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 A transmission line allows different frequencies to conduct alternating 
current (AC). They are a peculiar type of wire that allows signal transmission 
while making it resistant to external noises. A parallel-plate transmission line 

is a type of transmission line designed with two parallel plates with a 
dielectric sheet material in the center, as the name implies. The parallel-plate 
transmission lines are usually used for a miniature setup in which the line 
prevents the signal from losing power. However, the line's frequency 
response is a varying setup in which a change in a parameter can fully 
change the frequency response of the line, and in turn trigger inefficiency. 
With this, different factors such as the conductor, the size, and the dielectric 
material of the parallel-plate transmission line can affect its frequency 
response. Specifically, the analysis of the transmission would test the various 

frequency responses when the dielectric sheet content is varied. The 
researchers will carry out experiments on air, Teflon, plexiglass, and E type 
glass dielectrics.  
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1. INTRODUCTION 

Transmission lines are wire configurations normally used in transferring AC signals or pulses with 

frequencies in the microwave and radio wave spectrum. Although there exist many types of transmission 

lines such as twisted pair cables, optical fiber cables, and the likes, all serve the purpose of transmitting 

signals at long distances between two or more destinations. The general composition of a transmission line is 
made of two conductors that are commonly adjacent to a dielectric material. To put more bluntly, it is 

composed of two conductors sandwiching a conductor in some particular manner. Although a transmission 

line may come in many types, all of them share the aforementioned basic structure. The characteristic that 

makes each different, however, can be seen from the dielectric and conductor materials used in 

manufacturing them. They are also differentiated based on their shape, form, and intended purpose or fields 

of specialization. Relevantly, the parallel-plate transmission line modeled in this paper is a type of 

transmission line that consists of two parallel conductor planes separated by an insulating material. Common 

applications of such a transmission line are found in parallel-plate transmission line transformers [1] and as 

complements for frequency domain network analyzers [2]. Its geometry is also widely utilized in measuring 

the dielectric constants of printed circuit boards [3]-[4].  

In this paper, the researchers strive to inspect the effects of the change in the dielectric material to 
the attenuation response of the parallel plate transmission line. The amplitude and phase attenuations 

introduced by the air, teflon, plexiglass, and E glass dielectric materials would be particularly investigated. 

https://creativecommons.org/licenses/by-sa/4.0/
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Through this study, a thorough review of the aforementioned components will be performed that can further 

improve the material selection of insulators in transmission line designs. Depending on the application, this 

research can help inspect the best possible dielectric material performance-wise. 

In recent decades, a variety of studies have been conducted concerning alterations in the materials 

used in manufacturing parallel-plate transmission lines and their respective effects [5]-[8]. This research 

differs from such papers such that it takes on a mathematical approach to exclusively analyze the behavior of 

the parallel-plate transmission line without considering external interferences. Also, observations will be 

performed through simulations in the Matlab software. 
 

 

2. BACKGROUND OF THE STUDY  

Transmission lines vary with different conductors, however, some transmission lines like the 

parallel plate transmission line vary their parameters with the adjustment of their dielectric material. Then it 

is important to note that when constructing any transmission line that requires a dielectric sheet, the different 

parameters of the dielectric must be kept at close inspection as it can significantly affect the results of the 

study. The usage of such transmission lines can also be made to be more efficient by properly implementing 

the different parameters of the dielectric sheet used. A paper by V. Astley, et al., [9] outlines the importance 

of utilizing proper dielectrics in their work in rectangular resonant cavities. Another study by D. M. French, 

et al., [10] outlines the effect of dielectrics in transmission lines by studying the losses of different dielectric 

materials. What both of these studies have in common is that it carefully determines not just the optimal 
transmission line but the optimal dielectric to utilize in each situation as well. Specifically, the research paper 

would want to analyze the frequency response of different dielectric materials when used with parallel 

transmission lines. In parallel plate transmission lines, the construction is simply two parallel plates that are 

placed next to each other. In the middle of these two plates is a dielectric sheet that assists the transmission 

line in signal transmission. The sheet in the middle is what the paper will be aiming to vary. By testing four 

different dielectric materials, Teflon, plexiglass, E-glass, and air. The study will then verify the individual 

strengths and weaknesses of each dielectric and will then be compared to each other. The paper aims to 

define the different advantages and disadvantages of using a specific dielectric substrate in terms of its 

frequency response in the amplitude to frequency plot and the frequency to phase plot.  

 

 

3. STATEMENT OF THE PROBLEM 

The amplitude and phase attenuation introduced by a transmission line is among the major causes of 

errors in the recovered signal. This is especially the case for long-distance transmissions where power losses 

and phase shifts become much more prevalent as the carrier travels farther. Per length of the transmission line 

and depending on its dielectric and conductor materials, a corresponding decibel of power is lost. Although 

this problem may be resolved through a signal repeater, its cost, installation, and maintenance make it a 

subjectively inefficient choice. As such, the researchers propose to analyze the frequency response of a 

parallel-plate transmission line using different insulating materials. 

One of the aims of this paper is to establish the effects of a change in the dielectric material to the 

attenuation introduced by a parallel-plate transmission line. Consequently, the researchers will also inspect 

other possible alternatives for the dielectric materials. Insulating substances such as air, teflon, plexiglass, 
and e glass would be specifically investigated. A quantitative evaluation would be performed comparing the 

attenuation introduced by each material. 

 

 

4. SIGNIFICANCE OF THE STUDY 

Dielectrics are as much important as the conductors in parallel plate transmission lines or any other 

transmission line that requires dielectrics. Based on the work of R. Tamaru and F. Kuroki [11], the 

application of the dielectric material is well thought out and highly affects the results of their study. Another 

sample is the work by G. A. Kouzaev, et al., [12] wherein they investigate the different effects of a parallel-

plate guide wherein the dielectric used is specifically adjusted to fit the desired outputs of the paper. This 

research paper aims to evaluate the different frequency responses of the parallel-plate transmission line with 

varying dielectric materials. This is to determine the optimal material that is to be used in a specific scenario. 
However, it must be noted that the scope of the research will only be limited to the evaluation of the 

frequency response aspect of the dielectrics as they are integral in high speed printed circuit boards (PCBs). 

The research will include the frequency response analysis of air, teflon, plexiglass, and e type glass. The 

results of this paper will describe the varying advantages of each dielectric material and as well as their 

disadvantages with respect to the frequency response. 
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5. DESCRIPTION OF THE SYSTEM 

The evaluation of the frequency response analysis of the specific dielectrics will first include 

defining their parameters. Table 1 includes the different parameters of the dielectrics which include its 

relative permittivity and loss tangent. It must be noted that the specific dielectrics to be used are air, teflon, 

plexiglass, and e type glass.  

 

 

Table 1. Properties of the given dielectric materials 
Name Relative_Permittivity Loss_Tangent Frequency 

Air 1 0 1.0000e+009 

FR4 4.8000 0.0260 100.0000e+006 

Teflon 2.1000 2.0000e-04 100.0000e+006 

Foam 1.0300 1.5000e-04 50.0000e+006 

Polystyrene 2.5500 1.0000e-04 100.0000e+006 

Plexiglas 2.5900 0.0068 10.0000e+009 

Fused quartz 3.7800 1.0000e-04 10.0000e+009 

E glass 6.2200 0.0023 100.0000e+006 

RO4725JXR 2.5500 0.0022 2.5000e+009 

RO4730JXR 3 0.0023 2.5000e+009 

TMM3 3.4500 0.0020 10.0000e+009 

TMM4 4.7000 0.0020 10.0000e+009 

TMM6 6.3000 0.0023 10.0000e+009 

TMM10 9.8000 0.0022 10.0000e+009 

TMM10i 9.9000 0.0020 10.0000e+009 

Taconic RF-35 3.5000 0.0018 1.9000e+009 

 

 

6. METHODOLOGY (WITH FLOWCHART) 

The flowchart of the research is shown in Figure 1. To obtain the frequency response of the parallel-

plate transmission line, the parameters of the transmission line model were first defined using default 

property values excluding the relative permittivity and loss tangent of the dielectric material; relative 

permittivity or Epsilon R, and the loss tangent of air, Teflon, plexiglass, and E glass are shown in Table 1. 

The ABCD and s-parameters of the model were then computed within the range of frequencies from 1-3 

GHz, different types of dielectric materials using the rfckt.parallel-plate(), analyze(), and then extract() 

commands. Thereafter, the transfer and rational function are computed which contain the computed and fitted 

data of the frequency response respectively. Lastly, such functions are plotted against the said frequency 

range using the plot command. 
 

 

 
 

Figure 1. Flow diagram of the experiment 
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7. REVIEW OF THE RELATED LITERATURE 

In the research of Strickland, et al., [13], the dielectric constant and losses of fluid-impregnated 

films that are plastic in a parallel-plate transmission line were investigated at high frequencies. Their group 

aimed to develop a rep-rated high voltage pulse line that exhibited low loss and a high energy density with 

adequate reliability. As such, impregnating fluids such as water and propylene carbonate or ethylene glycol. 

were tested to determine their aptness in high voltage pulse forming lines. Relevantly, findings show that 

dielectric films with approximately 10 dielectric constant have dissipation factors within the range of 0.1 

frequencies of 1 MHz.. On the other hand, films such as mylar and polypropylene, have factors more than 
one order of magnitude less even though they have low dielectric constants. The results of this research are 

important to the researchers since it establishes the fact that a change in the dielectric material has a 

significant effect on the amplitude attenuation of a parallel plate transmission line. This is evident in the 

fluid-impregnated plastic films used for the parallel-plate transmission line that exhibited different dissipation 

factors.  

Using NbN and YBa2Cu3O7-x thin films, Tsuk, Shin, J. Oates, and D. Oates designed a nonlinear 

transmission line to investigate the nonlinear frequency response of striplines at high input power [14]. 

consequently, results show that inductances and resistances behaved nonlinearly for resonators with high Q 

factors. Aside from NbN and YBCO resonators, the hysteresis effect was also observed in the transmission 

lines at input power levels of -6 dBm, allegedly due to nonlinear inductance. This paper is important to the 

researchers since it affirms that the frequency response of a transmission line, specifically a stripline, behaves 

nonlinearly and differently for most dielectric materials at high input power levels.  
Voeten, vermeulen, pemen, and brussard proposed a transmission line transformer (TLT) design that 

utilized the geometry of the parallel-plate transmission line [15]. They aimed to limit the losses caused by 

reflections and the secondary mode to increase voltage gain effectively, which is allegedly best performed by 

the aforementioned transmission line. As such, their group examined the voltage amplification of the 8- and 

4-line parallel-plate TLTs (PPTLS). Followingly, results show that they were able to achieve a near-ideal 1:1 

ratio between the voltage gain and the number of lines in the PPTLT. This paper is crucial to the researchers 

since it contains and indicates relevant parameters for design considerations such as the breakdown voltage, 

flashover, and frequency response of the parallel-plate transmission line.  

An alternative method for measuring the dielectric properties of thin films at microwave frequencies 

was proposed in the research of Song, et al., [16]. Their paper utilized the geometry of the parallel-plate 

transmission line in creating a waveguide structure to determine propagation and dielectric constants. In 
comparison to other forms of waveguides, their results show better accuracy and sensitivity in determining 

the aforementioned parameters. This paper is relevant to the researchers because it studies the electric field 

behavior of unconventional parallel-plate transmission lines; such a factor is known to exhibit an effect on 

the frequency response of such a transmission line. 

In the study of Li, et al., [17], the saturation process of the multipactor of parallel-plate transmission 

lines at microwave frequencies was done in a simulation using particle in cell method. They performed their 

emulation by altering the weight values of microparticles until saturation is achieved at 2 hours of simulation 

time. Then, the critical frequency of saturation was determined alongside the noise and power loss introduced 

by the saturation current. Consequently, the results of their research show that the attenuation factor is 

directly proportional to the input power. In their designed model, an input power of 800W causes a complete 

loss of the signal. This study is relevant to the researchers since it relates the input power to the amplitude 
attenuation of a parallel-plate transmission line at microwave frequencies. With regards to design 

considerations, the input power must be held constant throughout to not create any inconsistencies in their 

simulations.  

In the research of Mechaik [18], the performance of coaxial cables and PCBs in transmitting data 

was evaluated using an accurate and efficient method of moments. particularly, the attenuation, dielectric, 

and conductive losses of such transmission lines were analyzed and modeled. Data procured in the research 

show that resistive losses dominate the total losses in PCBs and coaxial cables for frequencies up to 25 GHz. 

For frequencies higher than 25 GHz, dielectric losses become more prevalent than resistive losses. From 

these findings, Mechaik also established that all losses increase with frequency and vice-versa; there exists a 

major tradeoff when trying to transmit at higher bit rates. Though, to a certain extent, the total loss can be 

improved by utilizing dielectric and conductive materials with low losses. Although the aforementioned 

results may only apply for coaxial cables and PCBs, the findings of this paper are a good basis for the 
expected outcome of the frequency response analysis of the parallel-plate transmission line. To be exact, the 

researchers may expect that at frequencies around 25 GHz, the effects of different dielectric constants and 

losses become more apparent and distinct. 

A mathematical description for the low-loss transmission attenuation constant in the presence of 

standing waves was modeled in the paper of Young, et al., [19]. Their research aimed to identify and correct 
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errors in the measurement of attenuation constants within the microwave spectrum while taking into account 

resistive and dielectric losses. Relevantly, results show that measured attenuation constants using standing 

waves were inaccurate for transmission lines that are around a wavelength long. As the length is increased, 

however, these deviations become more negligible. Additionally, it was also observed that the attenuation 

constant is the same as that of the standing waves at transmission line lengths that are multiples of half the 

wavelength. This paper is important to the researchers since it affirms that there would be variations in the 

attenuation constant at different lengths of the transmission line in the presence of standing waves.  

The research paper of [20] describes the different properties of materials that are dielectric. It is 

done by using the method of microstrip transmission line that is used to calculate the complex permittivity of 

a material. It must be known that a bandgap that is electromagnetic is used to bridge the microwave signals 
that pass theough the transmission line. The frequency used to measure the electrical properties was 2.4 GHz. 

This is then observed to further investigate the different magnitudes of the transmission response as well as 

the frequency information. The permittivity is then calculated using the observed responses, from the loss 

tangent the permittivity imaginary part is then calculated. With this, the researchers can extract different data 

with regards to the difference of dielectrics in a microstrip transmission line. 

The study of M. Joler involves using Blumlein transmission lines that are folded in the creation of 

pulsed power compact drivers for a microwave power source [21]. The study outlines the different benefits of 

using high dielectric constant ceramics instead of using a Kapton as the dielectric for the modeling of the 

Blumlein transmission line. With this, the paper gives insight into how a dielectric can give different effects 

on the transmission and as well as a comparison between a ceramic and a kaption dielectric. 

The study by X. Sun et al. outlines the importance of dielectric materials in high-speed printed 
circuit board (PCB) design [22]. The study states that to effectively extract the substrate properties, the 

truncation of the S-parameters of the transmission line is needed for the dielectric properties to be dominant. 

This is because the transmission line based material property extraction method requires the S-parameters to 

be a dominant factor. With this, the study then utilizes a binary search algorithm with a physics-based fitting 

method to find the truncation frequency in the least possible iterations. 

The paper by O. Huber, et al., [23] is summary of the use of conductor-backed coplanar waveguide 

microstrip transmission lines in measuring constant and dielectric permittivity attenuation. The method must 

take into account several effects, such as frequency dependent, inductance, conductance, surface waves, and 

resistance, to determine the attenuation constant and dielectric permittivity [24]. The formula derived for any 

low loss transmission line from the compensation properties avoids extensive simulations that make it 

efficient. The validity of such a method is retrieved from RF-substrate materials for up to 110 GHz, with the 

results agreeing with different datasheets [25]. The research gives an idea as to how the different parameters 
of dielectrics such as attenuation constant and permittivity are determined. 

 

 

8. DATA AND RESULTS 

Figure 2 illustrates the amplitude attenuation response of the parallel-plate transmission line with 

different insulators between the frequency range of 1 to 3 GHz. On the other hand, Figures 3 to 6 shows the 

distinction between computed and fitted data for the air, teflon, plexiglass, and E glass dielectric material 

respectively.  

 

 

  
 

Figure 2. Frequency response analysis for the amplitude 

with corresponding computed and fitted data 

 
Figure 3. Amplitude attenuation distinctions for air 

dielectric 
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Figsure 4. Amplitude attenuation distinctions for 

teflon dielectric 

 

Figure 5. Amplitude attenuation distinctions for 

plexiglass dielectric 

 

 
Figure 7 displays the phase angle attenuation response of the parallel-plate transmission line with 

different insulators between a frequency range of 1-3 GHz. On the other hand, Figures 8 to 9 illustrates the 

distinction between computed and fitted data for the air, teflon, plexiglass, and E glass dielectric material 

respectively. 

 

 

  
 

Figure 6. Amplitude attenuation distinctions for e 

glass dielectric 

 

Figure 7. Frequency response analysis for the phase 

with corresponding computed and fitted data 

 

 

  
 

Figure 8. Phase angle attenuation distinctions for air 

dielectric 

 

Figure 9. Phase angle attenuation distinctions for 

teflon dielectric 
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9. ANALYSIS OF DATA 

In Figure 2, it was apparent that the amplitude attenuation of the parallel-plate transmission line was 

non-linear for frequencies between 1 to 3 GHz. The amplitude response was seemingly, but not exactly, 

sinusoidal as it peaks and drops at certain intervals of frequencies. Within the specified frequency range, it 

was observed that the dielectric that introduced the least attenuation was air, followed by teflon, E glass, and 

then plexiglass. At 1.5 GHz, air exhibited a loss of -0.00035761 dB; -0.11411 dB for teflon at 1.55 GHz; -

2.2037 dB for E glass at 1.2 GHz; and -2.6757 dB at 1.4 GHz. On the other hand, the material that exhibited 

the most attenuation was E glass, followed by plexiglass, teflon, and then air. At 1.35 GHz, E glass exhibited 

a loss of -24.3912 dB; -20.633 dB for plexiglass at 2.09 GHz; -19.6831 dB for teflon at 1.29 GHz; and -

16.4836 dB for air at 1.87 GHz. From these values, a superficial trend could be observed such that the 
amplitude attenuation is directly proportional to the relative permittivity and loss tangent of the dielectric by 

some non-linear factor.  

Figure 7 displays the relationship between the phase and frequency of different materials. The 

steepness of the material shows the phase difference per frequency, which means that the steeper the graph is 

the more the phase will vary. In Figure 7 the dielectric air causes the least phase difference of the bunch. The 

graph of air shows that it dips every ~0.75GHz and stabilizes. it can also be seen that in Figure 8 the 

difference between the fitted and computed data is about 0.000015 radians. Teflon presents a steeper but 

better graph in terms of the phase difference with its dip occurring ~0.5GHz. Figure 9 presents the difference 

between the fitted and computed data of the Teflon dielectric, there is a considerable difference of around 

0.0017 radians. The third dielectric material evaluated is the plexiglass and presents a dip at around 

~0.40GHz and reduces in time.  
 

 

10. CONCLUSION 

A Matlab-based algorithm was formulated to analyze the frequency response of a parallel-plate 

transmission line composed of different inner dielectric materials. The research aimed to establish the effects 

of a change in the dielectric material to the signal attenuation of the aforementioned transmission line and to 

inspect alternatives for its insulators. The amplitude and phase angle attenuation introduced by different 

values of relative permittivities and loss tangents were investigated and compared specifically that of air, 

teflon, plexiglass, and E glass. With regards to the methodology, a transmission line model was first 

generated in Matlab with default parameters excluding the loss tangent and relative permittivity of the 

dielectric. In graphing the frequency response, the s-parameters and transfer functions of the model were 

computed based on its ABCD parameters. The computed data and their fitted values were then plotted 
against the frequency range of 1 to 3 GHz. Concerning the amplitude response, results show that there exists 

a superficial trend between the amplitude attenuation and the loss tangent and relative permittivity of the 

dielectric; an increase in the latter causes an increase in the former and vice-versa. Within the specified 

frequency range, it was also observed that the least attenuation was achieved by air, followed by teflon, E 

glass, and plexiglass. The most attenuation, on the other hand, was introduced by E glass, followed by 

plexiglass, teflon, and air. Notably, there were negligible differences between the values of the computed and 

fitted amplitude responses of each material. 
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