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SURFACE POLARITONS AT THE INTERFACE BETWEEN
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Surface electromagnetic waves propagating along the interface between the isotropic
polar dielectric and antiferromagnet are considered. Dispersion equations of the waves
propagating parallel as well as perpendicular to the sublattice magnetization are given.

PACS numbers: 68.48.4+f

1. Introduction

It is known that, if appropriate conditions are fulfilled, the localized surface electro-
magnetic waves can propagate along the interface between two media [1]. These modes
are extensively studied both theoretically and experimentally. However, the majority
of these studies involve the interfaces between two nonmagnetic compounds [2-8]. The
most interesting case is the surface of the gyrodiclectric medium, as for example the surface
of magnetized plasma, which supports several kinds of surface waves [3, 5, 7].

The surface magnetic polaritons were investigated only in the case of ferromagnet-
-vacuum interface [9, 10].

In this paper we consider the surface waves propagating along the interface between
the antiferromagnet and isotropic polar dielectric. Only two special cases of the propagation
are considered, i.e., the propagation parallel and perpendicular to the sublattice magnetiza-
tion. We assume that this magnetization is parallel to the interface and for simplicity we
assume that no external magnetic field is present. The geometry and coordinate system
are defined as follows; the plane y = 0 is the boundary separating two semi-infinite media,
i.e., antiferromagnet (y < 0) and isotropic polar dielectric (y > 0), whereas the magnetiza-
tion is directed along the z-axis (M || z).

In the phenomenological approach the inner dynamics of each medium can be described
by dielectric and magnetic permeability tensors. ‘Thus, in the case under consideration
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the isotropic polar dielectric can be described by the dielectric function
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whereas the antiferromagnet by the magnetic permeability tensor
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and the dielectric constant ¢,. In Eqs (1, 2) w, and o, denote the frequencies of the transverse
and longitudinal optic phonons, respectively. Q is the antiferromagnetic resonance fre-
quency, &q denotes the optic dielectric constant and €2, is defined as Q2 = Q2+ 8n(gup)?H M,
where My is the saturation magnetization of the single sublattice and H,, pg and g are
the anisotropy field, Bohr magneton and Lande factor, respectively. Writing the above
assumptions we have made further simplifications, i.e., we have neglected both the magnetic
properties of the polar dielectric and the spatial dispersion of the magnetic and dielectric
permeabilities.

2. Propagation with k 1. M

A general theory of the surface polaritons in anisotropic media was formulated by
R. F. Wallis et al. [7]. Following them one finds two different surface waves propagating
perpendicular to the magnetization. The first is the TH mode and is described by the
following dispersion equation:

k*c*  ge(w)
= I (3)
w &, +e(w)
and two localization conditions
g(w) < 0, (42)
K2c?
o > &4, (4b)

where k is the wave vector and ¢ denotes the light velocity. This mode does not depend

on the magnetic properties of the antiferromagnet and its dispersion equation coincides

with that of the surface wave existing between two nonmagnetic dielectrics [1].
Dispersion of the second wave is given by the equation
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This TE wave is sensitive to the magnetic and dielectric properties of both media and
further considerations in this section will be restricted to this wave only. The wave described
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by Eq. (5) is localized near the surface if two additional conditions are fulfilled, i.e.,

py(w) <0, (6a)
ii— > g(w). (6b)
6]

Examples of the dispersion curves of the surface polaritons, calculated from Eq. (5),
are shown in Fig. 1. Each dispersion curve can be characterized by a band width of pro-
pagation and by the position of this band in the propagation window (the propagation
window is described by Eq. (6a)). It is apparent that the band width and band position
are very sensitive to the parameters characterizing both media, i.c., to the frequencies
@, @y, £ and Q. If these parameters satisfy the following condition; w, = Q or o = Q,
then the surface waves become dispersionless, i.e., the band widths decrease to zero.
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Fig. 1. Dispersion curves of the surface polaritons for the case of Xk LM: 1 — we =20cm™, 2 — w,
=2502em ™, 3 — wo = 25.22cm™, 4 — wo = 25.5¢cmY, 5 — we = 30.18cm™, 6 — wg = 100 cm—1.
All curves are calculated for 2 = 30 em™, ' Q,, = 30.2 em™, wj—wo = 5cml, &, =5 and & = 4

The dispersion curve does not begin, in general, at k¥ = 0 but at a well defined and
finite wave vector. This cut-off wave vector also depends on the frequencies w,, w,, Q
and Q,, and it is apparent that there is a range of these parameters where the cut-off wave
vectors vanish,

3. Propagation with k || M

Applying the general approach to the case of propagation parallel to the magnetiza-
tion one finds only transverse magnetic TH modes which are described by the dispersion
equation
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If p,(w) = 1, then Eq. (7) reduces to the dispersion equation of the TH mode existing
at the polar-nonpolar dielectrics interface, i.e., to Eq. (3). There is no TE mode for the
geometry under consideration. The waves given by Eq. (7) are localized near the interface
if two additional conditions are fulfilled:

s(w) < 0, (8a)

k*c*
e > gypt4(@). (8b)

Eq. (8a) indicates that the surface waves can exist at frequencies e (@, ).

Several dispersion curves of the surface polaritons are shown in Fig. 2. It is interesting
to note that for a certain range of the parameters Q, Q,,, , and w, there are two surface
waves. Conditions for the existence of one or two waves as well as the frequencies limiting
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Fig. 2. Dispersion curves of the surface polaritons for the case of KIM: 1 —Q=31cm™?, 2 —Q
=33cm !, 3 — Q =352cm™t. All curves are calculated for we = 30cm™, w; =35 cm™?, 2,—Q
= 0.2em™, g, =3 and & =2

the surface wave bands are given in Table I. The first and second column of this table give
the lower (LF) and higher (HF) limiting frequencies of the one surface band whereas the
third and fourth column give the same parameters of the second wave band. The w, is

TABLE 1
Band 1 Band 1I
Frequency range
LF 4 HF LF 1 HF
— - . —

O < wo Wo | (248 !
0 < wo < O W< W, |
we < 2 < w4 min (., © <) ‘ max (o5, 0 ) wo ! Q
wy < 2 < wy 0Q . wo Wy

Q > w i | we Wy
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defined as a solution of the equation &(w) = —eg,, i.e., as

' 80w12+61w3 ©)
&g +e 1

and w . is lower (when #,(0)e(0) > ¢,) or greater (when p,(0)e(0) < &,) the positive solution

of the equation

pi(w)e(w) = &. (10)

Table I includes all cases only when w,—w; > Q,,—Q and w,—w, > Q,—Q which
is satisfied since usually w,—wo ~ 10cm™ and Q,—~Q ~ 0.1 cm .

The position of the bands and their widths are, as in the case of the k 1 M geometry,
strongly dependent on the frequencies w,, @, 2 and ,. It is interesting to note that, in
special cases, the band width decreases to zero. The dispersion curves begin, as in the
former case, at finite cut-off wave vectors. However, in the range of the parameters where
two wave exist, the cut-off wave vectors of the one wave vanish.

4. Summary

We have found the dispersion curves of the surface polaritons propagating along
the antiferromagnet-polar dielectric interface. We have considered two propagation
geometries; propagation parallel and perpendicular to the magnetization.

It is noticeable that the surface waves become dispersionless if the parameters w,, w,
and Q,, satisfy well defined conditions. The cut-off wave vector varies from zero to infinity.
However, since we neglected the spatial dispersion, the above calculations are valid only
in the long wavelength limit,
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