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Quantum Well Gain
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Advantages of Quantum Well Lasers
(1) L th h ld t d it(1) Low threshold current density:

Compare fundamental material property  
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(3) Lower chirp:

Smaller wavelength shift when the laser is directly modulated

Transparency Carrier Concentration in Bulk

At transparency:  C V C VF F E E− = −p y

                      or  

Let  

C V C V

C C V V

C C V V

F E F E

F E F E

k T k T

− = −
− −

Δ = =

CB

3/23/2*

Electron concentration: 

4 4

B B

C C

k T k T

F E

m k T F Eπ

>

⎛ ⎞⎛ ⎞

∵
EC

FC

3/2
2 2

4 4
2

2 3 3

Hole concentration: 

e B n C
C

B

V

m k T F E
N N

k T

F E

π
π π π

⎛ ⎞⎛ ⎞ −
= = ⋅ Δ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠
>

=
∵ 1h

EVVB
FV

3/2*

2 2
2

2

V V

B

F E

k Th B
V

m k T
P e N e

π
π

−
−

−Δ⎛ ⎞
= =⎜ ⎟

⎝ ⎠=Transparency Condition
3/2*

3/2
*

* *

4
  Solve 

3

F G A ( 0 067 0 5 )

h

e

m
N P e

mπ
−Δ⎛ ⎞

= ⇒ Δ = ⇒ Δ⎜ ⎟
⎝ ⎠

(Bernard-Duraffourg 

Inversion Condition)

F F F EΔ

EE232 Lecture 14-4 Prof. Ming Wu

* *
0 0

17 3

For GaAs ( 0.067 , 0.5 )

2.15,   9 10  cm

e hm m m m

N −

= =

Δ = = ×

C V gF F F EΔ = − =



Transparency Carrier Concentration in QW
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For GaAs ( 0.067 , 0.5 )

h

e

e h

m
N P e

m

m m m m

−Δ= ⇒ Δ = ⇒ Δ

= =

(Bernard-Duraffourg 

Inversion Condition)

F F F EΔ

EE232 Lecture 14-5 Prof. Ming Wu

2 18 31.56,   10  cm

Note:  is independent of 

d
C

z

N N

N L

−Δ = = ⋅Δ =C V gF F F EΔ = − =

Reduction of Lasing Threshold Current Density 
by Lowering Valence Band Effective Mass

1 1

Bernard-Duraffourg Condition:
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• Yablonovitch, E.; Kane, E., "Reduction of lasing threshold current density by the lowering of valence band 
effective mass " Lightwave Technology Journal of vol 4 no 5 pp 504-506 May 1986

High transparency 

carrier concentration

Low transparency 

carrier concentration
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effective mass,  Lightwave Technology, Journal of , vol.4, no.5, pp. 504 506, May 1986

• Yablonovitch, E.; Kane, E.O., "Band structure engineering of semiconductor lasers for optical 
communications," Lightwave Technology, Journal of , vol.6, no.8, pp.1292-1299, Aug 1988



Bernard-Duraffourg Condition in 
Quantum Well
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Transparency Carrier Concentration for 
Ordinary Semiconductor
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Transparency Carrier Concentration for 
Ordinary Semiconductor
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Bandgap-vs-Lattice Constant of 
Common III-V Semiconductors

Compressive Strain

Tensile Strain
Lattice 
Matched

In0.53Ga0.47As
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Qualitative Band Energy Shifts Under Strain
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SO SO

Compressive Strain

Tensile Strain



Strain and Stress
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Band Edge Shift
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                  :b   shear potential 



Strain Parameters in III-V
(Coldren, p.535)
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Band-Edge Profile and Subband
Dispersion
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