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Abstract 
This paper presents a new approach for the design of a 
multi-wideband micro strip-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 the new 
antenna can be used for several applications, 
especially in the GSM domain, and several other 
applications, as detailed in this paper. 
Keywords: Micro strip antennas; multi-
frequency antennas; mobile antennas; WLAN; 
GSM; Bluetooth; wideband antennas. 
 
I. Introduction 
 
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 reconfigurable 
patch antenna with switchable slots (PASS) was 
proposed 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 optimization algorithm, was 
presented in [3] for the design of dual-band 
micro-strip antennas. This used multiple slots in 
the patch, or multiple 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 
dimension. The truncated square patch operated 
with right-hand circular polarization at 1575 
MHz with and 8 MHz CP bandwidth, making the 
design suitable 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.   
Microstrip-linefed, printed isosceles-triangular 
slot antennas, with a small rectangular slot for 
broadband operation, were proposed and 
experimentally 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 microstrip- line-fed, printed 
isosceles-triangular slot. 
                 
There has been an ever growing demand, in both 
the military as well as the commercial sectors, 
for antenna design that possesses the following 
highly desirable attributes: 

i) Compact size 
ii) Low profile 
iii) Conformal 
iv) Multiband or broadband. 

 
There are a variety of approaches that have been 
developed over the years, which can be utilized 
to achieve one or more of these design 
objectives. Modern telecommunication systems 
require antennas with wider bandwidths and 
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Smaller Dimensions than conventionally 
possible. 
 

 
II. Geometry and Formulation of the 
Problem 
 
The proposed antenna geometry is based on 
joining a rectangular 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 [7] as- 

 

 
 

In Equations (1) and (2), Ic0 is the 
wavenumber,4 is the wavelength, e, is the 
dielectric permittivity, and W and L are the width 
and the length dimensions of the rectangular 
patch, respectively. Moreover, the far electric 
fields radiated from an equilateral triangle were 
given in [6] as- 
  

 
In Equations (3) and (4),) 7 = 120) r Q, and the 
terms F, and F are the electric potential 
components. These latter were given in detail in 
[7], and will not be repeated here, for 
convenience. By specifying the lowest-order 
mode, TM010, for approximating the rectangular 
dimensions to a length, L, of 4 cm and width, W, 
of 3 cm, and for an equilateral triangle 3 cm on a 
side, for an operating frequency, of  3.24 GHz, 
Equations (1) and (2) become- 
    

 
 
It is clear from Equation (5) that for V = 0' and 
(p =90', both 
Components of the electric field vanish, due to 
the terms sin (p and cos ýo, respectively. 
Moreover, for (p = 90', Equation (6) becomes- 
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C01I is a constant defined in [5]. The total 
electric field of the new structure is obtained by 
adding the electric field radiated from the 
rectangular patch, defined in Equation (7), to that 
of the triangular patch, derived in Equations (8) 
and (9). A comparison between calculated and 
simulated results is shown in Figure 2. In order 
to prove that joining a triangular and a 
rectangular patch increases the radiation area and 
provides a multi-resonating antenna, the S, 
parameter of a simple rectangular patch of 
dimensions similar to those of the structure of 
Figure1 was compared to the S, I parameter of 
the combined structure. The comparative study, 
shown in Figure 3, clearly indicated dual-band 
operation of the new structure, as was indicated 
earlier. 
 
III. Antenna Structure and Results 
 
The basic structure of the proposed antenna, 
shown in Figure 4, consists of three layers. The 
lower layer, which constitutes the ground plane, 
covers all the substrate and has a width of 6 cm 
and a length of 15 cm. The middle substrate, 
which is Polyflon Norclad, has a dielectric 
constant c, 2.55 and a height of 0.32 cm. The 
upper layer, which is the patch, consists of a 
rectangle with a width of 3 cmn and a length of 4 
cm, joined with an isosceles triangle having the 
same area as the rectangular patch and a base of 
3cm. and a height h =8 cm. 
             Inside the rectangular patch, ten 
rectangular slots, following a-1 Chebyshev 
distribution around a center rectangular slot, 
were inserted. According to Babinet's principle 
[I11], the pattern of that slot was identical in 
shape to that of a dipole, except that the E and -
16 H fields were interchanged. Moreover, as was 
shown in [4], a Chebyshev distribution applied to 
an antenna array decreases sidelobes and 
increases directivity. Accordingly, a slot array of 
2 fo-lowing the Chebyshev distribution inserted 
into a structure will increase the beamwidth and 
increase resonances. Also, inside the -25 
triangular patch, a triangular slot with a base of 
1.5 cm and a height of 1 .2124 cm was inserted. 
 

 
 
At first, the feeding point was chosen near the 
edge of the rectangle on its left-hand side. 
Results showed the -5- non-functioning of the 
antenna under 2 GHz, and wideband operation at 
2.8 GHz. This result was expected, since the 
feeding point was a bit far from the radiating 
elements represented by the to -10- Chebyshev 
distributed rectangular slots, and also very far 
from the I, triangular slot, where the multi-band 
operation is triggered.  
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The feeding point was moved close to the 
radiating elements, and to obtain optimum 
operation of the antenna. If the feeding point was 
placed just at the edge of the rectangular slots, 
where radiation should be optimum, then the S, t 
parameter results -20 -obtained showed a clear 
resonance at 1.6-1.7 GHz, close to the Nbaja~Pc 
GSM 1.8 GHz operation; at 2.4 GHz, the 
Bluetooth operation; and 25NNm~r wideband 

operation at 2.8 GHz for wireless video 
operation. More 1.2 1.5 2.5 3.5 results on this 
feeding point can be found in [4]. 
 

 
 
This point, it became clear that moving the feed 
deeper into Figure 3. The S, parameter of a 
simple rectangular patch, the structure and 
putting it closer to the triangular slot made the 
and the S, parameter of the structure shown in 
Figure 1. Functioning of that triangular slot more 
effective, and gave the total response. Figure 4 
shows the final position of the feeding point, and 
the results obtained are shown in Figure 4. 
Figure 4 shows clear GSM 900 MHz wideband 
operation, in addition to operation at 2.8 GHz 
and 3.5 GHz. It is also clear from Figure 5, and 
by varying the geometry, that the resonant 
frequencies below 2 GHz were severely affected 
by the presence of the tri angular slot and the 
position of the feed, closer or further from the 
triangle. 
However, the rectangular Chebyshev slots were 
responsible for the wideband operation at the 
frequencies above 2 GHz and, in particular, at 
2.8 GHz. The resonant frequency at 3.5 GHz was 
also affected by the presence of the feed near the 
triangular slot, where the S1 parameter suddenly 
decreased to under -10 dB. The input impedance 
of the antenna is shown in Figure 6, where the 
solid line represents the real part of the 
impedance, and the dashed line shows the 
imaginary part. The return to zero of the 
imaginary part revealed the resonances of the 
antenna, and the clear functioning. 
 
IV. Experimental Results: Fabrication 
and Testing 
 
The antenna was fabricated and tested in the 
facilities of the High -frequency Institute of 
Munich University of Technology (TUM) in 
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Munich, Germany. The antenna was based on the 
sub- IrnadnaiyPart strate Polyflon Norclad, and 
was fabricated using the printed- 00r - circuit 
technique. The testing took into consideration 
the S, I parameter of the antenna, where a 
complete analogy was found between simulation 
results and fabrication results. A picture of the 
500 fabricated antennas and the testing process is 
given in Figure 4. 
 

 
 
 
V. Antenna Applications 
 
Various applications can be the subject for this 
newly designed antenna, since it is a multi-
functional and multi-resonant antenna, according 
to simulation and fabrication results. Each 
resonant frequency can be the subject of various 
applications in today's modem wireless 
communication world. The S, I parameter going 
under -10 dB; in Figure 3 also indicated the 
presence of three resonant frequencies. This new 
wideband operation of the antenna shares the 
presence of resonances at the wireless CCTV 
application at 2.8 GHz, and two other completely 
new applications: 
 
1. 900 MHz GSM, ISM, WLAN, RFID 

applications. 
2.  8 GHz: wireless CCTV and wireless video 

links, WLAN applications 
3. 3.5 GHz: WLAN, WiMax, wireless WiMax, 

802.1 6 Applications. 
 
 

VI. Conclusion 
 
A new multi-band antenna design has been 
presented. The -10 designs consist of joining a 
rectangular and a triangular patch together in one 
patch, and inserting several forms of slots. The 
new -15 idea behind this design also includes the 
insertion of rectangular slots following a 
Chebyshev distribution around a central 
rectangular slot, in addition to a triangular slot 
inserted into the triangle, I which has the same 
area as the rectangular patch.  The antenna has 
many applications, such as GSM, GPS, and Wi-
Fi parameter, with feeding at a point with 
coordinates Fi, WiMax, video wireless 
communication and Bluetooth. 
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