
 

 

 

Chapter 3 

Tunability 

 
3.1. Introduction 
 

 

The most important methods developed in order to provide tunability to a dispersive 

microwave guide are based on: 

• Voltage controlled Nonlinear Transmission Lines. 

• Distributed MEMS Transmission Lines 

• Ferromagnetic substrates with tunable magnetic permeability. 

• Microstrip lines controlled by dielectric perturbers placed near the microstrip 

line  

 

3.2. Nonlinear Transmission Lines (NLTL) 

 

The NLTL is characterized by three fundamental features: nonlinearity, dispersion and 

dissipation.  
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NLTL consisting of a coplanar waveguide (CPW) periodically loaded with reverse 

biased Schottky diodes provides nonlinearity due to the voltage dependent capacitance, 

dispersion due to the periodicity and dissipation due to the finite conductivity of the 

CPW conductor and series resistance of the diodes. A schematic diagram of the circuit 

is shown in Figure 3.1. where d is the distance between the coplanar waveguides and C0 

is the loading capacitance. 

 

Figure 3.1 Circuit diagram for the nonlinear transmission line consisting of series transmission line 
section loaded with reverse-biased diodes 

 

An approximate equivalent circuit consisting of series inductors and shunts capacitors is 

shown in Figure 3.2. 

 

Figure 3.2 Diagram for the LC equivalent of the nonlinear transmission line. 

 

The dispersion relationship for the CPW NLTL can be derived from an unit cell’s 

transmission matrix (or ABCD matrix). For lossless CPW NLTL cell shown in Figure 

3.3(a), the characteristic ABCD matrix is: 
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and results in the transcendental equation: 

 cos� �! = cos ����� � − �����2 sin ����� � 3.2.  

As demonstrated in [20], where   is the propagation constant for the NLTL cell, d is the  

physical length of line, � is the angular frequency, �� is the phase velocity of the CPW, 

Z0  is the characteristic impedance of the CPW, and C0 is the loading capacitance. 

 

Figure 3.3 “T” models for the nonlinear transmission line unit cell: (a) for the transmission line circuit, 
and (b) for the LC equivalent 

 

Using the LC equivalent of the NLTL cell, Figure 3.3(b), we obtain a simplified ABCD 

matrix which leads to a much simpler dispersion relationship 

 �% = 2&� �1 − cos � �!! 3.3.  

L and C are the equivalent series inductance and shunt capacitance respectively. 

Both dispersion relationships exhibit lowpass characteristics, and signals above the 

Bragg frequency, defined as the frequency where the field is reflected, are strongly 

attenuated.  At Bragg frequency the propagation factor  � = ( and �� = 0. It is easy to 

obtain �) = 2 √&�⁄  for Eq. 3.3, but Eq. 3.2 is not readily solved. 
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In the case of strong dispersion, taking into account the Taylor expansion of the LC 

model dispersion relationship, considering negligible the dissipation effect, and by 

using the Hirota [21] model for the capacitance (��,! = ��/�1 + ,/,�!) we finally 

obtain the following solution 

 ,/�0! = ,123 sech% 61.763�0 − ;<=!<>?@A B 3.4.  

where ,/�0! is the time dependent voltage at the nth diode, ,123 is the peak voltage, <= 

is the time delay through each section of line, and <>?@A is the solution’s full width at 

half maximum duration. Eq. 3.4 shows that we can design a ,/�0! in order to show a 

determined time delay <=. 

 

3.3. Distributed MEMS Transmission Lines 

 

MEMS capacity devices have been recently investigated for low-loss and high-

performance microwave control circuit applications [22]. Recently, the distributed 

MEMS transmission line (DMTL) technique has been used to implement very low-loss 

millimeter-wave real time delay phase shifters. These structures provide electronically-

variable phase and group velocity (and hence phase or time delay) through voltage-

control of the MEMS loading capacitance. 

The DMTL is constituted by a high impedance transmission line (> 50Ω) periodically 

loaded with MEMS variable capacitors as shown in Figure 3.4. The Bragg frequency 

(C)) for this periodic structure is given by: 
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 C� = 1(D&E��E + �AFAG! 3.5.  

where &E and �E are the inductance and capacitance per unit length of the unloaded 

line. For frequencies low below the Bragg frequency, the DMTL can be treated as a 

synthetic transmission line whose capacitance per unit length has been increased due to 

the periodic loading of MEMS capacitors. 

 

Figure 3.4 Schematic and equivalent circuit of a DMTL 

 

The characteristic impedance (ZL) and phase velocity (υphase) of the synthetic 

transmission line are given by 

 �H = I &E��E + �AFAG! 3.6.  
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 �JK2LM = &sec 0D&<��< + �NONP! 
3.7.  

Finally, at any given frequency, the phase shift of a DMTL with n sections is given by 

 φ = 2(C; &LMR S�TℎVWX 
3.8.  

Nonlinear transmission lines and distributed MEMS transmission lines are affected of 

drawbacks which are the following: 

• High cost and complex implementation due to the advanced technological 

realization of the integrated components. 

• High number of cells for  high dispersion tunability, which means that for high 

frequencies distance between cells is very small 

• Independent voltage controllers to drive capacitance shift are needed. 

• High variability of capacitance is needed in order to achieve high accordability. 

 

 

3.4. Magnetic substrates 

 

For a material magnetized to saturation in the z direction, the low-power microwave 

permeability is a tensor of the form: 

 μZ = [ \ −�] 0�] \ 00 0 \^
_ 3.9.  

where \ is the transversal diagonal component, \ = \` + �\′′, ] is the off-diagonal 

component ] = ]` + �]′′ and \^ is the longitudinal permeability, \^ = \^̀ + �\^′′.  
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If the applied field drops below the demagnetizing field (Nz4πMs), where Nz is the 

demagnetizing factor in the z-direction, the sample demagnetizes to a value between 0 

and the saturation , magnetization (4πMs), depending by the sample shape and the value 

of the applied field. 

An analysis of μZ for the partially magnetized state have been made by Rado [23], who 

proposed that the real part of the off-diagonal component ]′ is given by 

 ]` = b4(N/� 3.10. 

where �/2( is the signal frequency and b is the gyromagnetic ratio. For the completely 

demagnetized state it has been demonstrated that 

 \�̀ = 23 d1 − �b4(NL� �%e
f% + 13 3.11. 

and  

 \` = \0′ + g1 − \0′ h 6 NNWB3/2  3.12. 

Finally also by an empirical relationship we obtain the longitudinal permeability as 

follows: 

 \i` = \0′ 61 − NNWB5/2  3.13. 

All the parameters are directly dependent of the magnetization M which is an intrinsic 

characteristic of the utilized material. We can control magnetic permeability by 

introducing a bias magnetic field. 

In Figure 3.5 and Figure 3.6 the transversal and parallel components for a compound of 

YIG (Yttrium Iron Garnet), are shown as a function of magnetization. As we see in 

Figure 3.6, the parallel component has a large range of variability, however it strongly 

depends on the frequency. 
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Figure 3.5 Real part of transversal component for different magnetic fields M applied to a YIG substrate 

 

Figure 3.6 Real part of parallel component for different magnetic fields M applied to a YIG substrate 

The strongest problem of this approach is to induce the specific magnetic field which 

leads tuning of the microwave guide. 
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3.5. Dielectric perturbers 

 

Tunable microwave circuits can also be realized thanks to a thick dielectric material 

placed above a transmission medium (for example microstrip line) separated by a small 

air gap. Different thickness of air gap will result in different values of effective 

dielectric constant. The wave propagation constant will change, because it’s dependent 

on the effective dielectric constant. Therefore, a phase shift will be generated. The 

substrate has dielectric constant εr1 and thickness H1. A piece of dielectric material, 

which is used to perturb the electromagnetical field of the transmission line, has 

dielectric constant εr3, thickness H3, and length L.  The air gap between the substrate and 

the perturer is defined as H2, which is variable. The effective dielectric constant can be 

changed by moving the perturber up and down. The differential phase shift ∆l caused 

by the perturbation is given by Eq. 3.14, 

 

Figure 3.7 Schematics of the view of a Piezo-Electric Transducer (PET) controlled phase shifter 

 ∆l = &T · ∆   3.14. 

&J is the length of the microstrip line under perturbation and ∆  is the difference 

between the unperturbed and perturbed propagation constant which is given by Eq. 4.15 
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 ∆ = 2(m �no`Mpp�C! − noMpp�C!! 3.15. 

where oMpp�C! and o ′Mpp�C! are the effective relative permittivities of the perturbed    

(εr3 ≠1) and unperturbed (εr3 =1) microstrip, respectively. 

The dielectric or metal plate can perturb the electromagnetic fields at the center of the 

resonant line. This perturbation changes the line capacitance, exactly as with a varactor. 

Thus, the height of the air gap between the perturber and resonant line fixes the 

operating frequency. This method is successfully demonstrated with wide-band tuning 

of a resonant frequency with few degradation of the Q factor in [24] 

In our work we propose to use many controlled dielectric perturbers and moved them 

orthogonally to the microstrip line, by piezoelectric motors, in order produce the 

electrical parameters along the microstrip line. The dielectric material is attached to a 

piezoelectric motor. The schematic of this multilayer structure is shown in Figure 3.7. 

The diagram of the physical model of our device is shown in Figure 3.8. Notice that our 

microstrip line is used in reflection mode, which means that a circulator is needed in 

order to recover the predistorted signal. 

 

 

Figure 3.8 Circuit model of the tunable microstrip project proposed in this work 


