
 

 

 

Chapter 4 

Design and experimental realization of 

the chirped microstrip line 

 

4.1. Introduction 

 

In chapter 2 it has been shown that by using a microstrip line, uniform insertion losses 

A0 (ω) and linear group delay �� � can be obtained around the operating frequency band, 

with high delay × bandwidth product over ranges of several GHz. Our first aim is to 

design and experimentally realize a chirped microstrip line with a high linear group 

delay in order to compensate the chromatic fiber dispersion accumulated by 10Gb/s 

NRZ signal during the propagation over about 100 km of standard single mode fiber. 

Then, the main objective of this project will be the tuning of the mentioned microstrip 

line, in order to adapt the transmitter to a wide range of optical transmission length. 
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4.2. Chirped Delay Lines on microstrip line design 

 

We now consider the specific case of a 10 Gb/s NRZ signal transmitted over a single 

mode standard fiber with chromatic dispersion of 16ps/nm/km. The central frequency of 

the filter to be designed must be, at least, two times the signal bit rate and the filter 

bandwidth should be approximately 20 GHz. For our practical implementation we 

consider a Rogers RT/duroid 5880TM (εr = 2.2) substrate with thickness of 0.508 mm. 

The central frequency f0 is 22.3 GHz and the total desired bandwidth is 20.8GHz. By 

considering the last characteristic parameters and by utilizing Eq. 2.31 and Eq. 2.32, the 

fundamental period a0 and the chirping parameter C are obtained. In addition, by 

considering Eq. 2.33 dispersion has to be D= -16 ps/GHz corresponding to                     

-1991.92ps/nm. With such a dispersion we are able to compensate a fiber length of 125 

km at 10 Gb/s. Finally, by considering the microstrip line characteristics, the total 

physical length of the line is 55.3 mm. In the table below the chirped microstrip line 

characteristics are shown. 

f0 (central frequency) 22.3 GHz 

B (bandwidth) 20.8 GHz 

D (dispersion) -16 ps/GHz 

a0 (Fundamental period) a0=2.8e-3 mm 

C (Chirping Parameter) -38948 m-2 

Number of periods 12 
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Figure 4.1 The designed chirped microstrip line centered at 22.8 GHz and with 20.8 GHz bandwidth 

 

Figure 4.1 shows the designed chirped microstrip line shape with 12 periods and a total 

physical length of 55.3 mm. 

 

Figure 4.2 Impedance along the microstrip line in order to obtain a dispersion of 16 ps/GHz in 20.8GHz 
Bandwidth centered at f0 =22.3GHz 

 

Let us consider the decomposition of the entire non uniform line in a sequence of linear 

uniform sections as we have already shown in section 2.3.1. In order to analyze the 

frequency response of the whole microstrip line, the number of simulated steps must be 

enough to avoid abrupt impedance changes between adjacent simulative steps (it is 

enough to consider 300 sections in order to have accurate results working with the 

electromagnetic simulator). In Figure 4.2 it is shown the impedance along the 

microstrip line in order to obtain a dispersion of -16 ps/GHz in 20.8GHz bandwidth and 

centered at f0 =22.3GHz 
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Figure 4.3 S11 and S21 scattering parameters of the designed microstrip line 

In Figure 4.3 is represented the transfer function of the designed microstrip line, 

obtained by simulating the chirped delay line in Ansoft Designer(R) , where S11 is the 

reflection coefficient and S21 is the transmission coefficient of the microstrip line. 

As we have seen in Eq. 2.23 we now can calculate the group delay on reflection of the 

microstrip line as: 

 ����� = �

��� = − ∂arg ��

���  4.1  

Figure 4.4 shows the group delay calculated by S11 parameter by simulating the circuit 

with the Ansoft DesignerR tool. If we derivate the last expression with respect the 

frequency � we obtain the dispersion of the microstrip line which is � = −17.04 ps/
GHz 
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Figure 4.4 Group delay of the microstrip line designed in case of reflection operation 

In ideal conditions we would like to achieve a constant electrical permittivity along the 

line, independent from the position and frequency. But in a real microstrip line, 

electrical permittivity is frequency dependent, this dependence is however negligible 

compared with the dependence of the line width w.  

In our design we supposed a constant � !!. In the real device the effective dielectric 

constant is function of the position x along the line. We can take into account this 

experiment by modifying the length of the discrete which constitute the model of the 

nonuniform line, by means of: 

 "′ = #� !!|%�&� !!�'� · " 4.2  

Finally, in Figure 4.5 the physical realization of the microstrip line which will be used 

in the subsequent experiments is shown. Such a microstrip line has been built by 

considering the design of the desired line shown in Figure 4.1. The substrate of εr = 2.2 

Rogers RT/duroid 5880 (TM) has been coated by a photoresist (specific for PCB 

prototyping), which is sensitive to light radiation. Then, was printed on a mask Figure 
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4.1 circuit and the mask was placed over the copper layer which covered substrate. By 

utilizing the photosensitive proprieties of the photoresist the substrate was irradiated 

with UV light in order to impress the printed microstrip line on it. After that, by 

utilizing water diluted sodium hydroxide, the non impressed parts of the substrate 

photoresist were removed. The copper was then etched by dipping the material in ferric 

chloride. Finally we weld the microstrip line ports to the input and output SMA 

connectors. 

 

 

Figure 4.5 Experimental realization of the microstrip line 

 

 

4.3. TDR instrument for experimental measurements 

 

Once we have experimentally realized the microstrip line, we measure its scattering 

parameter S11 and S21 by employing a Time Domain Reflectometry (TDR) measure 

method. TDR is a technique used to characterize and locate faults in metallic cables (for 

example, twisted wire pairs, coaxial cables). It can also be used to locate discontinuities 

in a connector, printed circuit board (PCB), or any other electrical path.  
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A TDR transmits a short rise time pulse along the conductor. If the conductor presents 

uniform impedance and is properly terminated, the entire transmitted pulse will be 

absorbed in the far-end termination and no signal will be reflected toward the TDR. Any 

impedance discontinuities will cause a relevant backreflection of the incident signal 

towards the source. A positive step in the characteristic impedance creates a reflection 

that reinforces the original pulse whilst a negative step creates a reflection that 

attenuates the original pulse. 

The resulting reflected pulse that is measured at the output/input to the TDR is 

displayed or plotted as a function of time and, because the speed of signal propagation 

is relatively constant for a given transmission medium, can be read as a function of 

cable length. 

Because of this sensitivity to impedance variations, a TDR may be used to verify cable 

impedance characteristics, splice and connector locations and associated losses, and 

estimate cable lengths. 

 

Figure 4.6 TektronixR electrical sampling module 80E10 
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In our particular measurement experiments we have used the TektronixR electrical TDR 

sampling module 80E10 which has the following characteristics: 

• Up to 70 GHz Bandwidth and 5 ps Measured Rise Time (10 - 90%) 

• Lowest Noise for Analysis – 450 µVRMS at 60 GHz, 300 µVRMS at 30 GHz 

• Remote Samplers*1 Enable Location of Sampler Near DUT and Ensure Best 

Signal Fidelity 

• Independent Sampler Deskew Ensures Easy Fixture and Probe De-embedding 

• Dual Channel  

• Precision Microwave Connectors (3.5 mm, 2.92 mm, 2.4 mm, and 1.85 mm) 

• Probe Support 

• 15 ps Reflected True Differential Fully Integrated TDR Rise Time (12 ps 

Incident) and Feature Resolution Below 1 mm 

• Efficient, Accurate, Easy to Use, and Cost-effective S-parameters up to 50 GHz 

• High-performance TDR/T Measurements 

• Impedance Profile, Inductance, Capacitance, and S-parameters 

• Transmission Line Quality, Impedance, and Crosstalk 

• True Differential, Common Mode, and Single-ended Measurements 

• Efficient Fault Isolation 

 

The 80E10 are dual-channel Time Domain Reflectometry (TDR) sampling modules, 

providing up to 12 ps incident and 15 ps reflected rise time. Each channel of these 

modules is capable of generating a fast step for use in TDR mode and the acquisition 

portion of the sampling module monitors the incident step and any reflected energy. 

The polarity of each channel’s step can be selected independently. This allows for 

differential or common mode TDR or S-parameters testing of two coupled lines, in 

addition to the independent testing of isolated lines. The independent step generation for 

each channel allows true differential measurements, which ensures measurement 

accuracy for differential devices. 
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The 80E10 is small form factor, fully integrated independent 2-meter remote sampler 

systems, enabling location of the sampler near the DUT and ensuring the best signal 

fidelity. The modules characterize crosstalk by using TDR steps to drive one line (or 

line pair for differential crosstalk) while monitoring a second line (or line pair) with the 

other channel (or another module for differential crosstalk).  

Series mainframes can be used with TDR or crosstalk measurements to characterize 

expected system performance with slower edge rates. All modules have independent 

incident step and receiver deskew to remove the effect of measurement fixtures and 

probes, that enable faster and easier de-embedding of test fixtures. The 80E10 sampling 

modules provide an acquisition rise time of 7 ps, with up to 50 GHz user-selectable 

equivalent bandwidth (with 50, 40, and 30 GHz settings). The 20 GHz P8018 single-

ended and 18 GHz P80318 differential variable pitch TDR probes provide excellent 

performance and compliance, ensuring easy and accurate backplane and package 

measurements. 

 

 

4.4.  Experimental Characterization 

 

By utilizing the mentioned TektronixR electrical sampling module 80E10 we measure 

the scattering parameter and the group delay of the designed microstrip line, in order to 

compare the experimental results with the theoretical and simulative curves illustrated 

in section 4.2. In Figure 4.7 (a) and (b) are shown the curves of S11, S21 and the group 

delay of our experimentally realized microstrip line. 
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(a) 

 

(b) 

Figure 4.7 (a) Experimental measurement of the scattering parameters of the microstrip line (b) 
Experimental measurement of the group delay of the microstrip line 

 

The measured bandwidth is centered at 21.9GHz and has a total bandwidth of 20.2GHz. 

By considering the slope of the group delay curve, we obtain a dispersion value of 

� = −16.51 +,/-./, hence we have verified that the experimental measurements of 

the unperturbed microstrip line matches with the simulative results. In the following 

chapter we will study and experimentally realize a novel method in order to tune our 
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microstrip line by utilizing dielectric perturbers placed above the microstrip line. These 

dielectric perturbers will be moved towards the microstrip line in order to change the 

effective dielectric constant of the whole system. Finally, we will characterize the 

perturbed microstrip line, as we have already done with the unperturbed microstrip line. 


