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Overview
• Introduction to rate equations 
• Derivation of rate equations

The phenomenological approach for the carrier density   
The theoretical approach for the photon density

• Simulation & Application
Static Properties
Dynamic properties

• Summary & Discussion
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Introduction

• Two coupled-differential equations for 
the carrier density (N) and the photon 
density (Np) 

• Describing the variation of N and Np 
with the external force 

• In the active region
• Charge neutrality
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The carrier density
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The photon density
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Reservoir Model
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Rate equations
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Static properties (I)
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Static properties (II)
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Static properties (III)
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Dynamic properties (I)
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Dynamic properties (II)
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Small-signal (I)
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Small-signal (II)
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Large-signal response
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Summary & Discussion

• Physical meaning of each parameter.
• Study both the static and dynamic properties 
• Analyze the noise characteristics
• Extend to include the phase, carriers in SCH 

regions, and the carrier energy.
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