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Abstract ─ Ultra-wideband (UWB) phased arrays are 

increasingly used in radar and medical applications. 

Mutual coupling reduction between the phased array 

elements is critical in achieving good scan bandwidth. 

This study investigates the mutual coupling of a UWB 

U-slot microstrip patch 2-element array to find the 

patch orientation and U-slot topology with the least 

mutual coupling. Electromagnetic (EM) simulation 

results indicate that, for εr = 2.2 substrate, diamond 

patch orientation with opposite U-slot topology has the 

least coupling between the array elements. Results also 

indicate that the current density distribution on the 

microstrip patch has an effect on mutual coupling 

between the array elements. Results show good 

agreement between MoM and FEM EM solvers. 

 

Index Terms ─ Arrays, FEM, L-probe, microstrip, 

MoM, mutual coupling, U-slot, UWB. 

 

I. INTRODUCTION 
UWB scanning phased arrays are finding 

increasing use in wireless communication and medical 

applications [1, 2]. Scan blindness due to surface wave 

excitations could reduce the scan bandwidth range [3]. 

By reducing the mutual coupling between array 

elements, the scan blindness effects will be reduced [3]. 

In this study, the mutual coupling of a UWB U-slot 

microstrip patch 2-element array is investigated to find 

the patch orientation and U-slot topology with the least 

mutual coupling. 

U-slot patch antennas are a class of UWB 

microstrip patch antennas. Several feeding structure 

designs for the U-slot patch antenna are proposed in the 

literature [4, 5]. The L-shaped probe feeding structure 

has led to further improved impedance bandwidth for 

the U-slot patch antenna [5]. Moreover, its simple 

structure and low material and production cost [5] make 

it an attractive feeding method for the U-slot microstrip 

patch antenna. 

Previous work [6, 7] analyzed the mutual coupling 

between the U-slot microstrip array elements using the  

vertical probe feeding structure. The study in [8] aimed 

to characterize the mutual coupling of a U-slot 

microstrip 2-element array for the L-probe feeding 

structure compared to the vertical probe feeding 

structure using different U-slot topologies for εr = 2.2 

substrate. This paper aims to extend this study by 

characterizing the mutual coupling of an L-probe-fed 

U-slot microstrip 2-element array using different patch 

orientations and U-slot topologies for εr = 2.2 substrate. 

 

II. DESCRIPTION OF MODEL 
The U-slot microstrip patch antenna array is 

simulated and analyzed using the Method of Moments 

(MoM) solver in the commercially available EM 

simulation package, FEKO. The FEKO MoM results 

are validated by another EM simulation package, 

HFSS, which is based on the Finite Element Method 

(FEM).  

The simulated U-slot microstrip patch antenna 

geometry is shown in Fig. 1. The RT/Duroid 5880 

substrate material with εr = 2.2 and tan(δ) = 0.0009 is 

used. The method of dimensional invariance described 

in [9] is used to realize the U-slot antenna patch 

dimensions, shown in Table 1, for a 2.4 GHz design 

frequency. Experimental validation of the method of 

dimensional invariance is reported in earlier work [7]. 

Several simulation optimization runs were 

performed to arrive at the substrate height and probe 

position which yield best bandwidth. In FEKO, infinite 

substrate and ground is assumed. In HFSS, the substrate 

and ground (Wg and Lg) dimensions are extended by 

λ/2, where λ corresponds to lower bandwidth frequency, 

from the edge of the patch to simulate an infinite 

substrate and ground. In HFSS, a radiation air box 

boundary which is λ/2, where λ corresponds to the 

lower bandwidth frequency, above the patch is used. A 

50-ohm coaxial feed line is used to feed the L-probe. 

The different 2-element patch orientations and U-slot 

topologies simulated are shown in Fig. 2. The inter-

element spacing between the patch edges is taken to be 

approximately λ/4. For the diamond patch orientations,  
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the patches are rotated by 45°. 
 

 
 

Fig. 1. Geometry of L-shaped, probe-fed, rectangular, 

U-slot, patch microstrip antenna. 

 

Table 1: U-slot microstrip patch antenna dimensions  

a 5.17 mm Ws 18.09 mm d 3 mm 

b 5.17 mm rp 1 mm h 14 mm 

W 46.53 mm xp 13.8 mm Lv 10 mm 

L 33.6 mm yp -1 mm Lh 12 mm 

t 2.6 mm     

 

     
(a)                                        (b) 

     
                    (c)                          (d) 

     
                    (e)                                           (f) 

     
                    (g)                                          (h) 

     
(i)                                       (j) 

 
(k) 

 

Fig. 2. Variations of U-slot topologies and patch 

orientations in a 2-element array: (a-c) E-plane patch 

orientation, (d-e) H-plane patch orientation, (f-h) 

diamond patch orientation, and (i-k) Diagonal patch 

orientation. 

 

III. RESULTS AND DISCUSSION 
In [10], the bandwidth for a single-element L-

probe-fed U-slot microstrip patch antenna with εr = 2.2 

substrate was found to be between 1.8 GHz and 3 GHz. 

Figure 3 shows the E-plane coupling between two L-

probe-fed U-slot patch elements for 3 different U-slot 

topologies over the 2-3 GHz bandwidth. HFSS and 

FEKO simulation results indicate that topology (a) has 

the lowest mutual coupling in the 20-27 dB range, and 

topology (c) has the highest mutual coupling. Figure 4 

shows the H-plane coupling between two L-probe-fed 

U-slot patch elements for 2 different U-slot topologies. 

Results indicate that topology (e) has the lowest mutual 

coupling in the 20-25 dB range. Figure 5 shows the 

diamond patch orientation coupling between two L-

probe-fed U-slot patch elements for 3 different U-slot 

topologies. Results indicate that the opposite U-slot 

topology (h) has the lowest mutual coupling in the 25-

45 dB range, and topology (g) has the highest mutual 

coupling. Figure 6 shows the diagonal patch orientation 

coupling between two L-probe-fed U-slot patch elements 

for 3 different U-slot topologies. Results indicate that 

no particular topology has the highest or lowest mutual 

coupling throughout the entire bandwidth; however, 

topology (j) has the lowest mutual coupling in half of 

the bandwidth in the 20-40 dB range. In Figs. 3-6, 

HFSS and FEKO results show good agreement. 

 

 
 

Fig. 3. E-plane patch orientation coupling for different 

U-slot topologies. 
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Fig. 4. H-plane patch orientation coupling for different 

U-slot topologies. 

 

 
 

Fig. 5. Diamond patch orientation coupling for different 

U-slot topologies. 

 

 
 

Fig. 6. Diagonal patch orientation coupling for different 

U-slot topologies. 

 

Figures 7 and 8 show the current density distribution 

at 2.4 GHz for the U-slot topology, (h) with the least 

mutual coupling and the U-slot topology (c) with the 

highest mutual coupling, respectively. As seen in both 

figures more current density is concentrated around the 

base side of the U-slot, underneath which the L-probe 

feed is located. In Fig. 7, the two U-slot bases are 

farther apart from each other than in Fig. 8. This 

explains the lower mutual coupling in U-slot topology 

(h). Similarly, it is observed in the H-plane patch 

orientation that the U-slot topology (e) has less mutual 

coupling than U-slot topology (d) mainly because the 

U-slot base sides, where more current density is 

present, are farther apart in the case of U-slot topology 

(e). Also, in the diamond patch orientation, the U-slot 

topology (g) has the highest mutual coupling because 

the two U-slot base sides are closest to each other. 

 

      
 

Fig. 7. Current density distribution in Diamond patch 

orientation for U-slot topology (h) at 2.4 GHz. 

 

      
 

Fig. 8. Current density distribution in E-plane patch 

orientation for U-slot topology (c) at 2.4 GHz. 

 

IV. CONCLUSION 
In this paper, the evaluation of the mutual coupling 

of an L-probe-fed U-slot microstrip patch 2-element 

array using different patch orientations and U-slot 

topologies for εr = 2.2 substrate is presented. HFSS and 

FEKO simulation results show good agreement and 

indicate that the current density distribution on the 

microstrip patch has an effect on mutual coupling 

between the array elements. Results also indicate that 

the diamond patch orientation with opposite U-slot 

topology has the least coupling between the array 
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elements. Future work will examine the scan bandwidth 

of such patch orientation and U-slot topology in a 

planar array. Also, the same study will be performed for 

higher substrate permittivities. 
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