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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 - Laser
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Sinusoidal excitation – Laser 

We assume the excitation is sinusoidal
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Sinusoidal excitation – Laser (cont’d)
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Let’s write the transfer function in terms of power
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3dB-frequency

Electrical 3dB-frequency is given by
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Writing in terms of output power,
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Writing in terms of drive current,
For high speed:
(1) Maximize differential gain
(2) Minimize cavity volume (mode volume)
(3) Maximize drive current relative to

threshold current
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Gain saturation
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When the photon density is high, gain may decrease with further increase 
in photon density. This is called nonlinear gain saturation or gain compression.
This can be accounted for with the following model.

: gain compression factor
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Sinusoidal excitation with gain saturation
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Sinusoidal excitation with gain saturation
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K-factor

Comparison with our previous result where gain saturation was not considered
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With gain saturation Without gain saturation

Typical K-factor is about 100 times larger than typical photon lifetime 
(Coldren pg. 260). Therefore, as drive current is increased and the relaxation 
oscillation frequency is increased, the damping factor becomes non-negligible.
Previously, we ignored the damping to calculate the 3dB frequency; however, this
is not accurate at high photon densities (i.e. high drive current) in the presence
of gain saturation.

:K Referred to as the “K factor”. Units are seconds. As we will see, 
the K factor sets the upper limit of the intrinsic laser modulation speed.
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3dB-frequency
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Let’s try to find the maximum 3dB-frequency that is possible

We can see that the 3dB frequency is maximized when
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2

3

2
01 dB

r




− =

1
2

3 ,max

2

1

2

dB

r






−

  
  = 
   

2 1

3 ,max 3 ,

2 2
2dB r dB max

K
f


   − →=

K-factor is an intrinsic parameter that sets 
the upper limit of the modulation speed
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3dB-frequency
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At low power (low photon density): Damping is small. 3dB frequency is increased
by increasing the relaxation oscillation frequency through increased current injection.

At high power (high photon density): Damping is large. Relaxation oscillation
frequency saturates due to gain compression. Maximum 3dB frequency is
limited by K-factor.
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