'°= 	 vu and S° '-° = .S-° '° = ,Sur =
We assume the bottom of the electron band in the nonmagnetic film (V2 = 0)

as the zero of energy. In the following numerical calculations we assumed the
band edge in the magnetic films at 1.56 eV and the Fermi energy at 8.54 eV.
We also assumed m = 4m0 ,where m0 is the free electron mass, and introduced
the electron mean free paths λmσ, am+_, λn and an+_, which are determined
by the corresponding Fermi velocities and relaxation times (a = vF r). For conve-
nience, we also introduced the average mean free path in the magnetic films, a m =
(λm+ + λm_ )/ 2 .

Figure 1 presents the influence of bulk spin-mixing scattering processes. The
relative resistance change, ΔR/R|| = (RH — R||)/R|| (R|| and R|| are the

Fig. 1. ΔR/R|| vs. λm/λm+_ for p as indicated. The other parameters are: d m =
do = 20 Å, Sint = 0.9, Sint = 0, p+— =0, ηint = 1 Å , ηsur = 0, λn = λm = 500Å,

λn+—/λm+— = 2 
and λm—/λm+ = 8.
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Fig. 2. ΔR/R|| vs. mean free path a n in the nonmagnetic spacer. The other parameters
are: dm = do = 20 A, Sint = 0.9 — Sint pf = 0 . 9 , p+— = 0 , dint = ηsur = 1.0 A,
λm—/λm+ = 5, a-11 = λm and λm+—/λm = λn+—/λn = 50.

resistances respectively in the parallel and antiparallel configurations of the film
magnetizations) is shown there versus -λm/λm+— for p+._ = O and p± = p, with p
as indicated. The case p = 0 corresponds to a sandwich structure with rather rough
surfaces, when each electron incident on a surface is diffusely scattered. The case
p = 1, on the other hand, corresponds to the case where all electrons incident on
the surfaces are specularly reflected. This is equivalent to an infinite superlattice
with doubled thickness of the magnetic films. The spin-valve magnetoresistance
decreases approximately linearly with increasing 1/\ m+_ (for a constant .\m ).

In Fig. 2 the relative resistance change is shown versus the electron mean
free path in the nonmagnetic layer. Only the interface spin-mixing processes are
assumed there, with Sit; as indicated. It is clearly evident that SVMR is reduced
by the interfacial electron-momentum-conserving spin-flip scattering processes.
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