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The work done so far is on the 
THEORETICAL SIDE

• How can one define CORRECTLY the 
«efficiency» of an optical antenna (a 
flaw in the existing literature)

• What is the best «efficiency» we can 
obtain for the whole spectrum of 
the solar light
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The definition of antenna efficiency

“Record” efficiency equal to 59.6%

Definition and estimation of antenna efficiency
State of the art prior to GreEnergy Project

Prior to GreEnergy Project
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Transmitting vs receiving 
efficiency
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Problem #1. Source impedance 
(or load) has no role? 

Definition and estimation of antenna efficiency - State of the art prior to GreEnergy Project
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Transmitting vs receiving 
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Problem #1. Source impedance 
(or load) has no role? 

Definition and estimation of antenna efficiency - State of the art prior to GreEnergy Project
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Transmitting vs receiving 
efficiency
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By NO MEANS can an antenna like this (that is: with 
no ground plane) have a “real” (receiving) efficiency 

larger than 50%.
Problem #2. Larger than 50% efficiency 

with a dipole in free space????

The receiving area of an array of antennas and matched loads:
• can not be larger than half its physical size;
• can equal its physical size only in the presence of a ground-plane

(back-reflector) [S. A. Schelkunoff and H. T. Friis, Antenna Theory
and Practice (John Wiley and Sons, 1952)]
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Incoming 
radiation

Scattered
radiation

Scattered
radiation

Scattered radiation
LOST FOREVER!
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Incoming 
radiation

Scattered
radiation

Scattered
radiation

Back-reflector

Scattered radiation
may bounce back

…and 
cancel this!
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• Correct definition of antenna efficiency
• Backreflector!
• Lattice
• Small interelement spacing (140 nm pitch)
• Extremely careful optimization of dimensions,

thicknesses, choice of materials
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World record, 71.2% receiving efficiency
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Decently stable vs. angle of arrival
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• Extremely tiny dimensions (array pitch ~150nm, patch dimensions ~75nm)

• Graphene patterning in between antennas

• Graphene quality: as we shall see, ”ballistic” behaviour of charges in graphene 
is (almost) compulsory.
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THz rectifying diodes
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How does one measure the efficiency of an antenna? 

• Transmitting vs receiving efficiency

• A real flaw: greater than 50% efficiency 
with no reflecting ground???

Definition and estimation of antenna efficiency
State of the art prior to GreEnergy Project


