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Partitioning of input field into different guided modes.
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(Sturm-Liouville theory)
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b-V diagram for TE mode
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Asymmetric waveguide?

- Graphical solution
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For a given waveguide: V,a  b 
from the diagram

Then, determine 
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Issues for practical waveguides

- Precise control of dimension and refractive index 
- Low loss at desired 
- Mass production possible
- Integration desirable
- Electrical control of refractive index and/or absorption

Materials used for waveguides

- Silica (SiO2 with Ge doping) Optical fiber
- Dielectric materials: LiNbO3 with Ti doping
- Semiconductors: GaAlAs, InGaAsP, Si/SiO2
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The step index optical fiber. The central region, the core, has greater refractive
index than the outer region, the cladding. The fiber has cylindrical symmetry. We
use the coordinates r, , z  to represent any point in the fiber. Cladding is
normally much thicker than shown.

?1999 S.O. Kasap, Optoelectronics (Prentice Hall)

Optical Fiber: Circular dielectric waveguide made of silica (SiO2)

SiO2:Ge

What is special about fiber?
- Extremely low loss: 0.2dB/km
- Can be very long: 100’s of km
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Loss in fiber
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LiNbO3 waveguide (Phase Modulator)
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Integrated tranverse Pockels cell phase modulator in which a waveguide is diffused
into an electro-optic (EO) substrate. Coplanar strip electrodes apply a  transverse
field Ea through the waveguide. The substrate is an x-cut LiNbO3 and typically there
is a thin dielectric buffer layer (e.g. ~200 nm thick SiO2) between the surface
electrodes and the substrate to separate the electrodes away from the waveguide.
?1999 S.O. Kasap, Optoelectronics (Prentice Hall)

- Used for high-speed optical modulator
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Si/SiO2 waveguide on SOI wafer fabricated with Si technology

What affects the characteristics of Si/SiO2 waveguides?

(Rib/Ridge Waveguide) (Strip/Channel Waveguide)
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How to simulate practical waveguides?

- Numerical solutions of the wave equation:   

MODE Solutions, FDTD (Finite-Difference Time-Domain) Solutions 
by Lumerical will be used in this class


