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Magnetic interlayer coupling is a crucial ingredi-
ent in building complex magnetic structures. De-
pending on the coupling strength, the magnetic
properties of the participating layers, and the ap-
plied magnetic field, a wide variety of magnetic
configurations may arise. We addressed this is-
sue by means of magnetic optical second har-
monic generation (MSHG) in the model system
Fe/Cr/Fe. We clearly observe the field-induced
transformations of the magnetic state at the in-
terfaces in the trilayer in the SHG signal. The
strong variations of the SHG signal with light po-
larization, experimental geometry (longitudinal or
transversal), and in-plane orientation of the mag-
netic field H can be understood on the basis of
a model accounting for nonmagnetic and mag-
netic contributions to SHG from the interfaces, as
well as for changes of the interfacial magnetiza-
tion orientation.

The interaction between the magnetizations M1 and
M2 in magnetic films separated by a thin paramag-
netic or diamagnetic metallic layer is characterized by
the presence of bilinear (Ebl = −J1M̂1M̂2, where
M̂i is a unit vector along the magnetization direction
of layer i) or biquadratic (Ebq = −J2(M̂1M̂2)2) in-
terlayer exchange coupling [1]. Depending on the
interlayer thickness bilinear coupling might lead to
ferromagnetic (M1 ↑↑ M2, J1 > 0) or antiferro-
magnetic (M1 ↑↓ M2, J1 < 0) magnetzation ori-
entations. The biquadratic exchange coupling stim-
ulates an orthogonal orientation of the magnetiza-
tions (M1⊥M2, J2 < 0). To date the magnetic prop-
erties of such coupled structures have been mainly
addressed by such methods as ferromagnetic reso-
nance, Brillouin light scattering, magnetoresistance,
and magnetooptical Kerr effect [1]. All of these meth-
ods reflect the behavior of the volume-averaged mag-
netization M1 and M2 in the coupled layers. At the
same time the interfacial magnetizations play impor-
tant role in bilinear and biquadratic coupling forma-
tion. Therefore, investigations of the interfacial mag-
netization by specific interface-sensitive techniques
are of particular interest.

For this purpose, we studied the interfacial mag-
netization in exchange coupled heterostructures
Fe/Cr/Fe by magnetic-field-induced second harmonic
generation (MSHG). The method is proved to be a

highly sensitive tool to probe surface and interfacial
magnetic properties of thin films and multilayers [2].
Epitaxial heterostructures Fe(50 Å)/Cr(10 Å)/Fe(100
Å)/Ag(1500 Å)/Fe(10 Å)/GaAs(100) grown by MBE
served as model systems. To prevent the structure
from the oxidation it was covered by a 20 Å Cr cap
layer. The thickness (d=10 Å) of the Cr spacer layer
corresponds to the first antiferromagnetic maximum
of the J1(d) dependence [3]. Thus, in the absence of
a magnetic field the system assumes a ferrimagnetic
structure (M1 ↑↓ M2,M1 > M2). The structure dis-
plays biaxial in-plane magnetic anisotropy, with the
easy and hard axes in the Fe layers pointing along
[100] and [110]-type directions, correspondingly. The
second harmonic generation was excited by short
(∼ 200 fs) light pulses from a Ti:Sapphire laser at
Eph = 1.55 eV. The measurements have been per-
formed in reflection at the incidence angle of 5◦. The
magnetic field variations of SHG have been studied
at room temperature in pp, ss, ps, and sp combina-
tions of the light polarizations with magnetic field ap-
plied along the easy or hard axis in longitudinal (mag-
netic field is applied parallel to light incident plane) or
transversal (magnetic field is applied perpendicular to
light incident plane) geometries. The linear magneto-
optical Kerr effect (MOKE) has also been measured
in longitudinal geometry at light incidence angle of
35◦.
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FIG. 1: Field variations of the normalized longitudinal
magneto-optical Kerr effect measured in a Fe/Cr/Fe struc-
ture with the magnetic field along easy (a) and hard (b) axes.

In Fig. 1(a,b) and Fig. 2(a-d) field dependencies of
the MOKE and MSHG are presented. The MOKE
curves are odd functions in M. The jump-like fea-
tures appearing at certain values of the applied
field (±H1,±H2 and ±H3) may be associated with
magnetic switching events involving different mutual
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orientations of the layer magnetizations shown in
Fig. 3(a,b). For example, when H is applied along
the easy axis (comp. Fig. 1(a) and Fig. 3(a)) at H ≈ 0
the inversion of the magnetization directions in the
layers takes place, while at H1 and H2 the transitions
into the orthogonal (M1 ⊥ M2) and saturated states
(M1‖M2‖H) take place.
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FIG. 2: Field variations of the normalized MSHG signal
measured on a Fe/Cr/Fe structure at magnetic field along
the easy axis in longitudinal (a,b) and transversal geome-
tries (c,d) for different combinations of light polarizations, as
indicated.

The field-induced variations of MSHG signal Fig. 2(a-
d) principally differ from those in MOKE. In particular,
in longitudinal pp (a) and ss (b), as well as in transver-
sal ss (d) combinations of the polarizations the jump
near H = 0 is absent. In the ss configurations the
MSHG signals are even functions of the magnetic
field, while in the pp configurations they have no de-
fined parity. The difference in the field variations
of MOKE and MSHG is due to the fact that MOKE
probes mainly the bulk response, whereas MSHG
originates from the interfacial magnetizations.
The linear on M contribution to SHG arises from an
interference of light waves at frequency 2ω caused
by magnetic field-dependent and independent com-
ponents in the nonlinear optical susceptibility tensor
χ [4]. To describe the MSHG response we employed
the effective susceptibility model accounting for the
surface and the Cr/Fe(1), Fe(1)/Cr and Cr/Fe(2) in-
terfaces as possible sources of SHG. The validity of
the model is based on the assumption that all inter-
faces have the same C4v point symmetry, rendering
the structure of χ the same for different interfaces.
The model assumes the field-induced changes of the
magnetic states at the interfaces to take place analo-
gously to that in the bulk of the films (see Fig. 3) and
the magnetic properties of the interfaces formed by
the first and second iron layers to be identical. The
intensity of the SHG signal accounting for a mutual
orientation of interfacial magnetizations can be writ-
ten:

I
2ω
αβ = A|r1

αβγm1γ + r
2

αβγm2γ + rαβ|
2
, (1)

where A is a parameter depending on the intensity
of the fundamental light, m1 and m2 are interfacial
magnetizations of the first and second iron layer, α

and β are indices meaning s or p depending on the
light polarization, and γ = x, y, z. The coefficients
rαβ , r1

αβγ and r2

αβγ are effective nonlinear suscepti-
bilities.
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FIG. 3: Magnetic configurations arising during magnetiza-
tion reversal with the field applied along easy (a) and hard
(b) axis, respectively. The energetically equivalent states
are shown above and below field axis.

Such an approach describes the salient features of
the MSHG experiment. The comparison of the ex-
perimental and modelled field variations shows that
using different combinations of input and output light
polarizations and directions of the magnetic field (lon-
gitudinal or transversal) gives a possibility to indepen-
dently investigate the magnetization components of
m1 and m2 at the interfaces. We also find that the
magnetization rotation processes appear much more
pronounced in MSHG than in MOKE, and MSHG is
able to clearly resolve magnetic switching events in
the trilayer, which are not seen by linear Kerr effect
[5].
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