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Abstract 

Based on the theory of composite right and left handed transmission lines, an ultra-wideband 

antenna with a size of 20╳18╳1.6 mm3 is designed by using asymmetric coplanar waveguide 

feed. The antenna is composed of a monopole antenna, an interdigital capacitor on the end wall 

and a bending inductance on the side wall. The simulation results of HFSS show that the 

designed antenna covers 2.3~11.6 GHz bandwidth with a relative bandwidth of 133.8%. In 

addition, the antenna has negative dielectric constant characteristics. The antenna has the 

advantages of small size, bandwidth and simple structure, and has wide application value. 
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1. Introduction 

Metamaterials have attracted worldwide attention because of their special properties that conventional 

materials do not possess[1]. Up to now, the main metamaterials are composite right and left handed 

transmission lines, left handed materials and so on[2]. Composite right and left handed transmission 

lines have many supernormal characteristics, such as zero-order resonance, inverse Doppler effect, 

negative refractive index, etc. [3-4]. Among them, the zero-order resonance has an important 

characteristic that its resonance frequency is independent of size [5]. Therefore, this characteristic can 

be used to realize the miniaturization of antenna[6]. 

Since the composite right handed transmission line was proposed, there has been an endless stream 

of research teams at home and abroad. In 2002, Caloz et al. proposed that the hybrid right handed 

transmission line be used to realize the anisotropic characteristic [7]. In 2009, literature [8] fused the 

resonant frequency of monopole oscillator and the resonant frequency of metamaterial within a 

bandwidth by loading the composite right handed transmission line structure, thus realizing the 

broadband characteristic. Then, the research of broadband metamaterial antenna emerges in endlessly, 

such as short-ended[9], strip antenna[10], metamaterial array[11] is widely used. Multifrequency 

fusion to broaden bandwidth is the development trend of metamaterials nowadays. 

In this paper, a epsilon negative transmission line (ENG-TL) antenna based on composite right and 

left handed transmission lines is proposed. The antenna is miniaturized by using zero-order resonance 

characteristics. The ultra-wideband function is realized by feeding ACPW.  

2. Structure Design of Antenna 

Based on CRLH theory, an ultra-wideband antenna fed by asymmetric coplanar waveguide (ACPW) 

is designed, as shown in Fig. 1 (a). The antenna is fabricated on FR4 (εr = 4.4, tan σ = 0.02) dielectric 

plate with a thickness of 1.6 mm and a radiation structure consisting of copper with a thickness of 

0.017 mm. With asymmetric coplanar waveguide feeding, the antenna size is greatly reduced by half 

of the area saved compared with the traditional coplanar waveguide feeding because it has only one 

side. The bending structure provides a left-handed inductance, which can be controlled by adjusting 

the length and width of the bending and the size of the inductance. Because the antenna fabricated by 

CRLH theory has negative dielectric constant and negative permeability, the antenna designed by 

ENG theory only has negative dielectric constant, and CRLH has only one more series capacitance 

than ENG in the equivalent circuit. Therefore, they are similar in the analysis of the equivalent circuit 
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of antenna. The interdigital structure strengthens the coupling between the radiation patch and the 

ground, and forms the right-handed capacitance, coupled with the right-handed inductance generated 

by the radiation patch itself. Thus forming the epsilon negative transmission line (ENG-TL) structure, 

whose equivalent circuit is shown in Figure 1 (b). The series impedance and parallel admittance in 

the figure are following. 

 
(a) Element ENG-TL Antenna Structural Diagram(W1=2 mm，L1=8 mm，W2=8 mm，L2=5 

mm，W3=11 mm，L3=5 mm，W4=2 mm，L4=18 mm，W5=18 mm，L5=2 mm，a1=1.6 

mm，a2=2 mm，b1=0.84 mm) 

 
(b) Antenna equivalent circuit diagram 

Fig. 1. Schematic diagram and equivalent circuit diagram of unit antenna 

 

 (1) 

 (2) 

R and G are the impedance and admittance of the lossy circuit respectively. Under ideal lossless 

condition, the imaginary part of the shunt admittance is zero, so the zero-order resonance frequency 

is as follow. 

 (3) 

According to Bloch-Floquet theory [12], the dispersion characteristics of composite right and left 

handed transmission lines are as follows. 

 (4) 

Where d is the length of the unit period. According to this formula, the dispersion characteristic curve 

of periodic ENG-TL antenna is shown in Fig. 2 (a). The dispersion diagram is divided in left-handed 

and right-handed regions. The dielectric constant in 0.5 GHz-4 GHz band is negative, and then it is 

left handed transmission line; 3.5 GHz-4 GHz is the transition band from left handed transmission 

line to right handed transmission line, in which beta is a pure imaginary number; and 4 GHz-8.5 GHz 
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is right handed transmission line, and the real part of the corresponding dielectric constant is positive. 

The left-handed region represents the frequency range with negative slope of the curve, as well as the 

anti-parallel phase and group velocity. On the other hand, the slope of the right-hand region curve is 

positive, and it also represents the parallel phase and velocity. 

In addition, the permittivity and permeability of the antenna can be obtained by the following formula. 

 (5) 

 
(6) 

 
(7) 

 (8) 

 
(a) Dispersion characteristic curve of ENG-TL antenna 

 
(b) Equivalent permittivity of ENG-TL antenna 

 
(c) Equivalent permeability of ENG-TL antenna 

Fig. 2. Key parameters of ENG-TL antenna 
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Where n is the refractive index and z is the wave impedance. Because the dielectric constant of ENG-

TL structure is less than zero and the permeability is greater than zero, as shown in Figure 2 (c), 

although the permeability fluctuates, it remains positive. The three curves show that the antenna has 

ENG-TL function. 

3. Antenna simulation results analysis 

The structure is simulated by HFSS software, and the return loss curve of the antenna is obtained as 

shown in Figure 3. There are four resonant modes in the antenna, which are 3.95 GHz, 6.68 GHz, 

8.19 GHz and 10.9 GHz. According to the dispersion curve of the antenna, 3.95 GHz is a zero-order 

resonant mode, and the antenna bandwidth is 2.3-11.6 GHz (133.8%). At the same time, CST 

electromagnetic simulation software is used to verify. Both softwares resonate at 6.68 GHz, 8.19 GHz 

and 10.9 GHz, but the 3.95 GHz resonant point moves to 1.58 GHZ, which is due to the algorithm 

differences between the two softwares. 

 

 
Fig. 3.ENG-TL Antenna Return Loss Curve 

 

In order to analyze the resonant characteristics of four resonant modes in detail, the current 

distribution of four resonant points is shown in Fig. 4. The first resonant mode is generated by the 

left-handed inductance between the bent line and the ground; the second resonant mode is still 

coupled by the bent line and the ground, but an additional right-handed capacitor between the 

radiation patch and the ground is added; the third resonant mode current mainly concentrates on the 

bent line, compared with the first two resonant modes, the current on the bent line of this mode is 

obviously increased and the current on both sides is larger than that on the first two resonant modes. 

Intermediate current; the current on the bend line of the fourth resonant mode is concentrated in the 

middle. It can be seen from the figure that the resonance is mainly caused by the coupling between 

the bending line and the ground and the radiation patch and the ground. 

Because the resonance is mainly caused by the coupling between the bending line and the ground and 

the radiation patch and the ground, the length of the bending line is scanned by parameters. As shown 

in Fig. 5 (a), the longer the length of the bending line, the larger the left-handed inductance produced 

by the bending line. According to  , the larger the inductance, the smaller the 

resonance point. The redshift of S parameter will occur. When the distance between the patch and the 

ground is scanned by parameters, the coupling distance increases, the echo loss decreases and the 

depth increases, as shown in Fig. 5 (b). 

1 2 R Lf C L=
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(a) 3.95 GHz 

 
(b) 6.68 GHz 

 
(c) 8.19 GHz 

 
(d) 10.90 GHz 

Fig. 4. Current distribution at resonant point of ENG-TL antenna 
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(a) Scanning of bending inductance length parameters 

 
(b) Patch-to-ground coupling distance parameter scanning 

Fig. 5. Parameter optimization of ENG-TL antenna 

 

4. Simulation and Analysis 

The antenna pattern is shown in Figure 6. The gains of antenna at 3.95 GHz, 6.68 GHz, 8.19 GHz 

and 10.90 GHz are - 2.13 dBi, - 0.78 dBi, 1.42 dBi and 3.44 dBi, respectively, and they have great 

overall radiation on E and H planes. 

Table 1 is a comparison table of key parameters of UWB, miniature cultural antenna and reference 

[8-10]. It can be seen from the table that the antenna height is basically the same, and they are all 

designed based on composite left and right hands. However, the antenna in this paper has certain 

advantages in size and bandwidth. 
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(a) 3.95 GHz 

 
(b) 6.68 GHz 

 
(c) 8.19 GHz 

 
(d) 10.90 GHz 

Fig. 6. Antenna resonance pattern 
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Table 1 Comparison table of key antenna parameters 

Paper 
Substrate 

(Ɛr) 

Size 

( ) 

resonant frequency 

(GHz) 

maximum 

gain(dBi) 

Impedance bandwidth 

(GHz) 

This work FR4(4.4) 
 

3.95 -2.13 

2.3~11.6(133.8%) 
6.68 -0.78 

8.19 1.42 

10.90 3.44 

[13] FR4(4.4) 
 

0.56 — 0.56~0.58(3.5%) 

2.67 3.81 2.35~2.91(21.3%) 

3.15 3.75 2.91~3.49(18.1%) 

[14] 

Rogers 

RT/duroid 

5880(2.2) 
 

2.49 -2.00 2.37~2.64(10.8%) 

3.53 0.14 3.39~3.58(5.4%) 

5.54 3.20 4.86~6.98(38.3%) 

[15] FR4(4.4) 
 

1.16 1.59 1.12~1.22(8.5%) 

2.32 2.10 2.22~2.46(10.3%) 

3.58 4.97 2.94~4.22(35.8%) 

 

5. Conclusion 

In this paper, an ENG-TL antenna is designed, which covers 2.3-11.6 GHz band and has a relative 

bandwidth of 133.8%. The ultra-wideband of the antenna is realized. Through the analysis of the 

current distribution of the antenna, the key parameters affecting the resonance point are found, which 

can provide reference value for practical application. 
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