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Moth Eye  Anti-Reflective Nanocoatings ( ARC): How do 
they work? 

 
The anti- reflective coatings 1, 2 or ARC are the coatings applied 
to surfaces where loss of incident light on a surface due to 
reflection is undesirable. The functionality of the surface can be 
enhanced when maximum light is made to enter the medium.  
Following are the situations which necessitate  minimization of 
surface reflectance: 

• Surfaces that are required to absorb the radiant heat and 
transmit it inside. 

• Photovoltaic surfaces that convert incident light into 
electricity. 

• Security objects like hidden cameras which should go 
undetected even in feeble light conditions 

• Eye wear surfaces with no reflected image of the 
surroundings.. 

• Glass panels  and partitions with extreme clarity 
• Extremely dark black surfaces with near total light 

absorption  
 
The reflection occurs due to the high refractive index of the 
medium that intercepts light. Hence a coating with low refractive 
index (of intermediate value between those of the two media) will 
act as an optical buffer. This leads to a gradual change in the 
refractive index of the surface as the light radiation approaches the 
surface. Hence there is no abrupt change of the medium causing 
reflection of light. The incident light is smoothly led into the surface 
by the antireflective coating with minimum reflectivity. In other 
words, the refractive index of the interface is altered a great deal. 
The lower the effective refractive index, the lower will be the 
reflected light. 
 
Typically, the surface reflectance at the air-glass interface is about 
4%;  as governed by the Fresnel equation: 

% 𝑅 = 100
(𝑛1 − 𝑛2)
(𝑛1 + 𝑛2)

!

 

   
 where n1 and n2 are the refractive indices for the two media. We 
get the value of 4% if we enter 1.5 and 1.0 as the refractive indices 
for glass and air respectively. 



www.coatingsys.com 
 

 
The conventional antireflective coatings are based on silicon 
nitiride, magnesium fluoride or fluorocarbons. These coatings 
suffer from some of constraints:  

• Usefulness over only a narrow wave length  range: e.g. 
Silicon-nitride effective only around 600 nm 

•  Effectiveness at only certain angle of incidence 
• Lowest possible refractive index e.g. MgF: 1.38 ; 

Fluorocarbons 1.30 
• Difficulty of application  e.g. Fluorocarbons 
• High cost e.g. Silicon nitride 
• Lowest possible reflectance achieved  only 1~2 % with MgF 

and fluorocarbons 
 
To overcome the above constraints and to come up with better 
antireflective coatings the scientists examined various objects in 
‘nature’ with very low reflectivity.  The  eyes of moth insect are 
found to be the least reflective of all the surfaces and hence 
appear totally dark. This enables the moth to remain invisible in 
near-darkness to its ‘enemies’ while being able to see them. Upon 
examination under SEM, the scientists found that the cornea had a 
nanostructured surface. It consisted of nipple shaped protrusions 
on the transparent membrane which are 200 nm in height and 300 
nm in diameter. These were non-close-packed in hexagonal 
configuration. This structuration imparted total anti-reflectivity over 
the entire band of visible light and at different angles of incidence. 
 
The mechanism of this phenomenon is as follows:  
 
Since the size of the protrusions (200~300 nm) is smaller than the 
wavelength of the visible light (400~700 nm), these protrusions 
themselves are not visible. But these protrusions are not really too 
small (~60 nm) so as to cause Rayleigh scattering. Hence the 
intensity of the scattered light is not dependent on wavelength and 
there is a no backscatter. These protrusions cause Mie scattering 
which is independent of wavelength and at the sizes of 200~300 
nm, most of it is forward scattering. Hence there is hardly any 
reflection. Therefore the incident radiation is smoothly led into the 
next medium with the incident surface appearing dead. 
MgF were considered as the standard in antireflective coatings 
until the advent of nanostructured polymeric coatings. The lowest 
reflectance   previously achieved was 1~2%.  However, the 
nanostructured surfaces offer as low reflectivity as 0.5% over a 
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wide range of wave lengths and angles of incidence. The effective 
refractive index that is achieved is ~<1.38. 
 
These nanostructuration based ARC can additionally serve as 
hydrophobic coatings. 
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