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Abstract
This paper presents a new approach for the design of a multi-wideband microstrip-patch antenna. The radiating elements in
this antenna are composed of rectangular slots following a Chebyshev distribution of order 10 around a center rectangular
slot, and an additional triangular slot. These slots are engraved in the rectangular and triangular patch, joined together in one
structure, and fed by one probe feed. A sample antenna was analyzed, simulated, fabricated, and tested. There was good
agreement between the computed and test results. The new antenna can be used for several applications, especially in the
GSM domain, and for Wi-Fi, Bluetooth, and several other applications, as detailed in this paper.
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1. Introduction

S everal methods for obtaining multi-band and/or wideband
antenna characteristics have been developed. In [1], a dual

wideband folded microstrip-patch antenna was introduced for pos-

sible wireless local-area network (WLAN) applications in the 3.5-

4 GHz frequency range. The proposed antenna operated in a wide

frequency band by utilizing a unique coupling mechanism between

the radiating elements and the ground plane. In [2], a novel recon-

figurable patch antenna with switchable slots (PASS) was pro-

posed to realize various functionalities, such as dual-frequency

operation, dual-band circularly polarized (CP) performance, and

polarization diversity with only one patch and a single feed. A

cavity-model-based simulation tool, along with a genetic optimiza-

tion algorithm, was presented in [3] for the design of dual-band

microstrip antennas. This used multiple slots in the patch, or multi-

ple shorting strips between the patch and the ground plane. The

optimization of the positions of the slots and shorting strips was

then performed via a genetic optimization algorithm to achieve

acceptable antenna operation over the desired frequency bands. A

similar approach was presented in [4], where a single low-profile

printed antenna, which provided dual-band operation by having

loading from two-step slots embedded close to the radiating edge.

In [4], it was also shown that the ratio of the two frequencies can

be well controlled by the aspect ratio of the step-loading dimen-
sion.

A low-profile cylindrical monopole with a top-loaded mean-

der-line patch, for K-PCS operation, and a corner-truncated square-

ring microstrip-patch antenna with four slits for GPS operation,

were presented in [5]. In [6], an antenna was presented consisting

of two parts: a fundamental-mode truncated square patch antenna,

and a higher-order-mode annular-ring patch antenna. The truncated

square patch operated with right-hand circular polarization at

1575 MHz with and 8 MHz CP bandwidth, making the desigu suit-

able for GPS applications. Furthermore, more slots were embedded

into a ground plane to meander the current path of the annular-ring

patch at the TM mode, which considerably lowered the resonant

frequency, and effectively increased the impedance bandwidth. In

[7], a multi-band microstrip antenna operating at frequencies of

2.4 GHz and 5.2 GHz was presented. The dimensions of the single

elements of the operating frequencies were calculated using the

transmission-line model. Two elements of an inset-fed microstrip

antenna were used for each frequency band. In [8], microstrip-line-

fed, printed isosceles-triangular slot antennas, with a small rectan-

gular slot for broadband operation, were proposed and experimen-

tally investigated. Experimental results indicated that a 2:1 VSWR
was achieved over a bandwidth of 2.9 GHz, between 2.33 and

5.23 GHz. This was nearly 4.6 times that of a conventional micro-

strip-line-fed, printed isosceles-triangular slot.

This paper presents a multi-band antenna-design approach

based on inserting rectangular slots, following a Chebyshev distri-

bution, in addition to a triangular slot into the patch, which repre-

sents a combination of a rectangular and an isosceles-tri angular

patch. The part of the patch formed by the isosceles triangle has the

same area as the part formed by the rectangle. The triangular slot is

inserted into the isosceles-triangular part, and the rectangular slots

are inserted into the rectangular part of the patch. The whole sys-

tem is fed by a coaxial probe into the substrate, with an input

impedance of 50 Q. A sample antenna was analyzed, simulated,

fabricated, and tested. The agreement between the computed and

experimental results was very good.
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The proposed antenna has many applications, and can be used

to cover GSM, GPS, Wi-Fi, WiMax, video wireless communica-

tion, and Bluetooth applications. The concept of inserting slot array

following a known antenna-array distribution has proven to give

remarkable functionality to an antenna. It causes it to radiate sig-

nificantly at different ranges of frequencies, using only one single

feed point.

2. Geometry and Formulation
of the Problem

The proposed antenna geometry is based on joining a rectan-

gular patch and a triangular patch, in order to increase the radiation

area, as shown in Figure 1. The structure is fed by a 50 Q2 coaxial

probe. The radiation pattern of the proposed structure with this

feeding technique is determined by adding the fields radiated by

the rectangular patch to those radiated by the triangular patch. The

substrate used in the formulation process was of thickness

h =0.32 cm. The far electric fields of the rectangular patch were

given in [9] as
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Figure 1. A rectangle added to an equilateral triangle patch,
fed by a probe.
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