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MaxwellMaxwell’’s equations s equations 
–– Electric field Electric field E E (V/m)(V/m)
–– Magnetic field Magnetic field HH (A/m)(A/m)
–– Charge density Charge density ρρ (C/m(C/m33))
–– Current density Current density JJ (A/cm(A/cm22))
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ii, , jj and and kk are unit vectors in the are unit vectors in the x, y x, y and and z z 
directions respectively directions respectively 

Note: Note: ii should not be confused with current, nor should not be confused with current, nor jj
with with √√--11 , nor , nor kk with a propagation constant with a propagation constant 

Electric field Electric field EE and magnetic field and magnetic field HH are related are related 
to the electric flux density to the electric flux density DD and magnetic flux and magnetic flux 
density density BB (assuming a lossless medium) by (assuming a lossless medium) by 

–– εεmm is the permittivity of the medium and is the permittivity of the medium and μμmm is the is the 
permeability of the medium permeability of the medium 

OhmOhm’’s laws law
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Vector identity Vector identity 

No Charge and Current sourceNo Charge and Current source
–– ρρ = 0, = 0, JJ = 0= 0
–– LaplacianLaplacian OperatorOperator
Wave equationWave equation
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Velocity of waveVelocity of wave

General wave equationGeneral wave equation
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Wave Equation in Wave Equation in cartesiancartesian coordinates coordinates 

E fieldE field

General wave equation for E fieldGeneral wave equation for E field
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Assume TE polarization with E field exists only in Assume TE polarization with E field exists only in 
the the x x direction direction 
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Figure 2.8 Propagation in an asymmetrical planar waveguide 
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General Solution for a Single FrequencyGeneral Solution for a Single Frequency

CheckCheck

Wave Equation for a Single Frequency Wave Equation for a Single Frequency 
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Wave Equation for a Single Frequency Wave Equation for a Single Frequency 

OrOr

–– i i = 1, 2 or 3. = 1, 2 or 3. 
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For Asymmetrical Planar WaveguideFor Asymmetrical Planar Waveguide
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Electric field (Electric field (EE), and its derivative (              ) are ), and its derivative (              ) are 
continuous at the boundary continuous at the boundary yy = = ±±((hh/2) /2) 
At At y y = = hh/2 /2 

At At y y = = --hh/2/2
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Exponential function represents both sinusoidal Exponential function represents both sinusoidal 
and and cosinusoidalcosinusoidal functions functions 
–– CosinusoidalCosinusoidal ((CosCos) )  Even ModeEven Mode
–– Sinusoidal (Sin) Sinusoidal (Sin)  Odd ModeOdd Mode

For Even Mode, For Even Mode, 
–– EE fields are continuous at fields are continuous at yy = = ±±((hh/2) /2) 







 += φ

2
cos hkEE yccu







 +−= φ

2
cos hkEE yccl

And, the derivatives of the And, the derivatives of the E E fields (            ) are fields (            ) are 
continuous at continuous at yy = = ±±((hh/2) /2) 

For coreFor core--upper cladding interfaceupper cladding interface
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–– oror

For coreFor core--lower cladding interfacelower cladding interface

–– oror
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Solution to Asymmetrical Planar WaveguideSolution to Asymmetrical Planar Waveguide

We can obtainWe can obtain
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EquationEquation

–– oror

–– Has a solution Has a solution 

–– If If ββ > > knknii  kkyyii is imaginary is imaginary  propagation along z directionpropagation along z direction

–– If If ββ < < knknii  kkyyii is real is real  decay along z directiondecay along z direction
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The field distribution, The field distribution, EExx((yy) or the intensity ) or the intensity 
distribution, |distribution, |EExx((yy)|)|22

Example: Example: nn11 = 3.5, = 3.5, nn22 = 1.5, = 1.5, nn33 = 1.0, = 1.0, λλ00= 1.3 = 1.3 
μμmm, and , and hh = 0.15 = 0.15 μμmm, , mm = 0 (SOI waveguide)= 0 (SOI waveguide)

Figure 2.9 Electric field profile of the fundamental mode (m = 0) 



Example: Example: nn11 = 3.5, = 3.5, nn22 = 1.5, = 1.5, nn33 = 1.0, = 1.0, λλ00= 1.3 = 1.3 
μμmm, and , and hh = 0.15 = 0.15 μμmm, , mm = 2 (SOI waveguide)= 2 (SOI waveguide)

Figure 2.9 Electric field profile of the second even mode (m = 2) 

Confinement FactorConfinement Factor

A function of A function of 
–– polarizationpolarization
–– the refractive index difference between core and claddings the refractive index difference between core and claddings 
–– the thickness of the waveguide (relative to the wavelength)the thickness of the waveguide (relative to the wavelength)
–– the mode numberthe mode number
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GoosGoos--HHäänchennchen ShiftShift ((SSGHGH))
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Figure 2.11 Propagation in an asymmetric planar waveguide, showing 
cladding penetration 
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