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ABSTRACT

Preliminary studies on electronically scannable leaky-wave antennas integrated in a dielectric waveguide are

reported.

angle and the necessary change in dielectric constant can be derived.

ically tumable band-stop filters.

Introduction

This paper presents an economical method useful as
a preliminary study for the design of electronically
scannable antennas and tunable filters in dielectric
millimeter-wave integrated circuits. The results ob-
tained by the present study can be helpful in estab-
lishing the requirement to the material in which the
dielectric constant can be varied electronically.

A number of dielectric waveguides have been pro-
posed for developing new types of millimeter-wave in-

tegrated circuitsl’z’3 which resemble optical inte-
grated circuits, Recently, grating structures created
in the dielectric waveguides have been used as leaky~-

wave antennas and band-stop filters.4 The main beam
direction and the stop~band are determined from the
electrical length of the unit cell of gratings. In the
leaky-wave antenna in Ref, 4, the beam was steered by
changing the operating frequency. However, in actual
application, often one would like to keep the frequency
fixed and still needs to steer the beam, Also, in the
filter in Ref. 4, the stop-band cannot be altered once
the gratings are fabricated.

These problems may be overcome by incorporating an
electronic phase shifter in the structure, which
changes the electrical length for a fixed frequency.
Recently, the use of a PIN layer incorporated in a
submillimeter-wave dielectric waveguide was suggested

as an electronic phase shifter.5 It is important, how-
ever, to study how much scan is obtainable for a given
amount of change in dielectric constant. The purpose
of this paper is to investigate the relation of the
scan angle and the shift of the stop-band wversus the
change in dielectric constant provided by a phase
shifter., To this end, we introduce a mechanically
tunable phase shifter in the leaky~wave antenna and the
filter. A small mechanical motion creates a change in
effective dielectric constant of the waveguide, thus
simulating the electronic change of dielectric con-
stant.

Analysis

Although the method in this paper is applicable to
other types of dielectric waveguides, we selected an
inverted strip (IS) dielectric waveguide which has a
quasi-planar structure (Fig. 1(a)). In the cross sec~
tion most of the energy propagates in that portion of
€y layer immediately above the € strip. When a PIN
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Electronic scan is simulated by a small mechanical motion from which the relation between the scan

The work is also applicable to electron—

layer is created in the waveguide (Fig. 1(b)) and the
applied bias voltage is varied, the dielectric con-
stant in the PIN portion changes. Hence, the field
distribution and the propagation constant in the wave-
guide will change. This situation is simulated by
structures shown in Fig. 1(c¢) or (d) in which an addi-
tional dielectric layer (84) is moved up and down.

Hence, the field distribution and the propagation con-
stant B are functions of the gap spacing §. The dis-
persion characteristics of the composite structure are
obtainable by applying the effective dielectric con~

stant technique.3 We will use the structure in Fig.
1(c) for analysis as it corresponds to a more general
case in which the PIN structure is wider than W. The
effective dielectric constant in Region I in Fig. 1(c)
is obtained by solving the eigenvalue equation derived
from the following assumed field distributiomns for the
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the Ai's and Bi's and obtain an eigenvalue equation
which is to be solved for ky. The effective dielectric

constant defined by

(2)
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is a function of frequency and a gap §. Similarly we
obtain the effective dielectric constant €aIT in Region

II. Having obtained aeI(S) and eeII(S), we can compute

the propagation constant 8(8) by first replacing Re-
gions I and II by hypothetical vertical slabs having

dielectric constants € and € and solving the
el ell

eigenvalue equation for such a hypothetical structure.

. Note that for a given frequency B can be adjusted by

and € can be altered by &.

changing § as ol oIl

When grooves are created periodically in the strip
(el), we obtain a grating section in the composite

waveguide structure (Fig. 2). The grating section sup-—
ports a leaky wave if one of space harmonics satisfy

IBm/ko| <1 (3)
where

8 =B+2—I-n—1l,m=0,i'l,i2,'-' (&)
m d

Here d is the period of the grooves and m = -1 is cho-

sen in most practice. The direction of radiation is

determined by Gm sin"l (Bm/ko) and is also function

of the gap size 8. Hence, by changing §, we can steer
the direction of radiation without changing the fre-
quency.

Let us turn our attention to the filter. When
the period d is chosen such that

T (3
the grating exhibits a stop-band phenomenon at the fre-
quency satisfying (5). If, therefore, § is changed,
the frequency corresponding to the stop-band changes.
Thus we can tune the center frequency of the band-stop
filter by changing 6.
Results

Figure 3 shows dispersion characteristics of the
structure in Fig., 1(c) without any gratings. The re-
sults are plotted for a number of gap size parameters
8§, These curves are used as the fundamental informa-
tion for investigating scanning properties of grating
structures.

The design of the grating structures has been
carried out for 60 GHz operation and subsequently all
the dimensions have been scaled four times to permit
experiments at the 15 GHz range. This scaling is only
for convenience of measurement as we do not have any
high frequency equipment., As the output frequency of
our Ku band source was 15.25 GHz, we studied the vari-

ations of €al and € 1 Versus the gap size from the

information at 61 GHz in Fig. 3. The results are
shown in Fig. 4 in which all the dimensions including
§ are four times of those in Fig. 3.
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In Fig. 5, we plotted the main beam direction
versus the gap § when the grating period of the an-
tenna operated at 15.25 GHz was 10,.16mm. Agreement
between computed and measured data is seen to be ex—
cellent, Information contained in Figures 4 and 5 are
useful in studying the requirement for the PIN struc-
ture. We can obtain curves similar to those in Fig. 4
except that the effective dielectric constants are now
function of applied bias voltage., Hence, such infor-
mation allows us to determine vequired bias change for
a given scan angle, More extensive investigation will
be carried out on such relations in the paper.

The grating period was chosen to be d = 6.25mm
for tunable filter applications. All other structural
parameters were kept identical to those for the anten-
na, Computed center frequencies of the stop-band were
13.55, 15,00 and 15.26 GHz for 8§ = 0, 2 and » (mm).
Center frequencies were measured at § 0 and «, and
the results were 13.79 and 15.75 GHz. These values
are considered reasonable when computational and ex-
perimental errors are taken into consideration,

Conclusions

In this paper, we studied the basic characteris-~
tics of the futuristic electronic scan of a leaky-wave
antenna and the tuning of a grating dielectric wave-
guide filter. The electronic change of dielectric
constants has been simulated by an infinitesimal up-
and-down movement of an additional dielectric layer,
It was found that a considerable amount of scanning
can be obtained from the setup. The center frequency
of the stop~band of the grating filter was found to be
adjustable by mechanically varying the effective di-
electric constants in the structure, Agreement be-
tween theoretical and experimental data has been rea-
sonable throughout this work.
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Fig. 1. Cross sections of dielectric waveguides

(a) Original structure (b) With a PIN structure

(c) Modified structure (d) Modified structure
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Side view of the grating section for a mechan~
ical scan antenna and a tunable filter

Fig, 2,
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