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A Novel Leaky NRD Guide with a Double-Layer
Dielectric Slab
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Abstract—A new leaky nonradiative dielectric guide with As is known, leaky-wave antennas are usually high-gain
a double-layer dielectric slab is investigated in this paper by antennas with a length of the order2if\, to 100,. In some
combining a multimode network theory with a mode-matching \yireless applications, antennas with medium gain are required.

method. Numerical results show that proper selection of the . . . .
permittivities can vary the leakage constant over a wide range. A A medium-gain ¢ 10 dBi-20 dBi) antenna cannot be too long.

leakage constant larger than 10% of free-space wavenumber can T0 make the antenna shorter while still keeping most of the
be obtained easily without entering the cutoff region. Leaky-wave energy radiated, the leaky-wave antenna should have a strong
antennas with shorter length and medium gain can thus be |eakage. From the literature, it seems that, to obtain strong
developed. In addition, the present leaky guide possesses thggyyage, metallic discontinuity must be introduced, such as the
advantages of simple fabrication and physical stability. Extensive . . .
numerical results are provided to guide the antenna designs. microstrip leaky-wave antenna [8] and_the groove NRD guide
leaky-wave antenna. Also, the metallic grating has stronger
leakage than dielectric grating [9]. The leaky NRD guide with
an air gap does achieve a large attenuation constant when the
air gap is large. However, as mentioned in [10], a large air gap
|. INTRODUCTION may push the guide into the reactive-mode region, in which

ARIOUS leaky-wave antennas based on nonradiative ap_e large attenuation constant is mainly due to the cutoff effect
V electric (NRD) guide [1] have been proposed for use | ther than leakage effect; thus, the radiation efficiency is

millimeter-wave range because of its inherent low-loss pro w. Thus, the question may arise: “Can a leaky-wave guide,

erty. One of the antennas proposed by Oliner [2] has a dielect] ghout meFaIIic disco_ntinuity invglved, achieye alarge Ieakage
slab routed close to the open end of the metallic plates wh 8nstantW|thout the risk of entering the reactive-mode region?”

still maintaining the vertical symmetry of the NRD guide. Othe i.sd thfe Ifr')lﬁj'rpose Ef this'papertto propose a new leaky NRD
designs break the vertical symmetry of the NRD guide by g€ TUTITing such requirements. - . . .
IIn this paper, instead of using a single dielectric slab, as in

troducing some kinds of asymmetry. As a result, a net vertict tional desi dified leakv NRD auide with
electric field is produced and leakage occurs in the form of € conventional designs, a moditied feaky guide wi
o dielectric layers, as shown in Fig. 1, is presented. Since the

TEM wave in the parallel-plate’s region propagating away fro } : ;
b b glon propagating y H/yo dielectric slabs are rectangular in shape, they can be fab-

the dielectric slab obliquely, thus making the propagation co : i " . ]
stant complex. An air gap between the dielectric slab and O%ated precisely without difficulty. A rigorous multimode net-

of the metal plates was introduced by Olireral. [3] to form work combining the mode-matching technique as established in
a kind of leaky-wave antenna. It makes the fabrication veL ] is used to find out the phase and leakage constants charac-

easy and the antenna is kept simple. Besides, a rigorous th 6i_zing the structure. Numerical results Sh.OW that by choosing
retical method was established to generate design guides. Latst parameters of the guide properly, a wide range of leakage

atrapezoidal slab NRD guide leaky-wave antenna was propo &l be achieved.
by Yoneyameet al. [4], and a rigorous analysis of it appeared
in [5]. In 1993, Maamriaet al. proposed a leaky NRD guide
based on a periodic array of grooves on the upper surface of th&he antenna shown in Fig. 1 is apparently derived from the
dielectric slab [6]. An approximate coupled-mode theory wasr-gap leaky-wave antenna proposed by Olieteal. [3]. Dif-
used to get the complex propagation constant. In order to mdkeent from the air-gap case, however, proper selection of the
the slab fixed precisely, groove NRD guide leaky-wave antenparameters of the present general two-layer leaky NRD guide
was proposed [7]. makes it possible to achieve higher leakage without entering the
reactive-mode region.
Fig. 2 shows the leakage properties of the air-gap case. Re-
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China. , L _ _ tershedto separate the reactive- and antenna-mode regions [10],
K. Luk is with the Department of Electronic Engineering, City University of, h h he risk of . h . d
Hong Kong, Hong Kong. the antenna may have the risk of entering the reactive-mode re-

Publisher Item Identifier S 0018-9480(01)02441-3. gion when large leakage is achieved by just increasing the air

0018-9480/01$10.00 ©2001 IEEE



586 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 4, APRIL 2001

Fig. 1. Geometry of the two-layer leaky NRD guide.
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Fig. 3. Variation of the leakage constant with\, for a small leakage case.
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Fig.2. Parametric effects of A, on the leakage properties of the air-gap leaky
NRD guide for a comparison.

gap. To fully utilize the advantages of the antenna, the air gaf

is replaced by another dielectric slab. Suitably choosing the di- Wy

mensions of the antenna will make it far away from the reactive o ] ) ) )
region, thus, high efficiency can be guaranteed. In addition, tgﬁémea\@gzgfgggf the leakage constant with the dielectric slab width for a
use of a dielectric slab instead of an air gap also makes the an-

tenna physically stable and, therefore, more practicable. leakage constant is mixed with the attenuation constant caused

by the cutoff effect when the thickness of the air gap is large.
Therefore, one can safely say that the replacement of the air
Usually, leaky-wave antennas operate with a normalizggp with a suitable dielectric slab makes the antenna work far
leakage constant/ ko in the order of 103-10~2, resultingina away from the reactive-mode region. Also, from Fig. 3, one
narrow beam with high gain. In this section, we will discuss thean observe that the leakage will reach the maximum when
characteristics of the present antenna and its theoretical desgyolose to half of the separation of the two metal platésig
guidelines when small leakage is required. Fig. 3 presemtst large. In other words, whenis small, two dielectric slabs
variation of the leakage constant with the thickness of the uppefralmost equal thickness will achieve maximum leakage. This
dielectric slab, which has a small value of dielectric constans. a very important guideline for the antenna design. Thus, in
This figure clearly shows that no leakage occurs, as expectéd. 4, the effect of the dielectric slab width is studied with
whent = 0.0 or 0.45)q, which correspond to standard NRD¢ = 0.23), selected. The maximum leakage is obtained when
guide cases. However, these features fail to be revealedthe width of the dielectric slab is equal 4o and 0.36 ¢
Fig. 2 where an air gap is introduced because, in that case, fibles,.. = 2.56 ande,» = 3.27, respectively. In Figs. 3 and 4,

I1l. DESIGN GUIDELINE FOR SMALL LEAKAGE CASE
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Fig. 5. Plot of the leakage constant versys for a small leakage case. Fig. 6. Parametric effects of A, on the leakage properties for large leakage

case.

the maximum leakage for the casg = 3.27 is found to be
almost one order of magnitude higher than that for the case 025
Ero = 2.56.

Since there is a large difference between the maximum 020
leakage for the cases with, = 2.56, ande,. = 3.27, the
effect of ¢, on the leakage constants is then studied in Fig. 5.
Some curves are found to increase initially and decrease for 3.,
further increase of the dielectric constant. It is because the
leaky-wave mode transforms to the bound mode and, thus, no oosf’
leakage occurs. The trend of the curves indicates that using a
higher dielectric constant can achieve stronger leakage and, in %@ —+—t+—+—+—+—+—+—+—+—+—+—+—+—
order to make sure that it will not enter the bound mode region,
the width of the slab should be smaller with the increase of the
dielectric constant.

A useful guideline for the antenna design can be obtained
from the results of Figs. 3-5. Wher, is less than 3.0, the max-
imum leakage of the antenna will approximately occur when the
thicknesses of the two dielectric slabs are nearly identical and oob L L0 L L1
the width of the slab is aroun@4Xg. Further increase of,»
will make the maximum leakage occur at smaller dielectric slab b/,
width, e.g.0.36 for the case,.. = 3.27. Since too small slab
width will make the guide physically unstable,> should not
be too large.

015
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Fig. 7. Effect of dielectric slab width on the leakage properties for large
leakage case.

It is observed that the normalized leakage consight should

o _ _ _ be as high as 0.18 if the length for the leaky-wave antenna is one
In_ some applications, antennas with medium gain afgee-space wavelength. This section will show how to get such a

required, thus, the antenna should be made shorter. To magje leakage without entering the reactive-mode region, while

such a requirement, leaky-wave antennas with large leakagi#l keeping the antenna simple and strong.

should be used if reasonable beamwidth is needed. It is knowo achieve strong leakage, a high dielectric constant should

that, to make 90% of the incident power radiated, the electriagd used for the lower dielectric layer. However, unlike the im-

length of a leaky-wave antenna is governed by the followingication in Fig. 5, the dielectric slab width is maintained large

IV. METHODS TOACHIEVE LARGE LEAKAGE

expression: to make the antenna physically stable, while choosing a small
I 0.18 thickness of the dielectric slab with higher dielectric constant.
SV o/ko (1) This arrangement is more robust and, at the same time, a very
0 0

large leakage constant can be obtained by adjusting the thick-
whereL is the antenna length,, is the free-space wavelengthness of the dielectric slab. Fig. 6 shows that larger leakage can
« is the leakage constant, ahglis the free-space wavenumberbe obtained with the use of higher dielectric constant and small
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variation of the leakage constant makes it suitable for various

applications.
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