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Abstract - The first-pass design of an eight-element,
closely coupled microstrip leaky-mode antenna array
is proposed, built and tested, showing that the
directivity of 20.1 dBi, gain of 19.1 dBi, and overall
radiation efficiency of 79% is achieved.

I. INTRODUCTION

Recent years have witnessed a rapid growth of
wireless communication systems such that an antenna
plays a paramount role in establishing a
communication link between different destination
points. With diversified applications of wireless
communications, there has been an increasing demand
for more-sophisticated antennas. On one hand, such
antennas must feature improved performance. On
the other hand, they must fulfill a number of
additional requirements, including attracting the
commercial market. It turns out a significant move
to replace conventional cumbersome parabolic
antennas by low-profile, low-weight, and more-
aesthetic antennas. One possible candidate is the
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microstrip-array antenna, as it has a number of the
desired features such as a low profile, low weight, and
relatively low cost to develop. One problem with
this entenna, however, is the lack in efficiency when
the required gain value is high. Recently, Ando, et al.
[1]-[=], proposed a variety of RLSAs (radial line slot
antennas) by employing very low loss parallel plate
waveguide and achieved as high as 85% antenna
efficiency. Malherbe [4] reported a novel antenna of
NRD (nonradiative dielectric) array, showing almost
100% of aperture efficiency, excluding the power loss
in the load. These designs, however, are not realized
in th: printed-circuit form, needing extra transition
circu:t to interface to typical transceiver front ends.
Hu and Tzuang [6] reported a novel microstrip leaky-
mode antenna array in which a pencil beam can be
prodiced by employing a linear, one-dimensional
array such that the loss and complexity of the feeding
network can be greatly reduced. This conformal
planar printed array can easily and efficiently
integrates with transceiver front ends, however only
about 30% of efficiency is obtained. This drop in
efficizncy is partly due to loosely coupled microstrips
so thet part of energy be reflected back to space rather
than be captured by radiating elements. To enhance
the rediation efficiency of the microstrip leaky-mode
array, this report reports a high efficiency, closely
couplzd microstrip leaky-mode antenna array in which
the microstrips are tightly placed such that more
radiating elements can be accommodated and high
efficiency can be attained. To rigorously analyze the
mode-coupling of leaky modes inhering in the array,
the coupled-mode approach [7] is used. Therfore the
investigation of a corporate-fed, eight-element array
can be viewed and designed by the modal analysis,
explicitly revealing the guide waves aspect of the
closely coupled leaky-mode array. Finally, an
exper mental 8-element microstrip leaky-mode array




array, this report reports a high efficiency, closely
coupled microstrip leaky-mode antenna array in which
the microstrips are tightly placed such that more
radiating elements can be accommodated and high
efficiency can be attained. To rigorously analyze the
mode-coupling of leaky modes inhering in the array,
the coupled-mode approach [7] is used. Therfore the
investigation of a corporate-fed, eight-element array
can be viewed and designed by the modal analysis,
explicitly revealing the guide waves aspect of the
closely coupled leaky-mode array. Finally, an
experimental 8-element microstrip leaky-mode array
is built and tested, showing overall efficiency of 79%
at gain of 19.1 dBi which is more than twice of that in
the past design [6], the loosely coupled microstrip
leaky-mode array.

Il Closely Coupled Microstrip Leaky-Mode
Array Design

The linear microstrip leaky-mode array is
fabricated on a 20-mil (0.0508 cm) thick RO4003
substrate with relative permittivity of 3.38. For a
single microstrip leaky-mode antenna as shown in Fig.
I(a), the width and length of the microstrip is properly
chosen such that leaky-mode emission can be attained
and a clean main beam points to the specified
direction. In Fig. 2, the dispersion characteristic of
EH, mode for the single microstrip against frequencies
is plotted in the solid-line with circle symbol. The
mode-coupling of complex waves in Fig. 1(b) is
analyzed by coupled-mode approach, presenting the
fact of N coupled leaky modes existing in an N-
element microstrip array. Eight coupled EH, modes
for an eight-element closely coupled microstrips are
computed and plotted by the dot-lines as shown in Fig.
2. The contribution of each coupled EH, modes to the
radiation far-field pattern is determined by the
excitation at the feeding network. As shown in table
I, only four out of eight coupled EH, modes have
contribution, where one mode is dominant for the
corporate-fed array.  The dispersion characteristic of
the dominant coupled EH, mode are high lighted by
the solid lines, showing that the a/ko value of the
dominant coupled EH, mode is increased about 20%-
70% as compared to that of a single microstrip but the
P/ko value is changed by about 0%-10%. This
implies that the back-lobe is significantly reduced
and half-power beamwidth is increased while the main
beam can almost be kept in the specified direction.
From the modal spectrum analysis of the closely
coupled microstrip array as shown in the Fig. 2, the
array length of 6.5 cm will result in more than 90% of
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radiated power.

'(B/ko)) and percentage of power radiation (P
e-2<xL

The beam point angle (0,=sin’
rad/0=(1-
)x100) corresponding to a single microstrip and
closely coupled microstrip array are plotted in Fig.3,
respeciively. As expected, for the single microstrip,
less power is radiated and the antenna efficiency
suffers  significantly as  frequency increases.
Howener, for the closely coupled array, most of power
is radiated to ameliorate the antenna efficiency.
Most importance implied in Fig. 3 is that the o/ko
value is possible to be tapered for better aperture
distribution by this approach since the o/ko value can
be modified in some range while B/ko is almost kept
constaut [5]. Finally, an experimental prototype is
built ar d tested. The photo of the experimental array is
shown in Fig. 5, in which the matching circuit is
mergec into the corporate feed to excite the coupled
EH, mcdes with a very compact fashion. Thus, each
radiatir g element receives/transmits equal amount of
power.

III. Measured Results

Thiee major performance indexes are measured.
They are 1) the degradation of input matching as the
result of effect of strongly mutual coupling, 2) the
reduction in back-lobe and increase in half-power
beamwidth, and 3) the antenna gain.

Fig 5 plots the measured |S,,[ at the input port of
the array, showing VSWRs less than 2.0 (IS, |<-10 dB)
for the frequency band between 11.4 and 12.4 GHz.
Unlike the significant degradation on the input
impedance due to the mutual coupling for the patch
array, he VSWR bandwidth of 8.5% is easily
achieved.

Fig. 6 plots the measured far-field patterns along
the H-plane (¢=90°), showing that the back-lobe is
reduced from -8 dB (single element) to -12 dB (array)
and hali-power beamwidth is enlarged by 42%. As
the length of the strip changes from 5cm to 6.5cm
(30% increase), the half-power beamwidth almost
coincides to that of a single microstrip and the back-
lobe car be further reduced to —20 dB. This implies
that the agreement between measured o/ko value and
the predicted result as shown in Fig. 2 is acceptable.
The cross-polarization pattern is also measured and
plotted in Fig. 6, showing -18 dB below the peak
radiatior power throughout the measurement, and
demonstrating negligible cross-polarization.

Fig. 7 shows the measured antenna’s gain and
overall radiation efficiency, showing that the
maximum efficiency of 79% at gain of 19.1 dBi is
achieved at the frequency of 11.6 GHz.




IV, Conc]usion TABLE The Amplityge and Phage
of Exciteq Coupleq EH,Modeg

A first-pagg design of 5 Proposed closely
Coupled Microstrip Ieaky-mode antennga array
IS presented. Excellent Mmeasyred results
show that the new printed antenng aray jg  |rmp/
feasible for b i i fhase
Casible for 1gh efficient antenng design,
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Fig.2 Comparison of dispersion characteristjcg of a single
micro::trip line and thoge of the 8-element coupled
EH, modes
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Fig.4. The measured magnitude of S, against

. . Fig. 7 The measured antenna gain and overall
frequencies of interest.

efficiency of prototype microstrip leaky-
mode array as shown in Fig. §

V.

Fig.5. The photo of prototype eight-element
microstrip leaky-mode array
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