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I. INTRODUCTION 

Split-ring resonators (SRRs) have been widely used to meet 

the design requirements of broadband capability, low profile, 

and compactness for electrically small antennas (ESAs) [1–6]. 

SRRs are generally made of two metallic concentric and coupled 

rings with slits on opposite ends. This specific configuration was 

proposed by Pendry et al. [7] to build up for the negative per-

meability medium. An SRR can be either a thin metallic ring or 

a square loop with a split on a dielectric substrate. SRRs are one 

of the first metamaterial-based microwave resonators, and their 

geometries are much smaller than the wavelength of the exciting  

electromagnetic wave [8]. Recently, SRRs have gained signifi-

cance in the design of ESAs. Their ability and potential to pro-

duce strong electromagnetic resonances have made them an 

outstanding solution in antenna miniaturization [9]. SRRs are 

practicable in bandwidth enhancement, with their ability to 

couple strongly to other resonant elements. Antennas incorpo-

rated with SRRs for bandwidth improvements can exhibit di-

verse antenna performance characteristics depending on the 

configuration and position of the split in the SRRs [10–15]. 

In this paper, we present the effects of SRR position on the 

performance of a compact broadband antenna with omnidirec-

tional radiation patterns that is composed of a printed dipole  
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and two rectangular SRRs. The proposed antenna demonstrates 

a broad impedance-matching bandwidth by generating multi-

resonances. The number of resonances and, consequently, the 

bandwidth are adjustable, and they can be reallocated by altering 

the SRR split position. Therefore, the SRR introduces certain 

variations into the antenna performance as a function of the 

SRR split position. By moving the SRR split position along the 

lengths of the SRR, different antenna characteristics can be 

demonstrated. Then the performance characteristics of the 

composite antenna in different split positions are analyzed com-

putationally with the aid of the ANSYS HFSS software. 

II. ANTENNA GEOMETRY AND PERFORMANCE 

The proposed composite antenna configuration of the print-

ed dipole with SRRs is shown in Fig. 1 [16]. The dipole is 

printed on the top and bottom sides of a thin Rogers RO5880 

dielectric substrate (εr = 2.2, tanδ = 0.0009, and h = 0.508 mm). 

On both sides of the same substrate, two SRRs are placed to 

encompass each arm of the dipoles. The SRR splits are located 

on opposite sides of the origin of each SRR. Excitation is done 

by a coaxial feed with the characteristic impedance of 50 Ω. The 

outer conductor of the coaxial line is connected to the bottom 

arm of the dipole, and the inner conductor of the coaxial line 

extends through the substrate and connects to the top arm of 

the dipole [17–19]. The optimized design parameters of the 

antenna for a wide impedance bandwidth and omnidirectional 

radiation patterns are as follows: e = 17.3 mm, Wl = 9.6 mm, 

gap = 3 mm, Ld = 34.7 mm, Wd = 3.7 mm, h = 0.508 mm, Ws 

= 2 mm, Gp1 = Gp2 = 12.2 mm, Ls = 74.4 mm, and Ll = 54.5 

mm. 

To achieve compact lightweight broadband antennas with 

good and non-deteriorating radiation patterns, two SRRs are 

coupled to a half-wavelength dipole to generate multi-

resonances [20]. The SRRs are designed to encircle each dipole 

arm in order to increase the area of interaction between the di-

pole and SRR, thereby ensuring strong coupling. However, the 

SRR split position is a crucial and sensitive design parameter 

that requires an optimum position for effective operation of the 

antenna. The SRR split position influences the performance of 

the antenna in a number of ways, such as (1) the coupling be-

tween the dipole and SRRs, (2) the number of generated reso-

nant modes, (3) the impedance bandwidth, and (4) the radia-

tion patterns. 

When the SRR splits are not properly positioned on both 

SRRs, the SRRs do not couple to the dipole; therefore, the an-

tenna does not resonate. For instance, as shown in Fig. 2, no 

resonance is noted or identified when the SRR split position 

becomes Gp1 = Gp2 = 34.2 mm. The SRRs do not couple to the 

dipole, causing the dipole not to resonate in this configuration.  

 
(a) 

(b) 

Fig. 1. Geometry of the printed dipole loaded with SRRs: (a) top 

view and (b) side view [16]. 

 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
-30

-20

-10

0

|S
11

|(
dB

)

Frequency (GHz) 

Gp1 =  Gp2 = 6.2 mm
Gp1 =  Gp2 = 9.2 mm
Gp1 =  Gp2 = 24.2 mm
Gp1 =  Gp2 = 34.2 mm

 
Fig. 2. Reflection coefficient of the dipole antenna loaded with 

SRRs for different SRR split positions. 

 

Fig. 2 also illustrates the result of the configuration when Gp1 = 

Gp2 = 24.2 mm. In this case, the dipole is excited and generates 

a single resonance. However, the SRRs are weakly coupled to 

the dipole, and so they produce an almost negligible resonance. 

By altering Gp1 and Gp2 to 6.2 mm, the SRR couples to the 

dipole effectively and generates two resonances, as shown in Fig. 

2. The first resonance in this configuration is generated by the 

full lengths of both SRRs, which are operating as arms of a di-

pole to resonate at a low frequency. The second resonance is 

generated by the dipole element. These two resonances interact 

to provide an appreciable impedance bandwidth for the antenna.  

It is also worth mentioning that at a split position of less than 

6.2 mm, the antenna responds in a similar fashion to its re-

sponse at 6.2 mm by producing two resonant modes. Mean-

while, at a split position greater than 34.2 mm, the antenna re-

mains unexcited, as in the case of a 34.2 mm split position.  



KEDZE et al.: EFFECTS OF SPLIT POSITION ON THE PERFORMANCE OF A COMPACT BROADBAND PRINTED DIPOLE ANTENNA WITH SPLIT-RING  … 

117 

  
 

When Gp1 = Gp2 = 9.2 mm, a third resonant mode appears at 

a high frequency. This resonance increases the bandwidth of the 

antenna significantly. The third resonance at a high frequency is 

generated from the overlapping area of the SRRs. The overlap-

ping portion becomes excited at a high frequency and resonates 

at a half wavelength, consequently enhancing the antenna im-

pedance bandwidth, as shown in Fig. 2. This demonstrates that 

retaining the same antenna structure but changing the SRR 

split position results in a significant bandwidth improvement of 

the antenna. 

As another example of the effects of the SRR split position, 

Fig. 3 shows the antenna reflection coefficient when the SRR 

split positions are at Gp1 = 2.7 mm and Gp2 = 17.2 mm. In this 

particular configuration, the antenna produces the widest possi-

ble impedance bandwidth by generating four resonant modes.  

The previous antenna configuration included the three reso-

nant modes described above. However, a fourth resonance is 

introduced around the third resonance frequency; consequently, 

it pushes the third resonance slightly to the higher frequency for 

a further bandwidth improvement with a fractional bandwidth 

of about 55.47%. 

This configuration produces a wide bandwidth but suffers 

from antenna radiation pattern distortions with high cross po-

larization at 2.24 GHz, as shown in Fig. 4. The radiation pat-

tern is tilted slightly in one direction in both the xz- and xy-

planes. The gain curve in this configuration experiences a dip, as 

shown in Fig. 5. 

Accordingly, to eliminate the dip in gain and the poor radia-

tion performance in the radiation pattern of the previous anten-

na configuration, while nonetheless maintaining the broad im-

pedance bandwidth of the antenna, the SRR split positions 

need to be located at a symmetrical position near the center of 

both SRRs. When Gp1 = Gp2 = 12.2 mm, the antenna generates 

good performance features.  

The optimized antenna configuration generates broadband  

 

 
Fig. 3. Reflection coefficient of the dipole antenna loaded with 

SRRs for Gp1 = 2.7 mm and Gp2 = 17.2 mm. 

 
(a) (b) 

Fig. 4. Radiation pattern of the dipole antenna loaded with SRRs 

for Gp1 = 2.7 mm and Gp2 = 17.2 mm at 2.24 GHz: (a) xz-

plane and (b) yz-plane. 

 

 
Fig. 5. Broadside gain of the dipole antenna loaded with SRRs for 

Gp1 = 2.7 mm and Gp2 = 17.2 mm. 
 

characteristics, with the bandwidth covering 1.38 to 2.41 GHz, 

which is the fractional bandwidth of 54.35%. The overall di-

mensions of the antenna are 9.6 mm × 74.4 mm × 0.508 mm 

(0.06λ × 0.469λ × 0.0032λ at 1.895 GHz). The antenna pro-

duces good radiation patterns and gain curves without any sig-

nificant loss of impedance bandwidth, as compared to the con-

figuration with four resonances.  

As illustrated in Fig. 6, the antenna generates three resonanc-

es. The first resonance resulted from the full lengths of the  

 

 
Fig. 6. Reflection coefficient of the optimized dipole antenna load-

ed with SRRs. 
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SRRs oscillating in unison as a half-wavelength dipole. This 

resonance occurs at a low frequency of the antenna. The inter-

mediate resonance is generated by the dipole, while the third 

resonance at a high frequency is a consequence of the SRR be-

ing excited partially in the overlapping area of the SRRs. In this 

mode, just the overlapping portion of the SRRs resonates at a 

half wavelength. Interactions between these resonances produce 

a wide impedance bandwidth for the antenna. 

The split position contributes immensely to antenna band-

width improvement, but in contrast, the size of the split has 

little consequence on the impedance bandwidth, as shown in 

Fig. 7. The figure illustrates the effect of the SRR split size on 

the reflection coefficient of the antenna. 

As the split size increases, the effective length of the SRR de-

creases and causes a shift in the low-frequency resonance to the 

right of the reflection coefficient curve. On the other hand, 

when the split size decreases, the effective length of the SRR 

increases; this results in a shift to the left in the reflection coeffi-

cient profile. The split size affects only the low-frequency reso-

nance, because the changes in the split size have no impact on 

the dipole and overlapping area of the SRRs, which are respon-

sible for the other resonances. This further validates the view 

that the SRR split position is critical to antenna design, as com-

pared to its size. 

The optimized antenna produces a stable gain with insignifi-

cant fluctuations within its impedance bandwidth. Fig. 8 shows 

the gain variations of the antennas as frequency changes. The 

dip, which occurred in the gain curve of the antenna configura-

tion with a fourth resonance, has now been eliminated. The 

antenna is linearly polarized with low levels of cross polarization 

within the impedance bandwidth.  

Fig. 9 shows the radiation patterns of the antenna at three 

frequency points. The radiation patterns are symmetric and di-

pole-like, with less variation and deterioration within the im-

pedance bandwidth. 
 

 
Fig. 7. Reflection coefficient values of the dipole antenna loaded 

with SRRs for different SRR split sizes (gap). 

 
Fig. 8. Simulated and measured broadside gain of the optimized 

dipole antenna loaded with SRRs. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 9. Measured and simulated radiation patterns of the optimized 

dipole antenna loaded with SRRs at 1.42 GHz (a), 1.8 

GHz (b), and 2.33 GHz (c) [16]. 

III. EXPERIMENTAL RESULTS 

Fig. 10 shows the proposed antenna fabricated with a balun 

to eliminate common mode current and generate clean symmet-

ric radiation patterns. With overall dimensions of 9.6 mm × 

74.4 mm × 0.508 mm (0.06λ × 0.469λ × 0.0032λ at 1.895 

GHz), the antenna demonstrated broad impedance bandwidth.  
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(a) 

 
(b) 

Fig. 10. Fabricated sample of the proposed antenna with a balun: (a) 

top view and (b) perspective view [16]. 

 

The prototype’s reflection coefficient was measured using an 

Agilent N5230A network analyzer and a 3.5-mm coaxial cali-

bration standard (GCS35M). The far-field measurements were 

made in a full anechoic chamber with the dimensions of 15.2 m 

(W) × 7.9 m (L) × 7.9 m (H) at the RFID/USN Center, In-

cheon, Korea. The anechoic chamber can take far-field meas-

urements ranging from 0.4 GHz to 18 GHz. When measuring 

the radiation pattern, a BBHA 9120 LFA broadband horn an-

tenna was used for transmitting, while the proposed antenna 

was used for receiving. The transmitter and the receiver were 

separated by a distance of 9.6 m, while the proposed antenna 

was 0.5 m away from the positioner. The horn antenna was 

fixed, while the proposed dipole antenna loaded with SRRs was 

rotated from −180° to 180° at a scan angle of 1° and a speed of  

3° s−1. 

Fig. 11 shows the measured and simulated reflection coeffi-

cients of the fabricated antenna. Minute disparities were seen 

between the measurements and the HFSS simulation, which 

could be associated with the misalignment in the fabrication 

procedures. As shown in Fig. 11, the measured impedance 

bandwidth at a reflection coefficient of less than −10 dB is 1.32–

2.46 GHz (60.31%), while the simulated bandwidth is 1.38–

2.41 GHz (54.35%).  

The broadside gain and radiation patterns of the fabricated 

prototype at different frequencies were measured, and they are 

shown in Figs. 8 and 9, respectively. The antenna generates 

good broadside dipole-like radiation patterns, with a symmet-

rical profile and small fluctuations in gain within the entire im-

pedance bandwidth. The radiation patterns are nearly constant  

 
Fig. 11. Simulated and measured reflection coefficient values of the 

optimized dipole antenna loaded with SRRs. 
 

and show a low cross-polarization level and little or no deterio-

ration with increasing frequency. The radiation patterns are 

fairly symmetrical in both the xz- and yz-planes. The measure-

ment results indicate some ripples in the radiation patterns. 

These ripples are attributed to the effects of the foam rack   

and tapes employed in the pattern measurement setup. At 1.42 

GHz, the measurements showed a half-power beamwidth 

(HPBW) of 64.26° in the yz-plane and a broadside gain of 1.9 

dBi. At 1.8 GHz, the prototype yielded a measured HPBW of 

66.38° in the yz-plane and a broadside gain of 1.85 dBi. Further, 

at 2.33 GHz, the measurements indicated a HPBW of 54.48° 

in the yz-plane and a broadside gain of 2.0 dBi. 

Fig. 8 compares the simulated and measured broadside gains 

of the fabricated antenna. The measurements indicated a peak 

gain of 2.1 dBi and high radiation efficiency of >88% across the 

operational bandwidth. 

IV. CONCLUSION 

A compact broadband composite dipole antenna with SRRs 

is presented. An analysis of the performance of the antennas 

with SRR splits at different locations is demonstrated. The an-

tenna is capable of generating multi-resonances with a broad 

bandwidth. However, the bandwidth, number of generated res-

onances, and radiation pattern are influenced by the SRR split 

position. Therefore, the split position is a critical parameter in 

antenna design, because it has enormous effects on the anten-

na’s major performance characteristics. The antenna demon-

strated a broad bandwidth with stable dipole-like omnidirec-

tional radiation patterns when SRR splits are at the optimum 

position. 
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