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 A novel, modified square patch antenna with square open loop resonator slot, operating at 

5.5 GHz, for improved bandwidth performance is proposed in this article. A complementary 

square open loop resonator is introduced on the patch to enhance the bandwidth more than 

twice that of the conventional square patch antenna operating at the same frequency. A 

prototype of the antenna operating at 5.5 GHz is designed and fabricated. Results show 

that 2:1 VSWR bandwidth of the antenna is 7% whereas the conventional square patch 

antenna offers only 3% bandwidth. The proposed antenna has a compact size of 1.9 cm x 2 

cm. It offers a uniform gain of 4.25 dB and a directivity of 6.1 dB at the frequency of 

operation.   
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1. Introduction 

Owing to their small size, low cost/weight, conformability, and 

ease of manufacturing, microstrip patch antennas are chosen in 

many designs applied to standard mobile services and satellite 

systems [1-2]. However, the main barrier of considering these 

antenna types for a large range of applications is related to their 

limited bandwidth [3-5]. The ‘Long Term Evolution’ (LTE) and 

‘Long Term Evolution-Advanced’ (LTE-A) new standards for 4G, 

require large bandwidths (up to 200MHz) and it is expected, that 

newer standards will require even higher bandwidths [6-9]. In that 

respect, several techniques were discussed in the literature, for 

bandwidth improvement, including changing the feed type, 

stacking the patch, modifying the geometry of the patch, and 

changing the feed location [10-14]. Each method has its own trade-

offs, particularly involving the size of the antenna. The use of 

resonant slots for increasing the bandwidth was proposed in [1]. 

The resonant frequency of the slot could be chosen in such a way 

that its operating frequency is different than the resonant frequency 

of the conventional antenna. This leads to the staggering of two 

frequencies which, in turn, will increase the bandwidth 

significantly.  

This paper is an extension of work originally presented in the 

International Conference on Electronic Devices, Systems and 

Applications [15]. In this extended version, the design of novel 

square patch antenna with a complementary square open loop 

resonator (C-SOLR) is explained with the support of measurement 

results. A square patch antenna with and without C-SOLR is 

explained.  In the proposed design, C-SOLR utilizes proximity 

coupling. At first, a patch antenna without C-SOLR operating at 

5.5 GHz is designed. C-SOLR can reject the corresponding 

frequency enabling bandwidth enhancement. C-SOLR has been 

introduced on the patch without affecting the radiation 

characteristics of the antenna. The proposed antenna offers 400 

MHz, 2:1 VSWR bandwidth which is significantly higher than that 

of the bandwidth obtained by other techniques like changing the 

feed of the patch proposed in [2], [14].  The proposed antenna 

offers simulated directivity and gain of 6.1 dB and 4.25 dB 

respectively.  

The remaining sections of this article is organized as follows: 

Section II explains the design of C-SOLR antenna; Section III, 

presents simulation results followed by the measurement 

validation. Finally, the paper is concluded in Section IV.
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(a)          (b)                               (c) 

Figure 1: Geometry of the antenna and the classical loop resonator. a) antenna with C-SOLR. (All dimensions are in mm). b) Square open loop resonator (S-OLR), c) 
Complementary Square open loop resonator (C-SOLR)

2. Antenna Design 

The geometry of the proposed antenna is shown in Figure 1 (a). 

The substrate used is FR-4 with relative permittivity of 4.4, loss 

tangent of 0.02 and thickness of 1.6 mm. The proposed antenna is 

a square patch with a complementary square open loop resonator 

(Figure 1 (c)).  The square patch used in this design is the 

conventional square patch antenna. In order to achieve the 

broadband operation of the antenna, a resonating slot is introduced. 

Square open loop resonator (S-OLR) has been chosen here because 

of their compact size and ease of design [15]. S-OLR can resonate 

at half the frequency as that of the closed loop resonator with the 

same dimension. S-OLR are also considered as a microstrip line, 

loaded with folded open stubs at both ends. Figure 1(b) shows the 

structure of classical square open loop resonator (S-OLR). The 

fundamental resonance frequency f0 of S-OLR can be given by: 

𝑓0 =
𝑐

2(𝑃𝑎𝑣−𝑠)√𝜀𝑒𝑓𝑓
                 (1) 

In (1), Pav is the average perimeter, s is the gap between the 

open ends and εeff is the effective permittivity of the substrate [16]. 

Inspired by its compactness, we are introducing the ‘negative 

square open loop resonator’ which can also be called 

‘complementary square open loop resonator (C-SOLR) in analogy 

to the concept of complementary split ring resonator (CSRR) (see 

Figure 1(c)). From simulation study, we have observed that C-

SOLR behavior is governed by eq. (1).  When C-SOLR is coupled 

to a transmission line, the wave propagation is rejected in the 

vicinity of the resonant frequency. This property of the C-SOLR is 

exploited here which enables a larger bandwidth compared to the 

antenna without C-SOLR. The antenna has a compact dimension 

of 19 mm x 20 mm. The width of the square patch (Wp) is 12.3 mm 

and can resonate at 5.5 GHz. Ansoft High Frequency Structure 

Simulator (HFSS) is used to perform simulations. The optimum 

gap g between the C-SOLR and feed line uses proximity coupling 

A parametric study has been done and the optimum gap is  found 

to be 0.6 mm. This,  ensures better coupling and impedance 

matching as shown in Figure 2. The square patch is matched to a 

transmission line of characteristic impedance Z0 (50 Ω line) by 

using a quarter wavelength transmission line transformer of 

characteristics impedance Z1 as shown in Figure 1 (a).  The 

optimum width of the quarter wavelength transmission line is 

WT=0.9 mm. The 50 Ω line is mitered to alleviate the small 

mismatch between the high and low impedance line by chopping 

off the small amount of capacitance introduced due to the sudden 

transition from the high impedance to low impedance line. Thus, 

it can also reduce the unwanted reflections due to the abrupt 

change. The width of the C-SOLR is determined from a parametric 

study and the optimum value is found to be 0.3 mm for better 

impedance matching and gain as shown in Figure 3 (a) & (b). Table 

I summarizes the optimized parameters of the C-SOLR antenna.  

 

Figure. 2: Influence of coupling gap g on the reflection coefficient. 
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3. Results and Discussion 

Simulation and measurement of proposed antenna is discussed 
in this section. Antenna measurements were conducted using 
Agilent Network Analyzer (PNA-X N5242A).  

Firstly, a square patch antenna without resonating slot has been 
simulated. Figure 4 (a) shows the simulated S-parameters of the 
square patch antenna without any slot. As shown, it produces a 
narrow bandwidth of 170 MHz. Figure 4 (b) shows the 
corresponding E-plane and H-plane pattern. As can be seen, the 
patterns are unidirectional. The square patch antenna offers a gain 
and directivity of 4.3 dB and 6.1 dB respectively.  

By properly placing the C-SOLR on the patch, the prototype has 
been transformed to the C-SOLR patch antenna as depicted in 
Figure 1(a). From simulations it was found that the parameter g 
places an important role in the impedance matching and coupling 
to the feed line as well.  Figure 5 shows the influence of g on 
VSWR bandwidth. Thus, the optimum value of g has been found 
as 0.6 mm (see Table I). The resonance frequency of the C-SOLR 
has been chosen as a frequency near to the resonance frequency of 
the square patch without any slot. 

 

(a) 

 

(b) 

Figure 4: Simulated reflection and 2-D radiation characteristics of a conventional 
patch antenna. a) simulated S-parameters, b) E-plane (solid line) and H-plane 
(dashed line) pattern.   

The designed antennas were fabricated on standard FR4 

substrate with relative permittivity of 4.6 and a dielectric height of 

1.6 mm. Figure 6 (a) shows the fabricated antenna. The simulated 

and measured reflection characteristics are depicted in Figure 6 (b). 

As shown in the figure, they are in good agreement.  From 

simulations, we have observed that C-SOLR operates in 

accordance with eq. (1). Moreover, more than twice bandwidth of 

the conventional antenna can be obtained using the C-SOLR 

antenna. The proposed antenna offers 7%, 2:1 VSWR bandwidth 

whereas, the conventional antenna offers only 3%, 2:1 VSWR 

bandwidth. 

Figure 7 shows the 2-Dimensional radiation characteristics of 

the proposed antenna. The antenna provides a directive radiation 

pattern towards the patch surface.  Notably, the C-SOLR has been 

introduced without disturbing the radiation characteristics of the 

antenna. This is the main advantage of our proposed methodology.  

 

 

    (a) 

 

    (b) 

Figure 3: Influence of C-SOLR width on gain and bandwidth. a) C-SOLR 
width versus gain b) C-SOLR width versus bandwidth. 
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Table I  Optimal parameter values of the proposed antenna 

Parameters 
g 

Pav 
WT Wp 

Value (mm) 0.6 
15.2 0.9 12.3 
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Figure 5: Influence of gap g on VSWR bandwidth. 

 

(a)                                                   (b) 

 

(c) 

Figure 6: Fabricated antenna and corresponding simulated and measured reflection 
coefficient, a) antenna front view, b)antenna rear view, c) reflection coefficient.  

Thus, the slotted SOLR antenna offers almost the same gain 
and directivity as a conventional square patch antenna with 4.25 
dB gain and 6.1 dB directivity as shown in Figure 8. From 
simulations, the proposed antenna offers a uniform gain and 
directivity. In Figure 8, the gain tend to decrease above 5.87 GHz 
and indicates the appearance of cross polarized component as a 
consequence of using the C-SOLR structure. 

 

Figure. 7: Simulated 2-D radiation characteristics of C-SOLR patch antenna. 
E-plane (solid line) and H-plane (dashed line) pattern. 

Thus, if we didn’t chose the optimum frequency for the C-
SOLR, this cross-polarizing component will appear inside the band 
of interest, causing a non-uniform gain. The uniform gain is an 
advantage of SOLR in comparison to a rectangular loop resonator 
in which, the longitudinal arm of the resonator produces the cross 
polarized component within the band of interest. The rectangular 
loop resonator causes a non-uniform gain but has comparable 
bandwidth with that of the SOLR.  

 

Figure.8: Simulated/measured gain and directivity of C-SOLR patch antenna. 

The power transfer measurement of the proposed antenna has 

also been conducted as depicted in Figure 9 (a). Two identical 

antennas separated with a distance d were connected to the two 

ports of the Network Analyzer and corresponding S21 was 

measured. The power receiving capability of the antenna was 

tested for different distances. As shown in Figure 9 (b), the 

magnitude of power level is decreasing with increasing the 

distance. The measurement was conducted for a range of d from 

1.5 cm to 3.8 cm.    

4. Conclusion 

The presented article proposes a novel C-SOLR patch antenna 

with enhanced bandwidth with the support of measurement. A 

proximity coupled complementary square open loop resonator is 

placed on the patch. C-SOLR rejects this frequency and, as a result, 

the bandwidth is enhanced. Results proves that C-SOLR antenna 
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offers more than twice the bandwidth of a conventional square 

patch antenna, without disturbing the radiation characteristics. The 

proposed antenna offers the same uniform gain and directivity as 

that of the square patch antenna, as well. It can operate from 5.47 

GHz- 5.87 GHz and could be used for WiFi applications. The 

antenna can be easily redesigned for another frequencies, e.g. to 

meet the extensive bandwidth requirement of 200 MHz for LTE 

standards applied to 4G systems.  
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    (b) 

Figure 9: Power transfer measurement of the proposed antenna. a) Measurement 
setup, b) received power versus distance between the two antennas.   
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