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 A novel multiband metamaterial (MTM) unit cell antenna loaded with split 

ring resonator (SRR) slots that resonates at seven bands, which are (1.91 

GHz), (3.6 GHz), (6.25 GHz), and (8.69 GHz, 9.69 GHz, 10.70 GHz), and 

12.33 GHz of the spectrum, making it suitable for L-band, worldwide 

interoperability for microwave access (WiMax), C-band, X-band downlink, 

and Ku-band applications, respectively, is proposed and discussed in this 

work. The proposed antenna has a very compact size of 14×15×1.6 mm3 

with an FR4 substrate. The simulation results show that the presented 

antenna attains a reflection coefficient of less than -10 dB (S11 -10 dB) and 

a radiation pattern across all operating bands. In addition, the suggested 

antenna provides good gains over the resonant frequency signals with an 

average of 6.75 db. The antenna simulations and parametric studies have 

been done using both computer simulation technology microwave studio 

(CST microwave studio) and high frequency structure simulator (HFSS) to 

confirm the obtained simulation results. 
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1. INTRODUCTION  

Nowadays, designing multiband antennas [1]–[3] is more demanding in wireless communication 

systems due to its multiple characteristics, but implementing these applications remains a major challenge for 

many researchers. In order to improve their characteristics, several methods can be applied, including the use 

of metamaterials (MTMs) [4], [5] that have piqued the interest of many researchers [6], [7]. Because of their 

advantageous properties, such as multi-band operation [8], [9]. Furthermore, they used to enhance the radiation 

characteristics [10], [11]. Moreover, MTMs are made up of unit cells [12] that are arranged in a regular pattern 

[13]. They exhibit various properties that are not available or not easily obtainable in nature. However, it is 

possible to construct it by modifying the material’s permittivity and/or permeability properties [14].  

Different structures are used to create various types of MTMs which are split ring resonator (SRR) 

[15], [16] and the complementary split ring resonator (CSRR) [17]–[19]. There is a lot of research that has 

been published in the open literature which shows that these structures have also been used to obtain good 

performances [20], multiband in [21], [22]. Using CSRR to achieve a high gain in [23].  

In this work, we propose the design of a MTM unit cell by using a complementary SRRs structure which 

covers seven frequency bands: L-band (1.91 GHz), worldwide interoperability for microwave access (WiMax) 

(3.6 GHz), C-band (6.25 GHz), X-band (8.69 GHz, 9.69 GHz, and 10.7 GHz), and Ku-band (12.33 GHz). 

https://creativecommons.org/licenses/by-sa/4.0/
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The proposed design has a relatively high gain of were -21.53 dB, -17.27 dB, -29.98 dB, -39.5 dB, -24.67 dB, 

-24.59 dB, and -22.44 dB respectively, and for the other parameters we will see them in the following 

sections. Computer simulation technology (CST) microwave is used to analyze the proposed antenna and 

optimize its geometrical parameters. and to confirm the obtained results we used Ansoft high frequency 

structure simulator (HFSS). 

 

 

2. ANTENNA DESIGN AND CONFIGURATION  

The design of the multiband frequencies unit cell MTM is illustrated in Figure 1(a). This MTM 

structure has been designed using FR-4 substrate with a thickness of 1.6 mm and a relative permittivity of 

4.4. The top layer of this unit cell is comprised of a CSRR, which plays a crucial role in generating multiple 

resonance frequencies. The CSRR is morphologically divided into three similar rings, each obtained by 

cutting a circular shape out of a square. These rings are constructed from copper material with a thickness of 

0.035 mm, and they each feature a gap on one of their horizontal sides. The rings are separated by a distance 

of 𝑆 = 5 mm. The boundary conditions for this design involve perfect electric conductor (PEC) and perfect 

magnetic conductor (PMC) applied simultaneously along the Y and X axes, as indicated in Figure 1(b). 

Various design iterations and views have been considered to optimize the performance of the MTM unit cell, 

as depicted in Figure 2. Additionally, open boundary conditions are defined at the input and output ports 

along the Z axis. For a detailed overview of the structure’s parameters, please refer to Table 1.  

 

 

  
(a) 

 

(b) 

 

Figure 1. The geometry of the proposed unit cell MTM: (a) front view and (b) the waveguide medium setup 

 

 

 
 

Figure 2. The steps of designing a structure proposed 

  

 

Table 1. The parameters details of the structure 
Parameter Value (mm) Parameter Value (mm) 

𝐿𝑠 15 C 13 

𝐸 3 S 5 

𝑊𝑠 14 D 8 

𝑃 0.5 G 0.25 
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3. RESULTS AND DISCUSSION  

To assess the unit cell’s performance, we conducted simulations using CST software. We present the 

outcomes for the proposed MTM unit cell. 

 

3.1.  Coefficient reflection 

Figure 3(a) depicts the simulated results of the coefficient reflection parameters. It can be observed that 

the unit cell is resonating at seven frequencies, which are suitable for L-band (1.91 GHz), WiMax (3.6 GHz), 

C-band (6.25 GHz), X-band (8.69 GHz, 9.69 GHz, and 10.7 GHz) and Ku-band (12.33 GHz) applications. 

The optimized reflection coefficients magnitudes were -21.53 dB, -17.27 dB, -29.98 dB, -39.5 dB, -24.67 dB, 

-24.59 dB, and -22.44dB respectively. 

Concerning the S11 parameters for various structures shown in Figure 3(b). As we can see, the 

results of ant 1 indicate that the MTM unit cell operates in a quintuple band with resonant frequencies of 

around 2, 6.31, 8.69, 9.69, and 12.28 GHz. By adding the second SRR the Ant 2 almost covers the same 

bands of ant 1 and the two others appear which is 3.6 GHz and 10.7 GHz. When the third SRR introduced the 

Ant 3 (proposed) and Ant 2 are similar to but slightly different at level of the values of the reflection 

coefficients, gain.  

 

 

  
(a) (b) 

 

Figure 3. Unit cell reflection coefficient: (a) proposed and (b) various structures 

 

 

3.2.  Gain (IEEE) and radiation pattern 

The Figure 4 shows that the MTM unit cell has a positive gain across all bands except the lower 

band which is 1.91 GHz, with a maximum gain of 13.22 dBi at 12.33 GHz. Figures 5(a)−(g) illustrate the 

simulated E-plane and H-plane radiation patterns in a two-dimensional (2D) geometric plane at specific 

frequencies: (a) 1.91 GHz, (b) 3.6 GHz, (c) 6.25 GHz, (d) 8.69 GHz, (e) 9.69 GHz, (f) 10.7 GHz, and 

(g) 12.33 GHz. These results highlight that the proposed MTM unit cell achieves an omnidirectional 

radiation pattern in the E-plane and maintains an acceptable bidirectional radiation pattern in the H-plane 

across all frequencies. The co-polarization pattern of the antenna remains stable, broadside, and directive, 

showing remarkable similarity. 

 

 

 
 

Figure 4. The characteristics of gain exhibited by the proposed antenna 
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(a)  (b) (c) 

   

   
(d) (e) (f) 

   

 
(g) 

 

Figure 5. E-plane and H-plane radiation patterns: (a) 1.91 GHz, (b) 3.6 GHz, (c) 6.25 GHz, (d) 8.69 GHz, 

(e) 9.69 GHz, (f) 10.7 GHz, and (g) 12.33 GHz 

 

 

3.3.  Surface current density 

In this section, the current distribution is studied and explained to provide an idea of the physical 

behavior of a radiated design. While in Figure 6(a), it can be seen that the current surface can be found in the 

gap of the first SRR as well as in these borders. Referring to Figure 6(b) at the 3.6 GHz resonance, it is 

apparent that the current density is concentrated more on the middle SRR, especially along the low sides 

where the gap is located. This implies that this SRR is responsible for the appearance of this band, suitable 

for WiMax application. Moving on to Figure 6(c), 6.25 GHz is observed as a resonant frequency with the 

current surface within the gap and borders of the first SRR. This makes it suitable for C-band applications. 

Figure 6(d) exhibits a resonant frequency of 8.69 GHz with the current surface found within the gap and 

borders of the first SRR. This resonance is suitable for X-band applications. Figure 6(e) demonstrates a 

resonant frequency of 9.69 GHz with the current surface within the gap and borders of the first SRR. This 

makes it suitable for X-band applications. Figure 6(f) shows a new resonant frequency of 10.7 GHz, resulting 

from the concentration of the current surface in the second and third SRRs of the unit cell. This creates a new 

resonance suitable for X-band. Lastly, Figure 6(g) presents a resonant frequency of 12.33 GHz, with the 

current surface within the gap and borders of the first SRR. This resonance is suitable for Ku-band 

applications. 

 

3.4.  Effect of varying the MTM unit cell dimension 

The Figure 7(a) shows the curves of the reflection coefficient of different values of the length of the 

unit cell 𝐿𝑠 as a function of frequency. On this graph we can see that the resonance frequencies below 8 GHz 

are almost unchanged, but the others are shifted to the right when we decrease the length 𝐿𝑠 from 15 mm to 

14 mm by a step of 0.5 mm and also, we allow to eliminate the fifth resonance frequency which is 9.69 GHz. 

So, on the other hand when we change the value of the width 𝑊𝑠 as shown in Figure 7(b), we find out that 

the dimension 𝑊𝑠 doesn’t have a great influence on the results, but there is a small advantage to the value 

𝑊𝑠 = 14 mm. 
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(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

 

 
(g) 

 

Figure 6. Current surface of the MTM unit cell proposed: (a) 1.91 GHz, (b) 3.6 GHz, (c) 6.25 GHz,  

(d) 8.69 GHz, (e) 9.69 GHz, (f) 10.7 GHz, and (g) 12.33 GHz 
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To investigate the effect of the gap g of each SRR we have changed it from 0.25 mm to 1 mm by a 

step of 0.25, see Figure 8(a). These results show that the increase in the g value serves to shift all frequencies 

to the right, furthermore serving to eliminate the sixth band, which is 10.7 GHz. Concerning the effect of the 

value 𝑃 which represents the distance between the square and circle as depicted in the Figure 8(b). We can 

see that the case of 𝑃 = 0.5 mm is the most suitable than the others. For the effect of the other dimensions 𝐶, 

𝐷, and 𝐸, as shown in Figures 8(c)−(e), respectively, it can be seen that the decrease in the value of 𝐷 allows 

us to eliminate the second and sixth resonance frequencies, which are 3.6 GHz and 10.7 GHz. As well as the 

results of the dimensions of 𝐶 and 𝐸 reaching the best results when we choose 𝐶 = 14 mm and 𝐸 = 3 mm, 

we also see the appearance of the eighth frequency of resonance in the case where 𝐸 = 2.5 mm, but it is very 

weak compared to the other cases. 
 

 

  
(a) (b) 

 

Figure 7. S-parameters for various values of: (a) 𝐿𝑠 and (b) 𝑊𝑠 
 
 

  
(a) (b) 

  

  
(c) (d) 

  

 
(e) 

 

Figure 8. S-parameters for various values of: (a) 𝑔, (b) 𝑃, (c) 𝐶, (d) 𝐷, and (e) 𝐸 
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3.5.  Simulation results comparison 

To validate the results, the proposed structure was simulated using the HFSS simulator. The Figure 9 

compares these two simulators in terms of the reflection coefficient. As a result of the comparison, it is clear 

that the simulated results are in good agreement. 

 

 

 
 

Figure 9. Comparison between the return loss obtained by both HFSS and CST software 

 

 

3.6.  A comparison between recently examined structures 

Table 2 lists the study’s parameters along with antennas found in the literature. The proposed MTM 

antenna demonstrates good impedance matching and satisfactory gain across a broad range of frequency band 

characteristics. 

 

 

Table 2. Comparison between recently investigated structures 
Ant Fr. bands Technique used Applications Avg gain (dB) 

Ref. [8] 6 Fractal and 
resonator MTM 

Bluetooth/wireless local area network (WLAN)/WiMax/ 
X-band 

3.5 

Ref. [4] 4 CRLH WLAN/WiMax 2.8 

Ref. [24] 3 SRR WLAN/WiMax 3.34 
Ref. [9] 3 SRR WiMAX/WLAN/radio-frequency identification (RFID) 1 

Ref. [15] 1 SRR C-band Not defined 

Ref. [25] 3 CSRR WLAN/WiMax/X-band 2 
Ref. [19] 2 CSRR WLAN/WiMax Not defined 

Ref. [1] 3 SRR WLAN/WiMax/wireles access in the vehicular environment 

(WAVE) 

Not defined 

Ref. [22] 1 SRR WLAN/Bluetooth/WiMax Not defined 

Ref. [16] 1 SRR Ku band Not defined 

This work 7 CSRR L-band/WiMax/C-band/X-band/Ku-band 6.75 

 

 

4. CONCLUSION  

In this work, a novel multiband MTM unit cell design is presented. The key element of this design is 

the incorporation of a CSRR, a component known for its unique electromagnetic properties. The MTM unit 

cell is engineered to resonate at seven distinct frequencies, showcasing a multiband behavior. These 

resonance frequencies span a broad spectrum from 1 to 14 GHz, making the MTM unit cell suitable for a 

wide range of applications requiring multiband antenna functionalities. 
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