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ABSTRACT 

A numerical analysis of two-conductor microstrip 
transmission line with a rectangular notch in the dielectric between 
two conducting strips is presented. Three media integral equations 
are derived and are solved for the charge distributions. The 
decoupling between such two-conductor microstrip transmission 
line is investigated. It has been found that the coupling between 
two conducting lines will be reduced significantly by removing 
dielectric material between the lines which has a rectangular shape. 
For best decoupling, the width should be as wide as possible 
between the conducting lines but the depth will have an optima 
somewhere in the base dielectric substrate. 

I. INTRODUCTION 

In the last two decades, with the development of electronic 
hardware, the trend of design has shifted from dependence on both 
electrically and physically large components which are more 
independent of each other to universal usage of smaller and denser 
integrated circuits and systems which are more tightly coupled. 
This trend appears to be continuing along with the requirement for 
faster circuits and larger bandwidths. With the universal use of 
smaller and denser circuits, the operation of systems becomes 
much more dependent on how signals propagate on the circuit 
interconnections. The related coupling between circuit 
interconnections limits the bandwidth of dense microwave circuits 
and the logic speed of digital and computing circuits and systems. 
Previous study has been devoted to characterize this circuit 
behavior based on planar infinite-width substrate models [I]. 
However, it is extremely important to find a practical method to 
minimize the coupling between interconnecting lines. 

In this investigation, attention is focused on the problem of 
de-coupling between a two-conductor microstrip transmission line. 
One possible method is by employing a rectangular dielectric notch 
between the two conducting lines as shown in Fig. 1. The 
reduction of inter-line coupling can be accomplished by possible 
changes in the dimensions of the notch and the relative 
pennittivities of the substrate and notch region. 
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The transmission line problem shown in Fig. 1 can be 
solved using a free-space Green's function formulation in tems of 
equivalent surface charge sources coupled with a moment method 
solution [2] using a quasi-static TEM model. This approach to 
planar type problems has been described by Hanington and 
Pontoppidan [3], Adams and Mautz [4], and, in a slightly different 
form, by Smith [5] and Smith and Chang [6,TJ. A method for 
computing the normal mode parameters of asymmetric coupled 
microstrip lines is developed in [8]. Coupled integral equations are 
formed and solved for the self and mutual capacitances of 
asymmetric lines by moment methods. The asymmetric 
transmission lines with finite length are discussed by Tripathi [9]. 
Terminal characteristic parameters (impedance, admittance, etc.) 
are derived in terms of two independent modes that propagate in 
two uniformly coupled propagating systems. The theory of quasi- 
TEM modes on coupled transmission lines in terms of voltage and 
current eigenvectors is developed by Kajfez [IO]. 

U[. BASIC FORMULATION 

The integral equations related to this study are developed 
by considering a two-dimensional boundary value problem. The 
equations to be derived are valid for the general case of three 
dielectric regions with perfectly conducting strips inside one of 
these dielectric regions, as shown in Fig. 2. 

Region I consists of a dielectric material of permittivity c l ,  
bounded by contours C, and C, where C, = C'+C" +C". Region 
II consists of a dielecuic matenal with permittivity e2, bounded by 
contours c b  and c,. Region consists of a dielectric material 
with permittivity e3, bounded by contours C,, Cb, and Co. 
c'=c,+cb+c,. Inside region U[I there are two perfectly 
conducting strips C, and C, with surface charges psl and ps2. The 
potentials +CO, +cl and +a are known and constant on CO, C,, 
and q, respectively. However, neither 4 nor &$/an are known on 
C,, C, and C,. 

Fig. 1. Cross-section of the two-conductor 
microstrip transmission line. 
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Fig. 2. Generalized problem. 



Laplace's equation in the source-free region I is given by 

0291(xtY)=O, (1) 

where the free-space Green's function relation 

$Go( x, Y, ;x' ,Y' ) =-6 ( x ,  Y;X' , y' ) , ( 2 )  

can be considered with 

with both field point (x,y) and source point (x',y') on contours C, 
and C,. 

An integral equation b,(x,y) can be derived by multiplying 
(1) by Go and (2) by bl. Then if these equations are summed, 

Gov?@l-$1&0=6 $1. ( 4 )  

If both sides of (4) are integrated over the volume bounded by 
C,+C,, Green's theorem can be applied to obtain the relation: 

In region 11, the same procedure can be. applied to obtain: 

In region 111, the integral equation solution for Poisson's equation 
in terms of the source ps becomes: 

( 7 )  

A set of quations describing the potential everywhere can then be 
obtained from (9, (6) and (7) as follows: 
For region I: 

and 

O = j  [Go%-Ql$]dS, (x,y)cII or 111. ('1 
ca +cc 

For region II: 

and 

For region III: 

and 

(131 (x,y) E I or 11. 

The potentials in (9), (11),and (13) vanish because the 
regions of integration do not contain the delta function from the 
Green's function relation in (2). If the contour CO is assumed to 
approach infmity, the integration on that contour does not 
contribute to the solution. 

Equations (8) through (13) are combined by using the 
boundary 'condition b1=b2 on c,, b2=43 on Cb and 41'63 on 
C,, which leads to one equation valid for regions I, 11 and m, i.e.: 

where i=I, II or 111. 
Since the integrand of the potential integral equation is 

discontinuous on C,, it can be represented in terms of three 
equivalent surface charge densities. Thus, this threedielectric 
regions problem can be represented in terms of two sources, psl 
and ps2, and three surface charge densities, a,, and a,, residing 
on the interfaces of homogenous media C,, c b  and C,, 
respectively. With e3=e0, (14) then reduces to: 

For this mathematical model, the normal component of the 
displacement vector D is continuous on the contours separating the 
regions. This condition leads to another integral equation in terms 
of equivalent surface charges. If the derivative of (15) in the 
appropriate region is taken and the condition 

c 2 [ - 2 ) - q  (-%)=o, (X,Y) c c, (16) 

is enforced, along with the extraction of the principal value for the 
improper integral as the field point (x,y) approaches the contour 
C,, another integral equation can be obtained after simplification 
[ 1 13. The application of (16) gives: 
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and 

where c1 = crleO and e2 = er2q,. 
In order to specialize the general geometry in Fig. 2 to the 

microstrip problem shown in Fig. 1, the contours C, and C, will 
touch C' and C", respectively. The normal component of the 
displacement vector D is discontinuous by an amount equal to the 
freecharge density on the conductors. This discontinuity 
condition results in the following equation: 

Equations (15),(17),(18),(19) and (20) represent a set of 
integral equations which can be. used to solve the unknown charge 
densities psl, pa, ua, ab, and uc, with known pota~tial dCl and +c2 
on the conductive contours C, and q. These equations can be 
reduced to a set of matrix equations by using the method of 
moments. The pulse basis function and point matching technique 
using Dirac delta functions for testing are employed for the 
numerical solution [2,q. 

After these charge densities are obtained, the capadtances, 

impedances, relative permittivities, and phase velocities can be 
derived as well. 

CI1, C12, ql, and C, are easily dexived. The charactens - tics 

m. NUMERICAL RESULTS AND DISCUSSION 
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Fig. 3. Mutual capacitance versus er2 with L=0.6H. 
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Fig. 4. Mutual capacitance versus er2 with D=B. 

with er2. This means that the minimum can be obtained when 
er2=l, which represents the air-dielectric notch. This property 
shows that a possible method for reducing the coupling W e e n  
the strip lines is by removing a rectangular material from the 
substrate between the conductors. 

Then, &der the same symmemc two conductor 
transmission line with a removed rectangular dielectric notch 
between the strips. For this geometry, Wl/H=W2./H= 1, TIw=5, 
B/H=l, er2=1 and er1=16. The influences of various D and L 
on the mutual capacitances between the conducting strips are 
shown in Figs. 5 and 6, respectively. From Fig. 5, it can be easily 
seen that for best decoupling, D should be equal to B, which 
means that the width of the dielectric "ial to be removed 
between the conducting strips should be as wide as possible. 

In order to investigate the de-coupling b e e n  the strips, 
the mutual-capacitance C, (or GI) is the most important factor 
to be discussed. Consider a symmemc twoconductor microstrip 
transmission line, as shown in Fig.1, with Wl/H=W2/H=l, 
TIW-5, Bm-1, erl=16, and a rectangular notch with width D, 
depth L, and relative dielecmc constant er2. The effect of D, L, 
and er, on the mutual capacitances between two strips are shown 
in Fig. 3 and Fig. 4. Fig. 3 shows the capacitance C,, v e r ~ ~  er, 
for L-0.6 H and D is a varying parameter. Whereas Fig. 4 shows 
the capacitance C,, versus er2 for D=B and L is a varying 
parameter. As can be seen, there is an intersection of all curves 
in these figures. This occus when €,,=I6 (i.e. er2=erl), which 
means that there is no notch between the two strips. At this point, 
the capacitances should have the same values because the geometry 
is the same. From Figs. 3 and 4, it can be seen that C12 in-s 

l 

I 

e l 
0 0.2 0.4 0 . 6  0.8 1 

D/B 

Fig. 5. Mutual capacitance versus D/B with er2=1. 
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Furthermore, from Fig. 6, the curve which represents D=B shows 
a minimum value for L/H. This means that for best de-coupling, 

I 
l 

0 

0 0.2 0 . 4  0.6 0 . 8  

IV. CONCLUSION 

broader bandwidth microwave circuits for communications 
required in future weapons and support systems. 
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