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Abstract: The development and analysis of 
interconnects in inhomogeneous structures such 
as very large scale integration chips, printed 
circuit boards, and multichip modules are 
essential for next-generation electronic products.  
In this paper, we illustrate fast and sufficiently 
accurate computation of capacitance matrices of 
multilayered and multiconductor interconnects 
applying finite element method. We specifically 
design three-conductor transmission lines 
interconnect with three dielectric layers, and 
twelve-conductor transmission lines interconnect 
with five dielectric layers.  Comparison of our 
numerical results with some other published data 
shows good agreement. 
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1. Introduction 
 
      Integrated circuit designers have often used 
multicondcutor transmission lines embedded in 
multilayer structure for high speed high density 
digital electronics system. The computations of 
multicondcutor transmission lines interconnect in 
multilayer dielectric media are essential in the 
optimization of the electrical properties of very 
high speed integrated circuits and multichip 
modules. For example, self and coupled 
capacitance can help the designers to optimize 
the layout of the circuits and the coupling 
parameters can help in predicting the amount of 
crosstalk noise in high frequency circuits. 
Therefore, the development of accurate and 
efficient computational method to analyze the 
designing of multicondcutor transmission lines 
embedded in multilayer dielectric media 
structure turn out to be an important area of 
interest for high performance integrated circuit 
technology.  

Many researchers attempts at the problem 
using several methods such as method of 
moment [1-2], spectral domain Green’s function 
approach [3], finite difference method [4], 

boundary element method (BEM) [5], Pade 
approximation method [6], Green’s Function 
method [7], and geometry independent measured 
equation of invariance (GIMEI) [8]. 

We illustrate that our approach using finite 
element method (FEM) is suitable and effective 
as other methods for computation of capacitance 
matrix of inhomogeneous structure such as 
multiconductor interconnect in multilayer which 
commonly used in very large scale integration 
(VLSI), multichip modules (MCMs), and printed 
circuit board (PCB). 

 
2. Discussion and Results 
 

In this study, we design three-conductor 
transmission lines interconnect with three 
dielectric layers, and twelve-conductor 
transmission lines interconnect with five 
dielectric layers using FEM with COMSOL to 
calculate the capacitance matrix and then 
compare the results of our modeling with some 
methods in previous publications. We use FEM 
in modeling the multiconductor embedded in 
multilayered dielectric media structures, because 
FEM is especially suitable for the computation 
of electric and electromagnetic fields in strongly 
inhomogeneous media. Also, it has high 
computation accuracy and fast computation 
speed. In FEM self and coupled capacitances 
values are obtained from the potential 
distribution throughout the entire region by 
either an electric field or a potential energy 
approach in order to give the charge on each 
conductor, whereas in BEM they obtained 
directly from conductor charge distributions [9].  
 
2.1 Three-Conductor Transmission Lines 
Interconnect with Three Dielectric Layers  
 

In this section, we illustrate the modeling of 
three-line interconnects structure with three 
dielectric layers having a flat dielectric interface 
by focusing on the calculation of the capacitance 
matrices. Figure 1 shows the geometry of the 
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model with the parameter values. From the 
model, we plot the streamline plot of the 
potential distribution, when the mesh consists of 
3492 elements as shown in Figure 2. 
 

 
 
Figure 1. Cross-section of three-conductor 
transmission lines interconnect with three dielectric 
layers. 
 

 
 
Figure 2. Streamline potential distribution plot of 
three-conductor transmission lines interconnect with 
three dielectric layers using port 1 as input. 
 

Figure 3 is plot of the potential distribution 
of the model from (x,y) = (0,0) to (x,y) = (0.12, 
0.85) m using port 1 as input with solution time 
0.406 s.   

 

 
 
Figure 3. Potential distribution plot of three-conductor 
transmission lines interconnect with three dielectric 
layers from (x,y) = (0,0) to (x,y) = (0.12, 0.85) m 
using port 1 as input. 

Table 1 shows the comparison with the 
pervious work of calculated values of 
capacitance matrix of the three-conductor line 
system embedded in three dielectric layers. We 
observe that our method has closer capacitance 
values to the boundary element method than the 
other methods.  

 
Table 1: Capacitance matrices (in pF/m) of three-
conductor transmission lines interconnect with three 
dielectric layers 
 

 
 
2.2 Twelve-Conductor Transmission Lines 
Interconnect with Five Dielectric Layers 
 

In this section, we demonstrate the modeling 
of the shielded twelve-conductor transmission 
lines interconnect with five dielectric layers by 
finding the capacitance matrices. Figure 4 shows 
the geometry of the model with the parameters 
values, while Figure 5 shows the 2D surface 
potential distribution of the structure using port 1 
as input. 

 

 
Figure 4. Cross-section of the twelve-conductor 
transmission lines interconnect with five dielectric 
layers. 



 
 
Figure 5. 2D surface potential distribution of the 
twelve-conductor transmission lines interconnect with 
five dielectric layers using port 1 as input. 
 

Table 2 shows the FEM results for the self 
capacitance per unit length of the twelve-
conductor transmission lines interconnect with 
five dielectric layers.  They are compared with 
geometry independent measured equation of 
invariance (GIMEI) method and boundary 
element method (BEM).  They are not too close.  

 
Table 2: Calculated values of self capacitance (in 
pF/m) coefficients for the twelve-conductor 
transmission lines interconnect with five dielectric 
layers 

 

 
 
 
3. Conclusions 
 

In this paper, we have presented the 
modeling of three-conductor transmission lines 
interconnect with three dielectric layers, and 
twelve-conductor transmission lines interconnect 

with five dielectric layers. We computed the 
capacitance matrix, self capacitance per unit 
length of the models respectively and identified 
their potential distribution.  Some of results 
obtained efficiently using finite element method 
(FEM) for the electrical parameters agree well 
with those found in the literature.    
 
4. References  
 
1. C. Wei, R. F. Harrington, J. R. Mautz, and T. 
K. Sarkar, Multiconductor transmission lines in 
multilayered dielectric media, IEEE 
Transactions on Microwave Theory and 
Techniques, 32 (4), 439 -450 (1984) 
2. G. Pan, K. Olson, and B. Gilbert, Improved 
algorithmic method for the prediction of 
wavefront propagation behavior in 
multiconductor transmission lines for high 
frequency digital signal processor, IEEE 
Transactions on Computer-Aided Design of 
Integrated Circuits and Systems,  8 (6), 608 -621 
(1989) 
3. W. Delbare and D. D. Zutter, Space-domain 
Green’s function approach to the capacitance 
calculation of multiconductor lines in 
multilayered dielectrics with improved surface 
charge modeling, IEEE Transactions on 
Microwave Theory and Techniques, 37 (10), 
1562-568 (1989) 
4. W. Dierking and J. Bastian, VLSI parasitic 
capacitance determination by flux tubes, 
Proceeding of the 25th Midwest Symposium on 
circuits and Systems, (1981)  
5. G. W. Pan, G. Wang, and B. K. Gilbert, Edge 
effect enforced boundary element analysis of 
multilayered transmission lines, IEEE 
Transactions on Circuits and Systems I: 
Fundamental Theory and Applications, 39 (11), 
955-963 (1992) 
6. R. Thomas and D. C. Dube, Extended 
technique for complex permittivity measurement 
of dielectric films in the microwave region, 
Electronic Letters, 33 (3), 217-218 (1997) 
7. H. Ymeri, B. Nauwelaers, and K. Maex, On 
the capacitance conductance calculations of 
integrated-circuit interconnects with thick 
conductors, Microwave and Optical Technology 
Letters, 30 (5),  335-339 (2001)  
8. W. Sun, W. W. M. Dai, W. Hong, Fast 
parameter extraction of general interconnects 
using geometry independent measured equation 

http://pv-ezproxy.tamu.edu:2102/xpl/RecentIssue.jsp?punumber=43
http://pv-ezproxy.tamu.edu:2102/xpl/RecentIssue.jsp?punumber=43
http://pv-ezproxy.tamu.edu:2102/xpl/RecentIssue.jsp?punumber=81
http://pv-ezproxy.tamu.edu:2102/xpl/RecentIssue.jsp?punumber=81


of invariance, IEEE Transactions on Microwave 
Theory and Techniques, 45 (5), 827-836 (1997) 
9. T. F. Hayes and J. J. Barrett, Modeling of 
multiconductor systems for packaging and 
interconnecting high-speed digital IC’s, IEEE 
Transactions on Computer-Aided Design,  11 
(4), 424-431 (1992) 
 


