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Radiation of Millimeter Waves from a Leaky
Dielectric Waveguide with a Light-Induced

Grating Layer

MASAYUKI MATSUMOTO, MEMBER, IEEE, MAKOTO TSUTSUMI, MEMBER, IEEE,

AND NOBUAKI KUMAGAI, FELLOW, IEEE

Ahtracf —A theoretical anafysis is presented for the radiation char-

acteristics of millimeter waves in a periodic dielectric waveguide having a

light-induced grating layer. The wavegnide is assumed to be composed of

an insulator (sapphbe) slab whose one surface is coated with a high-resis-

tivity semiconductor (silicon) film. A boundary-integral-equation forrunla-

tion is employed to obtain characteristic solutions of the waveguide.

Numerical calculations are made at 94 GHz for both TM and TE polariza-

tions. Estimations of the illumination power reqnired to produce the

grating are given.

The wavegnide presented in this paper, in conjunction with a high-power

semiconductor diode laser array as a light source, may be developed to

operate as an electronically beam-steerable leaky-wave antenna at millime-

ter-wave frequencies.

1. INTRODUCTION

PERIODIC DIELECTRIC waveguides have potential

usefulness for application to leaky-wave antennas in

dielectric-based millimeter-wave integrated circuits be-

cause they are lightweight, rigid, and easily fabricated from

uniform dielectric waveguides which are the main con-

stituents of the integrated circuits [1]–[3]. In addition, the

grating-type leaky-wave antenna has the advantage that

the beam direction can be controlled electronically without

any mechanical means.

Assuming that the space harmonic of the – 1 order is to

be radiated, we can express the main beam direction which

is measured from broadside to endfire of the antenna by

(1)

where /?, ICO, and d are the phase constant of the funda-

mental space harmonic, the free-space wavenumber, and

the period of the grating, respectively. Steering of the main

beam direction has so far been carried out with the period
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fixed by changing principally kOd with frequency scanning

or by changing ~/kO using p-i-n-diode-loaded dielectric

waveguides [4] or ferrite waveguides [5]. If an electronic

means of varying the period is available, we would obtain

a leaky-wave antenna having a wide beam-scan range at a

fixed frequency.

One possible way to attain variable periodicity is to use

a high-resistivity semiconductor as a waveguide medium

and ,to create a nonpermanent grating by periodic light

illumination on the waveguide surface [6], [7]. The grating

is generated through the property that the complex permit-

tivity of semiconductors can be modulated by introducing

an electron–hole plasma in the semiconductors with pho-

toexcitation. So far, this property has been widely ex-

amined for the control of millimeter-wave propagation

along semiconductor waveguides with application to an-

tennas, high-speed switches, phase shifters, modulators,

and filters [6]–[14]. In a previous paper [7], the authors

presented an analysis of the radiation characteristics of

millimeter waves in a periodically plasma-induced semi-

conductor waveguide. In the analysis, the waveguide was

assumed to be made entirely of a semiconductor material.

For that case, the plasma generated near the surface of the

waveguide will diffuse into the waveguide, so that a sta-

tionary high-density plasma will be hard to obtain.

In the present paper, a study is made for an insulator

waveguide coated with a thin semiconductor layer in which

the generated plasma is confined [15]. Sapphire and silicon

are assumed as the insulator and semiconductor materials,

respectively [16].

In the following sections, the characteristic equation

giving leaky-wave solutions is derived by employing a

boundary-integral-equation formulation [17], [18] under

the two-dimensional assumption and is solved numerically

for both TM and TE polarizations at 94 GHz. Discussions

on the dependence of the radiation characteristics on

plasma density and dimensions of the grating are pre-

sented. Estimations of the illumination power required for

the waveguide to operate as an antenna with a reasonable
efficiency are also given. Finally, it is mentioned that an

electronically beam-switchable leaky-wave antenna may be

fabricated from the waveguide by using a high-power

semiconductor diode laser array [19]–[21] as a light source.
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Fig. 1. Side view of a periodic dielectric waveguide having a light-

induced grating layer.

II. WAVEGUIDE STRUCTURE ANALYZED IN
THIS PAPER

Fig. 1 shows a side view of the two-dimensional model

of the waveguide analyzed in this paper. The waveguide is

made of an insulator slab whose lower surface is covered

with a thin, high-resistivity semiconductor film. The layered

structure is illuminated periodically from below with opti-

cal radiation whose photon energy is larger than the band-

gap energy of the semiconductor. The light illumination

induces an electron–hole plasma in the film, causing the

generation of a complex-permittivity-modulated grating

layer. If the period of the grating is chosen properly, the

permittivity modulation scatters the incident guided waves

continuously in both upward and downward directions.

The radiation angle is given by (l).

In this paper, we assume high-purity silicon as the

semiconductor material, and sapphire, on which silicon

can be deposited epitaxially, as the insulator. Although

sapphire is a uniaxial anisotropic material, it can be taken

as isotropic with relative permittivity C, = 9.4 [22] for TM

(TE) polarized waves when the optic axis lies in the y

direction (in the xz plane) in Fig. 1. The silicon film is

desired to be as thin as possible to confine the plasma in a

narrow region. However, in order for the illuminated light

power to be absorbed efficiently, the thickness of the film

cannot be made smaller than the light-penetration depth in

silicon. In this paper we shall make numerical calculations

for thickness around 30 pm, which is a typical value of

penetration depth in silicon of the light emitted from

GaAIAs/GaAs diode lasers.

The relative complex permittivity of the semiconductor

containing electron–hole pairs of density n is given by

where

2
Qpl =
u

e

E.

c,

ne2/tom,

angular frequency of the electromagnetic

fields,

elementary charge,

permittivity of free space,

relative permittivity of the semiconductor

without the plasma,

I INSULATOR (cs)

t

R*(ep) R=(E, )

Ot,lw tL, d ‘z
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Fig. 2. Unit cell of the periodic waveguide.

‘e (mh)

v, (Vh)

For silicon,

the electron

effective mass of an electron (hole),

collision angular frequency for electrons

(holes).

Er=ll.8, me=0.259m0, mk = 0.38mo (mO iS

rest mass), v, = 4.53X 1012 S-l, and Vh = 7.71

x 1012 s-1 [10]. Since the VI’s are larger than Q by about

an order at millimeter-wave frequencies around 94 GHz

(U= 5.9 x 1011 s-l), silicon behaves as a lossy medium

whose conductivity changes almost proportionally to the

plasma density.

The photogenerated plasma will diffuse according to its

density gradient. The one-dimensional diffusion length of

the plasma in semiconductors is given by [23]

‘D=m

where

P. (~h ) mobility of electrons (holes)!
k, Boltzmann constant,

T absolute temperature,

T lifetime of electron–hole pairs.

For silicon LD is calculated to be 150 pm for ~ ❑= 10 ps at

300 K. In the present analysis, we assume that the thick-

ness of the silicon film is much less than L~. In this case,

the plasma can be considered to distribute itself uniformly

in the direction perpendicular to the film in steady state.

In the direction parallel to the film, on the other hand, the

plasma will diffuse away from the illuminated portions

within a range of LD, resulting in a nonuniform distribu-

tion. In the following analysis, however, we use a simple

model where the plasma distributes itself uniformly in

both directions within regions of rectangular cross section.

III. MATHEMATICAL FORMULATION

A. Integral Equations

In the present analysis, boundary-integral equations are

employed as governing equations for the fields inside the

grating layer. Fig. 2 shows a unit cell of the periodic
waveguide. The plasma-occupied region (O < x < t, O < z <

w ) and the pure semiconductor region (O < x < t, w < z <

d) are denoted as RI and RII, respectively. LI and LII are
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the contours enclosing R1 and R1l, respectively. The x

fields inside each region are governed by the following Lr L.

boundary-integral equations:

‘HI

u~ q: Ulf q:

~ df$ d$!fl

;+(’;) =~,(+ jy+ ~n

)

I

— dl for R1 (2a) u; u; u;

:: q q; q?

8$ f3rp

)

u; q; Lg ql: <
;+(r;) ‘~11(+’1~-+’~ dl for R1’ (2b)

o w d

1035

where

{

H
@= ~.’

Y

Here r: is a point on L’,

Fig. 3. Unknown vectors on each side of L1 and L1l.

for TM polarization
Here am, b~, cm, and d., are amplitudes of the space

for TE polarization. harmonics, and PO is the complex propagation constant of

f d denotes the Principal value the fundamental space harmonic to be determined.

line i&egral’ with singularities removed, ” d/d; is the

outward normal derivative on L’, and the +”s are the

Green’s functions in the respective regions (i= I, II). In

this paper we usel the Hankel function of the second kind

and zeroth order – (j/4) Hj2j as +’. We discretize the

integral equations (2) by expanding the unknown functions

@ and d@/i3 n on L’ in terms of subsectional step functions

and by locating r; at the midpoint of every boundary

segment. The resulting matrix equations have the following

form:

G1ul+H1ql=O (3a)

GIIuII+~IIqH=o (3b)

where u’ and q 1 (i = 1, II) are unknown column vectors

whose elements are + and 8+/8 n, respectively, on each

segment. G 1 and 22* (i= I, II) are square coefficient

matrices whose order is equal to the number of segments

into which L’ is divided.

B. Fields in the Uniform Layers

We expand the field + in the uniform layers t + h <x,
t < x < t + h, and x < () into series of space harmonics as

follows :

t+h<x + = ~ame-JPn,(’-’-’)e-JBmz (4a)
m

t<x<t+h @= E(bmcosumx + c~sinu~x)e-~~”’

X<o

C. Boundary and Periodicity Conditions

We subdivide the vectors u’ and q’ (i= I, II) into u;’s

and q;’s (j = 1–4), respectively, each of which belongs to

each side of L’ (see Fig. 3). The continuity of tangential

electromagnetic fields across the boundaries x = t and

x = t + h relates u!, u& and q;, q]l, to each other with the

intermediation of the fields described by (4a) and (4b).

The resulting equation can be written in the form [17] ‘

K)=(:JI :~11 “)

A similar equation holds for the fields at x = O:

EJ=K:4(3 “)
Boundary conditions at z = w and periodicity conditions

imposed on the fields at z = O and z = d are given by

(u; = u: (7a)
Jq; = _ ~11 II

93 (7b)

and

{

II = e –Jbfu;U1 (8a)
II II=_

v 41
vIe ‘Jl%dq; (8b)

??1

(4b) respectively, where

(4C) VI =

(

1/6, (TM)

1 (TE) (I/f, (TM)
and vII =

I (TE).

where D. Characteristic Equation

i%= /$ +2m~/d The discretized integral equations (3) can be written

using u; and q; (i = I, II, j = 1–4) as
Pm= (M –%)1’2

Om= (k;6, -#2.

1) [1

u; G

(G;G;G;G:) ‘b + ( H;H;H;H: ) :! =0 (i= I,II).
u;

1We can use the Bessel function of the second kmd and zeroth order
(1/4) NO as the Green’s function as well [17]. In the present analysis,

u: 4:
however, since the argument of +1 possibly has a large negative imagmary

part, we had better use H~) in order to carry out numerical calculations
Joining the two equations given above (i= I and II) and

stably. eliminating unknowns with use of (5)–(8) yields a homo-
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Fig. 4. Dispersion diagram of TM modes for the unperturbed wave-

guide.

geneous matrix equation

Ax=O

where

i-
fj; + H@I,I / G; I 1,1 1

/ G:+H4C ; H:
I———————————————————————————————————————

TABLE I

CONVERGENCE OF THE SOLUTION

n ( cm-3 ) N

~014 52

100

200

300

10’6 52

100

200

300

10’8 52

100

200

300

6 (m-1)
-1

Cx(m ) CPU time ( sec

3260.41 3.3616 0.98

3260.55 I 3.4802 [ 4.73

3260.70 I 3.4835 I 27.8

3260.74 3.4866 86.2

3366.28 I 208.12 0.98

3368.19 I I 508202.12

3369.35 I 199.83 I 30.4

3369.77 199.22 86.3

3619.03 178.90 0.95

3607.76 I 164.00 I 5.11

3603.11 I 158.30 I 33.1

3601.76 I 156.69 I 86.5

TMO mode: h = 0.5 mm; t = 30 pm, d = 1.4 mm, and w ——
0.3 mm.

tion is applied, from which we can predict the radiation

angle, does not differ much from the unperturbed phase

constant if the plasma density is low or the width of the

plasma-occupied region (plasma strip) is small compared

with the period. In Fig. 4 we also show the boundaries

between the regions where guided waves are purely

bounded and where the waves become leaky by dashed

lines for d = 1.4 mm. The mode operating outside the

I
I
I

The characteristic equation is given by

det[A(~o)] =0.

Solving the equation numerically using Muller’s algorithm,

for example, we can obtain the complex propagation

constant f10. From the solution for the vector x accom-

panying PO, we can calculate the electromagnetic fields

along L’ and the space harmonic amplitudes in the uniform

layers.

IV. NUMERICAL RESULTS FOR TM POLARIZATION

Fig. 4 shows a dispersion diagram of TM modes sup-

ported by the unperturbed waveguide without periodic

light illumination. The thickness of the insulator (sapphire)

slab and the semiconductor (silicon) film are 0.5 mm and

30 pm, respectively. The phase constant of the fundamen-

tal space harmonic when the periodic permittivity modula-

triangular OAB works as a leaky mode. The calculations

which follow are made for the lowest order mode around

the point P, where the space harmonic of the – 1 order is

a backward propagation beam.

Table I shows the convergence of the solution PO~

8 – ja for three different values of plasma density. N is
the total number of segments into which L1 and L,II are
divided, and is equal to the order of the matrix A. It is

found that Do converges with increasing N. The calculations

in this section are carried out with N around 200. In Table

I we also show computation times on a NEC SX-1. With

regard to the CPU times, it should be noted that the

FORTRAN program used in the calculation does not have

an architecture optimized for vector processing. The CPU

times will be considerably reduced if the capability of the

vector machine is fully exploited with a program which has

a suitable architecture and is coded suitably for vector

processing.

Fig. 5 shows a plot of the phase and attenuation con-

stants of the fundamental space harmonic, ~ and a, as
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Fig. 5. Phase and attenuation constants of TMO mode as functions of

plasma density (k = 0.5 mm, t =30 pm, d =1.4 mm, and w = 0.3 mm).

functions of the plasma density ford= 1.4 mm and w = 0.3

mm. The value of w is chosen to be twice the diffusion

length L~ given in Section II. For corpparison, the propa-

gation constants ~U and aU for a uniformly plasma-

induced waveguide (w = d) are plotted by dashed lines.

When the plasma density is low (n< 3 X 1015 cm-3), the

plasma strips behave only as a lossy material without

scattering much of the guided-wave power out of the

waveguide. In this case a zz (w/d ) aU holds. With higher

plasma density (n >3 x 1015 cm-3), the plasma strips

scatter larger power, and the guided wave attenuates due

to both dissipation and radiation losses. Increasing the

density further, the attenuation constant approaches the

leakage constant of the waveguide where the plasma strips

are replaced by perfect conductor strips.

In order to specify the magnitude of the plasma density

with which the waveguide is taken to operate as an an-

tenna, we must have a knowledge of the ratio of the

radiated power to the dissipated power as a function of

plasma density. We can calculate the power radiated from

a period of the waveguide in the upward and downward

directions by

1 I _ .–2ad

= &Ia_,12Re[p_,] ‘ ~a

i YId
1.

s \
i

~ 50 - i.
IL
F
+L
F

o-
1013 10’4 1015 lol~ 1017 1018 1019

PLASMA DENSITY n [ cm-31

Fig. 6. Percentages of radiation and dissipation powers as functions of

plasma density for the TMO mode (h= 0.5 mm, t =30 pm, d = 1.4

mm, and w = 0.3 mm).

and

respectively, where the superscript (– 1) to E= and HY

means that the values are the space-harmonic components

of the – 1 order. The power dissipated by the plasma in a

period is given by

[
Pd=–~Re ~l(EXH*). ndl 1

1

[“

=—Re –~{q5*~dl
26X0

CP L1 1
where n is an outward normal unit vector on ~1. Fig. 6

shows the ratios of P,+, P,–, and pd to the total power:

~;= ~:/(p; +p,-+ ‘d) (9a)

~d = ‘d/(p: +p,-+ ‘d) (9C)

as functions of plasma density. From the figure, it is found

that the percentages of radiation really increase and that of

dissipation decreases as the density increases. It can also

be seen that radiation occurs almost evenly in the upward

and downward directions. For n =1017 cm -3, for example,

about 34 percent of the power fed into the leaky mode

radiates away effectively into the upper half-space of the
waveguide with sufficient length. The quantity rf~ can be

used as a measure of radiation efficiency.
Fig. 7 shows a plot of the propagation constant and the

main beam direction given by (1) as functions of the

period. It is found that the main beam direction can be

controlled over a wide range by changing the period.
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Fig, 7. Radiation angle and the propagation constant of the TMO mode

as functions of the period (h = 0.5 mm, t = 30 pm, w = O 3 mm, and
n = 1017 cm–3).

The half-power beam width can be calculated approxi-

mately by

(

p 27r

1(

P 2’i7 a
A~=sin-~ ~ –—+s –sin-l ~–—

~ kod k. 1~ kod–~ “

For the plasma-strip width w = 0.3 mm, the value which is

used in the calculation of Figs. 5–7, and for d =1.4 mm,

and n = 1017 cm – 3, A+ is 12.3 degrees. This value seems

fairly large. Reduction of the beam width can be achieved

by narrowing the plasma-strip width. Fig. 8 shows the

dependence of the half-power beam width, the radiation

efficiency q,+, and the propagation constant on the
plasma-strip width. With decreasing w, the attenuation

constant decreases rapidly, which gives a larger aperture

length and consequent reduction of the beam width. The

width A+ is as small as 0.6° for w = 0.1 mm. The reduc-

tion of the strip width could be realized by introducing
impurities, such as gold in silicon [24], which behave as
recombination centers into the semiconductor film. The

introduction of such impurities will reduce the lifetime and

hence the diffusion length.

Finally, Fig. 9 shows the dependence of the radiation

efficiency and the propagation constant on the plasma-strip

thickness, which is equal to the semiconductor-layer thick-

ness, for a fixed plasma density n = 1017 cm – 3. The skin

depth of the plasma medium for the electromagnetic fields

at 94 GHz is 27 pm. From the figure, it can be seen that

the efficiency does not increase with increasing thickness

beyond the value of the skin depth. Hence, the thickness of

20”

10°

0 v

oL J

.103
3.6

3.4

v

0.1 0.2 0.3 0.4 0.5

w [mm]

Fig. & Dependence of the radlatlon characteristics on the plasma-strip
width for the TMO mode (h = 0,5 mm, r = 30 pm, d =1.4 mm, and

~~=l@7cm-’)

$
- 20 -
+.
F

o -

Xlo 2

2.0 I 4

J--———J
10 20 30 40 50 60

PLASMA-STRIP THICKNESS t [ pm]

Fig. 9. Dependence of the radiation efficiency and the propagation
constant of the TMO mode on the plasma-strip thickness (h = 0.5 mm,
d = 1.4 mm, W,= 0.3 mm, and n =1017 cm–3 ).
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the semiconductor layer should be chosen approximately

equal to the skin depth for a given plasma density in order

to save the illumination power to generate the plasma.

V. NUMERICAL RESULTS FORTE POLARIZATION

First, convergence of the solution with increasing N was

confirmed to be good, as in the case of TM polarization.

The following calculations were made with N -200.

Fig. 10 shows the propagation constant of the funda-

mental space harmonic versus plasma density. For this

polarization, the phase constant shifts downward as the

density increases.

Fig. 11 shows the. ratios of the radiated and dissipated

powers to the total power as functions of plasma density.

The ratios are given by (9), where the powers for the TE

case can be calculated by

~_e-2ad

p,’ = &la_112Re[p_1] Za

~_e-2.d

p,- = 1~ld_112Re[p_1] Za

‘d=&Re[’L”%d’l
The curves shown in Fig. 11 have shapes similar to those in

Fig. 6.

Fig. 12 shows the dependence of the half-power beam

width given by (10), the radiation efficiency q,+, and the

propagation constant on the plasma-strip width w. In the

100I .- ..:
\. I

“\.
1.,

“\.
‘,~ d$

“\.
F 50 - \. T:

\

E \,

+L
F

\

o
10’3 10’4 ,015 ,016 10’7 ,018 ,019

PLASMA DENSITY n [ cm-s]

Fig. 11. Percentages of radiation and dissipation powers as functions of

plasma density for the TEO mode (h = 0.5 mm, t =30 pm, d = 1.1
mm, and w = 0.3 mm).

401 1
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Fig. 12. Dependence of the radiation characteristics on the plasma-strip
width for the TEO mode (h = 0.5 mm, t = 30 pm, d = 1.1 mm, and

n =10]7cm–3).

case of TE polarization, where the electric field lies parallel

to the plasma strips,’ the attenuation constant does not

decrease rapidly as the width decreases, in contrast to the

TM case [17]. Therefore, the beam width cannot be nar-

rowed sufficiently by decreasing w. To reduce the attenua-

tion constant further when operating with TE polarization,

we need to use a more complicated waveguide structure,

such as one having a low-permittivit y buffer layer between

the semiconductor and insulator layers.
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VI. REQUIRED ILLUMINATION POWER

In this section, we estimate the optical illumination

power required to generate light-induced gratings. Two

examples for the operation at 94 GHz with TM polariza-

tion are examined:

Example 1:

t (thickness of the silicon film) = 30 pm

d (period of the grating) =1.4 mm

w (width of a plasma strip) = 0.3 mm

n (plasma density) =1017 cm -3.

Example 2:

w = 0.15 mm

other parameters are the same as in example 1.

Attenuation constants, beam widths, and radiation ef-

ficiencies are given in Section IV as

Example 1:

a=188 m–l, A#I =12.3°, q;= 34.2 percent.

Example 2:

a=24.6m–1, A@=l.7°, q,+ = 27.8 percent.

We determine the antenna length by L = – lnO.05/(2a): 5

percent of the fed power is left at the terminal end of the

antenna. The numbers of plasma strips, given by L/d, are

6’ and 44 for examples 1 and 2, respectively.

The illumination intensity required to generate a

steady-state plasma of density n in a semiconductor layer

of thickness t is given by

fiOOP,tn

1= (1- R).$T

Planck’s constant divided by 2n,

angular frequency of the optical radiation,

reflectivity of the light at the semiconductor

surface,

quantum efficiency.

The intensities for the two examples are calculated to be

10.0 W/cmz and 40.1 W/cmz, respectively, using A OPt=

2n/(=QOPt) = 0.85 pm, R = 30 percent, & =1, and r =
10 ps for example 1 and ~ = 2.5 ps for example 2. The

values of the lifetime are those with which the diffusion

length L~ is about half of w. The total required illumina-

tion power for the two examples assuming that the width

of the waveguide in the y direction is 5 mm is as follows:

Example 1: 0.9 W(150 mW per plasma strip).

Example 2: 13.2 W(300 mW per plasma strip).

Optical radiations with these powers can possibly be ob-

tained from semiconductor diode lasers, whose power-gen-

eration capability has been increasing in recent years [25].
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Fig 13. Schematic view of the waveguide illuminated with a semicon-

ductor diode array.

VII. MEANS OF VARYING THE PERIOD

The period of the light-induced grating in the semicon-

ductor layer can be varied if light sources capable of

generating variable illumination patterns are available. A

promising light source for such a purpose is a semicon-

ductor diode laser array [19]–[21]. Semiconductor lasers,

being very compact, do not spoil the compactness of the

grating antenna itself, and have superior electronic control-

lability.

Let us assume that a diode laser array is placed parallel

to the waveguide surface (the semiconductor-film-coated

side), as shown in Fig. 13. The emitted lights illuminate the

waveguide directly or via transmission lines such as optical

fibers. When a two-dimensional array [19], [20] is used, a

series of diodes along the y direction is responsible for

generating a plasma strip. By turning on the diodes selec-

tively, we can obtain a periodic illumination pattern with a

period which is any multiple of the spacing between the

individual diodes. Thus the main beam direction can be

switched among several directions electronically.

Although the beam steering mentioned above is essen-

tially discrete, almost continuous scanning would be

achieved by decreasing the spacing between the emitting

elements and increasing the number of diodes.

VIII. CONCLUSIONS

We have studied theoretically the radiation characteris-

tics of a periodic dielectric waveguide having a light-

induced grating layer. Silicon on sapphire structure has

been assumed for the waveguide.

The characteristic equation was derived using a boun-

dary-integral-equation formulation and was solved numeri-

cally to give leaky-mode solutions for both TM and TE

polarizations. Radiation properties such as the main beam
direction, the half-power beam width, and the radiation
efficiency are calculated as functions of the electron–hole

plasma density and the dimensions of the induced plasma

strips. It was shown that narrow beam widths are hard to

obtain when operating with TE polarization. Estimations

of the illumination power required to realize an antenna

were made. Finally, it was mentioned that the waveguide

presented in this paper, in conjunction with a high-power

semiconductor diode laser array as a light source, may be

developed to operate as a leaky-wave antenna at millime-

ter-wave frequencies whose main beam direction can be

switched electronically among several directions.
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In the present analysis, we have used a simple model

where the plasma distributes itself uniformly in regions

with rectangular cross section. In order to predict the

radiation properties more. precisely, we have to carry out

an analysis that includes the effect of the nonuniformity of

the plasma distribution arising from carrier diffusion in

the direction parallel to the semiconductor film and surface

recombination of carriers at the semiconductor–air and

semiconductor–insulator interfaces.
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