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ABSTRACT 

In the field of high energy physics, it is often necessary to accelerate electron 

beams to velocities close to that of velocity of light. Due to interaction of 

electron beam with electromagnetic waves, kinetic energy of electron is 

increased. Microwaves have become very powerful experimental tools for study 

of some of the basic properties of materials. There are different structures for the 

propagation of electromagnetic powers in different modes. Also, there are 

various devices for sending massage or signals from one place to another remote 

place.  In the age of Moughal period pigeons were employed for sending 

massage. Now in the age of modern science & technology, radios, television, 

telegraphs, satellite, cell phones and mobiles are used for sending the message 

from one place to other places how far away the Microwave Integrated circuits 

(MIC’S) have changed these systems in the present days by replacing large scale 

waveguides and co-axial component arrays to small light weight assemblies. 

These introduced microwave striplines, microslotlines, coplanar strip lines and 

coplanar waveguide etc. The design system used for these circuits has also 

changed from the early “cut & try” methods, using “ruler and knife” to the 

computer aided design (CAD). 

The Present Paper aims at the study 0f inductive property developed due to 

propagation of electromagnetic waves through the structure and its dependence 

on the width of the metal strip and other factors. Such study involves the 

characteristics parameters such as characteristics impedence and phase velocity 

and their variations with width metal strip and its utility in designing different 

planer devices. 

Keywords: Microstripline, Capacitance, Stripwdth, Geometry of strip. 
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I. INTRODUCTION 

 

Several types of microwave strip lines 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 MIC’s applications involving a larger 

number of identical units and requiring a high density 

of packaging. The two parallel wire transmission lines 

are the simplest structure for microwave signal but 

these are very much lossy in giga hertz range of 

frequency. To minimize the losses & to reduce the 

size & cost new technology known as planar 

transmission line technology has been developed with 

the advent of microwave integrated circuits (MIC’s). 

There are various transmission structures which have 

been developed & designed by different pioneer of 

this field suitable for giga hertz range of frequency 

such as stripline, microstripline slot line, coplanar 

strips and coplanar wave guides & their different 

variants. 

 

The two parallel wire transmission etc. Structure 

coaxial lines, wave guide have because obsolete now 

days due to their bulky size, heavy cost and power 

losses in gigahertz range of frequency. The planar 

transmission line (2-dimensional). Technology have 

been developed due to advent of microwave 

integrated circuit (MIC’s) owing to certain special 

features and characteristics such as: Miniaturized size, 

Reduced weight, Low cost, Minimum power 

consumption, Low dissipation of power, easily 

replaceable, Easy to fabricate. 

 

II. CONCEPTS OF MICROSTRIP LINE STRUCTURE 

 

In the giga hertz range of frequency stripline, 

microstripline and their variants have been proved to 

be significant in transmitting the signals. Among 

these microstripline is simple and open structure. It is 

easy to fabricate and less lossy. 

Microstripline consists of a metal strip fixed on one 

side of a dielectric substrate whose other side is 

metalized to serve as ground plane. The substrate 

material should be of suitable permittivity having low 

loss tangent and the operating frequency ranges from 

2 GHz – 30 GHz. For maximum circuit size reduction, 

the dielectric substrate material has been selected 

having relative permittivity of the order of two or 

higher. But due to smaller loss tangent or low 

dissipation factor fused quartz like substrate is 

preferably used. As shown in figure 1. The filled 

configuration is shown in figure 2. 

 
Figure 1 microsterip line structure 

 
Figure 2 electric and magnetic field configuration. 

 

The present work aims at the study of inductive 

reactance and its variations with width of the metal 

strips. This involves the study of the study of 

characteristics impedence and phase velocity and 

their variations with metal strips. This required some 

mathematical formulation based on conformal 

transformation technique developed by wheeler, 

Schwartz man and others. 
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III. MATHEMATICAL FORMULATION FOR THE CHARACTERISTIC PARAMETERS OF SINGLE 

STRIPLINE STRUCTURE 

 

The characteristic impedance of TEM transmission line is given by 

  Zo = 1/VPCP   ----- 1 

Where, VP= phase velocity of the wave traveling along the transmission structure. 

    CP= capacitance per unit length of the structure. 

In case of microstriplines structure shown in fig .1consists of different components as indicated in the figure. 

These components are as follows: 

(i) CPP = Parallel plate capacitance between lower surface of the   microstrip and the ground plane and is given 

by 

     CPP   = [Єre/Cη] . (w/h)                                                                                ----  2 

(ii) CPPU = Parallel plate capacitance between the upper surface of   the microstrip and the ground plane which 

is expressed as   

           CPPU  = (2/3) [Єre/Cη] . (w/h)                                         ------ 3 

              Cf = the fringing capacitance at the edges of the microstrip and the              

                     ground plane which is expressed as     

(iii) Cf = [Єre/Cη] . (2.7/Log4h/t)                                                      -----  4 

      Where, 

           W = microstrip width  

          Єre = The effective permittivity of the medium 

           h = height of the substrate 

           η = free space impedance = 377 Ω 

           C = the velocity of light in free space =  3.0 X108  m/sec 

  t = microstrip thickness. 

Combining equations 2, 3, 4 the total capacitance (CP) per unit of the structure is expressed as 

 CP=CPP + CPPU + Cf 

Or, 

 Cp= (Єre / Cη) (w/h) + (2/3) (Єre / Cη) (w/h) (Єre / Cη).(2.7/Log4h/t)                                 -----  5 

This is the expression of the capacitance of the microstrip structure in terms of its geometric parameters. 

The phase velocity VP can be calculated by the formula 

 VP=C/√Єre                                 ------ 6 

For wide strip, Єre ≈ Єr, and  

For narrow strip, Єre ≈ (Єr + 1) / 2  

Where Єr = relative permittivity. 

From equations 1, 5, and 6 we get, 

Zo=(η/√Єre)[1/[(w/h)+(2w/3h)+(2.7/Log4h/t)]]                                                                     ------ 7 

Using his expression, we can also calculate other characteristic parameters of transmission line e.g., propagation 

constant, phase velocity and guide wavelength. 
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4. FORMULATION OF INDUCTIVE REACTANCE OF SINGLE STRIPLINE 

Since the microwave strip line involves an abrupt dielectric interface between the substrate and the air above it. 

Any transmission line which is filled with a uniform dielectric can support a single, well-defined mode of 

propagation over a wide range of frequency. Microstripline supports TEM mode of propagation. Although it is 

true that bulk of energy is transmitted along the microstripline with field distribution closely resembling TEM-

mode. It is usually referred to as a quasi-TEM mode. The field distribution is quite complicated. The electric 

field (E) and magnetic field (H) have been shown in figure 2. The fields have been analysed by a number of 

workers using various static technique in the analysis process characteristic impedance and phase velocity are 

computed which are further employed in calculating the self inductance. The characteristic impedance is 

related with primary and secondary line constants as 

                                                                                    ----------------8 

At microwave frequency and for low loss 

Z0 =            L 

                                C                                                                                          ---------------9 

Where, 

        C = Capacitance of the stripline transmission structure 

         L = Self inductance for low loss stripline transmission structure. 

Alternate expression for characteristic impedance for such structure is given as 

        Z0 = Vp . L                                                                                             --------------- 10 

From equation 3,  

         L = Z0 / Vp 

Knowing the value of characteristic impedance of the microstripline transmission structure and phase velocity 

of the wave passing through the structure, Self inductance of the structure can be determined. This property of 

the structure is due to change of magnetic flux linked with the structure which is owing to the presence of 

magnetic flux and energy flowing through it. 

If   ω =2 π f, then inductive reactance X= ωL=2 πfL where f=operating frequency. 

The inductive reactance is the property of the structure developed due to wave propagation and 

presence of magnetic flux. this is a lossless parameter but produces hindrance to the flow of electromagnetic 

power and its due to energy observe by the structure. The study of variation of inductive reactance is the aim of 

present paper. 

Table No. 1: Study of variation of self-inductance with stripwidth 

f = 2 GHz, h = 100 mils, t = 0.02 mils, Єr = 3.78(fused quartz), c = 3 x 108 m/sec 1 mil = 2.54 x 10-5 meter. 

 

 

 

 

 

 

 

 

Stripwidth 

w (mils) 

Characteristic 

Impedance Z0 (Ω) 

Phase velocity 

Vp x 108 m/sec 

Self-Inductance 

(L) 

x 10-7 H 

Inductive 

reactance(ohm) 

* 10’3 

20 137.10 1.86 7.37 9.256 

45 105.62 1.84 5.74 7.209 

60 94.83 1.82 5.21 6.543 

75 86.52 1.81 4.78 6.003 

90 80.20 1.80 4.45 5.589 
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5. STUDY OF VARIATION OF INDUCTIVE REACTANCE WITH STRIPWIDTH 

By changing the width of the maetal strip the inductive reactance of the stripline has been studied. Result 

obtained shows that for given frequencies and dielectric material inductive reactance decreases with increase of 

width of the stripline. This shows larger concentration of field lines below the strip and greater amount of 

power flow. The result is shown in table 1 related graphs in graph no.1.This concludes that for wider strip the 

rate of variation of inductive reactance with strip width w is always the same. This idea is very useful for a 

designer to design microstripline of given inductive reactance for lower dissipation and larger selectivity. 

Graph No. 1: Study of variation of self inductance with stripwidth 

f = 2 GHz, h = 100 mils, t = 0.02 mils, Єr = 3.78(fused quartz), c = 3 x 108 m/sec 

1 mil = 2.54 x 10-5 meter. 

 
IV. CONCLUSION 

 

The study of variation of Inductive reactance has been 

performed by varying the width of metal strip with 

height of the substrate and frequency fixed and which 

shows a sharp decrease in Inductive reactance with 

increase of width of metal strip. This indicates the 

inductive reactance is larger for narrower strip and 

smaller for wider strip. This concludes that the flow 

of power is larger for wider metal strip & smaller for 

narrower strip. This work has the scope of future 

work also. The results obtained in the present work 

are in close agreement with the theoretical and 

experimental results obtained by Delinger, Getsinger 

and Wheelar.   

 

MIC’s have been developed so far to cover wide range 

of applications; from a very simple function such as 

switch to complex transmit – receive modules for use 

in phased array radar system. MIC’s have the 

advantages as follows: Improved system reliability, 

Reduced volume and weight, Eventual cost reduction 

in mass production. 

 MIC’s promise a 

real revolution leading to both expansion of present 

market for microwave and opening of many new 

applications including host of non–military uses. 

Substantial requirement of MIC’s is also foreseen in 

India and abroad. 
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