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Abstract 
 
In this paper, two designs of dual-polarized and low-profile 
microstrip antennas are proposed. In order to enhance the 
impedance bandwidth, Antenna 1 applies grid-slotted 
radiating patch to build an additional resonant mode 
(antiphase TM20 mode), and coupled with basic TM10 mode. 
It is fed by modified Y-shaped feeding structure to 
coupling these two modes and for impedance matching. A 
broadened bandwidth around 39% is achieved for two ports 
with a low profile of 0.06 λ0. Then, with the purpose of 
increasing the gain of dual-polarized microstrip antenna, 
Antenna 2 using cross-shaped patch with slot-loaded 
structure is presented and discussed. By exciting higher-
order TM50 mode, the two loaded slots behave as the in-
phase TM10 mode, forming a four-element magnetic-
current array. Thus, maximum gain of 12.3 dBi, 
approximately 4 dB higher than conventional microstrip 
antenna, is achieved with a low profile of 0.027 λ0. Design 
concepts of these two antennas can help to expand channel 
capacity of dual-polarized microstrip antenna in MIMO 
systems. 
 
1. Introduction 
 
In modern communication systems, dual-polarized antenna 
is playing an important role due to its advantages of 
increasing channel capacity and mitigating multi-path 
fading [1]. Therefore, many types of dual-polarized 
antenna are proposed recently [2-8]. Dual-polarized slot 
antenna [2] and loop antenna [3] fed by compact coplanar 
waveguide (CPW) are presented to meet the requirement of 
wide bandwidth, simplicity and high isolation. Co- located 
slots with high isolation are employed to achieve dual 
polarized antenna in a small volume and decrease the 
mutual coupling between these two polarizations [4-7]. A 
dual-polarized sabre-like antenna is reported in [8] to 
realize omnidirectional performance. Among these types, 
dual-polarized microstrip antenna has attracted wide 
attention benefited from performances of low weight, low 
cost, robustness and especially low profile [9]. In the 
demand for further increasing channel capacity, many 
methods have been investigated to achieve the broadband 
performance [10-12] and enhancement of the gain [13-17]. 
In this paper, two dual-polarized microstrip antennas 
(Antenna 1 and Antenna 2) are proposed to improve the 

performances of traditional microstrip antenna and 
maintain the advantage of low profile.  
 
With the purpose of increasing the impedance bandwidth, 
a dual-polarized grid-slotted antenna (Antenna 1) is 
proposed inspired by the concept of the periodic-type 
metastructures. In a low profile, wide bandwidth (39%) 
with low profile (0.06 λ0) is achieved for both orthogonal 
polarizations by using Y-shaped feeding to match the 
multiple modes of the periodic grid-slotted surface. Second, 
with the purpose of enhancing the radiation gain, a high-
gain low profile dual-polarized microstrip antenna 
(Antenna 2) using only one dielectric layer and simple feed 
is proposed. Antenna 2 is constructed by a pair of 
orthogonal positioned elements, which are with identical 
dimensions and the common center, operating in higher-
order TM50 mode. Both slot-etched elements are radiating 
as a four-element in-phase magnetic current array and a 
broadside radiation pattern with low sidelobe can be 
achieved with nearly 4 dB higher gain than conventional 
microstrip antenna operating at basic mode. 
 
2. Dual-polarized Grid-slotted Broadband 
Microstrip Antenna 

 

Figure 1. Structure of 10-units dual-polarized grid-slotted 
microstrip antenna array. 



2.1 Structure 
 
Nowadays, broadband and dual-polarized qualities are 
required in the antenna array designs of base stations in 
communication devices. However, existing base station 
antennas based on cross-dipole and stacked patches usually 
suffer from high profile of over 0.2 λ0, which will be hard 
to be fabricated in such environment with limited height. 
Thus, in order to reduce the profile of base station antenna, 
we intend to design a dual-polarized low-profile (0.06λ0) 
and broadband (over 39%) antenna array. The structure of 
a 10-units array is shown in Figure 1. This array is 
constructed by ten dual-polarized grid-slotted microstrip 
antenna unit. And the configuration of the proposed dual-
polarized grid-slotted microstrip antenna unit (Antenna 1) 
is shown in Figure 2. 
 

 

Figure 2. Dual-polarized grid-slotted microstrip antenna 
with Y-shaped feeding structure (Antenna 1): (a) side view, 
(b) top layer, (c) GND layer and (d) bottom layer. 

 
It can be observed in Figure 2 (a) that this antenna is a 
three-layer structure and comprised of the grid-slotted 
radiating patch on the top layer, the ground plane on the 
middle layer and the cross Y-shaped feeding structure on 
the bottom layer. There are two layers of dielectrics with 
the same relative permittivity of 3.38 and loss tangent of 
0.0027. The profile of this antenna is only 0.06 λ0.As 
shown in Figure 2 (b-d), the grid-slotted radiating patch is 
composed by 4 × 4 small square patch units with identical 
dimensions. The radiating patch of the dual-polarized 
antenna is excited through two orthogonal coupling 
apertures (along x-axis and y-axis, respectively) on the 
ground plane fed by the cross Y-shaped feeding structures 
in the bottom layer. To avoid the intersection of the two 
microstrip stubs, four crossover structures are applied. 
Therefore, Antenna 1 can generate two orthogonal 
polarizations. 
 
2.2 Operating Mechanism 
 
There are two main factors in Antenna 1 to enhance the 
impedance bandwidth: grid-slotted radiating patch and Y-

shaped microstrip feeding line. Firstly, the grid-slotted 
radiating can be considered as a two-dimension periodic 
structure comprising series capacitor-loaded metamaterial 
patch cells, which excites TM10 mode and antiphase TM20 
mode. As resonant frequencies of two operating modes are 
close to each other, the bandwidth of this antenna can be 
enhanced greatly by coupling two modes together. 
Secondly, the Y-shaped feeding line instead of the straight 
one is used in Antenna 1. The Y-shaped feeding structure 
is composed of a straight section and two arm sections. 
Unlike the conventional straight microstrip feeding line, 
the Y-shaped tuning stub contains more adjustable freedom 
degrees and leads to a remarkable improvement for the 
impedance bandwidth. 
 
2.3 Simulated Results 
 

 

Figure 3. Simulated S parameters of the proposed dual-
polarized grid-slotted microstrip antenna. 

 
Figure 3 shows the simulated S parameters of the dual-
polarized grid-slotted microstrip antenna. In this figure, we 
can observe that Antenna 1 achieves a -10-dB impedance 
bandwidths of 39% ranging from 4.29 to 6.40 GHz at port 
1 and 39% ranging from 4.28 to 6.37 GHz at port 2. Over 
the whole bandwidth, the simulated isolation between two 
ports is below -15 dB. Compared with former microstrip 
antenna [5-7], the dual-polarized grid-slotted microstrip 
antenna can realize broader impedance bandwidth (39%) 
with a very low profile of 0.06 λ0. 
 
3. Dual-polarized Slot-loaded High Gain 
Microstrip Antenna 
 
3.1 Structure 
 
High gain property is highly demanded in many wireless 
communication systems. To obtain high gain property, 
microstrip antenna array is commonly used in satellites and 
radar systems with the merit of low profile. However, the 
complex and lossy feeding network of the array reduce the 
efficiency of the overall system. Here, we intend to design 
a high-gain and low-profile microstrip antenna array using 



slot-loaded higher-order mode, as shown in Figure 4. The 
antenna array is composed of some identical antenna unit 
and the geometry of the unit is illustrated in Figure 5. The 
proposed high-gain low-profile dual-polarized antenna 
consists of a cross-shaped printed patch with four etched 
slots, substrate, and ground. The substrate is F4B with 
relative permittivity of 2.50 and loss tangent of 0.001, and 
the thickness is 1.6 mm (0.027 λ0). Two coaxial probes are 
used to feed the proposed antenna. The inner conductor of 
the coaxial cable is soldered with the patch, and the outer 
conductor is soldered with the ground. The location of the 
coaxial probe is offset from the center with an optimized 
distance of 5 mm to achieve good impedance matching. 
 

 

Figure 4. Structure of dual-polarized slot-loaded high gain 
microstrip antenna array. 

 

 

Figure 5. The top view of the structure and the geometry 
of  dual-polarized slot-loaded high gain microstrip antenna. 

 
3.2 Operating Mechanism 
 
The proposed dual-polarized microstrip antenna can 
achieve high gain with low profile, low sidelobes and high 
isolation simultaneously. The antenna is formed by a pair 
of horizontal and vertical elements, which are with 
identical dimensions and orthogonally placed with the 
common center, operating in higher-order TM50 mode. 

Four identical slots are cut from the cross-shaped patch 
without increasing the antenna profile. For each element, 
the electric fields inside the two slots can be equivalent to 
fundamental TM10 mode, which is in phase with the TM50 
mode. In fact, both slot-etched elements are radiating as a 
four-element in-phase magnetic-current array respectively 
and a broadside radiation pattern with low sidelobes can be 
achieved with 4 dB higher gain than conventional 
microstrip antenna. Although there is a cross part of the two 
polarization elements, the operating modes of the two 
oriental polarizations are independent, and almost do not 
interface with each other. Thus, a gain enhancement of 
approximately 4 dB can be obtained in the horizontal and 
vertical polarizations simultaneously. 
 
3.3 Simulated Results 
 

 

Figure 6. Simulated S parameters and gain of the proposed 
dual-polarized slot-loaded high gain microstrip antenna. 

 
Figures 6 shows the simulated S-parameters and gain of the 
dual-polarized slot-loaded high gain microstrip antenna. 
The simulated -10 dB impedance bandwidth of S11 is from 
5.15 GHz to 5.22 GHz with the center frequency of 5.19 
GHz. The simulated reflection coefficients of the two ports 
are almost identical. Moreover, it shows that a good 
isolation lower than -24 dB between two feeding ports is 
obtained due to the orthogonal structure. In the operating 
band, the gain of the antenna has a simulated maximum 
gain of 12.3 dBi, approximately 4 dB higher than 
conventional microstrip antenna. 
 
4. Conclusion 
 
In order to improve the performances of microstrip antenna 
and further increase the channel capacity of dual-polarized 
antennas, two designs of low-profile and dual-polarized 
microstrip antenna are proposed in this paper. Grid-slotted 
radiating patch and cross Y-shaped feeding structure are 
applied to construct the dual-polarized grid-slotted 
broadband microstrip antenna. Two modes (TM10 mode 
and antiphase TM20 mode) are excited and coupled to 



enhance the impedance bandwidth. Extra tuning freedoms 
are introduced to improve the impedance matching. Finally, 
broad bandwidth of 39% for two polarizations can be 
achieved with a low profile of 0.06 λ0. As the second design, 
cross-shaped patch with slot-loaded structure is used to 
realize the dual-polarized, high-gain and low-profile 
microstrip antenna. By exciting higher-order TM50 mode in 
each element, these two loaded slots behave as the in-phase 
TM10 mode, forming a four-element magnetic-current 
array. Thus, maximum gain of 12.3 dBi, approximately 4 
dB higher than single basic-mode microstrip antenna, is 
achieved with a low profile of 0.027 λ0. Design strategies 
of these two antennas providing enhanced the performance 
for dual-polarized diversity or MIMO communication 
systems. 
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