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In this paper, there is presented a metamaterial diplexer designed and implemented in microstrip technology. It uses two 
types of structures which allow to minimize the dimensions of the overall device and to enhance the working bandwidth. An 
equivalent model of the structure and analytical expressions are given as a starting point in the optimization process. The 
measurements confirm the theoretical and simulated results. The transfer characteristic for the first channel is from 2GHz to 
4.25GHz, respectively for the second channel is from 4.25GHz to 7GHz. 
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1. Introduction  
 

The need for devices with improved performances and 

smaller dimensions can be nowadays achieved by using 

new types of materials. The class of metamaterials shows 

interesting and versatile properties not available in nature. 

The mostly used are the Left Handed (LH) structures 

obtained artificially by chaining certain number of unit 

cells. Each unit cell must satisfy the homogenous 

condition, which can be postulated for microwave domain 

as: the length of the unit cell must be much smaller than a 

quarter of the wavelength corresponding to the working 

frequency [1]. As long as this condition is fulfilled we can 

use the term of material for this new types of artificial 

structures.  

The cells can be implemented using different 

technologies such as: microstrip, coplanar, stripline, each 

technology exhibiting advantages and disadvantages [2], 

[3], [4]. In this paper we start our study from a microstrip 

implementation of a metamaterial which is designed to 

work at a central frequency of 4.5GHz.  

In order to better understand the propagation 

phenomenon which appears on these microwave structures, 

the most common approach is the transmission line one. It 

implies using a lumped element equivalent model for the 

microstrip unit cells [1]. The main disadvantage of this 

method is that it gives an approximate behavior of the unit 

cell because lumped elements are influenced by the 

frequency changes. Still, it can be used as a starting point in 

the design of the microstrip metamaterial. 

We consider in this paper the Composite Right Left 

Handed (CRLH) structures which exhibit both 

conventional behavior (Right Handed-RH one) and 

unconventional behavior (Left Handed-LH one) [5]. The 

Left Handed behavior allows us to use two coupled 

metamaterial structures in order to achieve a very tight 

coupling, up to 0dB and to create a diplexer with enhanced 

working bandwidth and miniaturized dimensions [6]. 

2. Experimental 
 

In order to implement the metamaterial main structure 

in microstrip technology, we start by designing a unit cell. 

The Left Handed properties can be achieved by using a 

structure made of an interdigital capacitor and a shunt stub 

inductor as shown in Fig. 1 [1]. 

 

 

  
Fig. 1. Microstrip metamaterial unit cell 

 

Both the interdigital capacitor and the shunt stub 

inductor present parasitic effects which give the Right 

Handed behavior of the structure. These effects are 

considered by the simplified equivalent model in Fig. 2 [1]. 

 

 

 
Fig. 2. Simplified equivalent model for the microstrip 

metamaterial unit cell 
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The analytical expression for 
int

S
L in Fig. 2 is given by 

[7]: 
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where: H/m104 7

0

  , l is the length of the interdigital 

capacitor and wtot is the width of the whole digits of the 

interdigital capacitor.  

The int

S
C value can be computed using the formula [8]: 
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where: 
r

 is the relative permittivity of the substrate,  n is 

the number of digits, l is the length of the interdigital 

capacitor and K(k) and K’(k) are elliptic integral, 

respectively its derivate approximated by the following 

relations:  
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with:  
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and represent: w the width of a digit and s the space 

between two digits. 

The analytical expression for int

p
C is given by [8]: 
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 , 

r
 is the relative permittivity 

of the substrate,  n is the number of digits, l is the length of 

the interdigital capacitor, w is the width of one digit, s is 

the space between two digits and t is the thickness of the 

dielectric. 

Finally, the value for stub

p
L can be computed using relation 

[8]: 
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where: f is the working frequency, 
c

Z is the characteristic 

impedance of the shunt stub inductor, lstub is the length of 

the transmission line and 
0

c is the velocity of light in 

vacuum.  

In order to compute stub

p
C we use relation (8) 

considering only one digit.  

The next step is to group the lumped elements by their 

effect, emphasizing the Right Handed behavior denoted by 

the index “R” and Left Handed behavior of the structure, 

denoted by the index “L” [1]: 
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The dielectric used for implementation is a 1.524 mm 

thick one with 3.02 dielectric constant, 0.0013 dielectric 

loss tangent and Cooper metallization with 35μm thickness. 

Taking into account the technological limitations, the 

width of the digits and distance between them is set to 

0.1mm, the number of digits is n=6 and the length of one 

digit is l=5mm. 

After computing the values of the lumped elements for 

the equivalent circuit using relations (1)-(8), we obtain:  

 

nH77.2int 
S

L , pF25.0int 
S

C , pF09.0int 
p

C , 

pF06.0stub 
p

C . 

We need to set the length and width of the shunt stub 

inductor. In order to do this, we set the central frequency to 

f0=4.5GHz and take into account that [5]: 
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After some manipulations, we set the length of the stub 

to 5.75 mm and the width to 0.65 mm. 

The number of cells used to create the final structure is 

three and the symmetry of the cell is a “T” one, as Fig. 3 

shows. Also, another aspect considered and shown in Fig. 3 

is the fact that the access ports have 50 Ω, while the 

corresponding impedance given by the width of the 

interdigital capacitor is different, around 107 Ω.  

 

 

 
 

Fig. 3. Metamaterial main structure with three unit  

cells in microstrip technology 

 

 

The simulation is run using Sonnet Software and the 

results are given in Fig. 4 [9]. 
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Fig. 4. Electromagnetic simulation results for the 

main structure 

 

Analyzing Fig. 4, we observe that the structure is 

slightly unbalanced and also, because of the relative small 

number of unit cells used to create the metamaterial, some 

ripples appear in the pass-band. Box resonances estimated 

by the software based on lossless empty cavity are: 5.346 

GHz - TE Mode 1,0,1, respectively 6.827 GHz - TE Mode 

2,0,1 and they can be observed on the graph as well.  

We can identify the bandwidths where the 

metamaterial acts as a Left Handed structure from 2.25GHz 

to 4.5GHz, respectively as a Right Handed one from 

4.5GHz to 8.75GHz. 

In literature, it is demonstrated that in order to obtain a 

diplexer, different types of metamaterials are needed [1], 

[10], because the strong coupling phenomenon is achieved 

when one metamaterial acts as a LH medium, while the 

other one acts as a RH medium and vice versa. Also, the 

level of coupling is given by the number of unit cells that is 

used and the distance between the coupled structures [1]. 

So, we want to design a diplexer with 3dB coupling 

attenuation and using the same type of metamaterial as the 

main structure. In order to do this, we create the second 

metamaterial which consists of unit cells two times smaller 

than the main ones, assuring a frequency shift of the 

propagation phenomenon and the LH behavior [6]. 

Accordingly to relation (1) if l and lstub are half the initial 

value, then so are the values for LR, CR, CL and LL. In this 

case the properties of the second type of metamaterial are 

shifted to frequencies two times higher, as Fig. 5 shows [9]. 

 

 
Fig. 5. Electromagnetic simulation results for the 

 secondary structure 

Analyzing Fig. 5, one can observe the frequency shift, 

meaning that the secondary structure acts as a LH medium 

from 4GHz to 8.25GHz and as a RH medium from 

8.25GHz to 10GHz.  

Also, there are can be noticed the box resonances at: 

5.347 GHz - TE Mode 1,0,1; 6.827 GHz - TE Mode 2,0,1; 

9.168 GHz - TM Mode 1,1,0; 9.791 GHz - TE Mode 1,0,2. 

The box resonances do not affect the coupling phenomenon 

that we are interested in as measurement results show. 

 

 

3. Results 
 

In order to obtain the 3dB diplexer, we couple the two 

metamaterials at a distance of 0.1mm. This distance assures 

a high level of coupling, even if the number of cells is 

reduced. The structure is implemented in microstrip 

technology as shown in Fig. 6. The overall dimensions are 

3X2cm. 

 

 
 

Fig. 6. Miniaturized metamaterial diplexer 

 

 

A microscopic image of the unit cells is given in Fig. 

7, showing the importance of the technological precision of 

such structures as the theoretical analysis imposes. 

 

 
 

 
 

Fig. 7. Microscopic view of the metamaterial 

coupled structures 
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The measurements for this diplexer are made in the 

frequency bandwidth 100kHz-8,5GHz with the vectorial 

network analyzer Agilent E5072. In all measurements Port 

1 is considered the input port of the diplexer. 

We then identify ports 2 and 3 output ports and port 4, 

isolated one. 

 

 
Fig. 8. Measured parameters of the proposed diplexer 

 

 

Fig. 8 shows the frequency behavior of the diplexer. It 

is clear that the transfer of power from the input port is 

done on the main structure from 2GHz to 4.25GHz, while 

from 4.25GHz to 7GHz the transfer of power is done on the 

secondary structure. The transfer of power on the 

secondary line corresponds mainly to the domain of 

frequencies where the main line has a RH behavior and the 

secondary line has a LH behavior. This proves that the 

theory presented earlier is correct. 

Next we analyze the simulated parameters and the 

measured ones to better understand the differences. In Fig. 

9, there are given the transfer parameters obtained after 

simulation and measurement. 

 

 
Fig. 9. Simulated and measured transfer parameters 

 

 

Analyzing Fig. 9, we notice that there are differences 

between the simulated and measured results. First, there is 

a frequency shift to lower frequencies in the measured case 

and the level of transferred power is around 3dB rather than 

0.5dB as in the simulated case. Still, we have the behavior 

of a diplexer with two channels. 

In Fig. 10, there are given the results for return loss 

after simulation and measurement. It can be seen that in the 

interest bandwidth, from 2GHz to 7GHz, the results are 

satisfactory. 

 

 
Fig. 10. Simulated and measured return loss 

 

 

Last but not least, the results obtained after 

measurement for the isolation loss are better than the 

simulated ones, as Fig. 11 shows. In the working 

bandwidth of the diplexer, the measured isolation loss is 

less than 20dB.  

 

  
Fig. 11. Simulated and measured isolation loss 

 

 

The results obtained after measurement show thatit 

can be used with microwave receivers or transmitters on 

different, widely separated, frequency bands. It can also be 

used for a multi-band antenna, with a common feedline. 

The frequncy bands of both channels are very wide.  
 

 

4. Conclusions  
 

In this paper a novel minimized diplexer is proposed, 

optimized, simulated and implemented in microstrip 

technology. First, an analytical model and computational 

relations are introduced as a starting point in the design of 
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the structure. Then, full-wave electromagnetic analysis is 

carried to confirm the propagation phenomenon expected 

to appear on the proposed metamaterial structures. The 

number of unit cells are reduced in order to minimize as 

much as possible the device, but to keep the desired 

performances imposed by design.  

The two structures are coupled at a distance of 0.1mm 

in order to achieve a 3dB coupling which is unavailable 

with conventional coupled materials.  

The novel device confirms the coupling phenomenon 

which appears on two different types of metamaterials: the 

power propagating on the main structure acting as a RH 

medium is fully transferred on the secondary structure 

acting as a LH medium. This phenomenon can not be 

found in the case of conventional materials. 

The dielectric used for implementation is a 1.524 mm 

thick one with 3.02 dielectric constant, 0.0013 dielectric 

loss tangent and Cooper metallization with 35μm thickness 

and the dimensions of the whole structure is 2X3cm.  

The measurements show that the diplexer can be used 

for a relatively large bandwidth from 2GHz to 4.25GHz, 

respectively from 4.25GHz to 7GHz with good 

performances.  
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