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Lecture 20 Outline 

• Integrated Optics Simulation Approaches 

• Transmission Matrix Method 
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Most popular numerical simulation approaches 
for optical waveguide devices 

 
 
- Full solution of Maxwell’s equations:  
 Finite-Differences Time-Domain (FDTD) Method 
 
- Approximate EM solution techniques for light propagation in 

slowly varying waveguides 
 Beam Propagation Method 

 
- Scattering formalism (Transmission Line) 
 Transmission Matrix Method 
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Maxwell’s Equation 

Simple case of linear, isotropic, and non-dispersive medium 
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Finite Differences Time Dependent (FDTD) 

The Yee grid in 3D – Uniform mesh  
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Finite Differences Time Dependent (FDTD) 

• Components of the electric fields are defined in the middle of 
the edges of the cube  

 

• Components of the magnetic field are defined in the centers 
of the cube faces 
 

• Time discretization: leapfrog scheme with time step 𝜹𝒕  

Electric Field 
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Finite Differences Time Dependent (FDTD) 

Magnetic Field 
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Finite Differences Time Dependent (FDTD) 

Example of discretization 

Similar discretization for 𝑦 and 𝑧 

Similar discretization for 𝑦 and 𝑧 
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Finite Differences Time Dependent (FDTD) 

Uniform mesh  Scaling 
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Beam Propagation Method (BPM) 

Approximate simulation technique for light propagation in slowly 
varying optical waveguides 

Electric Field 

slowly varying term 

Helmholtz equation 

rapidly varying term 

cladding index 
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Beam Propagation Method (BPM) 

Assuming weakly guiding condition 

free-light 
propagation term 

guidance term 
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Beam Propagation Method (BPM) 

The two terms are applied separately 

• The electric field 𝜑(𝑥, 𝑧) is first propagated freely in index  𝑛0 over a distance ℎ 2 .  
• Phase retardation of the entire length ℎ is taken into account at the center of the interval 
• The resulting electric field is propagated again freely in index 𝑛0 for another distance ℎ 2  

to obtain 𝜑(𝑥, 𝑧 + ℎ)  

Approximation with BPM step 
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Beam Propagation Method (BPM) 

An extensive theoretical reference for BPM is Chapter 7 of  
 

K. Okamoto, “Fundamentals of Optical Waveguides” 
Elsevier (2006) 
 
(Available for download from the digital library) 
 
 
 
 
Some representative examples follow 
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Beam Propagation Method (BPM) - Examples 
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Beam Propagation Method (BPM) - Examples 
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Beam Propagation Method (BPM) - Examples 
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Beam Propagation Method (BPM) - Examples 
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Beam Propagation Method (BPM) - Examples 
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Beam Propagation Method (BPM) - Examples 

https://www.rp-photonics.com/passive_fiber_optics8.html 
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Beam Propagation Method (BPM) - Examples 

https://www.rp-photonics.com/passive_fiber_optics8.html 



Transfer Matrix Method 

 
Sections 3.1-3.5  in Coldren, Corzine and Mašanović 
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Definition of the Scattering Matrix 
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Definition of the Transmission Matrix 
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Relations Between  
S and T 
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Network Properties 
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Summary of Building Blocks for S and T 
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Fabry-Perot Cavity 

assume 

We can write these relations 

Solve for 
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Fabry-Perot Cavity 

After a few manipulations: 
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Fabry-Perot Cavity 

The Transmission Matrix for the cavity can be obtained from the Scattering 
Matrix or by multiplication of elementary Transmission Matrices for the 
interfaces and the transmission line  



33 

Lossless Fabry-Perot Cavity Spectra for S 
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Transmission Line – Interface – Transmission Line 
(Example 3.1 in Coldren, Corzine and Mašanović)  
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Application to Gratings (Distributed Bragg Reflectors) 

• At the Bragg frequency, the period of the grating is half of 
the average optical wavelength in the medium. 

• For each period, multiply 4 simple T-Matrices together 
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Period of a uniform grating structure 

Add one matrix to the previous case to account for the additional interface 
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T-matrix for the complete grating structure 

1 2 m 
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Application to Gratings (Distributed Bragg Reflectors) 

one period 
𝑳𝟏 + 𝑳𝟐 
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Application to Gratings (Distributed Bragg Reflectors) 

At the Bragg condition, elements for the T-matrix of one period are  
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Reflected Amplitude/Phase for Gratings 

= detuning parameter 

Example with 𝑚 = 20  and  𝑟 = 0.1, 0.025, 0.01 
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Reflected Amplitude for Gratings 
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Reflected Phase for Gratings 



43 

Reading Assignments: 
 

 
• Section 10.5 of Chuang’s book 

 
 

• Sections 3.1-3.5  in Coldren, Corzine and Mašanović 
• Section 8.2.5  in Coldren, Corzine and Mašanović 
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Next time: Gratings Structure with Coupled Modes Theory 


