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Surface magnetoplasma polaritons exist at the boundary between the superlattice
and the dielectric under conditions corresponding to the quantum Hall effect.

Superlattices in which a quantum Hall effect is observed have recently been syn-
thesized."> Under the conditions corresponding to the quantum Hall effect, the dissi-
pative components of the conductivity tensor of the superlattice vanish, with the result
that bulk magnetoplasma oscillations are undamped.®® At the boundary between the
superlattice and the dielectric, electromagnetic oscillations of a different type occur:
surface magnetoplasma polaritons.””® These polaritons play an important role in the
wave processes which occur in bounded semiconductor structures and can be utilized
to study the characteristics of superlattices. Under the conditions corresponding to the
quantum Hall effect of surface magnetoplasma polaritons at the boundary between the
superlattice and the dielectric, we would expect to see several unusual properties due
to the quantized nature of the Hall conductivity and the absence of dissipation in the
medium.
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We consider a superlattice (y < 0) bordering a dielectric with a dielectric constant
€, (y>0). A static external magnetic field H, is directed along the axis of the superlat-
tice (the z axis) and lies in the plane of the interface (y = 0). Surface magnetoplasma
polaritons with a frequency @ and a two-dimensional wave vector ¥ = (k,,0,k,) prop-
agate at an arbitrary angle 6 with respect to H, (k, =« sin 8,k, = k cos 8). We de-
scribe the electromagnetic properties of the superlattice under the conditions of the
quantum Hall effect by an effective dielectric tensor ¢;; (@), whose nonzero compo-
nents are €,, = €,, =€,, =€y, €, = —€,, = — i(4m0/w)H sign(H,,7}) for frequen-
cies below the cyclotron frequency w,_. Here €, is the dielectric constant averaged over
a distance greater than the period of the superlattice, d; 7 is a unit vector along the z
axis; o = €S /hd is the Hall conductivity; e is the charge of an electron; 4 is Planck’s
constant; and .S is an integer. Our choice of ¢;; (@) is fundamentally different from that
in the Drude model, which was used in Refs. 10-13 and which leads to several new
effects in the propagation of surface magnetoplasma polaritons: the absence of damp-
ing; quantization of resonant frequencies, phase velocities and transmissions bands;
etc.

When the magnetoplasma waves are propagating at an arbitrary angle from H,,
the electromagnetic field in the superlattice is a superposition of ordinary and extraor-
dinary waves with transverse wave numbers [an arbitrary component 4; of the
electromagnetic  field in  the  superlattice can  be  written  4;

ik ik ik x + kyy— @)
= (A e + A,y “]

K, =—a/d -p, (1)

where

In a dielectric, the transverse wave number of the surface magnetoplasma polaritons is
found from the equation k }, = (#°/c*)e,; — «°.

Depending on the values of ¢ and 83, we find different types of magnetoplasma
polaritons: bulk polaritons (k2,, >0), pseudosurface polaritons (k},,— different
signs), and true surface polaritons (k2 , <0)."" The boundaries of the regions in
which the various types of magnetoplasma polaritons exist are determined from the
condition f = 0. In the Voigt geometry (8 = + 7/2), the magnetoplasma polaritons
may be either the bulk type or the true surface type. The latter are TM (extraordin-
ary) waves with a transverse wave number which can be found from the equation
k2 = — k% + (0%/c®) [ € + (€2,/€,) ]. We restrict the rest of this paper to true sur-
face magnetoplasma polaritons.
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The dispersion relation w(x,0,H,) describing the propagation of these waves can
be found by making use of the continuity of the tangential components of the electric
and magnetic fields at the y =0 boundary and the decay of these components as
y— + o (we are assuming that Imk,, , <0 but Imk,,; >0).'>" It follows from the
dispersion relation that the propagation of true surface magnetoplasma polaritons is a
nonreciprocal  process; ie, we have w(k, — 6,H,)Fw(k,0,H;) and
w(k,0, — Hy) #w(x,0,H,). In the region 8> 0 the true surface polaritons experience a
resonance (k—~ oo ; the waves become electrostatic) at the frequency w,, (6) = (4o /
€, + €, )sind. The resonant frequency of the true surface polaritons is thus quantized,
and it is independent of H,, in the plateau of the Hall conductivity.” The expressions
which we have found for o, (¢) agree with the corresponding results of Ref. 8 if we
assume w<w,, gqa<l, pa<l, g =Jq* + p*sinb, n, = (eHy/hca)S, where 0 is the angle
between the propagation direction of the wave and the direction of H,. In the region
@ <0, the true surface polaritons exist only at § = — (7/2), and their propagation is a
nonresonant process. In other words, a limiting frequency exists in the limit x— .

Figure 1 shows the spectrum of true surface magnetoplasma polaritons in terms
of the relative quantities £ = wey/4moy and B = kcey /4oy . The regions in which the
magnetoplasma polaritons exist are specified for 8 = + #/4. At 8 = 7/2, dispersion
curve ] starts from the origin, and as » increases, it asymptotically approaches the
relative frequency &, (7/2) = [w,, (7/2)€,/4moy ]. This curve lies entirely in the
region of true surface polaritons, since the lower branch of the equation S(#/2) =0 is
not a boundary line for TM wave. At 8 = 7/4, the spectral line (dispersion curve 2)
begins at the lower branch of the equation B(7/4) = 0, at the point of the conversion
of the pseudosurface polariton into the true surface polariton. During oblique propa-
gation, there accordingly exists a low-frequency region of a nontransmission of surface
waves in the spectrum of true secondary magnetoplasma polaritons. The magnitude of
this region is quantized. As & decreases, the point at which the spectrum of true
surface polaritons begins shifts toward the origin of coordinates; i.e., the gap of non-
transmission of surface waves becomes narrower. Dispersion curve 3 corresponds to

FIG. 1.
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true surface polaritons at @ = — 7/2. 1t begins at the origin of coordinates and ter-
minates on the line f( — 7/2) =f(w/2) =0. In the Faraday geometry (6 =0),
there are no true surface magnetoplasma polaritons.

For the boundary between the superlattice and vacuum, with an effective electron
mass m* = 0.068m, in the semiconductor structure, with d = 230 A, with €, = 11.5,
and in a magnetic field H, = 10 T, the resonant frequency of the true surface magneto-
plasma polaritons, @, (7/2), with § = 1is 1.5X 10"* s~'. On the other hand, we have
@, =2.6X10" s7". Clearly, the condition w ~w,, (§) €@, becomes satisfied by a pro-
gressively wider margin as H,, d, or €, increases or as & decreases.

We wish to stress that in the absence of damping the phase velocity of true surface
magnetoplasma polaritons near the resonant frequencies may be very low. This cir-
cumstance might be utilized in various applications in microelectronics, e.g., in excit-
ing surface waves by charged-particle beams that pass over superlattices.

YThe quantum frequencies of bulk electromagnetic waves (helicons) in an unbounded superlattice in the
limit of a homogeneous medium (kd<1) are given in Refs. 5 and 6.
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