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Abstract 

The purpose of this paper is to employ various 

shapes and numbers of disturbing patches in 

microstripcavity to design for dual or multiple-band 

operation.  The data shows that even only one 

disturbing patch can produce  two different modes, 

and the radiation is still within an acceptable range.  

A triangular disturbing can creates more frequency 

separation than the one with rectangular disturbing.  

As two disturbing patches are placed vertically, three 

acceptable modes can be excited without degrading 

the antenna radiations.  While comparing those data 

among the patches with different numbers of 

concaved disturbing, the concaved arrangement can 

be used to modify cross-polarization radiation 

without changing their two resonant frequencies too 

much.  Both simulations and experiments well 

verify the design concept.  The arrangement of 

disturbing patches introduced here is simple and 

coplanar and easy to fabricate with PCB technology, 

and it can provide an alternative choice for design. 

Keywords: dual band, concaved disturbing, 

disturbing vertically, microstrip antenna, single 

disturbing, triple band, triangular disturbing 

1. Introduction 

The design of antennas with a multiple-band 

operation has been the major trend in wireless 

communication systems. Since microstrip antennas 

have many advantages, they have been popularly 

used for design [1, 2]. There are many researches 

related to the design for microstrip antennas with a 

dual-band application. For an example, placing a VIA 

in a conventional patch, the change of electric field 

becomes dramatically in cavity [3, 4]. Although 

two- band  operat io n can be  achie ved ,  t he 

non-coplanar structure is a problem for PCB 

fabrication. As various geometries of microstrip 

 

 

 

 

 

 

integrated together, and multiple paths of resonance 

can make dual-band operation possible [5-8]. 

However, the coupling of radiation may be interfered 

with each other as these structures stay too close. 

Another design is to use T-shape or circular T-shape 

microstrip patch to meet the similar purpose [9, 10]. 

The antenna consists of two different lengths for 

resonance to reach the dual-band function; however, 

the radiation problem limits its application for a 

specific frequency band. In contrast to this simple 

design, as electromagnetic coupling is used with a 

ring aperture in microstrip structure, two different 

lengths of a ring can make two different modes for a 

dual band [11]. However, the coupling between 

electromagnetic waves also makes the design more 

difficult. In contrast, if embedded metal strips and 

filled substrate are applied in a microstrip antenna, 

the disturbing of originally uniform distributed 

electric field can create two individual modes with 

acceptable radiations [12]. Fortunately, this problem 

on a non-coplanar structure can be improved by using 

a substrate with specific thickness or dielectric 

constant [13, 14]. Among these researches for dual 

bands mentioned earlier, by employing the concept of 

disturbing on electrical field, antenna structure 

becomes symmetric. In other word, only half of the 

antenna structure could just achieve the dual-band 

function, and design can be thus simplified with only 

focusing on the same half region.  Thus the purpose 

of this paper is first to investigate the advantage of a 

disturbing patch in a microstrip cavity. Furthermore, 

the study is extended to design a dual-band antenna 

with a more flexible frequency separation and an 

antenna with multiple bands. 

2. Design Concept 

According to the study [12], if two metallic 

patches are placed in a microstrip cavity to distract 

the electric field, two modes can be excited without 

changing the antenna radiation too much. Apparently, 

if there is only a disturbing patch, the electric field 

can be altered in the antenna cavity.  Thus, in this 

paper, a rectangular metallic strip is first arranged in 

the same way within the microstrip antenna as shown 

in Figure 1. Since the interested mode before 

disturbance is TM01, the uniform distributed electric 

field will be disturbed into two modes with different 
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distributions. Secondary, in order to enhance the 

distraction, the originally rectangular metallic patch 

is modified to a triangular shape as shown in Figure 2, 

so that the disturbance on the electric field will 

become much more than ever. Since the resonant 

frequencies of the two modes in this antenna can be 

altered much easily so that the separation variation of 

frequencies becomes possible. After the investigation 

on disturbing shape, two rectangular metallic strips 

are placed vertically within an antenna cavity as 

indicated in Figure 3.  Since there are three layers of 

substrates, the disturbing of the electric field can be 

done at higher and lower levels. Therefore, more 

modes can be excited from the original TM01 mode, 

and radiations will still remain acceptable with this 

arrangement. Furthermore, the investigation is also 

on the case of disturbing patch with a concaved 

structure, such as the one with one concave in Figure 

4, with two concaves in Figure 5, and with five 

concaves in Figure 6.  In order to prove the design 

concept, the results from ENSEMBLE and HFSS 

simulation tool are provided. In addition, 

experimental data is used to reconfirm the validity. 

During the experiment, there are various substrates 

used, such as Duroid 5880, 4003, FR-4 and air in 

order to meet the demand of a microstrip antenna 

with multiple layers. Notice that the substrate of air in 

experiments is made with a small piece of suspended 

layer, and this technique is indicated in [15]. 

3. Results and Comparisons 

For the antenna with a single disturbing patch in 

Figure 1, the return loss shows that the resonant 

frequencies of the lower mode obtained from 

ENSEMBLE and HFSS are 3.51 and 3.50 GHz, 

respectively. The higher mode resonates at 4.91 and 

4.75 GHz. The frequency differences are within an 

acceptable range, and the lower-enough return loss 

shows that these two modes are well matched. Figure 

7 demonstrates the simulated electric field along cross 

section of the cavity. Near the surrounding of 

disturbing metal, the higher and lower modes have 

different distributions. This phenomenon due to 

metallic disturbing reflects the expectation from 

design concept. Figure 8 shows the radiation pattern of 

the lower mode. On the major planes, the 

co-polarization radiation pattern shows an acceptable 

single beam, and the cross-polarization one is lower 

enough. For higher mode, the radiation patterns in 

Figure 9 demonstrate that the patterns of 

co-polarization fields are also acceptable on both two 

major planes, and those of cross-polarization is far 

below co-polarization’s. Table 1 shows the resonant 

frequencies of two modes obtained from experiment, 

ENSEMBLE and HFSS. The error is only as low as 

3%, which may be due to the fringe effect because the 

data from ENSEMBLE is simulated with an infinite 

ground. As studied [16], the difference of these 

resonant frequencies is so limited that similar 

radiations from experiments should be expected; 

therefore, they are not presented here for comparison. 

Since data from two simulations are so close, it proves 

that the concept of an antenna with a single disturbing 

patch does work at dual bands. According to the 

comparisons earlier, it is sure that the simulation tools 

are eligible for this kind antenna structure with 

disturbing patches. For the antenna with a triangular 

patch in Figure 2, the return loss shows that this 

antenna resonates at 4.36 and 5.1 GHz and the 

impedance matching for these two modes are only 

slightly different. These two frequencies are not too 

far from those of the antenna in Figure 1. Table 2 

shows the comparisons of resonant frequency between 

these two antennas with different disturbing shapes. 

Notice that the frequency separation offered from the 

triangular patch is much larger than that from the 

rectangular one. Note that the computation of the band 

separation is based on the following formula: 
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Apparently, a disturbing shape of the metal can 

be used to adjust frequency separation of two modes 

for this kind of antenna. Figures 10 and 11 show the 

radiation of the excited two modes, and the results of 

co- and cross-polarization are still acceptable. For the 

antenna with two disturbing patches placed vertically, 

the results of return loss from ENSEMBLE and 

HFSS both demonstrate that three individual modes 

are created at around 1.84, 2.02 and 2.3GHz.   The 

simulated resonant frequencies are slightly different 

from those from experiments; the difference could be 

due to the fabrication error.  Only the measured 

second mode resonates slightly from the simulation, 

the remaining frequencies are pretty close. In order to 

confirm the design concept, electric field 

distributions of these three different modes are shown 

in Figure 12.  It shows the electric field distribution 

of these three modes; that means the vertically 

disturbing patches do work as expected.  Apparently, 

their distributions are all different with each other so 

that their resonant frequencies also vary.  Since the 

simulation for radiation patterns from ENSEMBLE 

has been already verified by HFSS, so only the 

ENSEMBLE data is shown later on.  Figures 13-15 

depict the simulated radiation patterns of these three 

modes; all of the single beam and lower 

cross-polarization radiation prove that the radiations 

are well acceptable.   It is clear that the design of 

disturbing patches placed vertically makes tri-band 

operation possible for antennas. For those antennas 

with concaved disturbing patches, the result of return 

loss shows that it resonant at 1.411 and 2.379GHz.  

The radiation patterns in Figures 16 and 17 prove that 

these results are with acceptable range.  The return 

loss reveals that the resonant frequencies of the 
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antenna with a two-concaved patch are 1.41 and 

2.42GHz.  The data between the antennas with one 

or two concaved patch remains close with each other, 

but the radiation patterns in Figures 18 and 19 

demonstrate that the cross-polarization radiation of 

the one with a two-concaved patch is much more 

acceptable. The reason could be due to that the 

distribution of electric field along concaved axis is 

disturbed so that the cross-polarization radiation is 

also changed.  This means that the number of 

concave structure is useful for radiation improvement.  

As the number of concave increases up to five, the 

return loss in Figure 20 shows that the resonant 

frequencies do not vary too much.  However, the 

radiation in Figure 21 reveals that the 

cross-polarization component becomes slightly out of 

an acceptable range.  Apparently, concave number 

is good to improve radiation, but this number should 

not be too high. 

4. Conclusion 

This paper employs various shapes and 

numbers of disturbing patches to increase the design 

freedom of a microstrip antenna with layers of 

substrates and disturbing patches.  The investigation 

shows that only one disturbing patch can excites two 

antenna modes, and the radiation is within an 

acceptable range.  The triangular disturbing can 

creates more frequency separation than the 

rectangular one.  As two disturbing patches are 

placed vertically, three acceptable modes can be 

excited without degrading the antenna radiations.  

For those investigations among the patches with 

different numbers of concaved disturbing, the 

concaved arrangement can be used to modify 

cross-polarization radiation without changing their 

two resonant frequencies too much. Simulations and 

experiments both verify design concept.  The 

arrangement of disturbing patch introduced in this 

paper can provide an alternative choice to design an 

antenna for dual- or tri-band operation. 

 

 
(a) 

 

 

 

 

(b) 

Figure 1: The microstrip antenna with a 

rectangular disturbing patch: (a) top 

view, (b) front-side view. 

 

 

 

Figure 2:  The microstrip antenna with a 

triangular disturbing patch: top 

view. 
 

 

 

Figure 3:  The microstrip antenna with two 

disturbing patches placed vertically: 

front-side view 
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Figure 4:  The microstrip antenna with a 

concaved disturbing patch: top 

view. 

 

 
Figure 5:  The microstrip antenna with a 

two-concaved disturbing patch: top 

view 

 

Figure 6:  The microstrip antenna with a 

five-concaved disturbing patch: top 

view. 

 

 

 

Table 1: For the antenna in Figure 1, the resonant 

frequencies of two interested modes 

obtained from three different methods, 

and the structure dimensions: Lx= 4cm, 

Ly=2.5cm, εr1=1, εr2=3.35, 、 s=0.65cm, 

t1=t2=20mils, b=0.5cm, c=1cm, d=0.5cm. 

 

 

Figure 7:  For the two modes of the antenna in 

Figure1, the distributions of the 

electric fields on the cross section 

where y is 0.6cm. The structure 

dimensions are the same as those in 

Table 1. 
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(a) 

 

(b) 

Figure 8:  For the first mode of the antenna in 

Figure1, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE and HFSS: (a) 

E-plane, (b) H-plane. The structure 

dimensions are the same as those in 

Table 1. 

 

(a) 

 

(b) 

Figure 9:  For the second mode of the antenna in 

Figure1, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE and HFSS: (a) 

E-plane, (b) H-plane. The structure 

dimensions are the same as those in 

Table 1. 
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Table 2:  For the antennas in Figures 1 and 2, the 

comparison of frequency separation 

obtained from simulation. 

 

 

(a) 

 

(b) 

Figure 10:  For the first mode of the antenna in 

Figure 2, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are Lx=4cm, Ly=2.5cm, εr1=1, εr2=3.35, 

w1=1.5cm, d=0.5cm, s=0.65cm, 

t1=t2=20mils, the resonant frequency 

is 4.36GHz. 

 

 

(a) 

 

(b) 

Figure 11:  For the second mode of the antenna 

in Figure 2, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are the same as those in Figure 10, 

the resonant frequency is 5.1GHz. 
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Figure 12:  For the three modes of the antenna in 

Figure 3, the distributions of electric 

field on the cross section where y is 

0.65cm. The structure dimensions: Lx 

=6cm, Ly=4cm, εr1=2.2, εr2=3.35, 

εr3=4.4, s=1.4cm, t1=31mils, t2=20mils, 

t3=1.6mm, b =0.5cm, c =1cm, d 

=1.5cm. 

 

(a) 

 

(b) 

Figure 13:  For the first mode of the antenna in 

Figure 3, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are the same as those in Figure 12, 

the resonant frequency is 1.84GHz. 

 

(a) 

 

(b) 

Figure 14:  For the second mode of the antenna 

in Figure 3, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are the same as those in Figure 12, 

the resonant frequency is 2.02GHz. 
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(a) 

 

(b) 

Figure 15:  For the third mode of the antenna in 

Figure 3, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are the same as those in Figure 12, the 

resonant frequency is 2.3GHz. 

 

 

(a) 

 

(b) 

Figure 16:   For the first mode of the antenna in 

Figure 4, the simulated radiation 

patterns on different planes 

obtained from ENSEMBLE: (a) 

E-plane, (b) H-plane. The structure 

dimensions: Lx=8cm, Ly= 5cm, 

w1=1.125cm, w2=0.375cm, w3=2.5cm, 

s1=5.31cm, s2=1.4cm, the resonant 

frequency is 1.411GHz. 
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(a) 

 

(b) 

Figure 17:  For the second mode of the antenna 

in Figure 4, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are the same as those in Figure 16, 

the resonant frequency is 2.379GHz. 

 

 

(a) 

 

(b) 

Figure 18:  For the first mode of the antenna in 

Figure 5, the simulated radiation 

patterns on different planes obtained 

from ENSEMBLE: (a) E-plane, (b) 

H-plane. The structure dimensions 

are: Lx=8cm, Ly=5cm, w1=1.125cm, 

w2=0.375cm, w3=2.5cm, w4=1.25cm, 

s1=5.5cm, s2=1.4cm, the resonant 

frequency is 1.41GHz. 
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(a) 

 

(b) 

Figure 19:   For the second mode of the antenna 

in Figure 5, the simulated radiation 

patterns on different planes 

obtained from ENSEMBLE: (a) 

E-plane, (b) H-plane. The structure 

dimensions are the same as those in 

Figure 18, the resonant frequency is 

2.42GHz. 

 

 

(a) 

 

(b) 

Figure 20:   For the first mode of the antenna in 

Figure 6, the simulated radiation 

patterns on different planes 

obtained from ENSEMBLE: (a) 

E-plane, (b) H-plane. The structure 

dimensions are: Lx=8cm, Ly=5cm, 

w1=1.125cm, w2=0.375cm, w3=1cm, 

w4=0.5cm, s1=5.9cm, s2=1.4cm, the 

resonant frequency is 1.32GHz. 
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(a) 

 

(b) 

Figure 21:   For the second mode of the antenna 

in Figure 6, the simulated radiation 

patterns on different planes 

obtained from ENSEMBLE: (a) 

E-plane, (b) H-plane. The structure 

dimensions are the same as those in 

Figure 20, the resonant frequency is 

2.4GH 
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