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EE 232 Lightwave Devices 
Lecture 21: Avalanche Photodiode (APD) 

 
Reading: Chuang 15.4 (2nd Ed) 

Instructor: Ming C. Wu 

University of California, Berkeley 
Electrical Engineering and Computer Sciences Dept. 

EE232 Lecture 21-2 Prof. Ming Wu 

Avalanche Photodiode (APD) 
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Typical APD Structure: 
Separate Absorption and Multiplication (SAM) APD 
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Ideal APD:  
Injection Impact Ionization Only 
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( )nJ x

Practical APD:  
Both Electron and Hole produce Impact Ionizations 

( )

( )

1

1

( ) ( ) ( )

( )
( ) ( )

:  electron ionization coefficient [cm ]

:  hole ionization coefficient [cm ]

( ) ( ) 0

( ) ( ) constant

( ) ( )

n
n n p p

p
n n p p

n

p

n p

n p

n
n p n p

dJ x J x J x
dx
dJ x

J x J x
dx

d J x J x
dx
J x J x J
dJ x J x J
dx

α β

α β

α

β

α β β

−

−

⎧
= +⎪⎪

⎨
⎪− = +
⎪⎩

+ =

+ = =

− − =

EE232 Lecture 21-6 Prof. Ming Wu 

Multiplication Factor 
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Response Time 

Response time = 
transit time in absorption region 
+ multiplication time

Usually       
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Noise Figure 
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Excess noise factor  
(due to fluctuation in gain) :
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Noise Figure:
10log

Small  has small  under high gain 
Minimum noise figure = 3 dB occurs when 0
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APD Noises 
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Signal is amplified by the average gain :
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Shot noise is amplified by :
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:  photocurrent; 

: background photocurrent
: dark current
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