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Abstract:- This paper presents an analysis approach of multicondcutor quasi-TEM lines transmission 

interconnect in a single dielectric region and multimode waveguides using the finite element method (FEM).  

We illustrate that FEM is suitable and effective as other methods for modeling of interconnecting lines in high- 

speed digital circuits. We mainly focus on designing of five-conductor transmission lines interconnect in a 

single-layered dielectric medium and multimode waveguides. We computed the capacitance, inductance, and 

impedance matrices, and then we identify the potential distribution of the five-conductor transmission lines 

interconnect in a single-layered dielectric medium and multimode waveguides. Our method showed very good 

accuracy in comparison to the other methods.   
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I. INTRODUCTION 
 Today, the designing of fast electronics circuits and systems with increase of the integration density of 

integrated circuits led to wide use and cautious analysis of multiconductor interconnects. As the transversal size 

multiple-conductor transmission lines is reduced, adjacent conductors are electromagnetically coupled so that 

they must be considered as multimode waveguides [1]. Computation of the matrices of capacitances, 

inductances, and impedances per unit length of multiconductor quasi-TEM transmission lines is important since 

these elements are essential parameters in designing of package, lossless transmission line system and 

microwave circuits. Therefore, the improvement of accurate and efficient computational method to analyze 

multi conductor quasi-TEM transmission lines structure becomes an important area of interest.  

Previous attempts at the problem include using the analytical modelization of multiconductor quasi-

TEM transmission lines [2], studying the method of decoupled the multiconductor transmission line equations 

by the method of transformation of voltages and currents to mode voltages and currents to obtain their general 

solution [3], and using a normalization impedance matrix [4].  Other methods include the matrix algorithm [5], 

integral equation method [6], variational technique [7], conformal mapping method [8], analytical method [9], 

Fourier transform method [10], and spectral domain method [11]. 

 

In this work, we design five-transmission lines interconnect in a single-layered dielectric medium and 

multimode waveguides using finite element method (FEM). Many industrial applications depend on different 

interrelated properties or natural phenomena and require multiphysics modeling and simulation as an efficient 

method to solve their engineering problems. Moreover, superior simulations of microwave integrated circuit 

applications will lead to more cost-efficiency throughout the development process. We specifically calculate the 

capacitance, inductance, impedance and the potential distribution of the configurations. We compare some of 

our results of computing the parameters per unit length with those in the other methods.  

 

II. RESULTS AND DISCUSSIONS 
 The models are designed with finite elements are unbounded (or open), meaning that the 

electromagnetic fields should extend towards infinity. This is not possible because it would require a very large 

mesh. The easiest approach is just to extend the simulation domain “far enough” that the influence of the 

terminating boundary conditions at the far end becomes negligible.  In any electromagnetic field analysis, the 

placement of far-field boundary is an important concern, especially when dealing with the finite element 

analysis of structures which are open. It is necessary to take into account the natural boundary of a line at 

infinity and the presence of remote objects and their potential influence on the field shape [14].  In all our 

simulations, the open multiconductor structure is surrounded by a W X H shield, where W is the width and H is 

the thickness.  

 The models are designed in using electrostatic environment in order to compare our results with the 

other available methods. In the boundary condition of the model’s design, we use ground boundary which is 
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zero potential ( 0V  ) for the shield. We use port condition for the conductors to force the potential or current 

to one or zero depending on the setting. Also, we use continuity boundary condition between the conductors and 

between the conductors and left and right grounds. 

 

 The quasi-static models are computed in form of electromagnetic simulations using partial differential 

equations.    

 

 In this paper, we consider two different models.  Case A investigates the designing of five-transmission 

lines interconnect on a single-layered dielectric medium. For case B, we illustrate the modeling of symmetrical 

coupled-strip lines for multimode waveguides. The results from both models are compared with other methods 

and found to be close. 

 

2.1 Modeling of Five-conductor lines interconnect in a single-layered dielectric medium 

 

In Figure 1, we show the cross section for five-conductor transmission lines and its parameters. 

 

 
Figure 1. Cross-section of five-conductor transmission lines. 

 

 For the modeling, the geometry was enclosed by a 100 X 30 mm shield.  Figure 2 shows the finite 

element mesh which consists of 1400 elements with number of degrees of freedom solved for 15964 in a 

solution time 2.516 seconds.  Figure 3 shows the surface potential distribution of the transmission lines. Counter 

and streamline plots were presented in Figures 4 and 5 respectively.  

 
Figure 2.  Mesh of five-conductor transmission lines. 

 

 
Figure 3. 2D surface potential distribution of five-conductor transmission lines. 
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Figure 4. Contour plot of five-conductor transmission lines. 

 

 
Figure 5.  Streamline plot of five-conductor transmission lines. 

 

From our model, Figure 6 shows the potential distribution of the five-conductor transmission lines from (x,y) = 

(0,0) to (x,y) =  (100,30) mm, using port 1 as input. 

 

 
Figure 6.  Potential distribution of five-conductor transmission lines from (x,y) = (0,0) to (x,y) =   

(100,30) mm, using port 1 as input. 

 

The inductance and capacitance per unit length of multiconductor transmission lines are related as follows: 

   
1

o o oL C 


   (1) 

where,  

 L  Inductance matrix. 

 
1

oC

 the inverse matrix of the capacitance of the multiconductor transmission line when all dielectric 

constants are set equal to 1.  

o  permeability of free space or vacuum. 

o  permittivity of free space or vacuum. 

 The characteristic impedance and capacitance per unit length of multiconductor transmission lines are related as 

follows: 
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 
 
 

L
Z

C
    (2) 

The following electrical parameters (capacitance per unit length matrix (  C  in pF/m), inductance per unit 

length (  L in nH/m), and diagonal matched impedances (  dmZ in ) are found by Matrix Algorithm method 

[5]:  

 

 

140.136 -30.789 -1.907 -0.382 -0.195

-30.789 153.673 -30.514 -1.858 -0.382

-1.907 -30.514 153.693 -30.514 -1.907

-0.382 -1.858 -30.514 153.673 -30.789

-0.195 -0.382 -1.907 -0.789 140.136

C

 
 
 
 
 
 
  

 

 

497.841 164.707 76.964 41.775 25.539

164.707 490.660 162.252 76.043 41.775

76.964 162.252 489.489 162.252 76.964

41.775 76.043 162.252 490.660 164.707

25.539 41.775 76.964 164.707 497.841

L

 
 
 
 
 
 
  

 

 

58.33

54.47

54.25

54.47

58.33

dmZ

 
 
 
 
 
 
  

 

The following results are obtained from our method: 

 

 

163.238 -35.227 -1.701 -0.143  -0.187

-35.227 172.299 -34.846 -1.665 -0.144 

-1.701 -34.846 172.347 -34.816 -1.706 

-0.143 -1.665 -34.816 172.354 -35.391

-0.187 -0.144 -1.706 -35.391 163.814 

C

 
 
 
 
 
 
 

 

By using equation 1, we obtain  L , 

 

455.133 135.824 48.533 17.101 6.743

135.819 450.868 133.718 47.907 18.381

50.542 139.384 449.956 133.762 49.265

24.609 69.069 139.478 451.242 137.337

8.953 24.611 50.581 135.965 455.414

L

 
 
 
 
 
 
  

  

By using equation 2, we obtain dmZ , 

 

 

55.29

54.62

54.93

54.60

55.14

dmZ

 
 
 
 
 
 
  

 

 

 

The above results show the finite element results for the electrical parameter of the five- conductor transmission 

lines interconnect in single-layered dielectric medium using FEM with COMSOL. 

 

2.2 Modeling of Symmetrical Coupled-strip lines for multimode waveguides 

In this section, we illustrate the modeling of the symmetrical coupled-strip lines for multimode 

waveguides. We focus on the calculation of capacitance per unit length, the capacitance with homogenous 
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dielectric layer, inductance, and the characteristic impedance.  In Fig. 7, we show the cross-section of 

symmetrical coupled-strip lines for multimode waveguides with the following parameters: 

1w   width of strip 1 

2w   width of strip 2 

s   distance between the strip 1 and strip 2 

t  thickness of the strips 

1h  height of the strips from the ground 

1 2 500w w s m   , 17 mt   

1 635mh  . 

 
Figure 7. Cross-section of symmetrical strips coupled-strip lines for multimode waveguides. 

 

 For the modeling, the geometry was enclosed by a 7500 X 3175  m shield.  Figure 8 shows the finite 

element mesh which consists of 2446 elements with number of degrees of freedom solved for 27539 in a 

solution time 4.843 seconds.  While, Figure 9 shows the 2D surface potential distribution of the transmission 

lines. Counter and streamline plots were presented in Figures 10 and 11 respectively.  

 

 
Figure 8. Mesh of symmetrical strips as multimode waveguides. 

 

 
Figure 9. 2D surface potential distribution of symmetrical coupled-strip lines for multimode waveguides. 
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Figure 10. Contour plot of symmetrical coupled-strip lines for multimode waveguides. 

 

 
Figure 11. Streamline plot of symmetrical coupled-strip lines for multimode waveguides. 

 

From our model, Figure 12 shows the potential distribution of the five-conductor transmission lines from (x,y) = 

(0,0) to (x,y) =  (7500,3175) m , using port 1 as input. 

 

 
Figure 12. Potential distribution of symmetrical coupled-strip lines for multimode waveguides from (x,y) 

= (0,0) to (x,y) =  (7500,3175) m , using port 1 as input. 

 

The following electrical parameters (capacitance per unit length matrix (  C in pF/m), inductance per unit 

length (  L in nH/m), and characteristic impedances matrix (  Z in  ) are found as :  

 

 

173.6261 -21.38597

-21.38597 173.6261
C

 
  
 

 

 

 
437.1 92.2

92.2 437.1
L

 
  
 
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 
51.2149 29.2288

29.2288 51.2149
Z

 
  
 

 

 

We provided the results of FEM in two-dimensional compared with some other methods for the designing of 

five-transmission lines interconnect in a single-layered dielectric medium and multimode waveguides. The 

results of capacitance matrices for self and mutual capacitances, inductance matrices, and impedance matrices 

which are useful for the analysis of crosstalk between high-speed signal traces on the printed circuit board are 

compared with other published data for the validity of the proposed method. 

 

 

III. CONCLUSIONS 
 In this paper we have presented the modeling in 2D of five-conductor lines interconnect in a single-

layered dielectric medium and symmetrical coupled-strip lines for multimode waveguides. We have shown that 

FEM is suitable and effective as other methods for modeling lines interconnect in single-layered dielectric 

medium and multimode waveguides. Some of the results obtained using FEM for the capacitance-per-unit 

length, inductance, and impedances agree well with those found in the experimental and other methods. The 

results obtained in this research are encouraging and motivating for further study. 
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