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Abstract- Antenna is one of the most vital organ-like ear and eye to any electronic system. It acts as a link for 
electromagnetic energy between guided medium and free space around. It was at the height of World War II that many 
antenna foundations were laid, upon which later, engineers were to build a wide variety of antennas. Historically, antenna 
design and metrology have not achieved the level of recognition they deserve, especially when compared with the 
glamour of microprocessors, laser technology, computers, VLSI etc. but antenna engineering is dynamic and a high level of 
technology field. Since World War II, both radar and electronic warfare technologies have attained an extremely high state 
of performance. Modern military forces are depending heavily on the antenna design for surveillance, electronic counter 
measures, navigation, weapon control, communication etc. 
Basically, antennas can be broadly divided into three categories:- 
1.  Radar antennas 
2.  Electronic warfare antennas 
3.  Communication antennas 
In this paper, discussion will cover the EW antennas and their development status in this country. 
 
Keywords- EW – Electronic Warfare, EM – Electromagnetic, ESM-Electronic Support Measures, ELINT – Electronic 
Intelligence, ECM–Electronic Counter Measures 
 
 
I. INTRODUCTION 
 
Electronic warfare is defined as military action 
involving the uses of EM energy to determine, 
exploit, or prevent radar use of EM spectrum. So EW 
takes the job to degrade the radar capability. It is a 
totally silent and invisible battle in which the antenna 
plays a vital role. Modern weapon system is placing 
increasingly greater reliance upon antennas in this 
silent, unseen conflict as a pre-requisite for victory in 
battle. Admiral Gorshkov, Chief of Soviet Navy in 
his speech at Morskoy Sbornik in 1974 has stated 
that “The country who best exploit the 
electromagnetic spectrum will win the next war”[1]. 
In the absence of any prior information about the 
enemy radar system, our antenna should be capable 
of responding to the signals of any frequency, 
polarization and coming from any direction. In other 
words, EW antenna should have a radiation pattern, 
which is capable of responding to all polarizations 
over multi-octave frequency bands. This makes EW 
antenna a special class in itself as compared to 
radar antennas, which work for the signals of a  
known frequency polarization and coming from a 
known direction. 
 
II. CLASSIFICATION OF ANTENNAS 
 
EW antennas can be divided into the two groups, 
depending upon system nature:- 
 
I.   ESM/ELINT antennas 
II.   ECM antennas 
 

 
III. I.ESM/ELINT ANTENNAS: 
 
A variety of state of the art ESM/ELINT antennas 
have been developed to suit various platforms with 
defence services. The primary functions of these 
antennas are:- 
I.   Signal interception for analysis. 
II.   Direction finding. 
 
IV. SIGNAL INTERCEPT ANTENNAS 
 
This class of antennas is required to receive a signal 
instantaneously, coming from any direction with any 
polarization. Hence, Omni Direction antennas with 
slant 45 deg/circular polarization are used.  These 
antennas have to cover a multi-octave frequency 
bandwidth, say 0.5 to 40 GHz, by single antenna or 
by split band antennas depending upon system or 
platform requirement. 
The most important and widely acceptable types 
of such antennas are:- 
I. Bi-conical horn with polarizer 
II. Conical log spiral antenna 
-  Conical beam 
-  Directional beam 
III. Hemispherical coverage log spiral 
IV. Split beam equiangular spiral 
V. Normal mode Archimedean spiral 
 
V. BI-CONICAL HORN WITH POLARIZER 
 
This antenna is finding extensive application as 
Omni- directional antenna for all defense platforms. 
This antenna is ideally suited for nautical 
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applications because of its broad beam coverage in 
elevation plane. This coverage minimizes the loss of 
signal due to roll and pitch movement of the ship. 
 
The antenna is enclosed in suitable radome to 
protect it from hostile environment. 
 
Basically the antenna is vertically polarized. To 
make it suitable for  electronic  warfare applications, 
it  is  integrated with a suitable polarizer to enable it 
to respond to all incoming polarizations efficiently. 
 
Fig. 1 shows the basic configurations and 
principle of the antenna and polarizer 
 

 
 
VI. CONICAL LOG SPIRAL (CLS) 
 
This antenna is shown in fig. 2. This is another class 
of frequency independent antenna, generated by the 
equiangular spiral projected on conical surface. 
 

 

VII. NORMAL MODE ARCHIMEDEAN 
SPIRAL ANTENNA 

 
This is one of the most widely used EW antennas. 
Theoretically, like CLS, it has no limit on the 
frequency bandwidth, but the lowest frequency is 
decided by the acceptable size, while highest 
frequency by the feed size. 
Each  arm  of  the  Archimedean  spiral  is  defined  
by  the equation: 
r = aΦ……………Equation[1] 
 
Equation [1] states that the radius r of the antenna 
increases linearly with the angle Φ. The parameter a 
is simply a constant that controls the rate at which the 
spiral flares out. The second arm  of  the  
Archimedean spiral  the  same  as  the  first,  but 
rotated 180 degrees.[2] 
 

 
 
VIII. EQUIANGULAR PLANAR SPIRAL 

ANTENNA 
 
The log-periodic spiral antenna, also known as the 
equiangular spiral antenna, has each arm defined by 
the polar function: 
 

r = R0eaΦ….........Equation[2]. 
 
In Equation [1], R0 is a constant that controls the 
initial radius of  the  spiral  antenna.  The  parameter 
acontrols  the  rate  at which the spiral antenna flares 
or grows as it turns. 
 
This is also truly a frequency independent antenna 
and hence extremely broadband. (Parameters shown 
in fig. 3(b))[2] 
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IX. SECTOR SURVEILLANCE ANTENNAS 
 
Sometimes antennas are required to look into a 
limited sector instead of the whole space around. The 
variants of antennas finding use for this application 
are:- 
a.  Log periodic (coplanar, pyramidal) 
b. Reflectors (shaped, cylindrical, parabolic) 
c.  Axial model spiral 
d. Axial mode equiangular spiral e.  Two arm conical 
log spiral 
 
X. DIRECTION FINDING ANTENNAS (DF 

ANTENNAS) 
 
Having detected the presence of hostile radar 
emission, it is sometimes required to pin point its 
angular location and hence DF antennas are required. 
Some of the DF antenna variants are given below: - 
I. Rotary DF antenna 
II. Wide open DF antenna 
a.   Four element amplitude comparison DF antenna 
b.  6/8 element amplitude comparison DF antenna. c.   
Phase comparison DF antenna. 
d.  Beam switching DF 
e.   Mode forming circular array 
 
XI. ROTARY DF ANTENNAS 
 
This is the simplest cheapest system having high 
sensitivity and DF accuracy but it is not 
instantaneous or wide open. Hence this technique is 
widely for ELINT application. Here, the location of 
enemy emission can be pinpointed by rotating a 
highly directional antenna. All the directional 
broadband antennas can be used for this application. 

Sometimes, a    rotating p a i r    of   antennas w i t h  
sum a n d  difference type of radiation pattern is used 
as DF antennas. Sum pattern will give rough DF 
while difference pattern is used for accurate bearing. 
Rotary DF antennas have achieved accuracy of the 
order of 1 deg. 
 
XII. WIDE OPEN DF ANTENNAS 
 
Rotatory DF antennas described above do not 
work all the time and hence, probability of intercept 
is poor.For tactical applications, wide open and 
instantaneous DF antennas having 100% probability 
of intercept as required. A.  One of the techniques is 
to arrange 4 broadband EW antennas, 90 deg apart in 
azimuth, each having a cosine pattern and compare 
the amplitude of signals received by two adjacent 
radiators. Fig 5 shows the arrangement and principle 
of operation. Since it is not possible to realize cosine 
pattern over large frequency band, so its use is limited 
to maximum one octave with acceptable deviation 
from cosine shape and hence DF accuracy is limited 
to ±10 deg. This system was used widely till new 
concepts came up. 
 

 
 
B.  It is not possible to use above technique with 
broadband/ frequency independent radiators having 
beam width 50 deg-80 deg. So eight antenna DF was 
configured as shown in fig 6. Algorithm used is also 
illustrated in the figure.  This DF antenna gives an 
accuracy of 4deg – 5deg RMS. It is being widely 
used at platforms, covering multi-octave frequency 
bands. 
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C. With the realization of broadband phase 
matched components, wide open DF systems like 
baseline interferometer, digital bearing discriminator 
are coming to vogue with DF accuracy of 2 deg 
RMS. Quite a few of these systems have been 
employed. Fig 7 shows the principle of these 
antennas 
 

 
 
XIII. ELECTRONIC COUNTER MEASURE 

(ECM) ANTENNAS 
 
Enemy radar,having been detected, analyzed and 
pinpointed, it may  be  required  to  counteract.  For  
this  purpose,  ECM antennas are required. II.II.I. 
Early EW systems employed wide beam 
circular/slant 45 deg polarized horns, spiral 
antennas etc. in conjunction with available poor DF 
accuracy systems to jam the hostile radars. They 
were mechanically steered and hence large reaction 
time with capability of handling one target at a time. 
These ECM antennas   with   low   gain   generated 
low   ERP   (Effective Radiated Power). The jammer 
depended on transmitter for increasing ERP but 
there was limit to increase it because of the 
following considerations 
a)Size b)Weight 
c)Prime Power Requirement 
d)Cooling 
e)Availability of  broadband  components  capable  
of  taking high power 
 
ERP of the order of 40-50 KW was generated and 
these ECM systems served the purpose for that 
period. Typical circularly polarized high power horn 
is shown in fig.8. 

 
 
II.II.II. Next generation jammer sought increased 
ERP by increasing the antenna gain with narrowing 
beam width using antennas like parabolic reflector. 
Narrow beam created its own problem. It required 
high DF accuracy antenna system and use of two 
pairs of auxiliary receiving antennas for tracking 
target in both Az & Elev. Planes for accurately 
pointing the jammer beam  in  the  direction  of  
threat.  The  auxiliary  tracking antennas work on 
amplitude comparison technique. Pictorial view of 
this typical antenna is shown in fig.9. This type of 
antennas achieved high ERP but because of rotation, 
reaction time is large. With 30 db gain antenna, 
350KW of ERP or more is possible with the 
available TWT amplifiers at X-Ku Band. 
 

 
 
XIV. 3RDGENERATION EW SYSTEM 
 
The jammers discussed so far are mechanically 
driven and may not be suitable for modern fast 
moving multiple simultaneous threats like anti-ship 
missiles. Such capability can  be  achieved  by  
using  the  concept  of  phased  array antennas, where 
beam can be scanned very fast electronically while 
antennas remains stationary. High ERP is achieved 
by space  combining the  power  from  each  radiator  
and  hence asking for low power handling 
components to configure the ECM antenna. The 
phased array ECM antenna permits optimum 
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utilization of the jammer resources in space, time 
and   frequency   domain.   They   did   not   permit   
optimum utilization of jammer resources in time 
and space because jammer was continuously 
transmitting over a wide sector once on.  Next type 
of jammer using narrow beam, optimized jammer 
resources in frequency and space domain only. 
 
XV. PHASED ARRAY CONFIGURATION 
 
There are many options for this application. They 
include (as shown in fig.10) 

a) Conventional Phased Array 
b) Active Aperture Phased Array 
c) Rotman lens MultipleBeam Array 

 

 
 

XVI. CONVENTIONAL PHASED ARRAY 
 
It is very popular for Radar applications but not for 
ECM. These are having limited ECM applications 
because of following reasons: 
a) Non availabilityof broadband high power 
components. b)Not capable of producingsimultaneous 
multiple beams. c)Use of phase shifters makes system 
costly and complex. 
d)Phase shifters require prior frequency information 
to direct the beam. 
e)Phase  variation  of  phase  shifters  with  
temperature.  It requires constant up gradation.[3] 
 
XVII. ACTIVE APPERTURE PHASED 

ARRAY 
 
By virtue of its configuration as shown in fig.9, it 
does not have   the   limitation   of   having   high   
power   broadband microwave components but it 
does have all other limitations of conventional 
phased array. Still it is sometimes used when 
requirement is time sharing multiple beam 
generation. With the arrival of GaAs and MMIC 
technology, it is possible to fabricate active devices 
and antennas on a single substrate which is light 

weight and cost effective. Thomson-CSF of France 
has demonstrated this technique. 
 
XVIII. ROTMAN LENS FED MULTIPLE 

BEAM ARRAY 
 
This approach shown in fig.11 has gained acceptance 
to ECM and is going to be the system for future 
ECM applications. It has  got  all  the  positive  
points  of  phased  array  above  in addition to the 
following: 
a) No phase shifters are required and hence cost 
effective. 
b) No frequency information required to direct the 
beams in required direction. 
c)Simultaneous multiple threats handling capability.  
d) Low power broadband microwave components. 
 

 
 
Raytheon USA, RAEFAL Israel are developing this 
type ECM systems. USA under the system name is 
going to equip its ships with 400 such systems. 
There is a news item that Australia, Saudi Arabia, 
Pakistan and Taiwan may also get one system each. 
 
CONCLUSION  
  
A  brief  discussion about microwave antennas  in 
Defence  for EW applications has been presented. It 
may be mentioned that EW antennas meeting the 
specific Defence requirement are to be tailor made 
and are not available off the shelf. 
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