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Abstract

This paper presents the design, fabrication and measure-

ment of dual polarized microstrip patch antennas for ul-

tra wideband (UWB) applications with notch at 5-6 GHz

band. The proposed antenna rejects the wireless local area

network (WLAN) signals and work properly in the entire

remaining ultra-wideband. Two antennas are designed for

two different frequency bands of ultra wideband and both

antennas together produce the entire ultra wideband with

notch at 5-6 GHz band. The antennas are fed by a 50

Ω coaxial probe and the entire design is optimized using

CST Microwave Studio. The bandwidth of 3.1-5 GHz is

achieved by the optimized design of Antenna-1 and the

bandwidth of 6 -10.6 GHz is achieved by the optimized

design of Antenna-2. The bandwidth of the optimized

combined antenna is 3.1-10.6 GHz with elimination of the

5-6 GHz band. Both antennas are simulated, developed

and measured. The simulated and measured results are

presented. The two designed dual polarized antennas i.e.

Antenna-1 and Antenna-2 can be used for 3.1-5 GHz band

and 6-10.6 GHz band dual polarized applications, respec-

tively, and the combined antenna structure can be used for

UWB dual polarized applications with elimination of 5-6

GHz band signals.

1. Introduction

The wide bandwidth is always a key requirement for the

wireless communication systems in order to increase the

number of users. For various applications the Federal Com-

munication Commission (FCC) has allotted the wideband

spectrum i.e. from 3.1 to 10.6 GHz for the unlicensed use

as Ultra Wideband [1-5]. Due to many favorable character-

istics like low profile, light weight, low cost etc, microstrip

antennas are commonly used in various applications such

as wireless communication systems, missile, aircraft etc [6-

7]. The narrow bandwidth is one of the major limitation of

the microstrip patch antennas. Hence broadbanding is one

of the main challenges to microstrip antenna designers [6].

Ultra-wideband microstrip antenna design requires around

7.5 GHz bandwidth centered at 6.85 GHz which is more

than 100 percent bandwidth, and conventional microstrip

antennas have only 3-10 percent bandwidth only [7]. The

design of microstrip antennas for ultra wide-band applica-

tions is under investigation. For the ultra wide-band ap-

plications many antennas have been designed and studied

[8-12]. However it is necessary to avoid the interferences

from wireless local network signals at 5-6 GHz [13-15]. Po-

larization of the antenna plays a key role in the wireless

communication system. For better signal quality the trans-

mitting and receiving antennas should be aligned in same

polarization direction. Using antenna polarization diver-

sity the capacity of the wireless communication system can

be increased and using dual polarized antennas at transmit-

ter and receiver the capacity of the wireless communication

system can be doubled [7, 16]. Also the dual polarized field

in perpendicular direction with 90o phase difference pro-

duces circularly polarized field which minimizes the path

loss in the wireless communication systems[17-20].

The design of dual polarized microstrip patch antenna for

ultra wideband applications with elimination of WLAN sig-

nals is presented in this paper. Two orthogonal monopoles

are used to achieve dual polarization and two different an-

tennas are designed for the two different frequency bands

of the ultra wideband range to achieve the entire ultra wide-

band operation with notch at 5-6 GHz band. The presented

antenna structure is designed for two different frequency

bands, hence it provides extra degree of freedom to design

the antenna for various dual polarized applications. Rest

of the paper is organized as follows. The geometry of the

designed antennas is described in section 2. The dimen-

sions of the designed antennas, simulated results and the

measured results of each antenna are presented in section 3.

Finally section 4 concludes the work.

2. Antenna geometry

The basic geometrical configuration for each antenna is

shown in Fig.1. In this configuration two monopoles are

placed in perpendicular position to each other for achiev-

ing the dual polarized radiated field. Each monopole an-

tenna radiates the linearly polarized field. The mutually



perpendicularly located monopoles in the antenna structure

radiate two linearly polarized fields in two different direc-

tions which are orthogonal to each other. Hence the de-

signed structure with two perpendicular monopoles radiates

the dual orthogonal polarized field. Each monopole is fed

by 50 Ω coaxial probe as shown in Fig. 1. The length of

the first and second part of the monopole is L1 and L2,

respectively and the width of the first and second part of

the monopole is w1 and w2, respectively. The length and

width of the ground plane for each monopole are L3 and

w3, respectively. The idea of using two different parts in

each monopole is that the first part of the monopole acts

as a matching network in order to minimize the return loss

and the second part acts as monopole with approximately

length of quarter wavelength. Both monopoles are identical

to each other. The height and the dielectric constant of the

substrate is h and ǫr, respectively.

 

Fig. 1: Geometry of the antenna.

3. Simulation, fabrication and measurement

In order to achieve the ultra wideband operation, Antenna-

1 and Antenna-2 are designed for the lower frequency band

and the upper frequency band of the ultra wideband, re-

spectively. The design of each antenna is optimized us-

ing CST Microwave Studio. With the optimized dimen-

sions, both antennas are fabricated and the photographs of

the fabricated antennas are shown in Fig 2. The developed

Antenna-1 and Antenna-2 are shown in Fig. 2(a) and in

Fig. 2(b), respectively. The development of the combined

antenna structure is depicted in Fig. 2(c). The optimized

dimensions of each antenna of Fig. 2 are given in Table I.

The thickness (h) and the dielectric constant (ǫr) of the sub-

strate for each antenna are 1.58 mm and 3.9, respectively.

The thickness of each monopole patch in each antenna is

taken 0.01 mm.

 Fig. 2: Photographs of fabricated antennas, (a) Antenna-1,

(b) Antenna-2, (c) Combined antenna.

Table I: Dimensions of the Antennas

S. No. Dimensions Antenna 1

of Fig. 2(a)

Antenna 2

of Fig. 2(b)

Combined Antenna

(separation between 

antennas=5.99 mm)

Antenna 1

of Fig. 2(c)

Antenna 2

of Fig. 2(c)

1 !" 2.1 mm 6.45 mm 2.1 mm 6.45 mm

2 !# 22.3 mm 6.5 mm 22.3 mm 6.5 mm

3 !$ 12.9 mm 8.875 mm 12.9 mm 8.875 mm

4 %" 3 mm 3.4 mm 3 mm 3.4 mm

5 %# 2 mm 2.2 mm 2 mm 2.2 mm

6 %$ 9 mm 8.3 mm 9 mm 8.3 mm
 

Each monopole is fed by 50 Ω coaxial probe feeding.

The type of coaxial connector used in simulation and fab-

rication of the structure is shown in Fig 3(a) and Fig. 3(b),



respectively. In the simulated model similar coaxial con-

nector is used in order to minimize the deviation between

simulated and measured results. To use the coaxial con-

nector of Fig 3(b) all the four legs have been cut and the

length of the inner conductor is cut in order to just touch

the monopole, however one hole of inner conductor’s size

is made in each monopole and using proper soldering the

inner conductor is connected to the monopole. The two dif-

ferent antennas are loaded together as shown in Fig. 2(c).

Due to mutual coupling effect between the antennas the be-

havior of each antenna in the combined antenna structure

is not same as shown by them individually. Hence the sep-

aration between the two antennas are optimized to achieve

the desired specifications. The optimized gap-distance be-

tween the bottom surface of the upper antenna (Antenna-1)

and the top surface of the lower antenna (Antenna-2) is 5.99

mm.

                  

(a)                                                                (b) 

Fig. 3: 50 Ω coaxial connector used, (a) in simulation (b)

in fabrication.

The reflection coefficient and the radiation patterns of

each antenna (Antenna-1 and Antenna-2) and the combined

antenna structure are measured. The simulated and the

measured reflection coefficient of Antenna-1 is shown in

Fig. 4. From this figure it can be noted that the bandwidth

of the simulated antenna is 3.1-5 GHz (46.9 percent). How-

ever there is little deviation between the measured and sim-

ulated reflection coefficient due to the two major reasons.

Firstly, in the measurement setup (reflection coefficient and

radiation pattern) only one monopole is fed and the other

monopole(s) are connected with 50 Ω impedance matching

pads (metallic). In the individual antennas i.e. Antenna-1

and Antenna-2 one impedance matching pad is used while

in the combined structure three impedance matching pads

are used. From Fig. 5 it is clear that the length of the

impedance matching pad is bigger in size as compared to

the size of the coaxial probe. Also the ground plane in

the structure is of smaller size. Hence the presence of

impedance matching pads in the measurement setup dis-

turbs the radiated fields by the antenna and other parame-

ters. Hence it causes the deviation between the simulated

and the measured results as in simulation all the monopoles

are fed by the 50 Ω coaxial connectors. Secondly, the devi-

ation between the simulated and the measured results is due

to connector losses.
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Fig. 4: Reflection coefficient of Antenna-1.
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Fig. 5: Measurement setup of radiation pattern.

Fig. 6 shows the simulated voltage standing wave ratio

(VSWR) of Antenna-1. From VSWR versus frequency plot

it is clear that the value of VSWR is less than 2 thought

the frequency band of interest. However there is some de-

viation between the VSWR of the independent antenna and

the antenna in combined structure. It is due to the mutual

coupling effect between two antennas.
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Fig. 6: VSWR of Antenna-1.



The simulated real and imaginary part of the input

impedance of Antenna-1 is depicted in Fig. 7. The real

part of the input impedance is maximum and closed to 50

Ω and the imaginary part is approximately zero near about

the resonant frequency of the antenna. The deviation be-

tween the input impedance of individual antenna and the

input impedance of the antenna in combined structure is

due to mutual coupling effect between the antennas in the

combined structure.

The simulated and measured reflection coefficient of

Antenna-2 are shown in Fig. 8. From this figure it can be

observed that the frequency band 6-10.6 GHz is achieved

by this antenna. The reasons for the deviation between the

simulated and the measured results are same as explained

for Antenna-1. However the deviation between the simu-

lated and the measured results is little higher for this an-

tenna as compared to the Antenna-1 and the reason for

this is that the Antenna-2 is smaller in size as compared

to Antenna-1. Hence the size of the impedance matching

pads is larger with respect to the size of Antenna-2 as com-

pared to Antenna-1. So effect of impedance matching pads

is more in Antenna-2 as compared to Antenna-1.

The VSWR versus frequency for Antenna-2 is shown in

Fig. 9. It is clear that the value of VSWR is less than 2

throughout the entire frequency range of interest. There

is little deviation between the values of VSWR of inde-

pendent antenna and the antenna in the combined structure

due to mutual coupling effect between the Antenna-1 and

Antenna-2. Fig. 10 shows the simulated real and imaginary

part of the input impedance of Antenna-2. The value of real

part of the input impedance is closed to 50 Ω and imaginary

part of the input impedance is closed to zero near about res-

onant frequency of the antenna.
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Fig. 7: Input impedance of Antenna-1.

For the design objective to eliminate WLAN signals from

UWB band, the Antenna-1 is designed for less than 5 GHz

frequencies of UWB and Antenna-2 is designed for 6GHz

and above frequency range of UWB. With this objective the

designed and developed two antennas are loaded together

to achieve the UWB operation with elimination of WLAN

signals at 5-6 GHz band.
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Fig. 8: Reflection coefficient of Antenna-2.
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Fig. 10: Input impedance of Antenna-2.

The combined antenna is simulated and measured. The

simulated and measured reflection coefficient of the com-

bined antenna is shown in Fig.11. It can be observed

from this figure that the reflection coefficient is less than

-10 dB for the entire range of ultra wideband except 5-6



GHz. From the reflection coefficient curves of the com-

bined antenna it can be noted that the reflection coeffi-

cient of Antenna-1 and Antenna-2 is less than -10 dB for

the frequency range 3.12-5 GHz and 5.96-10.32 GHz, re-

spectively. In the combined structure the reflection coef-

ficient of each antenna is greater than -10 dB for the fre-

quency range 5-6 GHz. However there is little deviation

between the measured and the simulated reflection coeffi-

cient for both antennas and deviation is more for Antenna-2

as compared to Antenna-1. The reason for the deviation be-

tween the simulated and the measured results is same as ex-

plained for Antenna-1 and Antenna-2. In the measurement

system of the combined antenna only one port is fed and

the other remaining ports are connected with 50 Ω match-

ing impedance pads. The effect of these impedance match-

ing pads is more in case of high frequency antenna as it is

smaller in size, that is why the deviation of measured re-

flection coefficient from simulated reflection coefficient is

more for high frequency band antenna i.e Antenna-2.

The simulated and measured radiation patterns of Antenna-

1, Antenna-2, and the combined antenna are shown in Fig.

12, Fig. 13 and in Fig. 14, respectively. The radiation pat-

terns of each antenna show the omnidirectional behavior of

antennas. The reason for deviation between the measured

and the simulated radiation patterns is the presence of 50 Ω

matching pads in measurement setup and connector losses

as explained earlier.

The various parameters such as resonant frequency, band-

width and gain of each antenna is summarized in Table II.

The directivity and the efficiency of each antenna are shown

in Fig. 15 and in Fig. 16, respectively. A little deviation

between directivity of the individual antennas and the an-

tennas in combined antenna is observed and it is due to mu-

tual coupling effect between two antennas in the combined

structure. The two dual polarized antennas i.e. Antenna-1

and Antenna-2 are designed, developed and measured for

two different bands of UWB. These two combined anten-

nas can be used for dual polarized UWB applications with

elimination of WLAN signals.
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Fig. 11: Reflection coefficient of the combined antenna.

 

Fig. 12: Radiation pattern of Antenna-1 at 5 GHz.

Table II: Antenna parameters

S. No. Parameter Range/Value

Antenna 1 Antenna 2 Combined Antenna

Antenna 1 Antenna 2

1 Bandwidth 3.16 GHz-

5.168 GHz

6.176 GHz-

10.568 GHz

3.12 GHz-

5 GHz

5.96 GHz-

10.32 GHz

2 Center 

Frequency

4.164 GHz 8.375 GHz 4.06 GHz 8.14 GHz

3 Frequency 

Ratio

1.635:1 1.71:1 1.6:1 1.73:1

4 Percentage 

Bandwidth

48.22 % 52.44 % 46.3 % 53.56 %

5 Gain (4

GHz)

2.559 dBi - 3.356 dBi -

6 Gain (7)

GHz)

- 3.34 dBi - 5.16 dBi

7 Gain (8 

GHz)

- 4.257 dBi - 4.18 dBi

8 Gain (10 

GHz)

- 5.346 dBi - 6.038 dBi

 

 

Fig.13:Radiation pattern of Antenna-2 at (a)7 GHz (b)9

GHz



 

Fig. 14: Radiation pattern of the combined antenna at (a)5

GHz (b)7 GHz (c)9 GHz.
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Fig. 15: Maximum directivity of the antennas.
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Fig. 16: Efficiency of the antennas.

4. Conclusion

In this paper, dual polarized microstrip patch antennas have

been designed, developed and measured for ultra wideband

applications with notch at 5-6 GHz to eliminate WLAN

signals. Two antennas have been presented for two dif-

ferent frequency bands of the ultra wideband. The com-

bined antenna with the optimized design of each antenna

and the gap-distance between the antennas gives the entire

frequency range of ultra wideband with notch at 5-6 GHz

band and eliminates WLAN signals. The simulated as well

as measured results have been presented. The radiation pat-

terns of each antenna show the omnidirectional nature of

the antennas. The presented dual polarized antennas are

suitable for UWB applications with elimination of 5-6 GHz

band signals.
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