
EE 232 Midterm-2 Solution Fall  2009
         Professor Ming C. Wu

h_bar 1.05459 10 34−
⋅ J s⋅:= m0 9.11 10 31− kg⋅:= ε0 8.854 10 12−

⋅ F m 1−
⋅:=

q 1.6 10 19− C⋅:= eV 1.6 10 19− J⋅:= meV 0.001eV:=

kB 1.38 10 23−
⋅ J⋅ K 1−

⋅:= T 300K:= kB T⋅ 0.026 eV⋅= nr 3.5:=
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:= g N( ) g0 ln
N

Ntr
⎛⎜
⎝

⎞⎟
⎠

⋅:=

R1 30%:= R2 30%:= L 500μm:= w 1μm:= d 200nm:= Lz 10nm:=

τ 1ns 1 10 9−
× s=:=

neff 3.4:= vg
c

neff
:=

λ 1.24μm:= αi 10cm 1−
:= ηi 100%:= n_core 3.6:= n_clad 3.2:=
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αm αi+( )⋅:= gth 1.17 103
× cm 1−

⋅=
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⎛⎜
⎝
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× cm 3−

⋅=

Ith
Nth

τ
q⋅ Lz⋅ w⋅ L⋅:= Ith 2.576 mA⋅=

(e)
ηe

αm
αi αm+

:= ηe 70.657 %⋅=

hv
1.24eV μm⋅

λ
:=

R ηe
hv
q

⋅:= R 0.707
mW
mA
⋅=



(f)
Pout 2 Ith⋅ Ith−( ) ηe⋅

hv
q

⋅:= Pout 1.82 mW⋅=

(g)
τp

1
Γ vg⋅ gth⋅

:=
τp 3.328 10 12−

× s=
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× cm 3−
⋅=

(h)
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1
N
⋅:= a Nth( ) 3.105 10 16−

× cm2
⋅=

ωr
vg a Nth( )⋅ S⋅

τp
:= f_r

ωr
2 π⋅

:= f_r 2.551 GHz⋅=

2 L 1μm:= Rfront 99%:= Rback 100%:=
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1
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⎞⎟
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⋅=
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α⋅

:= τp 1.661 10 12−
× s=

ω 2 π⋅
c

1μm
⋅:= ω 1.884 1015

×
1
s

=

Q τp ω⋅:= Q 3.128 103
×=

3 Eg 1eV:= ac 5− eV:= av 1eV:= b 2− eV:=

C12_11 0.5:= γ1 10:= γ2 1:= me 0.1m0:=

Ep 24eV:= nr 9:= Lz 5nm:=
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Or calculate numerically:

Ec_s ε( ) Eg 2 ac⋅ 1 C12_11−( )⋅ ε⋅+:=

Ehh_s ε( ) 0 2 av⋅ 1 C12_11−( )⋅ ε⋅+ b 1 2 C12_11⋅+( )⋅ ε⋅+:=

Elh_s ε( ) 0 2 av⋅ 1 C12_11−( )⋅ ε⋅+ b 1 2 C12_11⋅+( )⋅ ε⋅−:=
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Initial guess value: ε1 8 10 3−
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The elctron-light hole transition has higher peak gain. 
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(c) It will not be polarization insensitive as TM polarziation has higher gain than TE polarization.



There are multiple ways to build polarization-insensitive
semiconductor optical amplifiers that include the strained quantum 
well in (a) as part of the gain media. The most straightforward
approach is to add some TE gain as TE gain is less than TM gain. 
This can be achieved by adding a compressively strained quantum 
well. Since waves propagating in the SOA experience “modal gain”, 
i.e., gain multiplied by its confinement factor, we can adjust the
weight of the additional TE gain by placing it farther away from the
center of the separate confinement structure, as shown below.  
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