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ABSTRACT: By integrating a microstrip structure of cascaded mi-
crostrip-line sections into a bow-tie microstrip path, compact broadband
operation of microstrip antennas can be obtained. The cascaded mi-
crostrip-line sections ser̈ e as a reactï e load for the bow-tie patch, and
its optimal dimensions for broadband operation ha¨e been experimentally
determined in this study. The proposed antenna, with a patch linear
dimension 15% smaller and an operating bandwidth two times larger,
compared to a corresponding con¨entional rectangular microstrip an-
tenna, has been implemented. Details of the experimental results are
presented. Q 1999 John Wiley & Sons, Inc. Microwave Opt Technol
Lett 22: 69]71, 1999.
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1. INTRODUCTION

Bow-tie microstrip antennas have recently received much
w xattention 1]4 because of their advantage of compactness in

size compared to the conventional rectangular microstrip
antenna at a given operating frequency. In addition to the

w xsimple bow-tie microstrip antenna that has been studied 1 ,
several dual-frequency bow-tie microstrip antennas with an

w x w xembedded spur-line filter 2 , a shorting pin 3 , or a pair of
w xnarrow slots 4 have also been reported. These designs,

however, exhibit narrower operating bandwidths owing to
their compact antenna size, which is also a common problem
for related compact microstrip antenna designs. In this paper,
we report that, simply by integrating a coplanar microstrip
structure of cascaded microstrip-line sections, which acts as a

w xreactive loading 5, 6 , into the bow-tie patch, broadband
operation with a reduced antenna size can be achieved.

Figure 1 Geometry of a broadband bow-tie microstrip antenna
with integrated reactive loading. The dimensions in the figure for the
bow-tie patch are in millimeters and not to scale; e s 4.4, h sr
1.6 mm, ground-plane size s 77 mm = 55 mm

Optimal dimensions of the proposed microstrip structure for
reactive loading are obtained for the bow-tie patch with
various flare angles, and measured results of the broadband
operation are presented and discussed.

2. ANTENNA DESIGN

The proposed broadband bow-tie microstrip antenna is shown
in Figure 1. Related dimensions of the bow-tie patch with the
integrated reactive loading are given in the figure. A mi-

Ž .crowave substrate of thickness h 1.6 mm and relative per-
Ž .mittivity e 4.4 is used in this study. The bow-tie patch has ar

flare angle a and a width of 24.9 mm, and the length between
its two radiating edges is fixed to be 37.3 mm. For integrating
the cascaded microstrip-line sections to provide reactive load-
ing, a rectangular notch of dimensions 16.2 mm = 7.8 mm is
cut at one of the radiating edges of the patch. The cascaded
microstrip-line sections consist of three sections of different
dimensions. The innermost section has a length of 7.3 mm
and a width of 0.8 mm, and is connected to the notched
bow-tie patch. The middle section has dimensions of 2.4
mm = 4.0 mm, and the outermost section has a width of 6.8
mm and a variable length d. For the present proposed
bow-tie patch antenna with a specific flare angle, there exists
an optimal value of d for the integrated reactive loading to

Ž .be resonant at the fundamental resonant frequency f of10
the bow-tie patch. In this case, the fundamental resonant
modes can be split into two near-degenerate resonant modes
w x5, 6 , which makes broadband operation of the bow-tie patch
antenna possible. And good impedance matching of the
broadband operation is achieved by using a prove feed at a
position d away from the patch center.p

3. EXPERIMENTAL RESULTS

Experiments for the proposed antenna with various flare
angles were conducted. The results are shown in Table 1, in

Ž .which the center frequency is defined to be f q f r2,L H
where f and f are the lower and higher frequencies withL H
10 dB return loss in the operating bandwidth. The typical
measured return loss for the cases of a s 0 and 308 is also
shown in Figure 2. It is clearly seen that two near-degenerate
resonant modes are excited at decreasing frequencies with
increasing flare angles, and large operating bandwidths in the

Ž .range of 4.2]4.6% see Table 1 are obtained. For the case of
a s 408, the center frequency is about 15% lower than that

Ž .of a s 08 rectangular patch case , which suggests that the
present design can have a patch dimension 15% smaller than
the case using a rectangular patch at a fixed operating fre-
quency. Furthermore, since the operating bandwidth of a
conventional rectangular patch antenna with the same sub-
strate parameters used here is measured to be about 1.5%
for operating at 1645 MHz, the present design with a s 408
shows an antenna bandwidth that is two times larger. That is,
a much wider operating bandwidth with a reduced antenna
size is obtained for the proposed design.

It is also found that the total length of the cascaded
microstrip-line sections for reactive loading is nearly indepen-
dent of the flare angle, and is about 17% of the operating

Ž .wavelength in the substrate layer see Table 1 , which makes
the present design with various flare angles easy to be imple-
mented. Finally, radiation characteristics are also studied,
and typical results for the case of a s 308 are plotted in
Figure 3. The two resonant modes in the operating band-
width are seen to be of the same polarization planes and to
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TABLE 1 Antenna Performance of the Proposed Broadband Antenna with Various Flare Angles

Flare Angle, a d d d rl f Bandwidthp R L S c

degree mm mm MHz MHz, %
0 9.6 2.8 0.170 1952 90, 4.6

10 10.6 3.1 0.168 1880 82, 4.4
20 10.4 3.9 0.173 1829 81, 4.4
30 9.0 4.2 0.169 1744 73, 4.2
40 8.7 4.9 0.168 1645 76, 4.6

Ž . Ž . ŽAntenna parameters are given in Figure 1; l s l r e is the wavelength of the center operating frequency f in the substrate layer, d s 7.3 mm'S c r c R L
.q2.4 mm q d is the total length of the integrated reactive loading, and the antenna bandwidth is determined from the 10 dB return loss.

Ž . Ž .Figure 2 Measured return loss for the proposed antenna. a a s 08. b a s 308
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Ž . Ž .Figure 3 Measured E-plane x]z plane and H-plane y]z plane radiation patterns for the proposed antenna with a s 308.
Ž . Ž .a f s 1725 MHz. b f s 1763 MHz

Figure 4 Measured maximum received power in the broadside direction against frequency within the operating bandwidth for the
proposed antenna with a s 308

have similar radiation performance. From the measured max-
imum received power in the broadside direction shown in
Figure 4, the proposed design shows an antenna-gain varia-
tion less than 3 dB for frequencies within the operating
bandwidth.

4. CONCLUSIONS

A broadband bow-tie microstrip antenna with integrated re-
active loading is proposed and experimentally studied. Re-
sults show that the proposed antenna can have a reduced
antenna size, but with a much wider operating bandwidth as
compared to a conventional rectangular microstrip antenna
at a given operating frequency; that is, a broadband compact
microstrip antenna can be achieved.
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