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dielectrics boundaries reflect light

this effect can be reduced over a finite band 
width by matching the impedance 

two types of AR coatings

lambda / 4  (narrow band)

graded index (broad band)
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Simulated Dielectrics
What are they?

tune the effective index of a layer of 
dielectric by adding sub-wavelength 
perturbations

Why this is a good idea?

matched coefficient of thermal expansion 

can achieve any desired index between n 
and 1

mechanical robustness



cut quarter-wavelength deep grooves, holes, 
posts, ... into a dielectric surface

Used in DASI, CAPMAP (TRL 4.X)

Quarter Wave SDARs

1 day for ~16k holes



Lambda/4 S.D.-A.R.s
Work Well over ≈25% band-width

Cross-polarization

grooves ≈ -20dB

square array of holes ≈ -45db

from CAPMAP,
(HDPE)
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Graded index S.D.-A.R.s

made by tapering the perturbations

triangular grooves (APEX / SPT)

square base pyramids (UCB, 
Minnesota)

achieve > 100% fractional 
bandwidth

difficult to machine for some 
materials

QuickTime™ and a
 decompressor

are needed to see this picture.



Performance of graded 
index SD layers

Courtesy S. 
Hanany, University 

of Minnesota



SD work I know about:

Sorry if I left other work out



Technical Readiness 
It depends on the dielectric and the choice of 
geometry

high 4.xx

lambda/4 grooves and holes, tapered 
grooves in HDPE

medium 3.xx

pyramids in rexolite, pyarmids in LDPE 

low  1-2

using silicon



What it takes to bring a particular 
application to a high TRL

simulate (just a good idea)

spend time perfecting the fabrication (THE 
hard part)

test it  (x-pol, reflection)



Conclusions

Advantages of SDs: matched CTE, tunable 
index, mechanically robust, polarization 
symmetry is achievable

Disadvantages of SDs: you have to be able to 
fabricate it which may be difficult for some 
applications

Mature for some applications, needs work for 
others


