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THIN FILM OPTICAL FILTERS                                              
i te ω

 
N.George 

Consider TE: Transverse Electric: xE  
                       Plane of Incidence yz  plane 
                       Propagation along z 
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SEPARATION OF VARIABLES: LET xE = YZ  
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Ref: 1.61 Born & Wolf 
         2.2 to 2.10 Angus  Macleod  Thin Films 3rd Edit 2001 
         F. Abeles Ann & Phys 5(1950) 596-640 
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MULTILAYERS:  I.  THE MATRIX 
 

( , ) ( ) ( )xE y z y z= Y Z       

Pick 
0 sinsin ik nyikye e θθ −− =  

siny ky θ=K  
2 2 2(1 sin )k k θ− = −2K  

2
0 cos cosk k n kθ θ− = =2K  
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FOR EACH LAYER 
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MULTILAYERS:  II.  THE INVERSE MATRIX, M 
With this basic result, we can arrange the matrices to give the output in 
terms of the input or vice versa, that is 
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Inverting gives 
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For a cascade of N layers:  
We match the tangential electric and magnetic fields at each interface: 
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Clearly the mM  matrix is the inverse of our derived result. Putting the film 
thickness m md z=  (we suppress the y dependence): 
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III.  MATCHING TO IN/OUT TRAVELING WAVES 
 

 
 
First: find all θ ’s: 0 0 1 1 1 1sin sin ... sin sinN N N Nk k k kθ θ θ θ+ += = = =  
Skip above if normal incidence 
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Reflection Coeff. : 
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Transmission Coeff : 
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Algebraic details for r and t are on the next page. 
 
These are in accord with Macleod and with 49, 50, Section 1.63Born &Wolf 
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ALGEBRA FOR REFLECTION-TRANSMISSION COEFFS. 
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Consider normal incidence 
 

* *
0 0 0 0 0

* * *
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Therefore, 2 2 1r t+ =  for dielectric multilayer 
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