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Optical Interference 
Coatings in Nature 
B Y J E N N I F E R T U R N E R - V A L L E 

When most optikers think of 
optical interference filters, they 

think of man-made coatings for 
controlling light, such as anti-
reflection coatings on camera lenses, 
polarizing beamsplitter cube coat

ings, and high reflectivity laser 
mirrors. However, long before 
humans began using coatings to 
control light, animals were already 
wearing brilliant iridescent colors 
produced by high reflectivity inter
ference filters. In fact, iridescence 
can be seen in selected birds, fish, 
insects, mollusks, and even plants.1 

The term iridescent is generally 
used to describe colors with a metal
lic luster. But iridescent colors in 
animals do not result from metal 
layers, instead they are most often 
produced by interference effects that 
result in high reflectivity. Occasion
ally these colors are due to diffrac
tion from a grating-like structure 
or selective light scattering from 
small particles. These less common 

sources of iridescence will not be 
discussed. 

Bird feathers 
While many birds have colorful, 
iridescent feathers, few are more 
notable than those of the humming
bird.2 Beautiful examples are the 
metallic red head of a male Anna's 
hummingbird (see Fig. 1) and the 
iridescent blue and green belly 
feathers of a male broad-billed 
hummingbird (see Fig. 2). Male 
hummers prominently display inter
ference colors on their throat and 
head feathers (known as gorgets), in 
addition to the feathers on their 
backs and bellies.3 The females gen
erally have only iridescent back 
feathers. 

Figure 1. Both the red gorget and the green belly and back colors 
of the male Anna's hummingbird, Calypte anna, are due to interfer
ence effects. 

Figure 2. Note the apparently black gorget and iridescent green 
and blue belly feather colors of this male broadbilled hummingbird. 

Figure 3. The metallic green color of the green june beetle belly, 
Continis mutabilis, is due to optical interference. Other members of 
the family Scarabaeidae also exhibit iridescence due to interfer
ence. 

Figure 4. The metallic green color of the sweat bee, Agapostemon 
texanus, is also due to optical interference. 
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The brilliant gorget colors of 
males cannot be seen from all view
ing angles; from the wrong vantage 
point, the head feathers appear to be 
completely black. However, the iri
descent back and belly colors can be 
seen from nearly all angles. This dif
ference exists because the iridescent 
feathers of the gorget are flat and the 
feathers of the back are convex. The 
situation is the same as comparing a 
plane to a convex mirror. Of course, 
for a mirror, the angle of incidence 
equals the angle of reflection. How
ever, the plane mirror has a single 
angle of incidence resulting in a sin
gle angle of reflection, while the 
convex mirror has multiple angles of 
incidence resulting in multiple 
angles of reflection. If, however, 
you're unable to locate humming
birds, don't despair. Interference fil
ters may also be found on the throat 
feathers of pigeons, the tail feathers 
of peacocks, and the head feathers of 
some ducks. 

Birds are good places to look for 
interference colors because of their 
size, but if you're willing to search 
out insects you may find some sur
prising iridescence.4 Figure 3 shows 
a green june beetle's iridescent belly 
and Figure 4 shows a strikingly col
orful iridescent sweat bee. Both of 
these insects are common in the 
southwest, but interference colors 
on insects are a worldwide phe
nomenon, so be sure to keep your 
eyes open. 

How it works 
To understand the origin of these iri
descent colors, we need to understand 
the fundamental principle behind 
optical interference filters as illustrat
ed in Figure 5. Light incident on a 
thin dielectric layer reflects from both 
the top and bottom surfaces (only 
single bounce reflections are shown 
for simplicity). The light that reflects 
from the bottom surface travels far
ther than the light that reflects from 
the top. This path length difference 
results in a phase shift between the 
two beams. As long as the layers are 

thin enough, the 
two reflected beams 
will be coherent, 
that is, they will be 
able to interfere 
with each other. 
The phase differ
ence between beams 
A and B will deter
mine whether they 
will add construc
tively or destruc
tively. 

If the beams are 
in phase, they will 
add constructively, 
thus doubling the 
amplitude of the 
resulting wave. Sim
ilarly, if the two 
beams are out of 
phase, they will add destructively, 
cancelling each other out. 

To produce an interference filter 
that reflects strongly without metals 
(also known as a dielectric mirror or 
high reflector), a sandwich of thin 
films is constructed. This sandwich, 
known as a multilayer, is generally 
constructed of two materials of dif
ferent refractive indices. The thick
nesses of the layers are chosen to 
satisfy the constructive interference 
condition stated in Figure 3, so that 
the light reflected from each of the 
interfaces adds constructively at the 
front surface of the filter. 

The result of the coherent addi
tion of all this light is a highly reflec
tive filter. This fundamental filter 
design is the same for both man-
made and biological dielectric mir
rors. In the case of hummingbird 
iridescence, the feather barbules are 
comprised of stacks of platelets filled 
with tiny air bubbles encased in lay
ers of melanine. The thin film layers 
that form the interference filters are 
actually layers of melanine separated 
by layers of air. 

Make your own iridescence 
You may produce your own interfer
ence colors at home with liquid 
dishwashing soap. The next time you 

wash the dishes, add 
liquid soap to an 
empty sink (with 
the drain stopper in 
place), and turn on 
the water, filling the 
sink rapidly. You 
want to agitate the 
soap to form bub
bles. If your kitchen 
has bright lighting, 
you will be able to 
see interference col
ors in the reflection 
of the light from the 
soap bubbles. You 
can also see interfer
ence colors when 
you make soap bub
bles with a bubble-
blowing wand. If 

these methods require too much 
effort, I recommend that you wait 
for a rainstorm to form some pud
dles at your local filling station. If 
you're lucky, after the storm you will 
see some lovely interference colors 
formed by thin layers of gasoline and 
oil on the puddles. 

In short, there are lovely interfer
ence colors to be spotted, if only you 
take the time to observe them. 
Happy color hunting! 
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Figure 5. Reflection from a single 
thin-film layer. Constructive interfer
ence occurs between beams A and 
B when nd = m λ/4, where n is 
refractive index, d is the film 
thinness, m is an odd integer, and λ 
is the wavelength of the incident 
light. Note that beam A experiences 
a λ/2 phase shift on reflection from 
a dense medium in air. 
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