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Wire antenna 
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Lens 

Phased array 

5G 

Space 

Defense 

Biomedicine 

… … 

Is it possible to propose general-purpose strategies for 
the synthesis and design of antennas to achieve the 
performance characteristics specified by the user? 

Introduction 
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 Application 

 Manipulation of current 

Desired parameters of the antenna 

 Structure\size\cost\... 

 Manipulation of radiation 
electromagnetic fields 

 Traditional antenna design 

 New strategies for antenna design  

 Design  Manipulate electromagnetic  
fields directly 

Introduction 
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Introduction 

 Two possible candidates 
 TO 

SEM 
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Transformation optics 

TO provides an elegant theoretical approach for the electromagnetic field 
manipulation method by relating the electromagnetic fields in one coordinate 
system to another. However, it faces the issue of realizing 3D materials and 
the boundary problem.  
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New choice of TO 

An appropriate choice of      and        can modify the impedance of materials 
located at the central region of the flat lens to avoid  the mismatch problem at 
the interface between the lens and the free space.  
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Wave-equation-based transformation 

This method has the advantage that only isotropic dielectric 
is required. 
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Field manipulation based on 2D 
surface electromagnetics 

generalized Snell’s law 
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New relationship of refraction  
and critical angles 
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New relationship of reflection  
and critical angles 

Front In
form

 Technol E
lectro

n Eng



Antenna design examples  
based on field manipulation 
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Antenna design examples  
based on field manipulation 
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Antenna design examples  
based on field manipulation 

Fig. 9  Beam shaping based on GSL: (a) ray trace; (b) lens and flat top beam;  
(c) lens and ISO_flux beam; (d) metasurface generating a simultaneous multi-beam 
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Antenna design examples  
based on field manipulation 
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Antenna design examples  
based on field manipulation 
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Antenna design examples  
based on field manipulation 
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Performing mathematical operation 
with field manipulation 

This example provides another model for combining 3D field manipulation within 
GRIN and 2D manipulation using a metasurface. If the mathematical operation 
performance can be integrated into the antenna system within the framework of 
field manipulation, the antenna may play a more powerful role in the future. 
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Conclusions 

1. We have presented two different field manipulation techniques, i.e., 3D 
transformation electromagnetics and 2D surface electromagnetics, and 
their applications in antenna design. Our primary motivation has been to 
see if we could develop a robust and general-purpose tool for innovative 
design of antennas for future communication. 

2. Our primary emphasis has been to lay the foundations of the theoretical 
aspects of various field manipulation techniques. Although we have 
mentioned a variety of applications of field manipulation techniques, most 
of the designs presented herein have not been realized. 

3. It is our sincere hope that researchers in the area will vigorously pursue 
this aspect of the research, and help bridge the gap that exists today 
between the theory and practice of the field manipulation techniques, 
either for designing real-word antennas for novel applications in the future, 
or for realizing improvements of the performance of existing antennas. 
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