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Abstract. Based on the concept of left-handed material (LHM), a novel ultra-wideband (UWB) 
planar filter with negative permittivity and permeability was designed and proposed in this 
paper. By etching a cross-coupled structure on the surface of substrate , the filter achieved a 
frequency pass band of 2.86 - 11.22 GHz, which meets requirement of the UWB applications. 
Moreover, a notch frequency band of 7.26 - 9.13 GHz also achieved simply by increasing the 
length of the left hand cross side structure. HFSS software was used to design and optimise the 
filter .The subtract of the filter is with a relative dielectric constant of 2.55 and the overall size 
of the filter is 7.6 × 16 × 0.8 mm3. 

1 Introduction 
Left - Handed Materials(LHM) refers to those class of materials which electric field E, magnetic field 

H and wave vector K satisfy left-hand rule in the electromagnetic wave propagation[1]. LHM has a 
series of bizarre physical phenomena, such as inverse Focus / divergence phenomenon, the 
phenomenon of negative refraction, inverse Cherenkov radiation effects, inverse Doppler effect, the 
inverse Gus - Han Sheen displacement and perfect lenses[2]. Because of these unusual 
electromagnetic properties, LHM has been named backward wave materials (BWM) and negative 
index of refraction materials (NIP) in the international community. Moreover, because of its negative 
permittivity ε and permeability μ, LHM was also been called meta-material or double negative 
material (DNG) [3]. LHM is currently only obtained artificially, but it attracts more and more 
researcher’s attentions for its special properties at present[4]. 

In recent years, ultra-wideband (UWB) has attracted significant attention in wireless 
communication, networking, radar detection, and other applications [5].The UWB filter based on left - 
handed materials is also a hot topic in recent years. The UWB frequency band is from 3.1 to 10.6 GHz. 
However, there still remains other narrowband wireless communication signals within the UWB 
spectrum, such as X-band (7.25 - 7.75 GHZ,7.9 - 8.4 GHZ),which may cause several frequency 
interference to the UWB communication system. In order to avoid and solve the problem caused by 
this frequency band, UWB filter with band-notched function for UWB applications are 
required[6].Many UWB filter with band-notched characteristic have been designed and proposed in 
the past few years, these filter usually with the structures such as adding a single minor sides in the 
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feeder, introducing slit structure in the filter ,etc[7].In this paper ,a UWB planar filter based on 
left-handed material (LHM) concept was designed, furthermore, by increasing the length of the cross 
structure on the LHM side of the subtract, a frequency notch-band from 7.26 - 9.13 GHz is achieved. 

2 Principle of left - handed materials filter 
The characteristic of electromagnetic wave propagation in the medium are decided by dielectric 
constant ε and permeability μ[8].In homogeneous isotropic material medium, single frequency wave 
phase constant k and angular frequency ω satisfies the relation as 
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where in, n as the refractive index of the material and can be written as 
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n (2) 
Usually, permittivity and permeability are positive in the case of right hand material without loss. 

However ,one can see from above expression, n keeps the same when ε and μ change sign 
simultaneously ,this means that although the left-handed material does not exist in the nature, it 
theoretically consistent with the laws of physics. 

In this paper, Smith parameter extraction method is used to verify the value of ε and μ. Suppose the 
filter substrate thickness is h, and the definition of transmission matrix T is expressed as 
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where in, n is the refractive index, z is the wave impedance, k is the free space wave number. 
In accordance with the transfer matrix and dispersion relations ,n can be written as 
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Based on the analysis above, one can find from the expression of ε and μ that the free-space wave 
number and the thickness of the substrate are higher than zero, so k and h can be ignored while 
determine the plus-minus of ε and μ. Furthermore, the ε and μ vary from frequency can be obtained 
based on the simulation value of S11 and S21 as well as the application of MATLAB software, as 
shown in FIG 1. 

 
Figure 1. permittivity ε and permeability μ vary from frequencies 
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One can see from Figure1 that the permittivity ε and permeability μ can be negative 
simultaneously within a certain frequency range, thus means the designed filter achieve a negative 
refractivity therefore in accordance with the properties of left-handed materials. 

3 Design of the filter 
The UWB filter based on the concept of LHM proposed is etched on both sides of a piece of FR4 
subtract, and the subtract is with a relative dielectric constant of ε r = 2.55, dielectric loss tangent tan δ
= 0.0019, and a thickness of 0.8 mm. One side of the FR4 subtract is etched as a coplanar waveguide 
while the other side is etched as a high impedance micro-strip curved lines. Figure 2 shows the 
structure of the proposed filter . 

a (b)

Figure 2. Structure of the proposed UWB filter: (a) top view and (b) bottom view.

The overall size of the filter is 16 7.6 0.8 mm3.HFSS software is used to design and optimise
the filter. After intense work, geometrical parameters of the filter can be obtained as: H = 4.94 mm, H1

= 2 mm, c1 = 2.2 mm, c2 = 1 mm, c3 = 1 mm, h1 = 1.6 mm, h2 = 0.47 mm, a = 7.39 mm, d1 = 0.16 mm,
d 2= 0.22 mm, d3 = 5.7 mm, m = 1.75 mm, m1= 0.5 mm, m2 = 3.56 mm.

The return loss S11 and the insertion loss S21can be obtained by HFSS software, as shown in Fig 3. 

Figure 3. The return loss S11 and the insertion loss S21 of the proposed filter

To improve the performance of the filter and avoid electromagnetic interference from the X band 
(7.25 - 7.75GHZ, 7.9 - 8.4GHZ) within the UWB frequency band, a novel structure is introduced. By 
increasing the left hand cross side length of the material of the planar filter structure, the degree of 
coupling is increased and the frequency notched-band from 7.26 - 9.13 GHz can be achieved. The 
band-notched structure is shown as Fig 4 with geometrical parameters of m = 7.25 mm and m3= 4 mm
while other geometrical parameters fixed. 
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Figure 4.The bottom view of filter with band-notched characteristic 

4 Optimization and Analysis
HFSS simulations show that the length of m and m1 have a great influence on the performance of 

the filter. In order to optimize the structure of the filter , the insertion loss S21 is to be set as the 
destination function, and the m and m1 change while other parameters keep fixed. The simulation S21 of
the proposed filter with different m and m1 are shown in Figure 5.

 
(a) (b)

Figure 5. Simulation S21 of the proposed filter with different ( a ) m, ( b ) m1

As one can be seen from the figure 5, the notch frequency range varies when m changes, according  
to the requirement of the size of filter, an ultimately m = 0.75mm is adopted .Simulations indicate that 
m1 mainly affects the range pass-band of the filter, and the pass-band of the filter gradually widened 
with an increasing m1, but when the value of m1 is greater than 0.5mm, the pass-band trends to narrow, 
then an optimized m1 = 0.5 mm is adopted. Simulations also indicate that m1 mainly affects the 
coupling efficiency of the filter and therefore affects the insertion loss, while m mainly affect 
impedance of the micro-strip line and therefore affects return loss of the filter[9]. 

Figure 6.Simulation return loss and insertion loss of the UWB filter with band-notched characteristic based on 
LHM
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The return loss S11 and insertion loss S21 of the proposed filter is shown in Figure 6, a pass-band 
from 2.86-11.22 GHz with S11 larger than - 10 dB and a notch frequency band of 7.26 - 9.13 GHz with 
S21 less than - 10 dB , are achieved. 

5 Conclusion
Based on the concept of left-handed materials ,this paper present a novel design of UWB filter with a 
notch frequency band from 7.26 - 9.13 GHz , which results the filter a good performance of rejecting 
the electromagnetic interference caused by the X-band signals. The return loss of the filter on the 
resonance point achieves -56.21 dB and the gain is close to 1. Moreover, the filter is compact with an 
overall size of 7.6 × 16 × 0.8 mm3 ,it has broad development and application prospects in the field of 
UWB applications.
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