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ABSTRACT 
In the age of digital and analog electronics electrons play a significant role in the growth of various 

technologies being used in the vast development of nation as well as whole world. Electrons play a 

dual character of particle as well as waves or radiations. Due to particle characters electrons 

constitute currents that flow through high quality conductors and superconductor as well. Also these 

electrons when accelerated to a high energy produce electromagnetic radiations of wide range of 

frequencies from radio to giga hertz range. With the advent of microwave integrated circuits the large 

scale components have been reduced to miniaturized size components such as strip line and micro 

striplines and their variants. Their weight and cost have been largely reduced. Such components are 

known as planar transmission structures having significant properties such as low attenuation, easily 

replaceable with increased reliabilities. In the present work we have to study the capacitive reactance 

of a coupled micro stripline structure which requires the primary study of characteristic impedance 

and phase velocity. The capacitive reactance is the function of permittivity, height of the dielectric 

materials, and width of metal strips along with the thickness of metal strip. Present study is focused on 

the variation of capacitive reactance with the width of similar metal strips. 

 
Index Terms Capacitive reactance, Strip width, Permittivity, Phase velocity & Characteristic 

impedance. 
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I. INTRODUCTION 

 

The electromagnetic energy offers many new and existing possibilities in agriculture, food and seeds 

preservation and to change vegetable taste by reducing acidity. Further electromagnetic devices 

include transformers, electric relay, radio/TV, telephones, electric motors, transmission lines, 

waveguides and lasers. The design of these requires knowledge of the laws and principles of 

electromagnetic fields. The basic laws of electromagnetic fields  are defined by four Maxwell field 

equations such as 

 

      Ñ.D = ρv                                                                                  

     Ñ. B = 0                                                                                    

  Ñ X E = - ∂B/ ∂t                                                                            

  Ñ X H =  J  + ∂D/ ∂t          

 

Where,  = Vector differential operator, D = Electric flux density, B = Magnetic flux density, E = 

Electric field intensity, H = Magnetic field intensity, ρv =  Volume charge density, and J = Current 

density. 

These field equations deal with vector quantities. These equations are derived from time varying 

situations of electromagnetic field vectors and these are useful in practical electromagnetic devices. 

 Now the two parallel wire transmission lines are the simplest structures for microwave signals to be 

transmitted but these are very much lossy in high range of frequency. To minimize the size & cost 

new technology known as planar transmission line technology has been developed with the advent 

of microwave integrated circuits. There are various transmission structures which have been 

developed & designed by different pioneers of this field suitable for high range of frequency such as 

stripline, microstripline, slot line, coplanar strips and coplanar wave guides & their different variants.  

The stripline and microstripline are the simplest structure having features: Reduced cost, 

Miniaturized size, Easily replaceable and Minimized losses compared to other transmission 

structures. 

Several types of microwave striplines have been developed and used as common microwave 

transmission components. With the advent of microwave integrated circuits, the older transmission 

structures like two parallel wire lines, waveguide and co-axial line have been revolutionized with the 

introduction of miniaturized microwave planar transmission structure. This is very attractive and 

useful for micro wave integrated circuits applications involving a larger number of identical units 

and requiring a high density of packaging. 

In the present work characteristic parameters of coupled micro stripline are to be studied specifically 

capacitive reactances for even and odd mode wave propagation and their variations with width of 

similar metal strips. Any transmission structure possesses certain characteristic parameters like 

characteristic impedance, propagation parameter and phase velocity.          

        

II. CONFIGURATION OF STRIPLINE AND ITS COUPLED STRUCTURE 

 

A microstripline consists of a narrow conductor strip on one side of a dielectric substrate and the 

other side being completely metalized to serve as a ground plane. The microstrip structure may be 

derived from the stripline configuration by removing the top ground plane and upper laminate with 

metal strip pasted on substrate. 
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When two similar striplines are placed with sides parallel to each other, coupled structure is formed. 

This is most useful and widely applied in the field of microstripline structure in the design of stripline 

coupler and directional coupler. The structure and field configurations is as shown in fig-1 and its 

field configurations for even and odd mode are shown in fig-2 and fig-3. 

 

Fig. 1. Couple stripline structure 

 

Fig. 2. The Even-mode 

 

 

Fig. 3. The Odd Mode 

 

When energy is fed to the coupled structures wave propagates in both striplines. There is interaction 

between the fields produced by the waves. When wave propagates in the same direction, forward 
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coupling occurs and reverse coupling occurs when they propagates in opposite direction. Even and 

odd mode wave propagation is considered. 

 

III. FORMULATION OF CHARACTERISTICS IMPEDANCE FOR COUPLED 

STRUCTURES 
 

The characteristic impedance can be calculated with the help of elementary transmission line 

equation expressed as  

           Zo               =          1/VPCP                                                         ---------- 1 

 

Where, VP =     phase velocity of the wave traveling along the microstrip line. 

                           

                           =     c / ÖÎreff                                  ---------- 2 

 

   CP         =   capacitance per unit length of the line, which depends on geometry and dielectric 

medium of the structure and expressed as 

  

Cp   = (Îreff / c.η) (w/h) + (2/3) (Îreff / c.η) (w/h) (Îreff  / c.η).(2.7/Log4h/t)          ---------- 3 

 

Here,    c = velocity of electromagnetic wave in vacuum,  

             η = 377 Ω = Intrinsic impedance, 

             h = height of the substrate & 

             w = width of the metal stip. 

           Îreff = Effective dielectric constant, Using VP and CP in equation 1, Z0 is expressed as 

 

Zo   = (h/ÖÎreff). [1/[(w/h) + (2w/3h) + (2.7/Log4h/t)]                                              ------------ 4 

 

Due to inhomogeneity the phase velocity (VP) for the isolated case is replaced by Vpe for the even- 

mode and Vpo for the odd- mode when coupled structure is considered. Further in place of Îreff the 

effective dielectric constants (Îreff)e and  (Îreff)o are to be used for even- and odd- modes respectively 

in coupled structure.  

Similarly, Zoe and Zoo represent the characteristic impedances for even-and odd- modes respectively. 

Where  

 

Zoe    = (η/√Єreff). [1/ {(w/h) [1+ (1/3/√Єreff)] + (1/3√Єreff) (1/(w/s)+1)}                ---------- 5 

 

And  

 

Zoo    = (η/√Єreff). [1/ {(w/h) [1+ (1/3√Єreff) + (4/3√Єreff) (1/(s/w) +1)}]       ---------- 6 

  

Here, s denotes the spacing between two metal strips. 

 

IV. FORMULATION OF PHASE VELOCITY FOR COUPLED STRUCTURE 

 

As there are two modes of wave propagation such as even and odd through coupled structure, so the 

velocity of propagation of wave through structure is also of two types. These are even-mode velocity 

and odd-mode velocity denoted by (Vp)e and (Vp)e respectively . These are expressed as 
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For even mode 

     (Vp)e = c / (√Єreff)e                                                                              ---------- 7 

and for odd mode 

     (Vp)o = c / (√Єreff)o                                                                             ---------- 8 

 

V. FORMULATION OF CAPACITIVE REACTANCE OF COUPLED 

STRUCTURE 

 

As in the conformal transformation microstrip geometry is converted into parallel plate geometry, 

the microstrip structure is equivalent to a parallel plate capacitor filled with dielectric substrate. The 

capacitance between two plates is the ratio of total electric flux to the potential difference between 

the plates. This capacitance is the function of geometry of the plates, spacing between two plates and 

dielectric medium. The capacitance per unit length of microstrip structure is related with the 

characteristic impedance & phase velocity of the wave propagating through the microstrip structure 

and is given as 

 

CP  =        1 

                    VP. Zo                                         ---------- 9 

Where, 

 VP = phase velocity of the wave traveling along the microstrip line. 

  = c / √Єreff 

 c = Velocity of electromagnetic wave in free space. 

 Єreff = Effective dielectric constant 

  ≈ (Єr + 1) / 2 

   CP = capacitance per unit length of the line. 

 Zo = Characteristic impedance 

 

But in case of coupled microstripline structure, there exists two capacitors having same separation 

between them. The electric field configurations between these capacitors get modified. This further 

modifies the capacitance of the structure. Also power flowing in one line gets coupled to the other 

line & either in same direction or in opposite direction constituting two modes of wave propagation 

through the coupled structure namely: (i) even-mode of propagation and (ii) Odd-mode of 

propagation. 

 Hence in case of coupled microstripline structures there are two types of capacitances 

(i) Cpe = Capacitance of coupled structure for even-mode of propagation 

 

CPe  =         1              ---------- 10 

                    VPe. Zoe    

Where, 

 Zoe = Even-mode characteristic impedance 

 Vpe = Even-mode phase velocity 

  

Even mode capacitive reactance (XCE) = 1 /  ω CPe  

                        = 1 / angular frequency x Even mode Capacitance 

      = Z0e  VPe / 2 π f.                                                ---------- 11 
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(ii) Cpo = Capacitance of coupled structure for odd-mode of propagation 

CPo  =        1                             ---------- 12 

                    VPo. Zoo    

Where, 

 Zoo = Even-mode characteristic impedance 

 Vpo = Even-mode phase velocity 

Odd mode capacitive reactance (XCO) = 1 /  ω CPo  

                                               = 1 / angular frequency x Odd mode Capacitance 

      = Z0o  VPo / 2 π f.                                                 ----------- 13 

 Obviously, these reactances depend on strip geometry, spacing between two strips & 

effective relative permittivity of the medium which is Alumina (Єr = 9.6). 

 

VI. STUDY OF VARIATION OF EVEN & ODD-MODES CAPACITIVE 

REACTANCE OF COUPLED STRUCTURE WITH METAL STRIP WIDTH 

 

The capacitive reactances for even and odd modes are important parameters of the coupled structure 

for storing the energy. They can also give out the energy to other circuits during discharging. The 

study of variation of these capacitive reactances with stripwidth has been carried out manually. By 

giving different values of stripwidth different values of even and odd-modes capacitive reactances 

have been calculated. Keeping stripwidth along x-axis and capacitive reactances along y-axis graphs 

have been plotted as shown in graph -1. From these graphs it is evident that with increase of 

stripwidth both even and odd mode capacitive reactances decrease. The odd-mode capacitive 

reactance is smaller than that of even-mode capacitive reactance. It is also evident from the result 

that even mode capacitive reactance has faster decrease rate than the decrease rate of odd mode 

capacitive reactance. 

 

Graph – 1: Study of Variation of even & odd-modes Capacitances of   

                    coupled microstripline with stripwidth 

h = 100 mils, t = 0.05 mils, f = 2 GHz, s = 20 mils 

Єr = 9.6, 1 mils = 2.4 x10-3 cm 
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VII. CONCLUSIONS 

 

In coupled structure the equivalent capacitive reactance under study is due to capacitances existing 

between two strip lines as well as between top & bottom of the substrates. So this capacitive reactance 

solely & wholly depends on geometry of the coupled structure as well as dielectric medium used. 

With the increase of width of strip the energy and electric flux storing capacity increases. This 

property of the coupled structure can be utilized in designing microstripline filter, frequency 

generator and directional coupler. It may carry out future study. 
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