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Thin Film Merit Function Structure 

Merit function of AR coating versus two layer thicknesses  

� 14 layer AR coating on 1.52 substrate     � Uniform thin layer initial conditions     � low index: 1.35, high index: 2.35 

•  Local minima tend to be spaced quasi-uniformly by ¼- to ½-wave of mean optical thickness 
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Combinatorial Search Concept 

Merit function of AR coating versus two layer thicknesses  

� 14 layer AR coating on 1.52 substrate     � Uniform thin layer initial conditions     � low index: 1.35, high index: 2.35 

•  Searching for better local minima can be done by simultaneously perturbing 
groups of k layers by enough to escape local minima and reoptimizing 

� Notional start point 
� k = 2 neighborhood 
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Parallelization Approach 
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Initialization Asynchronous Scheduling 

•  Dynamic computation assignment prioritizes uniform node utilization over 
communication efficiency in the face of unpredictable computation times 

(i,j,k,l) 

F 



Birge OIC - 5 

Implementation Efficiency 
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Computation time versus number of cores 

•  Computation time scales linearly with processor count 
•  Parallel algorithm is not communication-limited 
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AR Coating Design Example 

Reflectivity 

*Following Dobrowolski et al, “Optimal single-band normal-incidence antireflection coatings”, Optics Letters 35 (1996)  

� 18 layer AR coating on 1.52 substrate     � Low index: 1.38, high index: 2.35     � Trivial start point: uniform 1/20th mean wave layers     � k = 2  

Wavelength (um) 

Rav = 0.16% 

Rav = 0.063% 
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AR Coating Design Results 

lated reflectances. These curves are meant to be a
guide to the eye, and they should not be interpreted
as meaning that there is an optimal solution for any
optical thickness. There may be intermediate opti-
mal solutions that actually lie away from this inter-
polated curve, so these curves should not be taken to
represent absolute boundaries. Note that most of
the optimal solutions lie close to a set of vertical,
equispaced lines on the Snd@lU axis. It is shown
below that the spacing between these lines, which in
this diagram is equal to 0.625, is related to the period
of the clusters.

As expected, the number of layers and the overall
thickness required for achieving a certain low rms

reflectance decreases rapidly as the ratio lU@lL
decreases. It is common knowledge, for example,
that a zero reflectance at one wavelength can be
obtained with a one- or a two-layer system with a
total optical thickness of less than a half-wave.1
It is clear from this graph, and has been observed
previously,15 that for given wavelength and refractive-
index ratios there is a limit to the minimum average
reflectance that can be achieved even for very large
optical thicknesses.

In Fig. 6, the curve and the points for the case
lU@lL 5 2.0 are replotted versus a total optical
thickness scale and are compared with the lowest
average reflectances predicted from Willey’s formu-

Fig. 3. Optimal AR coatings on glass based on the refractive-index pair 1.38 and 2.35 for different overall thicknesses of the systems.

650 APPLIED OPTICS @ Vol. 35, No. 4 @ 1 February 1996

*J. A. Dobrowolski et al, “Optimal single-band normal-incidence antireflection coatings”, Optics Letters 35 (1996)  

Antireflection coating literature* Combinatorial opt. from trivial start point 
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Future Work 

•  Test on other design genres 
–  Initial work on stop/pass-band shows promise, albeit not as 

dramatic as AR coating 

•  Integrate into larger optimization schemes (e.g. gradual 
refinement, needle optimization, etc.) 

•  Adaptive jump size determination 
•  Implement on commodity cloud hardware (e.g. Amazon EC2) 
•  Integrate with manufacturing tolerance merit functions 


