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Abstract ─ A compact dual-band patch antenna based on 

split ring resonator (SRR) element is demonstrated in 

this paper. In the design, a single-ring SRR, acting as a 

near-field resonant parasitic (NFRP) element, is integrated 

in the same plane of radiating patch. The addition of SRR 

could create a new operational frequency band much 

lower than the patch fundamental mode, lower the patch 

resonance frequency, and improve the patch impedance 

bandwidth significantly, while maintaining the antenna 

simplicity and compactness. The experimental results are 

in agreement with the simulation values, demonstrating 

that our proposed antenna possesses an excellent  

dual-band radiation performance characteristic, which 

includes relatively high radiation efficiencies, low cross-

polarization levels, and stable broadside radiation 

performances. 

 

Index Terms ─ Bandwidth improvement, compact patch 

antenna, dual-band, near-field resonant parasitic element, 

split ring resonator. 
 

I. INTRODUCTION 
Over the past decades, as the common unit cells in 

metamaterial designs, the split ring resonators (SRRs) 

and complementary split ring resonators (CSRRs) have 

attracted much attention because of their interesting 

resonance response performance characteristics [1-5]. 

Integration of SRRs and CSRRs in patch antenna design 

is one of the popular applications in microwave devices, 

which are comprehensively under investigation in recent 

years [6-11]. Up to now, there are many successful 

attempts reported. For example, the stacked SRRs has 

been utilized to realize the artificial magnetic substrate 

of patch antenna, which could improve the impedance 

bandwidth, as well as maintain high radiation efficiency 

[6]; a double-SRR element was utilized to place at the 

upper layer of a traditional patch antenna to explore a 

new and lower resonance frequency [7]; one or two 

CSRR units were embedded within the radiation patch to 

achieve dual-band or circularly polarized (CP) operations 

[8, 9]; and different kinds of CSRRs were placed 

horizontally between the radiating patch and the ground 

plane to achieve antenna miniaturization [10]. We also 

have considered etching CSRRs on the ground around 

the patch antenna to lower its operational frequency [11]. 

While effective, above technologies witnessed a 

certain drawback, which limited their widespread 

engineering application, arranging SRR above the 

radiating patch, periodical SRRs within the substrate, or 

CSRR below the radiating patch may make the design 

and fabrication quite complicated [6, 7, 10]; etching 

CSRR slot in the radiating patch may lead to low overall 

efficiency [8, 9]; and integrating CSRR on the antenna 

ground may increase the feedline structure impact on 

radiation patterns [11]. 

In this paper, a compact dual-band patch antenna 

based on SRR element is introduced. In the design, a 

single-ring SRR is loaded in the near field of radiating 

patch at the same plane to obtain a new and much lower 

resonance mode, without degradation of the antenna 

simplicity and compactness. Moreover, the 3rd resonant 

mode of SRR is located in the vicinity of the patch 

fundamental mode, which makes the operational 

bandwidth from the radiation patch witness 18.7% 

improvement. The prototype of antenna was fabricated 

and tested. The experimental results, in good agreement 

with the simulation ones, demonstrate that it exhibits 

excellent dual-band radiation performances, which 

include relatively high radiation efficiencies and stable 

broadside radiation performance within the dual 

operational bands. 

 

II. ANTENNA DESIGN 
Figure 1 gives the geometrical layout of the proposed 

antenna. As illustrated, a circular radiating patch with the 

radius R is etched on the top side of a 0.127 mm-thick 
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Rogers Duroid 5880 substrate. The value of patch radius 

(R) is determined by the patch antenna fundamental 

resonance frequency center, since it is actually a half-

wavelength resonator [12]. In details, the thickness of 

copper film is 0.017 mm and the substrate has the relative 

permittivity εr = 2.2 and loss tangent tan σ = 0.0009. A 

single-ring SRR, acting as a near-field resonance parasitic 

(NFRP) element [13, 14], is constructed to surround the 

patch in the same plane. The center of the SRR is offset 

away from the patch (L1) to optimize the capacitive 

coupling between them. The methodology to determine 

the SRR size will be illustrated in Section IV in details. 

And a copper ground with the thickness 0.5 mm is placed 

right under the substrate. The antenna is fed by a coaxial 

cable with characteristic impedance 50 Ω. The inner 

probe and outer metallic part of the coax feedline are, 

respectively, connected with the patch (via the substrate) 

and the ground. As is shown in Fig. 1 (b), the gap center of 

SRR, the feeding point, and the centers of patch and SRR 

are offset with each other but all along with the x-axis. 
 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 1. The configuration of the proposed antenna: (a) 3D 

view, (b) top view, and (c) side view. Its design parameters 

are as follows (in millimetre): R_sub = 32.62, R_GND = 46, 

R_SRR = 32.62, W_gap = 4, W_SRR = 5, R = 16.8,  

L1 = 8.8, L2 = 7.87, H = 3, and L = 40. 

III. ANTENNA PERFORMANCE 
The proposed antenna was first simulated with the 

ANSYS/ANSOFT high frequency structure simulator, 

HFSS, and then fabricated and tested [15]. The fabricated 

prototype is shown in Fig. 2. It is noted that, since the 

substrate is thin and suspended above the ground in the 

fabricated antenna, several cylindrical rigid foam pillars 

are placed under the substrate for mechanic supporting 

in the experimental process. 

 

 
 

Fig. 2. The fabricated prototype of the proposed antenna. 

 

On one hand, the reflection coefficient of the 

antenna was measured using Agilent E8361A PNA 

Vector Network Analyzer (VNA). The measured results 

together with the corresponding simulation values are 

plotted in Fig. 3. The experimental (simulation) results 

indicate that the antenna could provide dual-frequency 

impedance matching bandwidths with |S11| < 10 dB. At 

lower frequency point 1.602 GHz (1.576 GHz), it has a 

high impedance matching level with |S11|min = -16.81 dB 

(-24.16 dB) and a bandwidth 25 MHz (40 MHz), i.e., 

1.6% (2.5%) fractional bandwidth. Obviously, the 

experimental operational frequency center demonstrated 

26 MHz blue shift from the simulated one. This 

acceptable difference (only 1.65%) is quite reasonable, 

and could be alleviated, if desired, with a careful 

retuning of the design parameters in Fig. 1. The similar 

phenomenon was reported in our previous electrically 

small antenna experimental study [11]. In the higher 

frequency range, there are two |S11| dips, which are 

located at 4.5375 GHz (4.550 GHz) and 4.7125 GHz 

(4.730 GHz), to combine a wide bandwidth 365 MHz 

(410 MHz), i.e., 8.0% (8.9%) fractional bandwidth. 

These differences due to the unavoidable errors in the 

fabrication, installation and measurement process, are 

deemed to be acceptable. Moreover, in order to 

emphasize the SRR contributions, the antenna without 

SRR was simulated as a reference. The simulation results 

are also shown in Fig. 3 for easy comparison. Note that, 

all of its constructive parameters are the same as that in 

Fig. 1. It is observed that, the antenna is also impedance 

matched to 50 Ω source in the center of 4.600 GHz, with 
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|S11|min = -21.47 dB. Its -10 dB impedance bandwidth is 

347.5 MHz (7.5% fractional bandwidth). By comparison 

between the simulation results in Fig. 3, it could be easily 

concluded that, the addition of SRR could create a new 

much lower operational band, lower the patch resonance 

frequency center a little, and expand the bandwidth from 

the patch as high as 18.7% by means of the 3rd resonance 

mode of SRR, without significant influence on its original 

impedance match level of the fundamental mode from 

the patch. 

 

 
 

Fig. 3. The simulated and measured reflection coefficients 

(i.e., |S11| values in dB) for the antennas with and without 

SRR element. 

 

On the other hand, the far-field radiation patterns of 

the proposed antenna were measured in an anechoic 

chamber, which is mainly based on the Agilent EB362C 

PNA VNA and SATIMO passive measurement system. 

The measured results together with the corresponding 

simulation values are shown in Fig. 4. As is shown in 

Fig. 4 (a), the broadside realized gain is 5.35 dBi in the 

simulation and 4.59 dBi in the experiment at lower 

resonance frequency center. And its simulated radiation 

efficiency is 77.61%. Figures 4 (b) and 4 (c) give the 

normalized radiation patterns in the upper frequency 

band. At the two resonance dips of the upper band, the 

broadside realized gains are 9.91 dBi and 8.58 dBi in the 

simulation, and 9.48 dBi and 8.17 dBi in the experiment, 

respectively. Similar to the reported results in Fig. 3, the 

observed differences between the simulation and 

experimental results in Fig. 4, while small, arise mainly 

from the unavoidable errors in the fabrication and 

measurement process. And its simulated radiation 

efficiency is higher than 95% over the entire upper band. 

Moreover, it is easily observed in both simulation and 

experimental results of Fig. 4, the cross-polarization 

values in broadside direction are more than 20 dB lower 

than the co-polarization ones at the three resonance 

frequency centers, indicating very high linear polarization 

purity of our proposed antenna. Generally, the broadside 

radiation performance of antenna is stable. 

It should be noted that, lower than -15 dB cross-

polarization levels were simultaneously observed in both 

operational frequency ranges, because of the antenna 

symmetrical configuration (e.g., ground, patch, and SRR 

element) along the x-axis, resulting in symmetrical 

current distributions, which will be explained in details 

in next the section. In addition, because the simulation 

cross-polarization in the E-plane is lower than 50 dB at 

each of these frequency points, it was not plotted. In 

addition, in order to emphasize the design advantages of 

our proposed antenna clearly, Table 1 is presented for 

easy comparison between traditional patch antenna and 

our proposed antenna. 

 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 4. The simulated and measured normalized radiation 

patterns at different frequencies in the ZOX plane  

(E-plane) and ZOY plane (H-plane): (a) at resonance 

frequency center of the lower band (1.576 GHz in the 

simulation and 1.602 GHz in the experiment), (b) at the 

lower resonance dip of the upper band (4.550 GHz in the 

simulation and 4.5375 GHz in the experiment), and (c) 

at the upper resonance dip of the upper band (4.730 GHz 

in the simulation and 4.7125 GHz in the experiment). 
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Table 1: Comparisons between traditional patch antenna 

and our proposed antenna 

Category 

Traditional 

Antenna 

Proposed 

Antenna 

(Sim.) 

Proposed 

Antenna 

(Exp.) 

Lower freq. 

cent. (GHz) 
 1.576 1.602 

BW in lower 

freq. range (MHz) 
 40 25 

Gain at lower 

freq. cent. (dBi) 
 5.35 4.59 

Higher freq. 

cent. (GHz) 
4.600 

4.550 & 

4.730 

4.5375 & 

4.7125 

BW in higher 

freq. range (MHz) 
347.5 410 365 

Gain at higher 

freq. cent. (dBi) 
10.01 9.91 & 8.58 9.48 & 8.17 

 

IV. DISCUSSION 
The simulated current distributions on the SRR 

element and radiating patch at different resonance 

frequencies are shown in Fig. 5. At the resonance 

frequency center 1.576 GHz of the lower band, it is 

observed in Fig. 5 (a) that the majority current is 

symmetrically concentrated along the SRR surface, 

which demonstrates that this frequency band is created 

by SRR electrical resonance [16]. From our calculation, 

the average electrical length of the current pathway 

corresponding to 1.576 GHz is l = 92.625 mm = 0.49 λres, 

which is very close to half wavelength [16], where, 

 l=(R_SRR-W_SRR/2)×π–W_gap/2. (1) 

And then, in Fig. 5 (b), at the 2nd resonance frequency 

point, i.e., a weak resonance dip around 3.14 GHz in  

Fig. 3, it is clear that there are two symmetrical anti-

phase current pathways along the SRR surface. As is 

well known, the anti-phase current distribution would 

lead to a deep null appearance in the radiation pattern in 

the broadside, which would accordingly degrade the 

uniformity of the radiation patterns [17]. Thus, the 

impedance was not optimized to accommodate to 50 Ω 

source here (|S11|min ~ -1.01 dB). It was worth mentioning 

that, since its electrical length is twice than the 

fundamental mode, it could be easily concluded that the 

SRR resonates in the 2nd harmonic mode at this 

frequency. 

Thirdly, as is shown in Fig. 5 (c), most of the current 

is polarized on the surface of the radiating patch. 

Actually, at this frequency point the antenna is operating 

in TM10 mode. Since a small portion of current is 

distributed on the SRR, which indicates the SRR has a 

certain capacitive coupling effect on the patch. Therefore, 

this resonance frequency center (4.550 GHz) is a little 

lower than that without SRR (4.600 GHz). 

Finally, since the current pathway is three times than 

that of SRR fundamental mode, it is in theory that the 

SRR resonates in 3rd harmonic mode, and this phenomenon 

is confirmed by the current distribution in Fig. 5 (d). 

Although the antenna at this frequency could exhibit 

comparable radiation efficiency values to that from the 

patch resonance in Fig. 5 (c), it is seen that it has a wider 

beamwidth in H-plane and a little lower broadside 

realized gain value shown in Fig. 4. The reason is that, at 

above two different frequency points the antenna 

operation mechanisms are quite different. 

 

   
 (a) (b) 

   
 (c) (d) 

 

Fig. 5. Simulated current distributions on the radiating 

patch and SRR element at different resonance frequencies: 

(a) at resonance frequency center of the lower band 

(1.576 GHz), (b) at the resonance frequency of 3.14 GHz, 

(c) at the lower resonance dip of the upper band (4.550 GHz), 

and (d) at the upper resonance dip of the upper band 

(4.730 GHz). 

 

In order to comprehensively study our proposed 

antenna design, two important constructive parameters 

impact on the antenna impedance performance 

characteristics is parametrically investigated. Note that, 

only one parameter is changed and the others remain the 

same. First, by increasing the SRR gap size (W_gap), it 

is seen that the first and third modes of SRR shift higher 

by steps while the fundamental mode of radiating patch 

almost remains unchanged on the whole, as is shown in 

Fig. 6 (a). We noted that the resonance frequency of SRR 

is determined by the formula f = c/[2l×(εeff)1/2], where l is 

average electrical length of the current pathway and is 

determined by the Equation (1), and εeff ~ (εr+1)/2 

indicates the equivalent relative permittivity. Therefore, 

when the gap size (W_gap) increases, the total length l 

decreases, and f goes higher accordingly. Second, the 

feedline point position effect on the antenna performance 

is discussed. By changing the position (L2) the SRR 

fundamental resonance mode is not impacted on the 

whole, but the 3rd resonance mode of SRR and 

fundamental resonance mode of the patch are both 
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affected significantly. Thus, in our optimization process, 

the impedance matching and impedance bandwidth in 

the higher frequency band could be improved by only 

changing the feed position without influence on its 

performance characteristics in the lower band. 

 

 
 (a) 

 
 (b) 
 

Fig. 6. Impact of two constructive parameters on the 

antenna impedance matching: (a) the SRR gap size 

(W_gap), and (b) the feedline point position (L2). 

 

V. CONCLUSION 
We proposed a compact, SRR-based, dual-band, 

NFRP patch antenna. Benefitting from the electrical 

resonance from SRR element in the near field of 

radiating patch, a new operational frequency band much 

lower than the patch fundamental mode is produced, and 

the fundamental resonance frequency bandwidth of the 

patch is improved. The addition of SRR has not degraded 

the antenna simplicity and compactness on the whole. 

The experimental results, in a good agreement with the 

simulations, showed that the proposed antenna has high 

radiation efficiency and stable broadside radiation 

performances in the two operational bands. Benefiting 

from its excellent performance characteristic, the 

proposed compact antenna would be a good candidate in 

many engineering applications, such as GPS (due to its 

high polarization purity) [18, 19] and implantable devices 

(due to its dual-band operation with large dual-frequency 

interval) [20]. 
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