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Integrated Optical Resonators I

Class: Integrated Photonic Devices
Time: Fri. 8:00am ~ 11:00am. 

Classroom: 資電206
Lecturer: Prof. 李明昌(Ming-Chang Lee)
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Applications of Optical Microresonators

Microresonators

Nonlinear Opitcs Optical Filters Optical Light Sources

Add-Drop Filters
Bio-Detection

Micro-Toroid InP Bragg Grating InP Microdisk Laser

Photonic Crystal Defect
Microshpere

(K.J. Vahala)
(S. L. McCall)

(F. Vollmer)
(S. Fan)

(A. Spisser)
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Types of Optical Resonators

Travelling-WaveStanding-Wave 

Fabry-Perot

1D PC Defect

2D or 3D
PC Defect

Microring

Microdisk

Microsphere
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Analogy of Standing-Wave and Travelling-
Wave Optical Resonators

R

E1
E2

E1

Waveguide 

κ: Power coupling ratio 

κ

R 1/κ

Standing-Wave Resonators (Gires-Tournois Interferometers )

Travelling-Wave Resonators (Microdisks)

ω0, γ

ω0: Resonant Freq. 

γ: Resonator Loss 

100% reflection

ω0, γ

R: Partial Reflectivity 

ω0: Resonant Freq. 

γ: Resonator Loss 

E2
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Transfer Function of Resonator-Coupled 
Waveguides
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Transmittance of Resonator-Coupled Waveguide
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Transmittance of Resonator-Coupled Waveguide
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Phase Variation of Resonator-Coupled Waveguide 
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Phase Variation of Resonator-Coupled Waveguide 

Detuned Frequency (GHz)
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Resonant Wavelengths of Microresonators

• Periodical Resonant Frequency (Wavelength)

L

R

Standing Wave Resonators

Travelling Wave Resonators
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Free Spectrum Range
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Resonant Magnification of Microresonators

• Resonance-Enhanced Optical Fields inside 
Resonators 

OvercouplingUndercoupling

En
ha

nc
em

en
t R

at
io

Power coupling Ratio/Round-Trip Loss

Q0: 105

Q0: 106

Q0: 107

DBR Cavity

Ring Resonator

iE

cE

iE

cE
R=100%



7

Ming-Chang Lee, Integrated Photonic Devices

Quality Factor vs. Power Coupling Ratio

• Quality factor decreases with power coupling ratio.
• The maximal quality factor is limited by the intrinsic Q 
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Transfer Function of Two Waveguide-Coupled 
Optical resonator
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Transfer Function of Two Waveguide-Coupled 
Optical resonator
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1D Photonic Crystal Resonator or Distributed 
Bragg Reflector Cavity

B. Jalali

Fabricated on Silicon-on-Insulator (SOI)

1D Photonic Crystals
(Bragg Reflector)

1D Photonic Crystal Resonator
(DBR Cavity)
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Matrix Formulation for Isotropic Layer Media
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Matrix Formulation for Isotropic Layer Media

Consider the boundary conditions, 
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Matrix Formulation for Isotropic Layer Media
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Matrix Formulation for Isotropic Layer Media
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Bragg Reflectors (1D Photonic Crystals)

• The media are arranged periodically
• Under a specific condition, the light is expected to 

be highly reflected. (reflector)
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Bragg Reflectors
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Bragg Reflectors
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Bragg Reflectors
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Bragg Reflectors
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How to make a high reflection?
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An Example of Bragg Reflector

nHigh

nLow

nHigh

N slabs
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4 High
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λ= 0 0
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λ λΛ = +

0 1.55 mλ µ=If

What is d?
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Transmittance Varied by High Refractive Index

Wavelength (μm)
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nHigh = 3.4

nHigh = 1.4

nHigh = 2.4

nLow = 1

• The maximum reflection (minimum transmission) occurs at 1.55 µm
• High index contrast has larger reflection

N = 2

Ming-Chang Lee, Integrated Photonic Devices

Transmittance Varied by Number of Period

Wavelength (μm)

Tr
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N = 2

N = 3

N = 4

N = 5

nLow = 1

• The maximum reflection (minimum transmission) occurs at 1.55 µm
• More periods have larger reflection

nHigh = 3.4
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Comparison of DBR Cavity and Fabry-Perot

L

L

But, what is difference?

DBR (Distributed Bragg Reflector) Cavity

Fabry-Perot
r r

r r

:reflection
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Distributed Bragg Reflector

• The reflectance is strongly depends on the wavelength
• The phase shift is also dependent on the wavelength

L

DBR (Distributed Bragg Reflector) Cavity

r r :reflection



16

Ming-Chang Lee, Integrated Photonic Devices

An Example of DBR Cavity
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Transmittance Varied by Number of Period

Wavelength (μm)
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N = 1

N = 2

• The extinction ratio increases with slab number.
• The bandwidth reduces with slab number 
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InP Tunable Filters

Ming-Chang Lee, Integrated Photonic Devices

Vertical-Cavity Surface-Emitting Laser

Yoshitaka Kohama, PTL, 1997
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Resonance-Enhanced Photodetectors

• At resonant wavelength, 
photons are accumulated 
in the cavity

• It increases the quantum 
efficiency


