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Small signal analysis
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Small time-varying current with
DC offset is applied to the device:
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thus producing a time dependent
output power:

Time-varying current is small such
that device characteristic can be
described by a linear extrapolation
away from the bias point. 
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Small signal analysis - LED
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Rate equation analysis
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Similarly,
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Small signal analysis - LED

2 30 0
0 0 0

( )] ( )[ ( )
i

d
n

n J

d

n t J t n t
An B C

t q
n

d



−

  
=

+
−−

+
−

)( ( )()
i

d J ntn

dt

t t

qd





−

 
=

Similarly,
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Sinusoidal excitation - LED

We assume the excitation is sinusoidal
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Then,
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Similarly,
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3dB-frequency

Optical 3dB-point: Frequency in which the optical signal power is reduced by one-half 
from the DC power.

Electrical 3dB-point: Frequency in which the electrical signal power is reduced by one-half
from the DC power.
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3dB-frequency

Let’s write 3dB-frequency in terms of the injected current.

( )

3

2

1 1

2

1 1
2 3

2

dB

nA

f

Bn Cn B

 

 
+

=

= + (Assuming that spontaneous 
emission dominates)

Since, 
2i J

qd
Bn



3

3

1

1

i
dB

i
dB

act

f J

f I

B

qd

B

qV








=

For highest speed:
(1) Large spontaneous emission coefficient
(2) Maximize drive current
(3) Small active region volume
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