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Abstract— A KB-band beam-steering leaky-wave antenna (LWA) based on composite right /left-
handed (CRLH) rectangular waveguide is proposed and investigated in this paper. The CRLH
waveguide is composed of a traditional rectangular waveguide with short-circuited double ridge
corrugations periodically mounted on one broadtail. The CRLH structure is air-filled to avoid
dielectric loss. A straight long slot is cut on the other broadtail of the rectangular waveguide
acting as the radiation aperture to realize a LWA. A balanced condition has been optimized for
the LWA to acquire a continuous beam-steering capability from backward to forward quadrants.
This capability is verified and high-gain performance is realized by simulations. Compared with
other planar CRLH LWAs, the LWA proposed in this paper has the advantages of high power
capacity, low loss and consistent high gain, which is very suitable for applications in practical
radar systems.

1. INTRODUCTION

Beam-steering capability is highly desired for many radars especially for tracking radars. Frequency
scanning and phase scanning are two general approaches for beam-steering. Traditional frequency
scanning array antennas is hard to achieve continuous beam scanning from backward to forward
directions because of their forward-wave propagation nature. While phased arrays have been applied
widely due to their continuous beam scanning capability from backfire to endive, however, the feed
networks are often bulky and very complicated. In the past decades, composite right/left-handed
(CRLH) mesarteritis have been investigated extensively due to their unique properties such as
backward wave and infinite wavelength propagation, which can be applied to leaky-wave antennas
(LWAS) to realize continuous beam-steering from backfire to endive [1].

Numerous CRLH LWAs have been proposed using planar transmission line structures and waveg-
uide structures [2-7]. The planar CRLH LWAs has the advantages of low profile, low weight and
easy fabrication, etc. [2-5]. However, the planar structures will suffer from high loss and low power
capacity when working at the frequencies above Ku band, and they are not suitable for practical
radar systems with high transmitting power for long range detection. The CRLH waveguide LWAs
can handle higher power capacity compared with the planar ones. A CRLH rectangular waveguide
with dielectric-filled corrugations was originally proposed in [6] and applied to LWA in [7]. How-
ever, the dielectric-filled corrugations introduce larger dielectric loss so low radiation efficiency is
unavoidable.

CRLH waveguide with air-filled double ridge corrugations (DRCs) was first proposed with the
left-handed (LH) propagation investigated using full-wave simulation in [8]. This CRLH waveguide
has the advantages of high power capacity, low loss and relative easy to fabricate, which might be
a good choice in practical radar applications.

We exploit the CRLH waveguide with RCS to realize a LWA operating at KB-band in this
paper. The surface current distribution on the waveguide broadtail is derived and the leaky-wave
principle is investigated in Section 2. Section 3 discusses the dispersion relation of a CRLH unit
cell loaded with radiating aperture. A KB-band LWA is built in Section 4 with transmission and
radiation performances simulated. Finally, conclusions are given in Section 5.

2. LEAKY-WAVE PRINCIPLE

The CRLH waveguide with RCS is realized using a traditional rectangular waveguide with one
broadtail periodically loaded with short-circuited double ridge stubs. According to the electro-
magnetic (EM) fields expressions in the rectangular waveguide and RCS, as well as the boundary
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conditions on the interface, the EM fields in the CRLH waveguide can be calculated [9]
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ke is the cutoff wave number of the DRC.
The transverse EM fields then can be deduced as
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For the leaky-wave radiating application, slots should be introduced on the waveguide walls to cut
the surface current. The upper broadtail of the CRLH waveguide is suitable for having radiating
slots. The surface current on the upper broadtail can be determined by
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where 7 is the unit normal vector of the waveguide inner wall, in this case,
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One can observe from (7) that the surface current distribution is very similar to that of the tra-
ditional rectangular waveguide, so the offset longitudinal radiating slots on the broadtail of the
rectangular waveguide is still appropriate to the CRLH waveguide to realize a LWA.

3. LWA CONFIGURATION & DISPERSION

Figure 1 shows the configuration of the proposed KB-band LWA and one unit cell structure. An
offset straight long slot is made on the upper broadtail of the CRLH waveguide acting as the
radiating aperture. The CRLH LWA should operate at the balanced condition in order to achieve
the broadside radiation. It should also be noted that the balanced condition of the closed CRLH
waveguide will be influenced when an offset slot is cut on the broadtail due to the fact that the
balanced condition is sensitive to the geometry size. Thus the offset slot should be included in the
simulation prototype when optimizing the balanced condition for the LWA. The dispersion relation
of the CRLH LWA is obtained using Ansoft HF'SS, as shown in Figure 2. The dispersion is first
calculated based on the S parameters from driven modal simulation, and then is verified by a more
accurate method, i.e., Eigenmode simulation with periodic boundary conditions. It is observed
that the CRLH LWA is balanced at 33.9 GHz. All the parameter values are labeled in the caption
of Figure 2.

4. RESULTS OF THE LWA

The designed LWA is composed of 100 CRLH radiating unit cells. Stepped transitions are included
in two ends of the LWA for connecting the structure to standard WR-28 waveguides. Figure 3
presents the simulated S-parameters of the LWA using CST Microwave Studio. The Ss; magnitude
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Figure 2: Dispersion curve of the proposed KB-band  Figure 3: Simulated S-parameters of the CRLH
CRLH LWA. Parameter values are: ¢ = 4.37mm, LWA.

b=28mm, d=1mm, h = 4.3mm, [ = 1.585 mm,

p=28mm, s =1.2mm, w = 1.8mm, x4 = 0.6 mm.

is less than —5dB in the whole operation band. Meanwhile the S2; magnitude in the LH region is
lower than that in the right-handed (RH) region, which indicates larger leaky-wave factors in the LH
region. The S7; magnitude is just slightly higher than —10dB nearby the transition frequency due
to an extremely small bandgap exists in the operation band which is hard to eliminate in practical
design [5]. The normalized radiation patterns at different frequencies are given in Figure 4. A
continuous beam-steering capability from backward to forward directions including the broadside
direction is clearly shown. The main lobe of the radiation pattern scans from —32° to +29° as the
frequency changes from 32.4 GHz to 40 GHz. It is interesting to note that the beam width of the
radiation patterns in the LH region is larger than that in the RH region due to the larger leaky-
wave factors, which is in accordance with the results in Figure 3. High far sidelobes of the radiation
patterns are observed in Figure 4 since fixed slot offset is used as well as the excitation of the aperture
is exponential distribution. Tapered excitation distribution can be realized using meandering long
slot in the following studies. The realized gains and radiation efficiencies at different frequencies
are given in Figure 5. Consistent high gains in the operation band are observed and higher than
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Figure 4: Simulated normalized patterns of the Figure 5: Realized gains and radiation efficiencies of
CRLH LWA. the CRLH LWA.

50% (> 70% in most frequencies) efficiencies are shown. All the results indicate that this CRLH
waveguide LWA is hopeful for practical radar applications.

5. CONCLUSIONS

A KB-band CRLH waveguide LWA is proposed and investigated for radar application. The leaky-
wave principle of this CRLH waveguide is studied with theoretical formula deduced. A LWA
prototype is then build and simulated. The continuous beam-steering capability from backward to
forward directions is demonstrated by the simulated radiation patterns. The results indicate that
this CRLH waveguide LWA has the advantages of high power capacity, low loss, and consistent
high gain, and is promising for future application in practical radar system. The following studies
on the optimization of radiation patterns are under way.
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