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EE232 Lecture 13-1 Prof. Ming Wu

EE  232  Lightwave  Devices
Lecture  13:  Rate  Equations  and  Dynamic  
Response  of  Semiconductor  Lasers

Reading:  Chuang,  Sec.  11.1  – 11.2
(See  also  Coldren,  Sec.  5.1  – 5.3)

(The  Notes  follow  primarily  Coldren’s book)

Instructor:  Ming  C.  Wu

University  of  California,  Berkeley
Electrical  Engineering  and  Computer  Sciences  Dept.
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Rate  Equations
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Rate Equations:
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Notation in Coldren's Book
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Simplified  Analysis:  Steady  State
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Steady State Solution:
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Gain "clamped" at threshold
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Simplified  Analysis:  Steady  State
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Detailed  Analysis:  Steady  State  
Solutions
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Detailed  Analysis:  Steady  State  
Solutions  (Cont’d)
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Steady  State  (DC)  Solutions
• L-I  curve  in  log-log  plot

– Threshold  current  shows  
up  as  “shoulder”

– Spontaneous  emission  is  
clearly  seen  below  
threshold

• L-I  curve  in  linear  scale
– Gain  is  “clamped”  at  
threshold

– Carrier  concentration  is  
also  clamped  at  threshold
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Differential  Analysis
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Gain is generally both a function of  and :
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Differential  Analysis

The differential rate equations can be expressed as
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Small-Signal  Analysis
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Frequency  Response
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Frequency response of the laser:
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Small-Signal  Analysis
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