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Abstract 
 

A general method is proposed to simplify the analysis of 

coupled Nonuniform Transmission Lines (NTLs). The 

modal decomposition approach is used to decouple the 

sets of differential equations, first. Then, after analyzing 

the modal lines, the S parameters of the coupled NTLs 

are obtained. 

 

1. INTRODUCTION 
 

Coupled Nonuniform Transmission Lines (NTLs) are 

widely used in microwave circuits as analog signal 

processors [1], interconnectors [2] and etc.. The 

differential equations describing these structures have 

non-diagonal matrices because of coupling between the 

lines. So, except for a few special cases, no analytical 

solution exists for NTLs. Coupled NTLs with 

exponential variation is an example for these special 

cases [3]. Although, the method of using power series 

expansion directly [3] or indirectly [4-7] has been 

utilized to solve many types of coupled NTLs. Of 

course, the conventional and most straightforward 

method to analyze arbitrary coupled NTLs is subdividing 

them into many short uniform sections [8]-[9]. The 

subject of this paper is using analysis of single NTLs to 

simplify the analysis of coupled NTLs. In this method, 

the modal decomposition approach is used to decouple 

the sets of differential equations, first. Then, the modal 

lines are analyzed using a suitable method and finally the 

ABCD and then the S parameters of the coupled NTL are 

obtained. Some closed relations are obtained for this 

purpose. This method is applicable to many arbitrary 

coupled NTLs. 

 

2. THE EQUATIONS OF COUPLED NTLS 
 

In this section, the equations related to the lossless 

coupled NTLs in the frequency domain are reviewed. It 

is assumed that the principal propagation mode of the 

lines is TEM or quasi-TEM. This assumption is valid 

when the lengths in the cross section are being small 

enough compared to the wavelength. Figure 1 shows a 

typical coupled NTL consisting of N lines with length of 

d. 

 

 
Figure 1. A typical coupled nonuniform transmission line consisting of 

M lines with length of d 

 

It is assumed the inductance and capacitance matrices of 

the structure can be written, respectively, as follows 
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The partial differential equations describing the assumed 

structure are given by 

)()(
)(

0 zzfj
dz

zd
IL

V
ω−=   (3) 

)()(
)(

0 zzgj
dz

zd
VC

I
ω−=   (4) 

in which V and I are N×1 voltage and current vectors, 

respectively. Combining (3) and (4), gives the following 

differential equations for the voltage and current vectors 
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3. DECOUPLING THE EQUATIONS OF COUPLED NTLS 
 

One sees from (3)-(6) that, solving analytically the 

equations of coupled NTLs is a quite difficult problem 

generally. The main difficulty at first step is the existing 

of non-diagonal matrices L0 and C0 in them. To 

overcome this problem, the following modal voltage and 

current vectors can be defined 
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where TV and TI are transfer matrices, which must be 

satisfy two following relations [13] 
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in which 
m
0L  and 

m
0C  are diagonal inductance and 

capacitance matrices. Setting (7)-(10) in (3)-(6), the 

following decoupled equations are obtained 
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in which 
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000 )(
mmm CLβ ω=    (15) 

is a diagonal matrix, consisting of propagation 

coefficients of decoupled modes at z = 0. One sees that 

each of the resulted equations consists of N decoupled 

equations. In fact, we have to analyze N nonuniform 

decoupled single lines (Modal Lines) instead of N 

nonuniform coupled lines, now. The ABCD parameters 

of the n-th modal line, defined by 

















=








)(

)(

)0(

)0(

dI

dV

DC

BA

I

V
m

n

m

n

m

n

m

n

m

n

m

n

m

n

m

n   (16) 

can be obtained after analyzing it, using a suitable 

method. 

 

4. ANALYSIS OF COUPLED LINES 
 

After finding the ABCD parameters of all modal lines, 

the following relation is obtained 
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where 
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in which Am
, Bm

, Cm
 and Dm

 are diagonal matrices, 

whose main diagonals consist of m

nA , m

nB , m

nC  and 

m

nD , respectively, for n = 1, 2, …, N. Finally, the 

relation between the voltages and currents of all physical 

ports is obtained using (17) and (7)-(8), as follows 
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where ΦΦΦΦ is the chain parameter matrix and is given by 
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Of course, one can determine the S parameter matrix 

from the chain parameter matrix after some 

manipulations, as follows 
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5. CONCLUSIONS 
 

A general method was proposed to simplify the analysis 

of coupled Nonuniform Transmission Lines (NTLs). The 

modal decomposition approach is used to decouple the 

sets of differential equations, first. Then, the ABCD and 

so the S parameters of the coupled NTLs are obtained, 

after analyzing the modal lines using a suitable method. 

Some closed relations were obtained for this purpose. 

This method is applicable to many arbitrary coupled 

NTLs. 

2 International Symposium on Antennas and Propagation — ISAP 2006



REFERENCES 
1. L. A. Hayden and V. K. Tripathi, “Nonuniform 

coupled microstrip transversal filters for analog 

signal processing”, IEEE Trans. Microw. Theory 

and Tech., pp. 47-53, Jan. 1991. 

2. T. Dhaene, L. Martens and D. D. Zutter, “Transient 

simulation of arbitrary nonuniform interconnection 

structures characterized by scattering parameters”, 

IEEE Trans. Circuits and Sys.-I, pp. 928-937, Nov. 

1992. 

3. M. Khalaj-Amirhosseini, “Analysis of coupled 

nonuniform transmission lines using Taylor’s series 

expansion”, IEEE Trans. Electromagn. Compat., 

Aug. 2006. 

4. K. Kobayashi, Y. Nemoto, R. Sato, “Equivalent 

circuits of binomial form nonuniform coupled 

transmission lines”, IEEE Trans. Microw. Theory 

and Tech., pp. 817-824, Aug. 1981. 

5. A. Cheldavi, M. Kamarei, S. Safavi Naeini, 

“Analysis of coupled transmission lines with power-

law characteristic impedance”, IEEE Trans. 

Electromagn. Compat., pp. 308-312, Aug. 2000. 

6. A. Cheldavi, “Exact analysis of coupled nonuniform 

transmission lines with exponential power law 

characteristic impedance”, IEEE Trans. Microw. 

Theory and Tech., pp. 197-199, Jan. 2001. 

7. A. Cheldavi, “Analysis of coupled Hermite 

transmission lines”, IEE Proc. Microw., Anten. and 

Prop., pp. 279-284, Aug. 2003. 

8. C. R. Paul, “Analysis of multiconductor 

transmission lines”, John Wiley and Sons Inc., 

1994. 

9. M. Khalaj-Amirhosseini, “Analysis of coupled or 

single nonuniform transmission lines using step-by-

step numerical integration”, Progress in 

Electromagnetics Research, No. 58, pp. 187-198, 

2006. 

 

International Symposium on Antennas and Propagation — ISAP 2006 3


