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Abstract
Microstrip couple line is an integral part of microwave engineering 
.In this paper an attempt has been made in order to provide certain 
idea about the design of Microstrip couple line that employs stepped 
impedance asymmetric coupled line. Instead of going into the deep 
theoretical idea which is used to design such a couple line, it can 
be easily done using the commercial electromagnetic simulator. 
The information about the even and odd mode impedance can be 
used to determine the coupling.
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I. Introduction
Microstrip coupled lines are integral part of any planar microwave 
integrated circuit [1]. The coupled lines consist of two transmission 
lines in close proximity where the two may or may not be of same 
width [1] [2]. If the two lines are of same width then it is called 
symmetric coupled lines and if the two are of different width 
then it is called asymmetric coupled lines. Symmetric as well as 
asymmetric coupled lines find wide applications in filters, couplers 
and in impedance matching networks. In symmetric coupled lines, 
the two distinct modes are namely the even and odd mode as per 
the excitation. However, in case of asymmetric coupled lines 
it is known as c mode and pi mode which are average of even 
modes and odd modes, respectively [2]. Presently, electromagnetic 
simulation has been extensively incorporated to compute these 
modes that help in avoiding tedious computations of determining 
the mode characteristics [2]. Mode characteristics of asymmetric 
coupled lines were analyzed in [3]. In [4] difference between 
mode velocities corresponding to even and odd mode in quarter 
wavelength coupled line was analyzed. 

Fig. 1: Asymmetric Coupled Lines With Even Mode Excitation

However, the recommendation of equivalent dielectric constant 
to compute length was restricted to quarter wavelength coupled 
lines only. Closed form expressions for capacitances, impedances 
and phase velocities were put forward by Bedair [5]. The work 
on determining design parameters of asymmetric coupled lines 
for any kind of dielectric substrate was put forward in [6]. With 
the advent of commercial electromagnetic simulation software 
based on computational electromagnetic methods like method of 
moments (MoM), finite element method (FEM) and finite difference 
time domain (FDTD) technique, the analysis of symmetric as well 
as asymmetric coupled lines were more rigorous with improved 
design insights. Once such attempt was to obtain undistorted 
passband response of bandpass filters employing asymmetric 
coupled lines by using effective characteristic impedance. One 
may recollect at this point that non-uniform passband response 
was observed in coupled lines based band pass filters (BPF) in 
[4].  Thereafter, work on application of parallel coupled lines in 
generating notch bands [8] and extension of parallel coupled lines 
with stepped impedance lines [9] was reported.

Fig. 2: Variation of Impedance With Frequency for Different 
Spacing s for Fig. 1 (a).

In this work the manifestation and variants of stepped impedance 
topologies in asymmetric coupled line topologies are analyzed 
to have improved insight on mode characteristics as well as 
coupling. This apriori information would be useful in designing 
filter I/O coupling lines, couplers and microwave integrated circuit 
interconnects.

II.Asymmetric Coupled Microstrip Lines
When two unshielded planar transmission lines are in close 
proximity, power can be coupled from one line to the other due 
to the interaction of the electromagnetic fields of each individual 
line. Such systems of two or more number of lines are referred
 to as coupled transmission lines. The microstrip coupled line 
operates in quasi-TEM mode of propagation. There are two kinds 
of excitations for the coupled line which are namely the odd mode 
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and even mode excitation. In the even mode of excitation the 
currents in the conductor strips are

Fig. 3: Variation of Impedance With Frequency for Different 
Spacing s for Fig. 1 (b).

Fig. 4: Variation of Impedance With Frequency for Different 
Spacing s for Fig. 1 (c).

equal in amplitude and also in the same direction. The mode in 
which the currents in the strip conductors are equal in amplitude 
but in opposite directions is called odd mode. Even and odd mode 
effective dielectric constants εeff and the even (Z0e) and odd mode 
(Z0o) characteristics impedances are the most important parameters 
that characterize the quasi-TEM mode of operation. These two 
modes of propagation experiences different values of permittivity 
and also they propagate with different phase velocities with odd 
mode velocity being greater than even mode velocity [4].  
In words, Z0e is the characteristic impedance of one of the strip 
conductors relative to ground when the coupled line is operated in 
the even mode and Z0e is the characteristic impedance, when the 
coupled line is operated in odd mode. The characteristics impedance 
of odd mode is smaller than the even mode characteristics 
impedance due to the presence of large capacitance between the 
parallel conducting strips. In this study the two closely spaced 

conductors are stepped impedance lines as shown in Fig. 1. The 
lower impedance is indicated by Z01 and high impedance section is 
indicated by Z02. For the present analysis the value of Z01 is taken 
as 28 Ω and Z02 is taken as 45 Ω. Length of the low impedance 
sections in fig. 1 (a) and high impedance sections in fig. 1 (b), (c) 
and (d) is 5mm. The length of the high impedance section in Fig. 
1(a) as well as the low impedance sections in Fig. 1(b), (c) and (d) 
are 20 mm. These values are taken to illustrate the observations of 
such combinations of asymmetric coupled lines which to the best 
of our knowledge have not been analyzed so far. The microstrip 
transmission lines are realized using substrate with permittivity 
4.4 and height 0.787 mm. The determination of the even and odd 
mode impedances can be done using techniques outlined in [2]. 
However, we need to extract the common mode and difference 
mode impedances from where we can compute the even and odd 
mode impedances. The relations are given in (1) [2].

    (1a)

     (1b)

Fig. 5: Variation of Impedance With Frequency for Different 
Spacing s for Fig. 1 (d).

Fig. 6: Variation of Coupling With Frequency for Different Spacing 
s for Fig. 1 (a).
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Fig. 7: Variation of Coupling With Frequency for Different 
Spacing s for Fig. 1 (b)

Certain electromagnetic analysis software like Sonnet can provide 
this data directly. This is the reason that we have used Sonnet Lite 
14.53 (a free student version) to extract the common mode and 
difference mode impedances.

III. Results and Discussion
The simulated even and odd mode impedances are extracted 
as explained in the previous section for all the combinations as 
shown in Fig. 1. These combinations are quiet often encountered 
in filter design as well as in I/O sections. The variations of even 
and odd mode impedance with frequency for various spacing 
are shown in Fig. 2 to Fig. 5 corresponding to topologies shown 
in Fig. 1 (a) to (d), respectively. In resonance to the observation 
in symmetric coupled lines, the odd mode impedance is lower 
than the even mode impedances for each of the topology. The 
difference increases with frequency except in the case for topology 
as given in Fig. 1(b).Spacing has most influence on the odd mode 
impedance corresponding to coupled line system shown in Fig. 
1(b) and on the even mode impedance of the asymmetric coupled 
lines as illustrated in Fig. 1(c).
In addition with the information of even and odd mode impedance 
we can compute the coupling ‘C’ that provide a vital information 
of the interaction between the asymmetric microstrip lines. The 
relation given in (2) helps in computing the coupling.

  (2)

Fig. 8: Variation of Coupling With Frequency for Different 
Spacing s for Fig. 1 (c)

Fig. 9: Variation of Coupling With Frequency for Different 
Spacing s for Fig. 1 (d)

The variation of computed coupling coefficient for various spacing 
and frequency corresponding to the topologies of asymmetric 
coupled lines is shown in Fig. 6 to 9, respectively. It is natural to 
expect coupling between parallel lines decrease with increasing 
spacing. However, Fig. 9 shows that the coupling is highest for 
a spacing of 0.3 mm instead of 0.1 mm. For a given spacing, the 
least coupling strength is for the asymmetric coupled line topology 
shown in Fig. 1 (d). Fig 7 shows that the highest coupling is for 
the topology as given in Fig. 1(b).  

IV. Conclusion
In this paper asymmetric coupled line comprising of stepped 
impedance resonators is analyzed with different spacing(s). From 
the odd and even mode impedance value the coupling coefficient 
is determined and it is found that the as the spacing increases 
between the coupled lines the coupling between them reduces 
expect when two stepped impedance sections with low impedance 
section in the middle for both the asymmetric coupled lines are 
brought to close proximity. This information provides a guideline 
for design of input output coupling sections often employed in 
microwave circuits. These results suggest that for high coupling 
the asymmetric coupled lines must be placed in such a manner 
that low impedance coupled with high impedance sections and 
vice versa. These data give a wide design guideline for filters 
and couplers.
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