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SURFACE POLARITONS IN A DEGENERATE SEMICONDUCTOR WITH A_ __
SURFACE DEPLETION LAYER: HYDRODYNAMICAL MODEL*

R. F. Wallis, D. Castiel, and J. J. Quinn’
University of California, Irvine, California 92717, USA

Surface polariton modes are investigated theoreti-
cally for a slab of one semiconductor on a semi-
infinite substrate of a second semiconductor.
Specific calculations are carried out for a slab of
intrinsic GaAs on degenerate n-Ge. The case of a
slab of degenerate n-Ge on intrinsic Gads is also
investigated.
1. Introduction
The development of attenuated total reﬂection1 (ATR) has
provided a valuable experimental tool for studying the pro-
perties of surface polaritons. of pgr;icular interest are :
semiconductors in which one can have sutface polaritons )

associated with both free_cafriers and optical phonons.

In this paper we present the results of surface polariton
dispersion curve calculations for a slab of intrinsic Gaas
on degenerate n-Ge and for a slab of degenerate n-Ge on in-
trinsic GaAs. A hydrodynamical model including non-local
effects is employedz. s

2., Theory
First, we consider the elements of the non-local dielectric

tensor. We start from the hydrodynamical equations of
motion. >

m‘n(? +V : 99) = -pnek - 9P (1) 54

and the equation of comtinuity ‘
a+ V- (nv) =0 : (2) \

where the electron density n and velocity v are functions ?
of position and time, m® is the effective mass, E is the |
electric field, P is the electron pressure, and a dot over :
a symbol indicates a time derivative. Let the deviations ‘
of o and P from their uniform equilibrium values n, and P,

; o
be o, and PI’ respectively. For a_degenerate_electron gas
we can take

*

63 2 |

AN —
¥ ot T
J ;




and 82 - i3 e (4)_

where £ is the Fermi velocity. Keeping only terms linear
in the perturbed quantities and setting

(n,,9,8) = (§;,7,B)el?t-10'T (5)
we obtain the following expressions for the current density

-

J and perturbed electron density n,:

i = (nge?/1n" 0)E - (eB?/u)q n, (8)

n, = -(1/ew )q - 3 (7
By eliminating.nl, we can calculate the conductivity temsor
and thence the dielectric tensor. We shall not present the
detailed results for the latter, but merely state that cer-
tain elements are functions of the wave vector a as a re-
sult of the non-locality introduced by the pressure gradi-
ent term in Eq. (1).

Let us now consider the solution of Maxwell's equations for
an intrinsic GaAs slab of thickness d sandwiched between
vacuum (zZ< -d) and n-Ge (2> 0) having plasma frequency wp.
We take the surface polaritons to propagate in the y-direc-
tion. We assume specular reflection of the electroms in
the Ge at the boundary z=0. This is equivalent to evalua-
ting the field in the semi-infinite Ge substrate by assum-
ing mirror image boundary conditioms, E (0 ') = =E (0 ) and
E! (0 ) = -E/ (O ), for an infinite Ge sample Application
ot the boundary conditions leads to the dispersion relation
for surface polaritons

<1+ O'Yaé )(1+ oo €1) aad-o : -
a-*l 122
where the subscripts 0,1,2 refer to vacuum, GaAds, and n-Ge,
respectively, the € are the dielectric constants, the
-[qs—(wz/c )€1]i are the decay constants of the surface
polariton in the respective media, v = 1-(q w / w azu).
and x = [qy+9 ( p--mz)]i . The quantities e are given
by GI(W)'el(')[(m )/(mmrm )] and 62(0)-62(-)[1-(wp/m )]

* where Wy and wy are the long wavelength longitudinal and

transverse optical phonon frequencies, respectively of GaAs.
| e & L b A o




For the case of a slab of n-Ge sandwiched between vacuum _
and intrinsic GaAs, the field in the slab is evaluated by
using mirror image boundary conditions at both boundaries,
z=0 and z=-d. This means, however, that mirror images of
the boundaries at z=0 and z=-d must also be placed at z=224,

44, ..., and at 2= +d4, *3d, ..., respectively. The dis-
persion relation is found to be
ice ice
o skl ;
(‘2' - )( 82 ) (9)
where :
da,, dq de dq ' ,dq
- Jwd 2 dx y
€y nic{( m ( " ! rr) ( )BTi( T 'Asi< m )}’(10)
T, (x,7) = (y2-x®71(s (x)-s1<y)] (11)
S;(x) = (m/x)cosechrnx, S 9(x) = (ﬂ/x)cothﬁx. (12)

k]
3. Results i

Numerical calculations have been carried out for a slab of
intrinsic GaAs sandwiched between vacuum and n-Ge for
several slab thicknesses and carrier concentrations in the
Ge. The values of the parameters used were w, = 290.5cm°1,
0, =268.2 cn~l, €, (=) =10.89, €,(=) =15.13, and (n'/m)=0.2.
The results for d=0.1 um and 100 um and mp-400 cn~ L are
presented in Fig. 1. Three surface polariton modes are
found in each case, the upper and lower modes correspond-
ing to interface modes localized at the GaAs-Ge boundary
and the middle mode corresponding to the surface mode at
the GaAs-vacuum boundary., From the figure, we see that
the non-local effects appear only at larde wave vectors.
Note the termination of two of the modes‘at small wave
vectors., In Fig. 2 we present results for a Ge slab be-
tween vacuum gnd intrinsic GaAs with the ‘same mp value and
slab thicknesses as in Fig. 1. Again, we have three sur-
face polariton modes in each case. The upper mode termi-
nates at a minimum wave vector. In contrast to the GaAs
slab, we now have two modes whoao frequency~increasos-*—"~

strongly at large wave vector.
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Fig. 1. Surfa.ce polariton dispersion curves for an
: intrinsic GaAs slab between vacuum and n-Ge
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