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UNIT – V HIGH FREQUENCY TRANSMISSION LINES 

 

Line at radio frequencies Parameters of line and coaxial cable at radio frequencies, dissipation-less 

line, voltage and current on a dissipation-less line, standing waves, standing wave ratio, input 

impedance of open circuit and short circuit, power and impedance measurement on lines, 

eighth-wave, quarter-wave and half wave line, circle diagram, Smith chart, solution of problems 

using Smith chart, single and double stub matching .introduction to micro strip lines and its analysis. 

 

Line at radio frequencies Parameters of line and coaxial cable at radio frequencies 

At high frequencies, the form of conduction employed for a high frequency line depends on the 

application for which it is used. In case where more than one type is suitable, the selection of a line 

form depends on economic factor.  

 

There are two main forms of line at high frequency, namely 

 

1. Open wire line &  

2. Coaxial line. 

The parameters of the high frequency lines are different in open wire line and coaxial cable. 

According to the standard assumptions made for the analysis of the performance of the line are as 

follows. 

 

• At Radio Frequency G may be considered zero 

• Skin effect is considerable 

• Due to skin effect  L>>R 

• At very high frequencies, the conductance is assumed to be zero. 

 

Coaxial cable is used as a transmission line for radio frequency signals, in applications such as 

connecting radio transmitters and receivers with their antennas, computer network (Internet) 

connections, and distributing cable television signals. One advantage of Coaxial cable over other 

types of transmission line is that in an ideal coaxial cable the electromagnetic field carrying the 

signal exists only in the space between the inner and outer conductors. This allows coaxial cable 

runs to be installed next to metal objects such as gutters without the power losses that occur in 

other transmission lines, and provides protection of the signal from external electromagnetic 

interference. 

 

Coaxial cable differs from other shielded cable used for carrying lower frequency signals such as 

audio signals, in that the dimensions of the cable are controlled to produce a repeatable and 

predictable conductor spacing needed to function efficiently as a radio frequency transmission line. 
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Fig 5.1 Coaxial cable cutaway 
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Like any electrical power cord, coaxial cable conducts AC electric current between locations. Like 

these other cables, it has two conductors, the central wire and the tubular shield. At any moment 

the current is traveling outward from the source in one of the conductors, and returning in the 

other. However, since it is alternating current, the current reverses direction many times a second. 

Coaxial cable differs from other cable because it is designed to carry radio frequency current. This 

has a frequency much higher than the 50 or 60 Hz used in mains (electric power) cables, reversing 

direction millions to billions of times per second. Like other types of radio transmission line, this 

requires special construction to prevent power losses: If an ordinary wire is used to carry high 

frequency currents, the wire acts as an antenna, and the high frequency currents radiate off the 

wire as radio waves, causing power losses. To prevent this, in coaxial cable one of the conductors is 

formed into a tube and encloses the other conductor. This confines the radio waves from the 

central conductor to the space inside the tube. To prevent the outer conductor, or shield, from 

radiating, it is connected to electrical ground, keeping it at a constant potential.  

The dimensions and spacing of the conductors must be uniform. Any abrupt change in the 

spacing of the two conductors along the cable tends to reflect radio frequency power back toward 

the source, causing a condition called standing waves. This acts as a bottleneck, reducing the 

amount of power reaching the destination end of the cable. To hold the shield at a uniform distance 

from the central conductor, the space between the two is filled with a semi rigid plastic dielectric. 

Manufacturers specify a minimum bend radius to prevent kinks that would cause reflections. The 

connectors used with coax are designed to hold the correct spacing through the body of the 

connector.  

Each type of coaxial cable has characteristic impedance depending on its dimensions and 

materials used, which is the ratio of the voltage to the current in the cable. In order to prevent 

reflections at the destination end of the cable from causing standing waves, any equipment the 

cable is attached to must present an impedance equal to the characteristic impedance (called 

'matching'). Thus the equipment "appears" electrically similar to a continuation of the cable, 

preventing reflections. Common values of characteristic impedance for coaxial cable are 50 and 75 

ohms.  

 

Description 

 

Coaxial cable design choices affect physical size, frequency performance, and attenuation, 

power handling capabilities, flexibility, strength and cost. The inner conductor might be solid or 

stranded; stranded is more flexible. To get better high-frequency performance, the inner conductor 

may be silver plated. Sometimes copper-plated iron wire is used as an inner conductor.  

The insulator surrounding the inner conductor may be solid plastic, a foam plastic, or may be air 

with spacers supporting the inner wire. The properties of dielectric control some electrical 

properties of the cable. A common choice is a solid polyethylene (PE) insulator, used in lower-loss 

cables. Solid Teflon (PTFE) is also used as an insulator. Some coaxial lines use air (or some other gas) 

and have spacers to keep the inner conductor from touching the shield. Many conventional coaxial 

cables use braided copper wire forming the shield. This allows the cable to be flexible, but it also 

means there are gaps in the shield layer, and the inner dimension of the shield varies slightly 

because the braid cannot be flat. Sometimes the braid is silver plated. For better shield 

performance, some cables have a double-layer shield. The shield might be just two braids, but it is 

more common now to have a thin foil shield covered by a wire braid. Some cables may invest in 

more than two shield layers, such as "quad-shield" which uses four alternating layers of foil and 

braid. Other shield designs sacrifice flexibility for better performance; some shields are a solid metal 

tube. Those cables 

Cannot take sharp bends, as the shield will kink, causing losses in the cable. For high power 

radio-frequency transmission up to about 1 GHz coaxial cable with a solid copper outer conductor is 

available in sizes of 0.25 inch upwards. The outer conductor is rippled like a bellows to permit 

flexibility and the inner conductor is held in position by a plastic spiral to approximate an air 
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dielectric. Coaxial cables require an internal structure of an insulating (dielectric) material to 

maintain the spacing between the center conductor and shield. The dielectric losses increase in this 

order: Ideal dielectric (no loss), vacuum, air, Poly-tetra-fluoro-ethylene (PTFE), polyethylene foam, 

and solid polyethylene. A low relative permittivity allows for higher frequency usage. An 

inhomogeneous dielectric needs to be compensated by a non-circular conductor to avoid current 

hot-spots. Most cables have a solid dielectric; others have a foam dielectric which contains as much 

air as possible to reduce the losses. Foam coax will have about 15% less attenuation but can absorb 

moisture—especially at its many surfaces—in humid environments, increasing the loss. Stars or 

spokes are even better but more expensive. Still more expensive were the air spaced coaxial used 

for some inter-city communications in the middle 20th Century. The center conductor was 

suspended by polyethylene discs every few centimeters. In a miniature coaxial cable such as an 

RG-62 type, the inner conductor is supported by a spiral strand of polyethylene, so that an air space 

exists between most of the conductor and the inside of the jacket. The lower dielectric constant of 

air allows for a greater inner diameter at the same impedance and a greater outer diameter at the 

same cutoff frequency, lowering ohm losses. Inner conductors are sometimes silver plated to 

smooth the surface and reduce losses due to skin effect. A rough surface prolongs the path for the 

current and concentrates the current at peaks and thus increases ohm losses. The insulating jacket 

can be made from many materials. A common choice is PVC, but some applications may require 

fire-resistant materials. Outdoor applications may require the jacket to resist ultraviolet light and 

oxidation. For internal chassis connections the insulating jacket may be omitted. The ends of coaxial 

cables are usually made with RF connectors. Open wire transmission lines have the property that 

the electromagnetic wave propagating down the line extends into the space surrounding the 

parallel wires. These lines have low loss, but also have undesirable characteristics. They cannot be 

bent, twisted or otherwise shaped without changing their characteristic impedance, causing 

reflection of the signal back toward the source. They also cannot be run along or attached to 

anything conductive, as the extended fields will induce currents in the nearby conductors causing 

unwanted radiation and detuning of the line. Coaxial lines solve this problem by confining the 

electromagnetic wave to the area inside the cable, between the center conductor and the shield. 

The transmission of energy in the line occurs totally through the dielectric inside the cable between 

the conductors. Coaxial lines can therefore be bent and moderately twisted without negative effects, 

and they can be strapped to conductive supports without inducing unwanted currents in them. In 

radio-frequency applications up to a few Giga hertz, the wave propagates primarily in the transverse 

electric magnetic (TEM) mode, which means that the electric and magnetic fields are both 

perpendicular to the direction of propagation. However, above a certain cutoff frequency, 

transverse electric (TE) and/or transverse magnetic (TM) modes can also propagate, as they do in a 

waveguide. It is usually undesirable to transmit signals above the cutoff frequency, since it may 

cause multiple modes with different phase velocities to propagate, interfering with each other. The 

outer diameter is roughly inversely proportional to the cutoff frequency. A propagating 

surface-wave mode that does not involve or require the outer shield but only a single central 

conductor also exists in coax but this mode is effectively suppressed in coax of conventional 

geometry and common impedance. Electric field lines for this TM mode have a longitudinal 

component and require line lengths of a half-wavelength or longer. 

 

Connectors 

 

 

 

 

 

 

 

 
  Fig 5.2 Connectors  
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A coaxial connector (male N-type). Coaxial connectors are designed to maintain a coaxial form 

across the connection and have the same well-defined impedance as the attached cable. 

Connectors are often plated with high-conductivity metals such as silver or gold. Due to the skin 

effect, the RF signal is only carried by the plating and does not penetrate to the connector body. 

Although silver oxidizes quickly, the silver oxide that is produced is still conductive. While this may 

pose a cosmetic issue, it does not degrade performance. 

 

Fundamental electrical parameters of coaxial cable: 

 

Shunt capacitance per unit length, in farads per meter. 

 C = πϵ(D|d) = πϵ ϵ (D|d)            -------------------1 

 

Series inductance per unit length, in henrys per meter. 

 L =  
π

 ln D|d = 
  

π
 ln D|d           --------------2 

 

Series resistance per unit length, in ohms per meter. The resistance per unit length is just the 

resistance of inner conductor and the shield at low frequencies. At higher frequencies, skin effect 

increases the effective resistance by confining the conduction to a thin layer of each conductor. 

Shunt conductance per unit length, in Siemens per meter. The shunt conductance is usually very 

small because insulators with good dielectric properties are used (a very low loss tangent). At high 

frequencies, a dielectric can have a significant resistive loss. 

 

Derived electrical parameters of coaxial cable: 

 

Characteristic impedance in ohms (Ω). Neglecting resistance per unit length for most coaxial cables, 

the characteristic impedance is determined from the capacitance per unit length (C) and the 

inductance per unit length (L). Those parameters are determined from the ratio of the inner (d) and 

outer (D) diameters and the dielectric constant (ε). The characteristic impedance is given by 

equation—3. 

 Z  = 
π

 √ϵ
 ln  ≈   Ω√ϵ  log ----------------------3 

 

Assuming the dielectric properties of the material inside the cable do not vary appreciably over the 

operating range of the cable, this impedance is frequency independent above about five times the 

shield cutoff frequency. For typical coaxial cables, the shield cutoff frequency is 600 (RG-6A) to 

2,000 Hz (RG-58C) Attenuation (loss) per unit length, in decibels per meter. This is dependent on the 

loss in the dielectric material filling the cable, and resistive losses in the center conductor and outer 

shield. These losses are frequency dependent, the losses becoming higher as the frequency 

increases. Skin effect losses in the conductors can be reduced by increasing the diameter of the 

cable. A cable with twice the diameter will have half the skin effect resistance. Ignoring dielectric 

and other losses, the larger cable would halve the dB/meter loss. In designing a system, engineers 

consider not only the loss in the cable, but also the loss in the connectors. Velocity of propagation, 

in meters per second. The velocity of propagation depends on the dielectric constant and 

permeability (which is usually 1). 

 v =  √ϵ
 = √ϵ            -------------------5 

 

Cutoff frequency is determined by the possibility of exciting other propagation modes in the 
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oa ial a le. The a e age i u fe e e of the i sulato  is π D + d  / . Make that le gth e ual to  
wavelength in the dielectric. The TE01 cutoff frequency is therefore 

 f =  
π D+d √ϵ

 = 
π D+d √ϵ   -------------6 

 

Fundamental electrical parameters of open wire line: 

 L = − + ln a       ---------------7 

 C = πϵda               ----------------------8 

 

Standing waves, nodes, standing wave ratio 

 

If the transmission is not terminated in its characteristic impedance, then there will be two waves 

traveling along the line which gives rise to standing waves having fixed maxima and fixed minima. 

 

The ratio of the maximum to minimum magnitudes of current or voltage on a line having 

standing wave is called the standing-wave ratio S. That is, 

 

 S= E max = I max; E min = I min.  

 

For coaxial lines it is necessary to use a length of line in which a longitudinal slot, one half 

wavelength or more long has been cut. A wire probe is inserted into the air dielectric of the line as a 

pickup device, a vacuum tube voltmeter or other detector being connected between probe and 

sheath as an indicator. If the meter provides linear indications, S is readily determined. If the 

indicator is non linear, corrections must be applied to the readings obtained. 

 

The relation between standing wave ratio S and reflection co-efficient k is, 

 

 S =1+ k/1-k. 

 

Significance of impedance 

 

The best coaxial cable impedances in high-power, high-voltage, and low-attenuation applications 

were experimentally determined in 1929 at Bell Laboratories to be 30, 60, an d 77 Ω espe ti el . 
For an air dielectric coaxial cable with a diameter of 10 mm the attenuation is lowest at 77 ohms 

when calculated for 10 GHz. The curve showing the power handling maxima at 30 ohms can be 

found here: consider skin effect. The frequency of an alternating current in conductor decay the 

magnitude, thickness, some small amount of current will still be flowing on the opposite surface of 

the conductor. With a perfect conductor (i.e., zero resistivity), all of the current would flow at the 

surface, with no penetration into and through the conductor. Real cables have a shield ma de of an 

imperfect, although usually very good, conductor, so there will always be some leakage. 

 

The gaps or holes, allow some of the electromagnetic field to penetrate to the other side. For 

example, braided shields have man y small gaps. The gaps are smaller when using a foil (solid metal) 

shield, but there is still a seam running the length o f the cable. Foil becomes increasingly rigid with 

increasing thickness, so a thin foil layer is often surrounded by a layer of braided metal, which offers 

greater flexibility for a given cross-section. 

This type of leakage can also occur at locations o f poor contact between connectors at either end 

of the cable. 
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Nodes and Anti nodes: 

At any point on the transmission line voltage or current value is zero called nodes. At any 

point on the line voltage or current value is maximum called Antinodes 

 

Input impedance of the dissipation – less line. 

 

Input impedance of a transmission line: Determine the input impedance of a transmission line of 

length L attached to a load (antenna) with impedance ZA. Consider the following Fig 5.3 Input 

impedance of a transmission line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      

In low frequency circuit theory, the input impedance would simply be ZA. However, for 

high-frequency (or long) transmission lines, we know that the voltage and the current are given by: 

 V z =  V+(e− βz + ɼe βz  ) 

 I z =  V+Z (e− βz −  ɼe βz  ) 

 

For simplicity, assume the transmission line is lossless, so that the propagation constant is purely 

imaginary. If we define z=0 to be at the terminals of the load or antenna, then we are interested in 

the ratio of the voltage to the current at location z=-L: 

 Z =  V zz  = 
V+( −jβz +ɼ jβz  )V+Z ( −jβz − ɼ jβz  ) 

 Z =  V+(e− βz + ɼe βz  )V+ e− βz −  ɼe βz  Z  

 Z =  (e− βz + ɼe βz  )e− βz −  ɼe βz  Z  

 

Using the definition for gamma (the voltage reflection coefficient), the above equation can be 

manipulated algebraically and when evaluated at z=-L, we obtain: This last equation is fundament al 

to understanding transmission lines. The input impedance of a load ZA is transformed by a 

transmission line as in the above equation. This equation can cause ZA to be transformed radically.  

 

�� ��� 
�  

L 

Fig 5.3 Input impedance of a transmission line 
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Input impedance of open and short circuited lines 

 

Input impedance of an open circuited line is the impedance measured at the input of a finite length 

of line when its far end is open as shown in below fig 5.4 (a). It is normally denoted byZ . Similarly 

Input impedance of a short circuited line is the impedance measured at the input end of the finite 

length of line when its far end is shorted as shown in below fig 5.4 (b). It is normally denoted byZ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As limited cases it is convenient to consider lines terminated in open circuit or short circuit, that 

is ith )R = ∞o  )R = . The i put i peda e of a li e of length l is 

 

And for the short circuit case ZR =0. So that 

 Z  = Z tanh γl 
 

Before the open circuit case is considered, the input impedance should be written. The input 

i peda e of the ope  i uited li e of le gth l, ith )R = ∞, is 

 Z = Z coth γl 
 

By multiplying the above two equations it can be seen that 

I =  Z  

 

L 

 ��� 
�� =  

L 

Fig 5.4 (a) Input impedance of an open circuited line when far end is open 

Fig 5.4 (b) Input impedance of an open circuited line when far end is shorted 
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 Z = Z Z  

 

This is the same result as was obtained for a lumped network. The above equation supplies a very 

valuable means of experimentally determining the value of z0 of a line. 

Also from the same two equations tanh γl = √ZZ  

  γl = tan−   √ZZ  

 

Use of this equation in experimental work requires the determination of the hyperbolic 

tangent of a complex angle. If 

 tanh γl = tanh α + jβ I = U + JV 

Then it can be shown that 

 tanh ∝ l U+ U + V  & U− U − V 

 

The value of β is u e tai  as to uad a t. Its p ope  alue a  e sele ted if the app o i ate 
velocity of propagation is known. 

 

Power delivered to load 

 

In communication, transmission line should be chosen in such a way that maximum power is 

delivered to the load. By Maximum power transfer theorem we know that if Z  at load side is the 

complex conjugate of Z  Characteristics impedance only then the power delivered to load is 

maximum. 

In transmission line, when a line is not terminated in its characteristics impedance, all the power is 

not absorbed by the load. Therefore it becomes necessary to know how much power is delivered to 

the load. 

Power delivered to load, P = │I │ R  

Where,  R  is the resistive component of the load Z . I The receiving end current can be computed with the help of following equation by putting  

 x = l & � = I . 
 

K = VI − ZVI + Z  

 I  = I cosh pl − VZ sinh pl 
Now Put,I = VZIN, provided sending end voltageV  is given. 
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The another case is if the sending end impedance Z or Z  is not given it can also be calculated  

 Z = Z . Z cosh pl + Z sinh pl  Z cosh pl + Z sinh pl   

 Z = Z . Z cosh pl + Z sinh pl  Z cosh pl + Z sinh pl   

 

Alternately, I  can also be obtained by definition of propagation constant, i.e., 

 ��� = II   

 

This relation often simplifies the computation of power delivered to load. 

 

Reflection Loss: It is defined as the number of nepers or decibels by which the current in the load 

under image matched conditions would exceed the current actually flowing in the load. 

 

 ɼ = ZL−ZS ZL−ZS  

 

Reflection Loss, neper = ln  ⟨ | Z +Z√Z Z | ⟩  

 

Reflection Loss, d B = log  ⟨ | Z +Z√Z Z | ⟩  

 

Reflection Factor: The term K denotes the reflection factor. This ratio indicates the change in 

current in the load due to reflection at the mismatched junction and is called the reflection factor. 

 

K = ⟨ | √Z ZZ +Z | ⟩ 

 

Insertion Loss: Insertion loss of the line or network is defined as the number of nepers or decibels 

by which the current in the load is changed by the insertion. 

  

Insertion loss: 

Insertion loss is a figure of merit for an electronic filter and this data is generally specified with a 

filter. Insertion loss is defined as a ratio of t he signal level in a test configuration without the filter 

installed (V 1) to the signal level with the filter installed (V 2). This ratio is described in d B by the 

following equation: 

 

Insertion loss = log VV − log VV  

 

Filter s are sensitive to source and load impedances s o the exact performance of a filter in a circ uit 

is difficult to precisely predict. Comparison s, however, of filter performance are 

Whereas differential-mode is a measure of the filter performance on signals that originate between 

the two power lines. 

 

Link with scattering parameters Insertion Loss (I L) is defined as follows: 

 

Insertion loss = log  │ │−  │ │
 dB 
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This definition results in a negative value for insertion loss, that is, it is really defining a Gain and a 

gain less than unity (i.e., a loss) will be negative when expressed in dBs. However, it is conventional 

to drop the minus sign so that an increasing loss is represented by an increasing positive number as 

would be intuitively expected 

 

Reflection coefficient 

 

The reflection coefficient is used in physics and electrical engineering when wave propagation in a 

medium containing discontinuities is considered. A reflection coefficient describes either the 

amplitude or the intensity of a reflected wave relative to an incident wave. The reflection coefficient 

is closely related to the transmission coefficient.  

 

Reflection occurs because of the following cases: 

 

1) when the load end is open circuited 

 

2) when the load end is short-circuited 

 

3) When the line is not terminated in its characteristic impedance. 

 

 When the line is either open or short circuited, then there is not resistance at the receiving end to 

absorb all the power transmitted from the source end. Hence the entire power incident on the load 

gets completely reflected back to the source causing reflections in the line. When the line is 

terminated in its characteristic impedance, the load will absorb some power and some will be 

reflected back thus producing reflections. Reflection Coefficient can be defined as the ratio of the 

reflected voltage to the incident voltage at the receiving end of the line Reflection Coefficient 

K=Reflected Voltage at load /Incident voltage at the load. 

 

K= V /V  

 

In telecommunications, the reflection coefficient is the ratio of the amplitude of the reflected 

wave to the amplitude of the incident wave. In particular, at a discontinuity in a transmission line, it 

is the o ple  atio of the ele t i  field st e gth of the efle ted a e E −  to that of the i ide t 
a e E + . This is t pi all  ep ese ted ith a Γ apital gamma) and can be written as 

 

 ɼ = −+ 

 

The reflection coefficient may also be established using other field or circuit quantities. 

The reflection coefficient can be given by the equations below, where  Z  is the impedance toward the source;  ZL is the impedance toward the load: 

 

 

 

 

 

 

 

 

 

 

�� 

Z  

ZL 

ɼ 

Fig 5.5 Reflection Coefficient 
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Fig 5.5 Reflection coefficient configuration showing measurement location of reflection coefficient. 

  

ɼ = ZL − Z  ZL − Z  

 

Notice that a negative reflection oeffi ie t ea s that the efle ted a e e ei es a 8 °, o  π, 
phase shift. The absolute magnitude (designated by vertical bars) of the reflection coefficient can 

be calculated from the standing wave ratio, 

SWR: 

│ɼ│ = SWR − Z  SWR − Z  

 

Standing Waves 

 

Standing waves on the transmission line. Assuming the propagation constant is purely imaginary 

(lossless line), we can re-write the voltage and current waves as: 

 V z =  V+(e− βz + ɼe βz  ) 

 I z =  V+Z (e− βz −  ɼe βz  ) 

 

If we plot the voltage along the transmission line, we observe a series of peaks and minimums, 

which repeat a full cycle every half-wavelength. If gamma equals 0.5 (purely real), then the 

magnitude of the voltage would appear as: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, if gamma equals zero (no mismatch loss) the magnitude of the voltage would appear as: 

Fig 5.6 Standing Waves If gamma equals 0.5 (purely real) 
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Finally, if gamma has a magnitude of 1 (this occurs, for instance, if the load is entirely reactive while 

the transmission line has a Z0 that is real), then the magnitude of the voltage would appear as: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One thing that becomes obvious is that the ratio of Vmax to Vmin becomes larger as the reflection 

coefficient increases. That is, if the ratio of Vmax to Vmin is one, then there are no standing waves, 

and the impedance of the line is perfectly matched to the load. If the ratio of Vmax to Vmin is infinite, 

then the magnitude of the reflection coefficient is 1, so that all power is reflected. Hence, this ratio, 

known as the Voltage Standing Wave Ratio (VSWR) or standing wave ratio is a measure of how well 

matched a transmission line is to a load. It is defined as: 

 

ɼ = ZL − Z  ZL − Z  

 

Reflection Loss, neper = ln  ⟨ | Z +Z√Z Z | ⟩  

Fig 5.8 Standing Waves if gamma has a magnitude of 1 

 

Fig 5.7 Standing Waves if gamma equals zero (no mismatch loss) 
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Reflection Loss, d B = log  ⟨ | Z +Z√Z Z | ⟩  

 VSWR = V axV  = + │ɼ│− │ɼ│ 

 

Impedance matching: quarter wave transformer. 

 

A quarter wave lines may be considered as an impendence inverter because it can transform a low 

impendence in to a high impendence and vice versa. 

Quarter-Wave Transformer 

 

The input impedance of a transmission line of length L with characteristic impedance Z0 and 

connected to a load with impedance ZA: 

 ��� −� =  � [�� + � �  tan ���  + � ��  tan �� ] 

 

An interesting thing happens when the length of the line is a quarter of a wavelength: 

 

 Z L = =   ZZA  

 

 

The above equation is important: it states that by using a quarter-wavelength of 

transmission line, the impedance of the load (ZA) can be transformed via the above equation. The 

utility of this operation can be seen via an example. 

 

Example: Match a load with impedance ZA=100 Ohms to be 50 Ohms using a quarter-wave 

transformer, as shown below Fig 5.9 Impedance matching: quarter wave transformer. 

. 

 

 

 

 

 

 

 

 

 

Solution: The problem is to determine Z0 (the characteristic impedance of our quarter-wavelength 

transmission line) such that the 100 Ohm load is matched to 50 Ohms. By applying the above 

equation, the problem is simple: 

 Z L = =   ZZA  

 =    Z
 

   Z =   

100 ���=50Ω L= 
�
 �  

Fig 5.9 Impedance matching: quarter wave transformer. 
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   Z  = √   

   Z  = 7 .7 Ω  

 

Hence, by using a transmission line with a characteristic impedance of 70.71 Ohms, the 100 Ohm 

load is matched to 50 Ohms. Hence, if a transmitter has an impedance of 50 Ohms and is trying to 

deliver power to the load (antenna), no power will be reflected back to the transmitter. 

In general, impedance matching is very important in RF/microwave circuit design. It is relatively 

simple at a single frequency, but becomes very difficult if wideband impedance matching is desired. 

This technique is commonly employed with patch antennas. Circuits are printed as shown in the 

following Fig 5.10 Patch antenna 

. A 50 Ohm micro strip transmission line is matched to a patch antenna (impedance typically 

200 Ohms or more) via a quarter-wavelength micros trip transmission line with the characteristic 

impedance chosen to match the load. Because the quarter-wavelength transmission line is only a 

quarter-wavelength at a single frequency, this is a narrow-band matching technique 

 

 

 

 

 

 

 

 

 

 

 

 

An important application of the quarter wave matching section is to a couple a transmission 

line to a resistive load such as an antenna .The quarter –wave matching section then must be 

designed to have a characteristic impendence Ro so chosen that the antenna resistance Ra is 

transformed to a value equal to the characteristic impendence Ra of the transmission line 

 

Impedance Circle Diagram 

 

If impedance is plotted in the complex plane in the form of R-X diagram, it turns out that for a 

lossless line terminated in some fixed impedanceZ , the locus of the input impedanceZ , as 

electrical length �� is varied, is a circle. This circle diagram is known as impedance circle diagram. 

Since the centre and radius of the circle are easily calculable, this lead to a very simple and rapid 

method for making transmission line calculations. 

 

There are two types of Impedance Circle Diagram 

 

1. The constant S-circles  

2. The constant �� -circles  

 

Smith Chart:  

 

The Smith Chart is a fantastic tool for visualizing the impedance of a transmission line and antenna 

system as a function of frequency. Smith Charts can be used to increase understanding of 

transmission lines and how they behave from an impedance viewpoint. Smith Charts are also 

Fig 5.10 Patch antenna 
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extremely helpful for impedance matching, as we will see. The Smith Chart is used to display a real 

antenna's impedance when measured on a Vector Network Analyzer (VNA).  

 

Smith Charts were originally developed around 1940 by Phillip Smith as a useful tool for 

making the equations involved in transmission lines easier to manipulate. See, for instance, the 

input impedance equation for a load attached to a transmission line of length L and characteristic 

impedance Z0. With modern computers, the Smith Chart is no longer used to simplify the 

calculation of transmission line equations; however, their value in visualizing the impedance of an 

antenna or a transmission line has not decreased. 

 

Figure 5.11 should look a little intimidating, as it appears to be lines going everywhere. There is 

nothing to fear though. We will build up the Smith Chart from scratch, so that you can understand 

exactly what all of the lines mean. In fact, we are going to learn an even more complicated version 

of the Smith Chart known as the immitance Smith Chart, which is twice as complicated, but also 

twice as useful. But for now, just admire the Smith Chart and its curvy elegance.  

The Smith Chart is shown in Figure 1. A larger version is shown here.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig5.11. the basic Smith Chart. 
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Micro strip 

 

A micro strip circuit uses a thin flat conductor which is parallel to a ground plane. Micro strip can be 

made by having a strip of copper on one side of a printed circuit board (PCB) or ceramic substrate 

while the other side is a continuous ground plane. The width of the strip, the thickness of the 

insulating layer (PCB or ceramic) and the dielectric constant of the insulating layer determine the 

characteristic impedance. Micro strip is an open structure whereas coaxial cable is a closed 

structure. 

 

Impedance matching by stubs, single stub and double stub matching 

 

In microwave and radio-frequency engineering, a stub is a length of transmission line or waveguide 

that is connected at one end only. The free end of the stub is either left open-circuit or (especially in 

the case of waveguides) short-circuited. Neglecting transmission line losses, the input impedance of 

the stub is purely reactive; either capacitive or inductive, depending on the electrical length of the 

stub, and on whether it is open or short circuit. Stubs may thus be considered to be 

frequency-dependent capacitors and frequency-dependent inductors. 

 

Because stubs take on reactive properties as a function of their electrical length, stubs are most 

common in UHF or microwave circuits where the line lengths are more manageable. Stubs are 

commonly used in antenna impedance matching circuits and frequency selective filters. 

Smith charts can also be used to determine what length line to use to obtain a desired reactance.  

 

Short circuited stub 

 

The input impedance of a lossless short circuited line is, 

 Z    =   j Z  tan βl  

Where,  

 

j is the imaginary unit, 

 

Z0 is the characteristic impedance of the line,  

 

β is the phase o sta t of the li e, a d  

 

l is the physical length of the line. 

 

Thus, depending on whether tan βl  is positive or negative,  

 

The stub will be inductive or capacitive, respectively. 

 

The Le gth of a stu  to a t as a apa ito  C at a  a gula  f e ue  of ω is the  gi e  : 
 l =  β  [ ɳ + π − arctan (ωCZ )] 

 

The length of a stub to act as an inductor L at the same frequency is given by: 

 

 l =  β  [ɳπ + arctan (ωlZ )] 
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Open circuited stub 

 

 

The input impedance of a lossless open circuit stub is given by 

 

)OC   =  − j )  ot βl   

 

 

It follows that whether ot βl   is positive or negative, the stub will be capacitive or inductive, 

respectively. The length of a  ope  i uit stu  to a t as a  I du to  L at a  a gula  f e ue  of ω 
is: 

l =  β  [ ɳ + π − a ot (ωl
) )] 

 

 

The length of an open circuit stub to act as a capacitor C at the same frequency is: 

 

l =  β  [ɳπ + a ot (ωC) )] 

 

 

Stub matching 

 

 

 

 

 

 

 

 

 

 

In a strip line circuit, a stub may be placed just before an output connector to compensate 

for small mismatches due to the device's output load or the connector itself. 

Stubs can be used to match load impedance to the transmission line characteristic impedance. The 

stub is positioned a distance from the load. This distance is chosen so that at that point the resistive 

part of the load impedance is made equal to the resistive part of the characteristic impedance by 

impedance transformer action of the length of the main line. The length of the stub is chosen so 

that it exactly cancels the reactive part of the presented impedance. That is, the stub is made 

capacitive or inductive according to whether the main line is presenting inductive or capacitive 

impedance respectively. This is not the same as the actual impedance of the load since the reactive 

part of the load impedance will be subject to impedance transformer action as well as the resistive 

part in the method of impendence matching using stub, an open or closed stub line of suitable 

length is used as a reactance shunted across the transmission line at a designated distance from the 

load ,to tune the length of the line and the load to resonance with an anti resonant resistance equal 

to Ro. Matching stubs can be made adjustable so that matching can be corrected on test.  

Single stub will only achieve a perfect match at one specific frequency. For wideband 

matching several stubs may be used spaced along the main transmission line. The resulting 

structure is filter-like and filter design techniques are applied. For instance, the matching network 

may be designed as a Chebyshev filter but is optimized for impedance matching instead of pass 

band transmission. The resulting transmission function of the network has a pass band ripple like 

Fig 5.12 Stub matching 

 

Main line 

Stub 

Connector 
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the Chebyshev filter, but the ripples never reach 0dB insertion loss at any point in the pass band, as 

they would do for the standard filter.  

 

Single stub impedance matching: 

 

• The load should be matched to the characteristic impedance of the line so that as much 

power as possible is transmitted from the generator to the load for radio-frequency power 

transmission. 

 

• The lines should be matched because reflections from mismatched loads and junctions will 

result in echoes and will distort the information-carrying signal for information transmission. 

 

• Short-circuited (instead of open-circuited) stubs are used for impedance-matching on 

transmission lines. 

 

• Single-stub method for impedance matching : an arbitrary load impedance can be matched 

to a transmission line by placing a single short-circuited stub in parallel with the line at a suitable 

location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The i put ad itta e at BB’ looki g to a d the load ithout the stu . 
 

• Ou  i peda e- (or admittance-) matching problem: to determine the location d and the length 

of the stub such that 

 

Yi =  YO =  YS +  YS′ 

 

Where Yo = 1/Ro =  YS +  YS′ 

 

• I  te s of o alized ad itta e, the a o e e uatio  e o es  

 

• Ys pu el  i agi a  the i put ad itta e of a sho t-circuited stub is purely susceptive). 

YS = + j s  & 

 

YS = −j s 

 

• Thus, the a o e e uatio  a  e satisfied only where bB can be either positive or negative.  

�� �  

�  

l 

d 

Fig 5.13 Impedance matching by single stub 

�� 
�� �� 

B 

B’ 
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Objectives:  

 

(1) to find the length d such that the admittance YB of the load section looking to the right of 

te i al BB’ has a u ita  eal pa t, a d  

 

(2) to find the length of the stub required to cancel the imaginary part.  

 

A short circuited stub is preferred to an open circuited stub because of greater ease in 

constructions and because of the inability to maintain high enough insulation resistance at the 

open –circuit point to ensure that the stub is really open circuited. 

 

A shorted stub also has a lower loss of energy due to radiation, since the short – circuit can 

be definitely established with a large metal plate, effectively stopping all field propagation.  

 

Dou le stu  at hi g’s 

 

Another possible method of impedance matching is to use two stubs in which the locations of the 

stub are arbitrary, the two stub lengths furnishing the required adjustments. The spacing is 

frequently made _/4.This is called double stub matching. 

 

Double stub matching is preferred over single stub due to following disadvantages of single stub. 

 

1. Single stub matching is useful for a fixed frequency .So as frequency changes the location of 

single stub will have to be changed. 

 

2. The single stub matching system is based on the measurement of voltage minimum .Hence for 

coaxial line it is very difficult to get such voltage minimum, without using slotted line section.  

 

The difficulties of the smith chart are 

 

• Single stub impedance matching requires the stub to be located at a definite point on the line. 

This requirement frequently calls for placement of the stub at an undesirable place from a 

mechanical view point. 

 

• For a coaxial line, it is not possible to determine the location of a voltage minimum without a 

slotted line section, so that placement of a stub at the exact required point is difficult. 

 

• In the case of the single stub it was mentioned that two adjustments were required, these being 

location and length of the stub. 

 

Applications of smith Chart: 

 

 Plotting an impedance 

 

 In single stub matching 

 

 Measurement of VSWR 

 

 Measurement of reflection coefficient (magnitude and phase) 

 

 Measurement of input impedance of the line 
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 It is used to find the input impendence and input admittance of the line. 

 

 The smith chart may also be used for loss lines and the locus of points on a line then follows 

a spiral path towards the chart center, due to attenuation. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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