
Introduction to Phased Array Antennas 

 

A Ph.D. Seminar Course  

Feb./March 2018 for 12 Hours 

Instructor:  Dr. Krishna Naishadham, Visiting Professor, DET 

Email: krishna.n@ieee.org 

 

Objective:  An antenna is perhaps the most important element of a communications system, 

being used to transmit signals and receive signals in free space over long ranges. Many 

applications such as radar, radio astronomy and base station antennas for cellular 

communications require high-gain radiation patterns.  In contrast, single element antennas such 

as the dipole, loop and patch antennas have nearly omnidirectional patterns with wide beamwidth 

and low gain characteristics.  There are two fundamental solutions to increasing the directivity 

and gain of an antenna: (a) increase electrical size 

(aperture) of the antenna (e.g., large parabolic dish for the 

ground terminals in satellite communications), (b) group 

a number of antenna elements into a multi-element 

configuration called an array, so as to produce a highly 

directive pattern by constructive interference (pattern 

maxima) in some directions and destructive interference 

(pattern minima) in some other directions.  An example is 

the ubiquitous cell tower (see Fig. 1) or base station 

antenna which is a triangular array of linear dipoles 

producing a sectorial pattern in three uniform sectors of 

120 degrees each.  By controlling the amplitude and 

phase of the current exciting each of the dipoles in a 

given sector, the pattern in that sector can be 

independently controlled.     

The goal of this class is to introduce the fundamental properties of antenna arrays and to 

cover the basic principles to understand phased array antenna performance. Prerequisite 

knowledge on Basic Antenna Theory and Design will be helpful. 

Format:  Dr. Naishadham proposes that the course be taught in 4 hour-segments (2 hours each, 2 

days per week) over three weeks, starting the week of Feb. 26, 2018.  The day and time are to be 

decided (I propose Mon and Wed from 10:00 to 12:00 or 13:00 to 15:00)    There will not be any 

grading or supervision of the students’ performance.  But trust me – the course will be 

informative and useful, as it will cover an outline of theory, applications and array design using 

commercial EM software tools.  First, we would like to know your class meeting preferences.  

Please e-mail the instructor at the email address mentioned above and also copy the local 

coordinator of the course, Prof. Patrizia Savi (patrizia.savi@polito.it), letting us know if the 

above dates are OK or suggest an alternative.  You may email the instructor with any questions 

or concerns you may have and he will reply as soon as possible. 

Fig. 1.  Base station antenna array. 
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Syllabus:    Each class is projected to be 2 hours in duration. 

 

Class 1: Pattern multiplication, grating lobes and basic array examples     

Class 2: N-Element Arrays (Directivity, Broadside, End-Fire, Hansen-Woodyard) 

Class 3: Basics of Phased Arrays and Rudimentary Pattern Synthesis 

Class 4: Two-Dimensional Arrays and Array Scanning 

Class 5: Phased Array Properties (scan range, active impedance, finite vs. infinite arrays) 

Class 6: Anslysis and design of a planar strip dipole array using HFSS EM Software (unit cell 

definition, scan performance analysis).      
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