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Abstract — Characteristics of Coplanar waveguide 
structures (CPW Structures) and the associated 
discontinuities are studied. A Matlab program simulates the 
concerned structures and the corresponding Beta Plots are 
plotted. A new type of band-pass filter based on rectangular 
waveguide and CPW structure in series is designed based on 
the results of the study.  

I. INTRODUCTION  

At high frequencies the physical dimensions of printed 
circuit board (PCB) traces become significant relative to 
the wavelength of the signal. At these frequencies, 
controlled impedance transmission lines are used to move 
signals around a printed circuit board. By controlling the 
impedance and electrical length we can easily predict its 
behavior in a circuit. 
 
A Coplanar waveguide could be looked at as a wave-
carrying space between two parallel metallic strips 
fabricated on a dielectric. The microwave signal that 
propagates in this space undergoes attenuation depending 
on various factors such as the Slot width, Thickness of the 
Metallic Strips, Width of the Metallic Strips and the 
dielectric medium over which the CPW structure is 
fabricated. 

II. ADVANTAGES / DISADVANTAGES OF CPW 

In terms of circuit isolation, you can get great isolation 
using CPW, because there are always RF grounds 
between traces. Many examples of high-isolation RF 
switches have used grounded CPW to get 60 dB isolation 
or more. 

The advantage of having a thick substrate is realized when 
you fabricate CPW MMICs (Monolithic Microwave 
Integrated Circuit). The expense of backside processing 
(thinning, via etch, backside plating) is eliminated. With 
GaN technology, wafer slices are on the order of 12 mils 
(1 mil = 0.0254mm) thick, so for X-band devices, the 
height of the chip is well matched to 10 or 15 mil alumina. 

                       

For GaAs MMICs, wafer slices start out at 25 mils. If a 
CPW chip is mounted face-up, a severe height 
discontinuity can result. The way to get around this 
problem is to use flip-chip technology. 

The ground inductance for shunt elements is quite low for 
CPW, compared to microstrip applications. This is 
because the RF ground is present there straight away, and 
you don't have to drill a via hole to connect to it (vias add 
inductance). 

Unintended spurious transmission modes can also happen. 
In a parallel-plate mode, the substrate acts like a dielectric-
filled waveguide, and EM energy propagates along 
unintended paths. 

III.  ANALYSIS OF THE CPW STRUCTURE 

 
We consider the conventional coplanar waveguide with 
finite width. The ground planes are positioned on a 
dielectric substrate of finite thickness. One could treat the 
coplanar waveguide, which basically functions as a 
distributed network as a whole as a lumped network by 
breaking up the structure into its equivalent resistive, 
capacitive and inductive components along the path of 
microwave propagation. 

In the absence of all dielectrics, the capacitance of the line 
is given by the equation: 

 
 
Where: 

 
And, 

 
Here, a = 2S and b = S+2W. K represents the complete 
elliptic function of the first kind. S is the width of the 
metallic strip (in mm) and W is the slot width (in mm). 
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Now, when we consider metallic strips mounted on a 
dielectric, the equations for a Conductor-backed coplanar 
waveguide on a dielectric substrate, the empirical form of 
the characteristic impedance of the CPW line can be 
written as: 
 

 

Where: 
 

 
 
This function reproduces the microstrip impedance Zm 
exactly as q goes to infinity, and similarly for the CPW 
impedance Zc as q goes to zero. Here, h is the substrate 
thickness and εr the relative dielectric constant of the 
substrate. 
 
For S/h < 1, 

 
 

Else, 

 
 
Here, η = 120 Π ohms and,  
 

 
 

 

Also,  

 
 

Where: 

 
And, 
 

 
The ratio of the complete elliptical functions and its 
complement can be computed using the following 
relation: 
 

 
 
For complete elliptical integrals, K(k’) = K’(k) . K’ is the 
complementary function of K. 
 
Thus, by appropriate substitution in the impedance 
equation, one can find the characteristic impedance 
offered by the CPW line in consideration. For a basic 
CPW line, the capacitance between the two walls of the 
metallic strip can be looked at as shown provided the 
length of the CPW is comparable to the thickness of the 
metallic strip. 
 

 
Thus, the resonant frequency which shares an inverse 
relationship with capacitance C and the characteristic 
impedance of the coplanar waveguide both vary with the 
thickness of the dielectric substrate. In other words, every 
value of h corresponds to a unique value of resonant 
frequency. And that resonant frequency, in turn 
corresponds to a unique value of characteristic impedance 
through its relationship with h. 
 
Now, the Characteristic impedance of the CPW line can 
also be written as: 

 
 
Ca is the capacitance of the transmission line for a unit 
length of the microstrip configuration with the dielectric 
materials replaced by air. C is the capacitance of the 
transmission line for a unit length of the microstrip 
configuration with the dielectric present. 

 
Now, β, the normalized propagation constant is given by: 

 

 

Where k0 = 2 Π/ λ0. The value of λ0 is taken to be equal to 
W at resonance. 
 
The simulation for the Normalized propagation constant 
versus frequency keeping εr, the dielectric constant at 
value 2.22 and S, the width of the metallic strip at 
1.524mm yielded plots as shown in Fig[1] for different 
values of slot width W. 
 



The simulation for the Normalized propagation constant 
versus frequency keeping W, the slot width at value 3mm 
and S, the width of the metallic strip at 1.524mm yielded 
plots as shown in Fig[2] for different values of dielectric 
constant εr . 

IV.  CONCLUSION 

 
From the Fig [1], we can infer that the CPW structure acts 
as a low-pass filter.  We also find that the CPW structure 
in consideration supports a rectangular feed. Now, if we 
could fabricate a rectangular waveguide as the feed for the 
CPW structure, the resulting configuration would behave 
as a band-pass filter. This would happen because a Low 
Pass Filter (By CPW Structure) and a High Pass Filter (By 
Rectangular Waveguide) in series would create a Band 
pass filter. The energy loss corresponding to the lossy 
frequencies occurs at the discontinuity between the 
rectangular waveguide and the CPW structure if the 
tapering section is not present. If present, the discontinuity 
loss occurs at the tapering section-CPW and the tapering 

section-rectangular waveguide junctions. The tapering 
section, rectangular waveguide and CPW structure may be 
constructed over materials of different dielectric constants 
and bonded together. 
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FIG [1]: PLOT BETWEEN FREQUENCY AND BETA KEEPING W CONSTANT 

 
 



 
 

FIG [2]: PLOT BETWEEN FREQUENCY AND BETA KEEPING εr  CONSTANT 
 

 
 

FIG [3]: PROPOSED IMPLEMENTATION OF A BANDPASS FILT ER BASED ON CPW DISCONTINUITY 


