
 

 

 

Chapter 5  

Experimental characterization of the 

tunability of the chirped microstrip line  

 

5.1. Introduction 

 

In chapter 3 we have shown the most important techniques used to tune the dispersion 

parameter in a microwave waveguide. In particular, the last technique based on 

dielectric perturbers shows low insertion loss, wide frequency operation, and large 

tuning phase-shift range. 

As we have already said, the main aim of the project is to develop a technique which 

allows us to tune the group delay curve of a microstrip line, in order to compensate 

chromatic fiber dispersion in a wide length range. The unperturbed microstrip line has 

been built in order to show -16 ps/GHz, which corresponds to a compensated chromatic 

dispersion length of 125 km for a NRZ signal at 10 Gb/s. Then, we gradually increase 

this chromatic dispersion value, in order to achieve -51 ps/GHz, which corresponds to a 

reach of 400 km. These values have been chosen in order to allow optical fiber 
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chromatic dispersion compensation in the regional/metro core network where nodes can 

be separated from 10 to 400 km. 

In the first part of this chapter we will study and obtain the optimized position of the 

dielectric perturbers in order to reach a desired chromatic dispersion compensation 

value. Finally, in the second part of this chapter we will show the experimental setup 

built in the laboratory, and finally the measurement results obtained by using a TDR 

instrument which let us to obtain the scattering parameters, necessary to calculate the 

group delay curves. 

 

5.2. Optimization of the perturbers position 

 

In [25] it is shown that, to tune the dispersion of a CDL, while keeping a constant group 

delay slope over the bandwidth of interest and a fixed frequency of operation, the 

effective dielectric constant of the line must be modified according to: 
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	 5.1.  

where �(��) is the value of the dielectric constant at the line input. D is the final 

dispersion parameter, C and a0 are characteristic parameters of the microstrip line, 

which fix its central frequency of operation and initial dispersion, as explained in 

paragraph 2.3.2. By tailoring �(�) according to Eq. 5.1, the microstrip line dispersion 

can be modified from its initial value, to the final value D, while keeping constant the 

lower frequency of the operation. This fact guarantees a fixed bandwidth of operation 

for the incoming signal.  
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As we have already shown in section 3.5. it is possible to change the effective dielectric 

constant of the microstrip line by placing dielectric perturbers above the line, 

furthermore as we have seen in Figure 3.2, by changing the effective dielectric constant 

it is possible to obtain different values of dispersion, hence, we can compensate 

dispersion of different fiber lengths. The critical parameter is the dielectric perturbers 

distance from the line which depends on the position along the microstrip line and the 

desired dispersion value.  

As we have already said, the perturbers height along the line must be controlled in a 

suitable way to achieve the desired dispersion. In Figure 5.1 are displayed the curves of 

εeff  along the microstrip line for different dispersion values which can be used to tune 

the line dispersion between -16ps/GHz and -51 ps/GHz. 

 

Figure 5.1 εeff along the microstrip line for different values of achievable compensation dispersion 

 

The first curve corresponds to D= -16ps/GHz dispersion value, which means that the 

microstrip line is not perturbed and the curve is a horizontal line. As we increase the 

desired dispersion, the curve departs from the constant one, and the effective dielectric 
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constant increases from its original value. In order to achieve this condition, perturbers 

with a high dielectric constant must be placed very close to the line.  

Our aim is to approximate these curves with uniform segments, (these segments model 

our dielectric perturbers). In our experimental study, we have considered nine 

perturbers, controlled by nine different mechanical motors. This number is a 

consequence of a trade-off between the need of a good approximation to our desired 

dispersion curves and the limitation on the maximum number of perturbers imposed by 

the physical size of the motor controllers. It is remarkable that a good approximation 

can be achieved with such a low number of perturbers. By considering such a condition, 

we approximate the curves of Figure 5.1 as follows: 

 

Figure 5.2 εeff step curve approximation 

An analytical formula does not exist to calculate the dielectric perturber position needed 

to achieve a prescribed εeff, for this reason a simulation method has to be employed. By 

using H.F.S.S(TM), which is an electromagnetic simulator and by considering Figure 5.3, 

where a short uniform microstrip line perturbed by a dielectric is represented, we obtain, 

for different values of the microstrip width w and for different values of the perturber 
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distance from the microstrip line t2, a look-up table where εeff for each value of w and t2 

is represented.  

 

Figure 5.3 3D model of a uniform microstrip line perturbed by a dielectric perturber 

In Figure 5.4 the t2 distribution of the nine dielectric perturbers for each desired 

dispersion value is represented. The position along the microstrip line in mm is 

indicated in the x-axis. 

 

Figure 5.4 Dielectric perturber distance from the microstrip line t2 for the different desired dispersion 
values 
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5.3. Experimental setup 

 

Once we have numerically achieved the ideal positions for each of the nine dielectric 

perturbers the S-parameters measurement setup can be built. In order to move the 

dielectric perturbers we use a piezoelectric motor with the following characteristics 

[25]: 

 

Figure 5.5 PiezoWave (TM) piezoelectric motor 
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Each perturber has been glued with silicone to a piezoelectric motor, in order to place 

the dielectric perturber horizontally with respect to the microstrip line. 

The dielectric perturbers have been fixed to the piezoelectric motor, adjusting the whole 

structure shown in Figure 5.6, on the top of the microstrip line as we illustrate in  

Figure 5.7 and Figure 5.8, where are shown respectively the whole system setup and a 

detail of the piezoelectric motor above the microstrip. 

 

Figure 5.6 Dielectric perturber and piezoelectric motors with their electronic controller 

The measurements of the scattering parameters of the tunable microstrip line have been 

done by utilizing the TDR TektronixR electrical sampling module 80E10, already 

described in section 4.3. 

 

Figure 5.7 Experimental setup of the CDL and the dielectric perturbers 
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Figure 5.8 Detail of the CDL and the dielectric perturbers at different positions during the experimental 
measures 

 

5.4. Experimental Results 

 

In Figure 5.9 (a) the measured scattering diagram, S11 and S21, for the different desired 

dispersion values is shown, as we have already explained, by setting the dielectric 

perturbers in each theoretically simulated position with respect to the microstrip line. 

Although the perturbation achieved by placing the dielectric perturbers very near to the 

line is large (large effective dielectric constant increasing), the bandwidth is just slightly 

shortened.  

By considering the group delay functions, in Figure 5.9 (b), the experimentally 

measured curves are represented for the different dispersion values from D=-16 ps/GHz, 

which is the group delay curve of the unperturbed microstrip line, until the group delay 

that corresponds to D= -51 ps/GHz, which means chromatic dispersion compensation 

over about 400 km for 10 Gb/s NRZ signal. 
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(a) 

 

(b) 

Figure 5.9 a) Scattering diagram, in red (S11) and in blue (S21) for different dispersion values and (b) 
group delay curves for the different desired dispersion values 
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Results obtained by experimental measurement of the perturbed chirped microstrip line 

shown in Figure 5.9 (b) show the remarkable group delay slope variation for the 

different dispersion desired values. These results are in good agreement with the 

simulations presented in the paragraph 5.2. 

 

 


