
❖ Optical filters are multilayer optical components that transmit,

reflect or absorb electromagnetic waves at certain frequencies.

❖ Layer configuration and used materials of the multilayer structure

determines the characteristics of the filter.

Figure 1: Example of Optical Filter
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Solution Methodologies

❖ In this project, new metal-dielectric multilayer optical filters is

designed.

❖ Designed filter consists a thin metal layer as its entrance layer and

has two block of layers that are configured according to Lucky and

Thue-Morse series.

Figure 2: Layer structure of designed filter
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Figure 3: a. Transmission, Absorption, Reflection vs Wavelength (T=1), b. Transmission, 

Absorption, Reflection Vs Wavelength (T=2), c. Transmission, Absorption, Reflection Vs 

Wavelength (T=3), d. Transmission, Absorption, Reflection Vs Wavelength (T=4)

❖In this project, new metal-dielectric hybrid optical filter is designed

according to Lucky numbers and Thue-Morse series and with

current materials.

❖Results showed that when Thue-Morse block is repeated, multi

reflection and absorption bands occur between 650-750 nm. Also,

absorption between 760-800 nm becomes more stable.

❖When T=1, transmission behavior of the filter is quite low however,

between 760-800 nm wavelengths absorption characteristic is well.

Results and Discussion

What is Optical Filter?
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1    3    5   7    9      11     13      15      17      19     21      23     25
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Thue-Morse numbers 

are already in the 

binary form however 

lucky numbers are 

decimal. Thus, chosen 

Lucky numbers are 

converted to BCD 

numbers.

General filter structure (T represents the repeat number of Thue-

Morse block):  

Air/Cr/(HLLHLHHLLHHLHLLH)T/(HHLHHHHLHHLHHHLHL)/Glass

Filter Parameters

Thue-Morse block 0110100110010110

Lucky block 0010 0001 0010 0101

Refractive indexes 𝑛L=1.45 𝑛H=4.234 𝑛𝑆=1.52 

Center wavelength 𝜆0 = 700 nm 

Metal layer thickness 5 nm

Dielectric layers 

thicknesses
𝑑H,L=𝜆0/(4𝑛H,L )
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❑ Drude model is to calculate refractive index

of metal layer.

❑ Transfer Matrix Method is used to find

reflected, transmitted and absorbed power

ratios of the filter.


