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Channel  Waveguides 

T. Tamir, Ed., “Guided-Wave Optoelectronics”, Springer-Verlag, 1988 
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https://encrypted-
tbn0.gstatic.com/images?q=tbn:ANd9GcSyu68Edp6Tjp8Y2exlv8OYwp2Vb8QQ59cre1dPlFKjvw
MG7Aiit90-_tJ4UAM6c4mbczc&usqp=CAU 
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https://www.researchgate.net/publication/226940484/figure/fig3/AS:670022288568324@153675717017
5/SEM-images-of-a-silicon-photonic-wire-waveguide-system-a-Core-of-silicon-photonic-wire.ppm 

Channel  Waveguides  Examples 

https://www.researchgate.net/profile/Danxia-
Xu/publication/228599800/figure/fig2/AS:670016361996294@1536755757463/SEM-image-of-a-typical-
waveguide-with-cladding-oxide-fabricated-by-ICP-RIE_W640.jpg 



Channel  Waveguides 

3D-Wave Equations 

Separation of Transverse and Longitudinal Components 
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Buried  Waveguide 
Method of Field Shadows 

Original  Buried Waveguide 

After xy-refractive-index Decomposition Buried Waveguide 

T. Tamir, Ed., “Guided-Wave Optoelectronics”, Springer-Verlag, 1988 
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T. Tamir, Ed., “Guided-Wave Optoelectronics”, Springer-Verlag, 1988 
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Buried  Waveguide 
Method of Field Shadows 
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Buried  Waveguide 
Method of Field Shadows 

Dominant  Ey and Hx Fields 
For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  

Dominant  Ex and Hy Fields 
For x-waveguide use TM-mode solution 
For y-waveguide use TE-mode solution  
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Buried  Waveguide 
Method of Field Shadows 

For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  
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Buried  Waveguide 
Method of Field Shadows 

For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  
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Buried  Waveguide 
Method of Field Shadows 

For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  
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Buried  Waveguide 
Method of Field Shadows 

G. Lifante, Integrated  Photonics  Fundamentals, Wiley 2003 

x 

y 
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Buried  Waveguide 
Method of Field Shadows 

K. Okamoto, Fundamentals of Optical Waveguides, Academic Press, 2nd Ed.,  2006 



Rib/Ridge  Waveguide 
Effective Index Method 
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G. Lifante, Integrated  Photonics  Fundamentals, Wiley 2003 
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Rib/Ridge  Waveguide 
Effective Index Method 
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Rib/Ridge  Waveguide 
Effective Index Method 

Dominant  Ey and Hx Fields 
For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  
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Rib/Ridge  Waveguide 
Effective Index Method 

Dominant  Ex and Hy Fields 
For x-waveguide use TM-mode solution 
For y-waveguide use TE-mode solution  
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For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  

Rib/Ridge  Waveguide 
Effective Index Method 
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For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  

Rib/Ridge  Waveguide 
Effective Index Method 
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For x-waveguide use TE-mode solution 
For y-waveguide use TM-mode solution  

Rib/Ridge  Waveguide 
Effective Index Method 
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Inverted Rib Waveguide 
λ0 = 1.0 μm,  ncore = 1.65, nclad = 1.50, ncover = 1.0 (air) 

trib = 1 μm, tcore = 0.5 μm, wrib = 3 μm  
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Inverted Rib Waveguide 
λ0 = 1.0 μm,  ncore = 1.65, nclad = 1.50, ncover = 1.0 (air) 

trib = 1 μm, tcore = 0.5 μm, wrib = 3 μm  



Prof. Elias N. Glytsis, School of ECE, NTUA 22 

Finite-Difference  Method  for  Optical  Channel  Waveguides 

Full-Vectorial  Formulation 

Finite-Difference  Formulation 
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Semi-Vectorial  Formulation 

Quasi-TE Modes:  Hx, Ey the main components 

Quasi-TM Modes:  Hy, Ex the main components 

Finite-Difference  Method  for  Optical  Channel  Waveguides 

Finite-Difference  Formulation 
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Finite-Difference  Method  for  Optical  Channel  Waveguides 

Scalar  Formulation 

Quasi-TE Modes:  Hx or Ey the main components 

Quasi-TM Modes:  Hy or Ex the main components 

Finite-Difference  Formulation 



Finite-Difference  Solution  
Of  The  Scalar  Wave  Equation 

Example of a Rib Waveguide 

Computational Window 

L. A. Cordren and S. W. Corzine, “Diode Lasers & Photonic Integrated Circuits”, J. Wiley & Sons, 1995 
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Finite-Difference  Solution  
of  the  Scalar  Wave  Equation 

Discretized Form of Scalar Helmholtz’s Equation 

L. A. Cordren  and S. W. Corzine, “Diode Lasers & Photonic Integrated Circuits”, J. Wiley & Sons, 1995 
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Buried  Waveguide 
Effect of width  

 T. Tamir, Ed., “Guided-Wave Optoelectronics”, Springer-Verlag, 1988  
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Buried  Waveguide 
Comparison of Effective-Index Method with FDFD Method 

 T. Tamir, Ed., “Guided-Wave Optoelectronics”, Springer-Verlag, 1988  
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Rib  Waveguide 
FDFD Method – Scalar Formulation 

N00 = 3.384179 N01 = 3.327726 

nc= 1.0, nf =3.44, ns=3.0, trib =1.1 μm, tcore =0.2 μm, w =2 μm, λ0=1.55μm 
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Software by T. Murphy :   http://photonics.umd.edu/software/wgmodes/ 



nc= 1.0, nf =3.44, ns=3.0, trib =1.1 μm, tcore =0.2 μm, w =2 μm, λ0=1.55μm 

N10 = 3.272121 N02 = 3.232178 
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Rib  Waveguide 
FDFD Method – Scalar Formulation 

Software by T. Murphy :   http://photonics.umd.edu/software/wgmodes/ 



nc= 1.0, nf =3.44, ns=3.0, trib =1.1 μm, tcore =0.2 μm, w =2 μm, λ0=1.55μm 

N11 = 3.216175 N12 = 3.124085 
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Rib  Waveguide 
FDFD Method – Scalar Formulation 

Software by T. Murphy :   http://photonics.umd.edu/software/wgmodes/ 
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nc= 1.0, nf =3.44, ns=3.0, trib =1.1 μm, tcore =0.2 μm, w =2 μm, λ0=1.55μm 

Rib  Waveguide 
FDFD Method – Semi-vectorial Formulation 

N00 = 3.380645 N01 = 3.315213 

Based on the code provided at:    https://www.mathworks.com/matlabcentral/fileexchange/12734-waveguide-mode-solver 

Software by T. Murphy :   http://photonics.umd.edu/software/wgmodes/ 
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nc= 1.0, nf =3.44, ns=3.0, trib =1.1 μm, tcore =0.2 μm, w =2 μm, λ0=1.55μm 

Rib  Waveguide 
FDFD Method – Full-vectorial Formulation 

N00 = 3.380640 

N01 = 3.315356 

Based on the code provided at:    https://www.mathworks.com/matlabcentral/fileexchange/12734-waveguide-mode-solver 



Inverted Rib Waveguide (λ0 = 0.632 microns) 
 

ncore = 1.5365, nclad = 1.5085, ncover = 1.50 (SiO2) 
trib = 20 microns, tcore = 20 microns, wrib = 25 microns 

Effective-Index Method:  Neff = 1.536461 

Finite-Difference Method Neff = 1.536449  (Ey(0,0) mode) 
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Inverted Rib Waveguide 
 

Neff = 1.537908  (Ey(0,0) mode), λ0 = 0.83 microns 
ncore = 1.5387, nclad = 1.5115, ncover = 1.0 

trib = 16 microns, tcore = 5 microns, wrib = 8 microns 
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Semi-vectorial Method Ey(0,0) mode, Neff = 1.537908
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Inverted Rib Waveguide 
 

Neff = 1.537038  (Ey(0,0) mode), λ0 = 0.83 microns 
ncore = 1.5387, nclad = 1.5115, ncover = 1.0 

trib = 16 microns, tcore = 5 microns, wrib = 8 microns 

N_eff = 1.537335 
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Semi-vectorial Method Ey(2,0) mode, Neff = 1.537038
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Effective Index Method (Ey(2,0) mode pattern)
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Modal Fields of Buried BF-Goodrich Waveguide 
λ0 = 0.850 μm, w = 13 mm, h = 16 mm, nclad =1.5003, ncore=1.5291 

Ey(0,0) 

N00 = 1.528325 

Ey(0,1) 

N01 = 1.528091 

Ey(0,2) 

N02 = 1.526084 

Ey(1,1) 

N11 = 1.526084 

Finite-Difference Method Results 
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