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Double-Layer High-Gain Microstrip Array Antenna

Tung-Hung HsiehStudent Member, IEEEBNnd Choon Sae Le&enior Member, IEEE

Abstract—Novel double-layer microstrip array antennas are in-
troduced for high-gain applications. In the proposed antennas, the "y
complex and lossy feed network is not needed. Rather the double
structure provides the field distribution at the aperture for the
beam-focusing effect. A relatively simple design method based on w,
a cavity model is presented. R

Index Terms—Array antenna, microstrip antenna.
Center line Probe Feed

|. INTRODUCTION @)

ICROSTRIP antenna arrays have earned much attent| bt+e+d, b, tec,t+d, byt s +dy
due to their advantages over conventional antenna st
as reflector antennas. In order to achieve a high antenna gi : ;
however, the energy losses from the feeding structure must Conducting
reduced significantly. As reported in Henderson and James'’s | foil
sign [1], the overall antenna efficiency drops to only 20% dt Probe Feed
to the large amount of feedline losses. In the Ka-band circ Center i3
larly polarized high-gain microstrip array presented by Huar "
[2], the efficiency is improved but still in the range of 55%. The
main problem in a microstrip array has been the feed structure
the numerous radiating elements, which tends to become m
complicated for a large array. In this paper, a simple feed struc- _ _ _ ,
ture is introduced to increase the antenna effcency. The nofff L, AU"e=ear semenecianons icrost ary. () Topview (0
feeding scheme reduces the loss at the feed substantially. ofp,, »,, andb, indicate the widths of the overlapping regions between the top
The design concept is based on the double-layer microstridiating patches and the middle metallic layer to the left sides of the slots and
structure, which was first introduced for the purpose (.J)iﬁ’ ds, andds are the widths of the overlapping areas to the right.
impedance matching [3], and has been used for a linear mi-
crostrip array [4]. Each array element is designed individually
and integrated into an array configuration. The array element isA three-element linear array is shown in Fig. 1. One can
defined such that the boundaries with its neighboring elememkssign each array element individually to effectively control
are enclosed with a perfect magnetic conductor (PMC) whettee distribution of an array element [4]. A conducting pin is
the magnetic field component tangent to the interface vanistemnected at the center to ensure that the electric field van-
[5]. When neighboring elements are connected, the boundéskies and suppresses any unwanted mode excitations. The outer
conditions at the element edges do not change and the arrayduze of the farthest element from the center is also shorted with
comes a large resonant antenna. In this new structure, compexonducting patch to eliminate the unwanted radiation from
striplines to feed array elements are not needed. Since e#ud lower layer. For an optimum field distribution, one should
element is designed separately, it is now possible to control tteoose proper sizes of gap and metallic patches at both of the
beam shape by varying the field strength at the radiating edggsper and the lower layers as described in [3] and [5]. The al-
of the array elements. tered field configuration can be achieved by shifting the location
Section Il briefly describes the design scheme of the doublef the top patch or gap. Finally, a coaxial probe pin is placed
layer structure for an array antenna. The detailed formulatigrhere the amplitude of electric field is high enough to match
based on the cavity model is given in [5]. Section Ill compareke input impedance. When the array is large, the normalized
numerical results with measured results to prove the design céisld strength of the resonating mode around the feed is small
cept. and impedance matching becomes increasingly difficult. With a
double-layer structure, it is possible to increase the field magni-
tude by varying the patch and gap sizes. Thus, the design scheme
for the center element of the feed is different from those for the
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Fig. 2. Athree-element circular microstrip array. (a) Top view. (b) Half of thT':' . o

cross-sectional view. The slot widths ase ¢, ande, for the first, second, and T 19- 3:  The theoretical and the measured radiation patterns of the rectangular
third elements from the center, respectively. The dimensiois.ob,, andb, &Y inFig. 1 at 4.96 GHz. (d-plane. (b)H -plane. The dimensions arg =
indicate the widths of the overlapping regions between the top radiating patches S™ €1 = 1.3 cm,az = 2.6 cm,e; = 0.8 cM, a5 = 2.6 cm, e5 = 1.7

and the middle metallic layer to the left sides of the slotséindls, andds are  ¢M:P1 = 1.5CM,by = bg = 0.8 em, ey = ¢ = ¢g = 0.2 cm, d, = 1.4 cm,

the widths of the overlapping areas to the right. THss ¢+ dy, by+catds 92 = ds = 0.8 CM,w, =5 cm, andz, = 2.94 andt = 60 mils. The feed is
andbs + 5 + ds are the widths of the respective top radiating patches.  1ocated 0.9 cm from the center line.

the antenna becomes less efficient as the field strength at 't'ﬂ%theofy and measurement could be. due to the tilt of the array
feed increases. In the design process, the resonant frequen% during the measurement. The. 3|_de lobe levels are belgw
of the individual elements are made to be as close as possibqeq.1 _dB' The measured antenna gain is 18.5 ,dB compared W',th
the ideal value of 19.5 dB. The corresponding aperture effi-
ciency is 79%.
For the circular array shown in Fig. 3, the design process is
A three-element rectangular array antenna and a three-enilar to that of the rectangular array, except that the basis func-
ment circular antenna were fabricated with Rogers RT/durdidns are different [5]. Even though the antenna covers a two-di-
6002, which are shown in Figs. 1 and 2, respectively. mensional (2-D) plane, the design process involves essentially
For the rectangular array, a coaxial probe pin is placed 0.9 @ne-dimensional (1-D) problem and is as simple as in the rect-
away from the centerline where the electric field is highest armohgular case. The coaxial cable is placed only 0.5 cm from the
the corresponding design resonant input resistance$s 3®e center to have the resonant input impedance slightly larger than
total quality factor determines not only the bandwidth but alsgs0 2.
influences the input impedance. The highkvalue is, the nar-  The measured resonant frequency was 5.16 GHz, compared
rower the bandwidth is but the resonant resistance increasesfidh the design frequency of 5.07 GHz. Fig. 4 shows the mea-
easy input impedance matching. The quality factor is designsdred and computed radiation patterns of Hreand H-plane.
to be around 100 to give an acceptable bandwidth, while tAgain the agreement between the theoretical and experimental
input impedance can be easily matched. values is excellent. The measured antenna gain is 15.9 dB,
The measured resonant frequency is 4.96 GHz, which is verpich is within experimental error from the computed ideal
close to the computed value. Fig. 3 compares the numeridaectivity of 17.3 dB. The resultant aperture efficiency is 23%.
and measured results of tlke and H-plane radiation patterns, The low efficiency is mainly due to the unwanted radiation
which shows excellent agreement between theory and expefi-cross polarization. In other words, the maximum possible
ment. The slight discrepancy of the-plane patterns betweenaperture efficiency is only 50%. The high cross-polarization

I1l. EXPERIMENTAL AND THEORETICAL RESULTS
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been eliminated. A rectangular array is demonstrated to show

10 high aperture efficiency. The maximum size, however, is lim-
o Experiment ited due to the design constraint of input impedance matching.
A circular array antenna is introduced to overcome such size
-10 limitation. One drawback of the circular array is its aperture ef-
20 ficiency substantially less than that of the linear array due to
dB - high cross-polarization levels.
-30
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