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EC8701 ANTENNAS AND MICROWAVE ENGINEERING                                                        L T P C 
3 0 0 3 

OBJECTIVES: 
• To enable the student to understand the basic principles in antenna and microwave 

system design 
• To enhance the student knowledge in the area of various antenna designs. 
• To enhance the student knowledge in the area of microwave components and 

antenna for practical applications. 
 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 

UNIT I            INTRODUCTION TO MICROWAVE SYSTEMS AND ANTENNAS  9 
Microwave frequency bands, Physical concept of radiation, Near- and far-field regions, 
Fields and Power Radiated by an Antenna, Antenna Pattern Characteristics, Antenna Gain 
and Efficiency, Aperture Efficiency and Effective Area, Antenna Noise Temperature and G/T, 
Impedance matching, Friis transmission equation, Link budget and link margin, Noise 
Characterization of a microwave receiver. 

UNIT II           RADIATION MECHANISMS AND DESIGN ASPECTS   9 
Radiation Mechanisms of Linear Wire and Loop antennas, Aperture antennas, Reflector 
antennas, Microstrip antennas and Frequency independent antennas, Design considerations 
and applications. 
 

 
UNIT III          ANTENNA ARRAYS AND APPLICATIONS   9 
Two-element array, Array factor, Pattern multiplication, Uniformly spaced arrays with uniform 
and non-uniform excitation amplitudes, Smart antennas.  

UNIT IV         PASSIVE AND ACTIVE MICROWAVE DEVICES   9 
Microwave Passive components: Directional Coupler, Power Divider, Magic Tee, attenuator, 
resonator, Principles of Microwave Semiconductor Devices: Gunn Diodes, IMPATT diodes, 
Schottky Barrier diodes, PIN diodes, Microwave tubes: Klystron, TWT, Magnetron. 

UNIT V          MICROWAVE DESIGN PRINCIPLES   9 
Impedance transformation, Impedance Matching, Microwave Filter Design, RF and 
Microwave Amplifier Design, Microwave Power amplifier Design, Low Noise Amplifier 
Design, Microwave Mixer Design,  Microwave Oscillator Design 

 TOTAL: 45  PERIODS 
OUTCOMES: 
The student should be able to: 

• Apply the basic principles and evaluate antenna parameters and link power budgets  
• Design and assess the performance of various antennas 
• Design a microwave system given the application specifications 

TEXTBOOKS: 
1.  John D Krauss, Ronald J Marhefka and Ahmad S. Khan, "Antennas and Wave 

Propagation: Fourth Edition, Tata McGraw-Hill, 2006. (UNIT I, II, III) 
2.  David M. Pozar, "Microwave Engineering", Fourth Edition, Wiley India, 2012.(UNIT 

I,IV,V) 
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1.  Constantine A.Balanis, ―Antenna Theory Analysis and Design‖, Third edition, John 
Wiley India Pvt Ltd., 2005. 

2.  R.E.Collin, "Foundations for Microwave Engineering", Second edition, 
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1.1 Microwave Spectrum and Bands, Historical Background 

Microwaves are a type of electromagnetic radiation, as are radio waves, ultraviolet radiation, X-rays and 

gamma-rays. Electromagnetic radiation is transmitted in waves at different wavelengths and frequencies. This 

broad range of wavelengths is known as the electromagnetic spectrum (EM spectrum).  

Loosely speaking, the fields of microwave and RF engineering together encompass the design and 

implementation of electronic systems utilizing frequencies in the electromagnetic spectrum from approximately 

100 MHz to over 1000 GHz. The term microwave is typically used to describe electromagnetic waves with 

frequencies between 3 GHz and 300 GHz, with a corresponding electrical wavelength between λ=c1/f = 10 cm 

and λ=1 mm, respectively in free space2. The boundary between “RF” and “microwave” is somewhat indistinct. 

Electromagnetic waves with wavelengths ranging from 1 to 1mm are called millimeter waves. The infrared 

radiation spectrum comprises electromagnetic waves with wavelengths in the range 1µm (10-6 m) upto 1mm. 

Beyond the infrared range is the visible optical spectrum, the ultraviolet spectrum, and finally x-rays.  

 

Several different classification schemes are in use to designate frequency bands in the electromagnetic 

spectrum. 

As a matter of convention, the ITU divides the radio spectrum into different bands, each covering a decade of 

frequency or wavelength. 

Frequency Band Designation Example uses 

3–30 Hz Extremely low frequency (ELF) Submarine communication 

30–300 Hz Super low frequency (SLF) Submarine communication 

300–3000 Hz Ultra low frequency (ULF) Submarine communication 

3–30 kHz Very low frequency (VLF) Submarine communication 

30–300 kHz Low frequency (LF) AM longwave broadcasting, RFID 

300–3000 kHz Medium frequency (MF) AM (medium-wave) broadcasts 

3–30 MHz High frequency (HF) Shortwave broadcasts, aviation communications, RFID,  

30–300 MHz Very high frequency (VHF) FM, television broadcasts 

300–3000 MHz Ultra high frequency (UHF) TV broadcasts, mobile phones, wireless LAN, Bluetooth 

3–30 GHz Super high frequency (SHF) microwave devices/communications, wireless LAN 

30–300 GHz Extremely high frequency (EHF) microwave remote sensing 

Each of these bands has a traditional name. This is just a naming convention and is not related to allocation; the 

ITU further divides each band into subbands allocated to different uses.  

                                                           
1
 c = 3.00×10

8
 m/s. 

2
 Free space is characterized by the electrical medium parameters: permittivity (ɛo) = 8.854 x 10

-12
 Farad/m, permeability (µo) = 4π×10

−7
 

Henry/m. 
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Historical Background 

Microwave engineering is often considered a fairly mature discipline because the fundamental concepts were 

developed more than 50 years ago, and probably because radar, the first major application of microwave 

technology, was intensively developed as far back as World War II. However, recent years have brought 

substantial and continuing developments in high-frequency solid-state devices, microwave integrated circuits, 

and computer-aided design techniques, and the ever-widening applications of RF and microwave technology. 

 The foundations of modern electromagnetic theory were formulated in 1873 by James Clerk Maxwell3,  

o Maxwell (13 June 1831 – 5 November 1879) predicted theoretically the existence of electric and 

magnetic fields associated with electromagnetic wave propagation. 

                                                           
3
 Maxwell noticed that electrical fields and magnetic fields can couple together to form electromagnetic waves. Neither an electrical f ield 

(like the static which forms when you rub your feet on a carpet), nor a magnetic field (like the one that holds a magnet onto your 
refrigerator) will go anywhere by themselves. But, Maxwell discovered that a CHANGING magnetic field will induce a CHANGING electric 
field and vice-versa. An electromagnetic wave exists when the changing magnetic field causes a changing electric field, which then 
causes another changing magnetic field, and so on forever. Unlike a STATIC field, a wave cannot exist unless it is moving. 
He added the displacement current term to Ampère's circuital law and this enabled him to derive the electromagnetic wav e equation. 
Displacement current isn’t really current. It’s a way of describing how the change in electric field passing through a partic ular area can 
give rise to a magnetic field, just as a current does. Maxwell actually developed a set of 20 simultaneous equations, with 20 variables to 
explain electromagnetic radiation, and they included terms for both fields and potentials. 
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o He hypothesized, solely from mathematical considerations, electromagnetic wave propagation 

and the idea that light was a form of electromagnetic energy. 

 Maxwell’s formulation was cast in its modern form by Oliver Heaviside4 during the period from 1885 to 

1887. Heaviside (18 May 1850 – 3 February 1925) was a reclusive genius whose efforts removed many 

of the mathematical complexities of Maxwell’s theory, introduced vector notation, and provided a 

foundation for practical applications of guided waves and transmission lines. 

 Heinrich Hertz (22 February 1857 – 1 January 1894), a German professor of physics who understood the 

theory published by Maxwell, carried out a set of experiments during the period 1887–1891 that 

validated Maxwell’s theory of electromagnetic waves. 

o The first clearly successful attempt to generate and detect electromagnetic radiation using 

some form of electrical apparatus was made by Hertz in 1887.  

For his radio wave transmitter he used a high voltage induction coil, a condenser (capacitor, 

Leyden jar) and a spark gap - whose poles on either side are formed by spheres - to cause a 

spark discharge between the spark gap’s poles oscillating at a frequency determined by the 

values of the capacitor and the induction coil. This first radio waves transmitter is basically, 

what we call today, an LC oscillator. 

To prove there really was radiation emitted, it had to be detected. Hertz used a piece of copper 

wire bent into a circle, with a small brass sphere on end. He added a screw mechanism so that 

the spares could be moved very close in a controlled fashion. This "receiver" was designed so 

that current oscillating back and forth in the wire would have a natural period close to that of 

the "transmitter" described above. The presence of oscillating charge in the receiver would be 

signaled by sparks across the (tiny) gap between the sphere. 

In this experiment Hertz confirmed Maxwell’s theories about the existence of electromagnetic 

radiation. 

  

o During experiments Hertz also noted that electrical conductors reflect the waves and that they 

can be focused by concave reflectors. In this way he invented parabolic antenna and perform 

experiments with it. He used cylindrical parabolic reflectors fed by spark-excited dipole 

antennas at their focus for both transmitting and receiving during his historic experiments. 

 William Thompson developed the waveguide theory for propagation of microwaves in a guided 

structure in around 1893. 

 In 1897-1899, Sir Oliver Lodge (12 June 1851 – 22 August 1940) established the mode properties of 

propagation of EM waves in free space and in a hollow metallic tube known as the waveguide. 

                                                           
4
 Using a new notation, Heaviside simplified Maxwell’s original equations to the four, using only terms for fields that we employ to this 

day. At first those equations were referred to by various combinations of the names of Maxwell, Heaviside, and Heinrich Hertz , who was 
the first to demonstrate Maxwell’s waves. However, for all his otherwise brilliance, Albert Einstein referred to them as Maxwell’s 
equations in his 1940 monograph “Considerations Concerning the Fundamentals of Theoretical Physics.” The name stuck, and Heaviside 
faded from public view. (Hertz at least had a unit named after him.) 
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 The first horn antenna was constructed in 1897 by Indian radio researcher Jagadish Chandra Bose (30 

November 1858 – 23 November 1937) in his pioneering experiments with microwaves. Bose’s horn 

operated in the millimetre wave range and his horn and waveguide were circular. Horn antennas are 

still considered to be useful feeds for reflector antennas.  

 Microwave vacuum tube klystron was invented by Russel and Varian Brass in 1937. The klystron was the 

first significantly powerful source of radio waves in the microwave range. Conventional vacuum tubes 

are not efficient sources of currents at microwave frequencies. 

 John D. Kraus (June 28, 1910 – July 18, 2004) invented corner reflector antenna for electromagnetic 

wave transmission in 1938. A corner reflector antenna is a type of directional antenna used at VHF and 

UHF frequencies. They are widely used for UHF television receiving antennas. 

 

 Rudolf Kompfner (May 16, 1909 – December 3, 1977) intentioned microwave travelling wave tube 

(TWT) in 1944. TWT is a specialized vacuum tube that is used in electronics to amplify RF signals in the 

microwave range. 

 Percy Spencer (July 19, 1894 – September 8, 1969) invented the modern microwave oven for domestic 

cooking in 1946. 

 Microstrip antenna was first theorized by G. A. Deschamps in 1953. But it didn't become practical until 

the 1970s when it was developed further by Robert E. Munson using low-loss soft substrate materials. 

 

1.2 Limitations of conventional circuit theory, concepts at microwave frequencies 

The most fundamental characteristic that distinguishes conventional circuit analysis from microwave 

engineering is directly related to the frequency (and thus the wavelength, λ) of the electronic signals being 

processed. In free space, λ=c/f, where f is the frequency of the signal and c is the speed of light.  

For low-frequency circuits (with a few special exceptions such as antennae), the signal wavelength is much 

larger than the size of the electronic system and circuit components being examined. In contrast, for a 

microwave system the sizes of typical electronic components are often comparable to (i.e., within 

approximately 1 order of magnitude of) the signal wavelength. 
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As illustrated in above figure, for components much smaller than the wavelength (i.e., l<λ/10), the finite velocity 

of the electromagnetic signal as it propagates through the component leads to a modest difference in phase at 

opposite ends of the component. For components comparable to or larger than the wavelength, however, this 

end-to-end phase difference becomes increasingly significant. 

This gives rise to a reasonable working definition of the two design areas based on the underlying 

approximations used in design. Since in conventional circuit, the circuit components and interconnections are 

generally small compared to a wavelength, they can be modeled as lumped elements for which Kirchoff’s 

voltage and current laws apply at every instant in time. It means the description or analysis of such circuits may 

be adequately carried out in terms of loop currents and node voltages without consideration of propagation 

effects assuming that the current (and voltage) at any given instant has the same value at every point in the 

element. The time delay between cause and effect at different points in these circuits is so small compared with 

the period of the applied signal as to be negligible. In practice, a rule of thumb for the applicability of a lumped-

element equivalent circuit is that the component size should be less than λ/10 at the frequency of operation. 

As the frequency is raised to a point where the wavelength is no longer large compared with the circuit 

dimensions, propagation effects can no longer be ignored. So for microwave frequencies for which component 

size exceeds approximately λ/10, the finite propagation velocity of electromagnetic waves can no longer be as 

easily absorbed into simple lumped-element equivalent circuits. For these frequencies, the time delay 

associated with signal propagation from one end of a component to the other is an appreciable fraction of the 

signal period, and thus lumped-element descriptions are no longer adequate to describe the electrical behavior. 

In this case phase differences within element become significant; at a given instant the current at one point in 

the element may be passing through its maximum value, while at another point it is zero. A distributed-element 

model is required to accurately capture the electrical behavior. The time delay associated with finite wave 

propagation velocity that gives rise to the distributed circuit effects is a distinguishing feature of the mindset of 

microwave engineering. 

The extension of conventional circuit theory to microwave system is further complicated by the use of circuit 

elements such as waveguides, in which voltages and currents are not uniquely defined. The analysis of these 

elements must be approached from the point of view that they serve to guide electromagnetic waves; attention 

is centered on electric and magnetic fields rather than on voltage and current. 

In addition to material properties, some physical effects are significant at microwave frequencies that are 

typically negligible at lower frequencies. For example, radiation losses become increasingly important as the 

signal wavelengths approach the component and interconnect dimensions. For conductors and other 

components of comparable size to the signal wavelengths, standing waves caused by reflection of the 

electromagnetic waves from the boundaries of the component can greatly enhance the radiation of 

electromagnetic energy. 

Unique characteristics of microwaves 

1. Short wavelengths 

2. More bandwidth (directly related to data rate). 

Eg. TV bandwidth = 6 MHz 

At 60 MHz (VHF), 10% BW for 1 Channel 

At 60 GHz (U-Band) 1% BW for 100 channels 

A 1% bandwidth at 600 MHz is 6 MHz, which (with binary phase shift keying modulation) can provide a 

data rate of about 6 Mbps (megabits per second), while at 60 GHz a 1% bandwidth is 600 MHz, allowing 

a 600 Mbps data rate. 

3. Small antenna size with large antenna gain5. 

                                                           
5 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝑔𝑎𝑖𝑛,𝐺 ∝ 𝐴/𝜆2, A - Physical aperture area of antenna, λ - wavelength 
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Antenna gain is proportional to the electrical size of the antenna. At higher frequencies, more antenna 

gain can be obtained for a given physical antenna size. 

4. Travel by line of sight propagation through ionosphere with negligible absorption and reflection. 

Microwave signals travel by line of sight and are not bent by the ionosphere as are lower frequency 

signals. Satellite and terrestrial communication links with very high capacities are therefore possible, 

with frequency reuse at minimally distant locations. 

5. Reflection from metallic surfaces. 

6. Microwave heating 

7. Molecular, atomic and nuclear resonance. 

Various molecular, atomic, and nuclear resonances occur at microwave frequencies, creating a variety 

of unique applications in the areas of basic science, remote sensing, medical diagnostics and treatment, 

and heating methods. 

Typical microwave system 

A typical microwave system normally consists of a transmitter subsystem (including a microwave generator, 

waveguides, wavemeter, attenuator and a transmitting antenna) and a receiver subsystem (including a 

receiving antenna, waveguide, a microwave amplifier, and a receiver).  

 

Therefore, a first course on microwave engineering should include three major areas of study. 

i. Microwave Transmission Lines and waveguides 

ii. Microwave circuit elements 

iii. Microwave sources, amplifiers and detectors 

Basic microwave concepts 

Microwave Transmission 

The principle of microwave transmission is based upon the same fundamental laws of electromagnetism, but it 

cannot be derived extending either low frequency radio or high frequency optical concepts.  

For instance conventional two conductor line cannot be used for microwave transmission. If microwave power 

is fed to these pair of conductor line where dimensions of line are comparable to the wavelength of the 

propagating signal, it leads to a series of interesting effects that fall outside the scope of problems examined by 

classical theory of ling transmission line.  
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Therefore one has to use hollow metal tubes called waveguides. The energy propagation in these structure is 

basically a reflection phenomenon. The waveguide transmission of microwave is associated with a number of 

interesting problems such as coupling of power from generator to line, exciting of waves in a waveguide etc. 

Microwave circuit elements 

The conventional circuit elements such as resistors, inductors and capacitors do not respond well at microwave 

frequencies. We still can construct energy dissipating (resistors) and storing (capacitors and inductors) elements 

at microwave frequencies but their geometrical shape will be quite different. A section of microwave line 

(distributed parameters) offers reactances varying from -∞ to +∞ if its length is suitably chosen. 

Similarly, conventional resonant and anti-resonant circuits are replaced by resonant microwave line sections 

known as resonant cavities. 

When a number of such microwave circuit elements are connected together, we have a microwave circuit. 

Generation and amplification of microwave 

The operation of conventional vacuum tubes and solid state devices is limited by transit time effects. However, 

the frequency range of operation of those devices can be extended to the lower edge of microwave spectrum at 

the cost of power output and noise characteristics. 

To exploit this frequency region number of new principles of operation such as velocity modulation, interaction 

of space charge waves with electromagnetic fields were proposed. It involves transfer of power from a source 

of direct voltage to a source of alternating voltage by means of a density-modulated stream of electrons 

resulting in the development of klystron, magnetron and travelling-wave tube.  

Reed diode and IMPATT was developed using interaction of the impact ionization avalanche and the transit 

time of charge carriers. Quantum mechanical tunneling was used to develop tunnel diode. Transferred electron 

techniques were used to develop transfer electron devices.  

The solid-state devices used for microwave generation and amplification exploit the negative resistance 

characteristics. 

 

1.3 Applications of Microwaves 

a) Microwave communication systems 

Because of the increase in bandwidth microwaves are extensively used to carry voice (4 KHz bandwidth), digital 

data, television signals (6 MHz bandwidth) or telephonic traffic etc over long distances links on the ground 

(ground communication) or deep-space spacecraft (space communication). 

 Direct broadcast satellite television (DBST) 

 Personal communication systems (PCSs) 

 Wireless local area computer networks (WLANs) 

 Global positioning satellite (GPS) 

b) Radar Systems 

Microwave are widely used for radar because extremely narrow microwave beam could be produced by the 

microwave antennas. 

 Air and marine navigation 

 Detection and tracking of aircraft, missiles, spacecraft 

 Missile guidance 
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c) Radiometry/ Radio-astronomical research 

Radiometry is to gather information about a target solely from the microwave portion of the black body 

radiation that is either emits directly or reflects from surrounding. 

Astronomical use 

 Planetary mapping 

 Solar emission mapping 

 Measurement of cosmological background radiation 

Remote sensing use 

 Measurement of soil moisture 

 Snow cover/ice cover mapping 

 Developing atmospheric temperature and humidity profiles 

d) Industrial applications 

 Microwave oven 

 Microwave drying machines are used in textile and paper industries. 

 Non- destructive testing of metals such as thickness measurements. 

e) Biomedical applications 

 The exact location of deep cancerous tissue can be known by means of microwave radiometers. 

 Microwave diathermy machines are used to remove rheumatic pains by producing heat inside the 

muscle without affecting the skin. 

 Microwave radiations are used for cancer therapy, hyperthermia. Hyperthermia therapy is a type of 

medical treatment in which body tissue is exposed to slightly higher temperatures to damage and kill 

cancer cells or to make cancer cells more sensitive to the effects of radiation and certain anti-cancer 

drugs. 

f) Basic and Applied Research 

 Microwave and radio frequency spectroscopy for structural analysis. 

 Microwave absorption spectra provide information about molecular structure and energy levels. 
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           
             
          
           
             
          
          
           
                 λ
                 
            
           
          



    

          
              
           
    

             
  

 



               

  × = ×   
   

  ρ    ρ             


       

= ρ = ρ 
  
  

      

  = ρ
  
 

             
    

    
         

    
         

     
                

          
             

            
               
             
         
         

 

l

I



    

 

Oscillating current

l = l sin t�0

Straight wire

I

Curved wore

I

Bent wire

I

Discontinuous wire

I

Ground

l

Truncated

�

Acceleration Retardation

Load

Ground

 

           
         
          
        

    
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Near and Far Field Region 

 

 



 

 

 



 

 



 

 















































Antenna Noise Temperature 

 



 

 



 



 

 



 



Impedance Matching 

 



 



Friis Transmission Equation 

 



 



Noise Characterization of Receiver 

 



 



 


