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A dimsporsion relation governing the surface wave propagation in the
composite structuro of a cylindrical semiconductor coated with thin
layer of dielectric material is derived and studied for different values of
inhomogeneity parameter and dielectric thickness parameter. A linear

donsity grading is assumed in the semiconductor along the radial direc
tion.

1. INTRODUOTION

Robingon and Vural (1968) reported the two stroam intoraction in a thin semi-
conductor layer with the aid of quasistatic approximation and derived the dis-
persion relation for slow waves in semiconductor plasmas. Further Robinson
(1970) proposed electron hole plasma instabilities ;n a semiconductor and dis-
cussod wavo propagation for a thin plasma slab in the prosence of a low magnetic
fiold, and also discussed surface wave propagation on a thick somiconductor plasma
slab swrrounded by & diclectric medium. Baraif & Buchsbaum (1965, 1966, 1966),
Mizushima & Sudo (1970), Baynham et al (1973) and Tiwari & Verma (1976),
roported surface wave propagation on the composite structures of semiconductor
plasma slabs, with and without oxternal magnetic field. In an carlier comfmuni-
cation Tiwari and Verma 1975 reported surface wave propagation on the composite
structure of an inhomogeneous semiconductor plasma column coatod with a
thick layor of dieloctric matoerial.

The purpose of this paper is to discuss surfaco wave propagation on a com-
posite structure of a semiconductor plasma column coated with a layer of thin
dielectric material, in the presence of a donsity gradicnt along the radial direction.
Theo dispersion relation is studied for both axial and dipolar modes.

2. ANALYSIS

The permittivities of different media in case of semiconductor plasma column
coated with thin layer of dielectric material can be written as

. R
e(r) — eu{l— iuw—’;- ( l—:’t)} 0 <r<a (semiconductor plasma)

e(r) = cq€a a <r<b (dielectric medium) ¢ )]
e(r) = ¢ r>b (free space)
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wheroe ¢  is the dielectric constant of the coated material and  is the inhomogenety
parametor. The analysis is carriod out under quasistatic approximation and the
wave propagation iz assumed along z-direction. If we assume a travellmg wave
solution for the potential of the form :

¢ = 8(r) exp (—j (n0+BE))

where R(r) is the radial component of the scalar potential and £ is the propagation
constant. From the boundary condition, the scalar potential and its derivaive
should be continuous at the boundaries of the different media. Following the
process as outlined by Tiwari & Verma (1975), we get dispersion relation for the
axial mode (i.e. z == 0) as follows

R B2a(4AC—4B%) +168%2A B) -+ K[ f'a*(2B—2C—0 664)]
+/%4f(A+4B+C+2.166)+(6.08—8B)|—4f = 0 . (@)

2
where K= 22 A4 = (T—6x)/12; B = (5—4a)/20
@0 =(3—2a)/6
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where a 18 the radius of the column and b is the outer radius of the semiconductor
dielectric structure. Similarly for dipolar mode, the dispersion relation can be
put as

RA(Pa Ay +n80,)(By +8%2C,-+2D,)—(FaDy Ayt 4 1))
+& [ (1=-"5) (0.5 +BADa) + (et 4108y
fa® w?
(re4r+57 =5 )]
2
202 1) —N(As(nt H1 D] [0+ D | 124 F ]
%2t
—[.33+—5~ +T—f] =0 ¢

where A, = (3a—4)/12; B, = (6x—6)/6
C, = (Ta—8)[66; D, = (ba—6)/30
E, = (@—2)2
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3. RusuLTs AND DIscussion

Tho dispersion relations have been solved with the help of an IBM-1130
computer and plotted for various values of inhomogeneity parameter o and 8.
The dispersion relations are also plotted for a homogencous carrier density plasma.
and are shown hy dashed lines in figures.

3.1. For axial mode

Eq. (2) presents the disporsion relation for the axial mode, which is quadratic
in form and hence has two real roots; these two roots are sketched in figures 1
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Tig. 1. Dispersion curves for axially symmetric surface wave mode for dufferent values of
a ond 8
A . a=0, 0, B. @ =0.0, 8§ =0.078, C. « = .3, 078, D. a = .3, § = .158,

8= =.3, 8=
B.a=.5 8=0, F.a=.5 §=.078, G.a=.5 §=.168 H a=.7,8=0,
L a=.7,8=.1068,J.2a=.9,8=0,K. a=.9, 3=.078 L. a =.9, 3 =.158.

and 2. Figure 1 clearly shows the surface wave mode bocause the condition e5<<1
(where €5 is tho relativo dielectric constant of the plasma), which is the essential
condition for surface wavos to exists (Oliner & Tamir 1962) at semiconductor-
dielectric intorface, 15 satisfied. The surface wave mode is affected slightly by
the variation of ¢ and 8. Tho coating thicknoss parameter affects the propagation
to somo-extent For smallor values of ¢ such as § = .078 the fields do not remain
bound in the semiconductor dicloctric interfaco but they diffuse-to the dielectric
air interface. Observation of phase and group velocity of these waves confirm
the propagation of forward waves at the intorface.

Figure 2 shows the propagation of electromagnetic waves through the plasma.
Here as one can soo from the fig. 2 the phase velocity is greater than the velocity
of light. This type of propagation is referred to as fast wave propagation or a
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pass band situation (Pinder and Foulds 1966). The plot is not much atfected by
variation in o but is soverely affocted by 8 valuos, condition 8 = 0 corresponds to
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Fig. 2. Elfocis of o and § on tho propagation of waves i plasma.

Aa=0, 30, B a=10 3—.078 C.a=3 8=.108 D, a==5 5—0,
Ba=.7,8=0F.a=17 8= 08 (. a—=.9, §=0 H a- .9 5§ =.078

tho situation where free spaco surrounds the plasma column and we observe fast
wave propagation because there is no trapping of fiolds at the interface, whercas
for finito valuos of 8, part of tho field is present at the surface indieating suppression
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Fig 3. Dispersion curves for dipolar surface wave mode for differont valuos of & and & :

0, 3=0. B a=0, 5=.078, C.x= .1, §—.078, D.a= .3, &=.078,
3, 6=0,F. a=.508=.078C a=.58=0H a=.7,5=.158 La=
0,J. a—=.9, 5=.168 K.a=.9, §=0.
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Moreover at this particular instant the wave propagates with cons-

of the wave.
tant phase velovity in the wholo range of normalised propagation constant.

392 For dipolar mode

Eq. (3) prosents the disporsion relation for the dipolar mode. Figure 3
cloarly shows the aurface wave mode. This mode is not, much affected by the
variation in « and & and propagates in tho whole range of normalised propagation
constant.
This modo is not

Figure 4 shows the propagation of em waves in plasmas.
th constant phase

much affected by tho variations in o and 8 and propagates wi

pa—

Fig. 4. Bffects of @ and & on the wave propagation for dipolar modse :
B.a=.,3= 078,C. & = 3,5=0, D. o =.3, §=.168, . a=.3,

A a=0,8=.078
Q. a=.5 3=0, H a=.7 3 = .1568, La=.7,

s —.018, F.a=.5 8=2078
§=0, J. a=9 §=.075

lo range of normalised

velocity less than that of light (8> > w?[c?) for the who
propagation constant.
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