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Quantum'Well'Gain
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Advantages*of*Quantum*Well*Lasers
(1) Low threshold current density:
Compare fundamental material property  

Transparency current density

10 nmSince ~ ~ 10%
100 nm
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2) Higher differential gain Larger bandwidth:

Resonance frequency:     

(3) Lower chirp:
Smaller wavelength shift when the laser is directly modulated
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Transparency*Carrier*Concentration*in*QW
At transparency:  FC − FV = Ee1 − Eh1
                      or  FC − Ee1 = FV − Eh1

Let  Δ =
FC − Ee1
kBT

=
FV − Eh1
kBT

Electron concentration: ∵FC > Ee1

N =
me
*kBT
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Hole concentration: ∵FV > Eh1

P = mh
*kBT
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e
−
FV −Eh1
kBT = NV

2de−Δ

N = P  ⇒  Δ =
mh

*

me
*
e−Δ ⇒ Solve Δ

For GaAs (me
* = 0.067m0 ,mh

* = 0.5m0 )

Δ =1.56,   N = NC
2d ⋅ Δ =1018  cm−3

Note: N  is independent of Lz
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Transparency*Carrier*Concentration*in*Bulk
At transparency:  FC − FV = EC − EV
                      or  FC − EC = FV − EV

Let  Δ =
FC − EC
kBT

=
FV − EV
kBT

Electron concentration: ∵FC > EC

N = 2
πme

*kBT
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Hole concentration: ∵FV > Eh1

P = 2
πmh

*kBT
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e−Δ ⇒ Solve Δ

For GaAs (me
* = 0.067m0 ,mh

* = 0.5m0 )

Δ = 2.15,   N = 9×1017  cm−3
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Transparency Condition
(Bernard-Duraffourg 
Inversion Condition)
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