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ABSTRACT:  

 

MIMO sector antennas with dual-polarization, high-gain and broadband characteristics are 

very important components of IMT-Advanced systems. In this paper, electro-magnetic 

software simulations are employed to design a wideband and dual-polarized micro strip patch 

sector antenna. Micro strip Wilkinson power divider and L-shaped probes are used to feed the 

patches. Different influences about the structural parameters of patch and the feeding probe 

are discussed via contrast curves. The experimental results show good agreement with those 

simulated results. On the measured bandwidth 3.35~3.65GHz less than 1.4 of the VSWR, and 

larger than 11dBi of the gain can be obtained this antenna has simple structure and large 

allowable error for the manufacture, so it can be conveniently used in modern MIMO 

communication systems and other similar applications. 
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1 INTRODUCTION 

 

With the fast-growing of modern wireless communications and the urgent 

requirement of wideband multi-media services, IMT-Advanced systems based on 

multiple-input multiple-output (MIMO) technology become the first choice for the 

fourth generation mobile communication because of their advantages including faster 

rate and higher spectrum efficiency. As the key components of IMT-Advanced 

communication systems, sector antennas are used for the signal transforming between the 

wireless and the wired parts, so they are very important for the system implementation and 

should be well designed.  

 

 

IJECERD 

 © PRJ PUBLICATION 

International Journal of Electronics and Communication Engineering 

Research and Development (IJECERD)), ISSN XXX – XXXX (Print) 

ISSN XXXX – XXXX (Online), Volume 3, Number 1 

Jan- March (2013), pp. 01- 10 

© PRJ Publication, http://www.prjpublication.com/IJECERD.asp 



International Journal of Electronics and Communication Engineering Research and Development 

(IJECERD), ISSN XXX- XXX (Print), ISSN- XXX-XXX (Online) Volume 3, Number 1, Jan-March (2013) 

 

2 

 

Nowadays antennas designed for wireless communications are mostly heading for 

high-gain, broadband or multiband, dual-polarization or multi-polarization and 

miniaturization. Then symmetrical dipoles, microstrip patches and printed dipoles are three 

most popular radiator cells. Using symmetrical dipoles can obtain good impedance matching 

and moderate-wide band because of resonant structures, while dual-polarization and high 

gains are hard for them. Then printed dipoles with microstrip balun can operate on relatively 

wide band, but its gain performance cannot satisfy with the requests of base station antennas
 

[1]
. Some measures, optimizing impedance-transformation, designing printed dipoles and 

coupling lines sizes
 [2, 3]

, can be taken to broaden bandwidths or realize multiple bands
 [4]

. 

While it may be not so easy for printed dipoles with entirely plane structures to get 

dual-polarization  

 

Possessing many advantages including high-gain, low profile, dual-polarization, 

integratable, microstrip patch antennas are very popular in engineering practice, although 

they often suffer from the disadvantage of narrow frequency band. Some effective measures 

can be used to broaden the bandwidth, such as increasing the substrate thickness which may 

result in surface wave excitation
 [5]

, decreasing the relative permittivity, adding parasitic 

patches
 [5, 6]

 and adopting electro-magnetic feeding technology. Proper feeding locations are 

chosen in patch antennas design to realize dual-polarization, but a big problem is that the 

inputs isolation is usually not very good, which can be improved by feeding with two 

cross-shaped slots
 [7]

 or H-shaped groove on grounds
 [8]

.   

 

In this paper, one dual-polarized and high-gain microstip patch antenna, fed with 

microstrip Wilkinson power divider and L-shaped probe, is designed, fabricated and mesured. 

At first the popular electro-magnetic simulation software is used to create the antenna model 

and then analyze parametrically. Different influences about the structural parameters of patch 

and probe are discussed via contrast curves, including VSWR, antenna gain, and 

co-polarization and cross polarization characteristics. The measured results well agree with 

those simulated results, which can well satisfy the given requests. This antenna can be 

conveniently manufactured and organized to be array antennas to get higher gain. 

 

2 ANTENNA CONFIGURATION 

 

Microstrip patch antennas are well known for high gain and being easy to get 

dual-polarization by changing feed locations, except for narrow frequency band. Then 

decreasing the quality factor or modifying the resonant frequency are usually employed to 

broaden operating band. The given requests are 3.4~3.6GHz of the bandwidth, less than 1.5 

of the VSWR and lager than 10dBi of the gain in the largest radiating direction. These 

demands are difficult to realize if the traditional configuration of single patch is adopted, so 

an array with two patch antennas and some technical methods used to broaden the frequency 

band are very necessary.  
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       FIG.: (A) 3-D CONFIGURATION    

 

 

 

 

FIG: 1 (B) SIDE-LOOKING CONFIGURATION 

 

FIG: 1 THE SECTOR ANTENNA CONFIGURATION 

 

According to electro-magnetic theory, decreasing the dielectric constant, using air 

dielectric and adjusting patch height in practical, can mostly lower the quality factor of patch 

antenna. Then L-shaped metal probe can not only feed the patch through electro-magnetic 

coupling but also affect its resonance characteristics, bringing a second resonant frequency 

around the original one resulting in the a wider band. An enough large substrate, with 

dielectric constant 2.65 and thickness 1mm are used to be the antenna ground on one plane 

and a Wilkinson power divider is placed on the reverse side. Fig.1(a~b) show 3-D and 

side-looking configuration of sector antenna, where the patches are supported by metal poles 

in their own central positions with little influence on the electro-magnetic field distribution. 

The patch shape is square for the demand of dual-polarization, feeding respectively by port � 

and � 

 

3 SIMULATION RESULTS 

 

In simulation changing the dimensions of the patches and their vertical height upon 

the ground makes the resonant frequency of the whole antenna different. The structural 

parameters, including the patch sizes, their vertical heights upon the ground, the positions, 

and lengths of the two arms of L-shaped probes should be synthetically determined by 
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parametrical analysis to achieve small VSWR and good impedance matching on demanding 

band. Then these parameters are initially set as follows, the size of copper patches p_l is 

32mm, the vertical height upon the ground of the patches p_h is 8mm, the vertical height k_h 

and the transverse length k_l of the L-shaped probes is 5mm and 15mm, the transverse space 

from the central position of patches to the feeding nods on the ground k_p is 28mm, the sizes 

of the substrate is160×80mm with 1mm thickness and dielectric constant 2.65. Different 

structural parameters will bring different influence to the whole performance of the antenna 

and these variation rules will be very clear by changing one parameter and keeping the others 

the same, as shown in Fig.2~Fig.6. The whole procedure of simulation can be divided into 

two stages, the coarse computing stage in sequence of p_l→p_h→k_p→k_l→k_h→s_l, and 

the fine computing stage in the reverse sequence to determine the concrete values and 

allowable errors of all parameters.  

 

    

       FIG: 2VSWR WITH CHANGING PATCH SIZES 

 

       
 

          FIG: 3 VSWR WITH CHANGING PATCH HEIGHTS 

 

As the traditional patch antenna design, the patch size p_l is mainly determined by the 

operating frequency Then the vertical height p_h will greatly influence the VSWR on the 

operating band and suitable p_h can make the equivalent dielectric constant as low as 

possible to get low quality factor and broad band. Fig.2 and Fig.3 show VSWR variation on 

the input port �corresponding to different p_l and p_h. It can be sobserved that VSWR 

characteristics vary much more with 0.2mm changing of p_h than 0.4mm changing of p_l. 

When simulated VSWR are less than 1.45, p_l and p_h can be respectively in certain ranges 

of 31.6 ± 0.8mm and 8.3 ± 0.6mm 
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        FIG: 4 VSWR WITH CHANGING PROBE LOCATIONS 

 

       

 

FIG: 5 VSWR WITH CHANGING TRANSVERSE VERTICAL LENGTHS OF        

L-SHAPED PROBES. 

 

           

 

           FIG: 6 VSWR WITH CHANGING HEIGHTS OF L-SHAPED PROBES. 

 

The feeding structure of the antenna is composed with a microstrip Wilkinson power 

divider, whose input ports are connected with outer sources, and L-shaped probes, whose 

input ports are connected with the divider’s output ports. Then the vertical height k_h, the 

transverse length k_l of the L-shaped probes and the transverse space k_p, from the central 

position of patches to the feeding nods on the ground, will affect the matching on the feeding. 

Fig.4~Fig.6 shows VSWR variation on port� corresponding to different k_p, k_l and k_h. 
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Some similar conclusions can be drew from these figures that the vertical height k_h of the 

probe’s transverse arm, has the largest affect on VSWR characteristics. When the simulated 

VSWR are less than 1.45, k_p, k_l and k_h can be in certain ranges of 27.8 ± 1.2mm, 

15.2 ± 0.6mm and 6.2 ± 0.5mm, respectively 

 

Finally the axial length s_l of substrate is related with three points, the antenna is an 

array or not, the number of unit antenna and the array space between two adjacent units. For 

one single antenna, the substrate sizes should be large enough to have no influence on the 

electro-magnetic fields of the antenna border and around the feeding nods. For array antennas, 

its axial length is the product of unit number n and unit length p. Simulated results show that 

s_l here can be in a certain range of 140~150mm, keeping the other parameters the same. 

Fig.2~Fig.6 are mainly about the influence of structural parameters on the VSWR on port�. 

Because of the good symmetry, similar variation rules can be concluded on port�. All these 

curves show that every parameter has a large alterable range to satisfy the given VSWR, 

which brings large allowable error for fabrication and installation. Taking a general 

consideration, p_l, p_h, k_p, k_l, k_h and s_l are respectively set as 31.6mm, 8.3mm, 27.8mm, 

15.2mm, 6.4mm and 145.6mm. Then simulated isolation between ports� and � can be larger 

than 20dB, VSWR can be less than 1.2, which may satisfy with general wideband 

applications. Some measures such as double L-shaped probes feeding and cross-slot feeding 

should be taken to increase the isolation between the two inputs in high-quality wireless 

communications.  

 

FIG: 7 SIMULATED GAIN OF SECTOR ANTENNA. 

 

 

FIG: 8 SIMULATED E-PLANES AND H-PLANE PATTERN ON 3.5GHZ 
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Fig.7 shows antenna gain on 3.35~3.65GHz. Fig.8 shows the simulated E-plane and 

H-plane patterns of sector antenna on 3.5GHz. It can be seen that antenna gains are larger 

than 11dBi on demanding band and the maximum radiation is on the vertical direction of 

patches array. Simulated E-plane and H-plane co-polarization and cross-polarization levels 

on 3.5GHz are shown in Fig.9~10, where 40 degrees of E-plane 3dB lobewidth and 70 

degrees of H-plane 3dB lobewidth are obtained. Then observed from Fig.9, the difference 

between the co-polarization and cross polarization in the 3dB lobewidth of E-plane pattern 

are greater than 30dB, and in the maximum traditional direction, the difference is 35dB. In 

the H-plane pattern, the similar values are 10dB and 33dB. 

 

                  

FIG.:9 SIMULATED E-PLANE CO-POLARIZATION AND CROSS-POLARIZATION ON 3.5GHZ 

 

 

 

FIG: 10 SIMULATED H-PLANE CROSS-POLARIZATION ON FREQUENCY 3.5GHZ 

 

4 MEASURED RESULTS 

 

Using the structural parameters determined by above parametrical analysis, and taking 

the allowable error into account, the whole antenna can be divided in several parts to 

fabricate, one printed microstrip power divider and the other components with mechanical 

methods. Fig.11~ 14 shows the photo, measured VSWR, E-plane pattern, H-plane pattern and 

antenna gain characteristics of the sector antenna. It can be observed that the measured 

VSWR are a little larger than the simulated results and the antenna gain on the whole band 

are a little smaller than the simulated results. These may be caused by artificial assembling 

error, conductor loss and substrate loss in feeding transitions, which make the practical 
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antenna effiency a little lower than the simulations. Because of the large allowable error for 

structural parameters, all measured results can be well satisfy with the given demand and the 

antenna can be completely applied in ordinary wideband operating and related wireless 

communications.  

 

 

  FIG.11 PHOTO OF SECTOR ANTENNA 

 

 

 FIG.12 MEASURED VSWR OF SECTOR ANTENNA 

 

 

 

FIG.13 MEASURED E-PLANE AND H-PLANE PATTERN ON FREQUENCY 3.5GHZ.      
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FIG.14 MEASURED GAIN OF THE SECTOR ANTENNA 

 

5 SUMMARY 

 

In the design procedure of two-cell patch antenna in this paper, software simulations are 

firstly used to perform parametrical analysis. Different influences about the structural 

parameters, including the sizes and the vertical height of the patches, the vertical height, the 

transverse length and the feeding locations of the L-shaped probes, are discussed via contrast 

curves, including VSWR, gain, co-polarization and cross polarization characteristics. Then a 

broadband, dual-polarized and high-gain patch antenna, fed with microstrip Wilkinson power 

divider and L-shaped probes, is fabricated and measured. On 3.35~3.65GHz measured 

bandwidth, less than 1.4 of the VSWR and larger than 11dBi of the gain can be obtained. This 

sector antenna has dual-polarization, high-gain, simple structure, large allowable error for the 

manufacture, and it can be conveniently organized to a lager array to get higher gain, so it can 

be well used in MIMO communication systems and other similar applications.  
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