
EE 232 Lightwave Devices HW#3 Solutions Prof. Ming C. Wu

h_bar 1.05459 10 34−
⋅ J⋅ s⋅:= q 1.6 10 19−

⋅ C⋅:= m0 9.11 10 31−
⋅ kg⋅:=

m_e 0.067 m0⋅:= eV q V⋅:= meV 10 3− eV:=

kB 1.38 10 23−
⋅

J
K

:= T 300K:= kB T⋅ 0.026 eV⋅=

ε0 8.854 10 12−
⋅

F
m

:= μ0 4π 10 7−
⋅

H
m

⋅:=

1. Egx x( ) 1.424 1.247 x⋅+( )eV:= Egx 0.4( ) 1.923 eV⋅=

m_ex x( ) 0.067 0.083 x⋅+( ) m0⋅:= m_hx x( ) 0.5 0.29 x⋅+( ) m0⋅:=

εx x( ) 13.1 3 x⋅−:=

(a) n x( ) if 0.05− μm x< 0.05μm< εx 0( ), εx 0.4( ), ( ):=
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λ
1.24eV μm⋅

Egx 0( )
:= λ 0.871 μm⋅= ω 2π

c
λ

⋅:= ω 2.163 1015
×

1
s

=

d 0.1μm:= k0
2 π⋅

λ
:= k0 7.216 106

×
1
m

=

α neff( ) k0 neff 2
εx 0.4( )−⋅:=

kx neff( ) k0 εx 0( ) neff 2
−⋅:=

Guess: neff 3.5:=

Given
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d
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neff Find neff( ):= neff 3.472=
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:= Γ 0.239=



(c) V k0 d⋅ εx 0( ) εx 0.4( )−⋅:= V 0.79=

It is single mode waveguide since V < π

(d)
Γ1

V2

2 V2
+

:= Γ1 0.238=

(e)
R 30%:= R1 R:= R2 R:= nr neff:= N_tr 1018cm 3−

:=

a 10 16− cm2
:= L 200μm:= w 1μm:= d 0.1μm:= Volume L w⋅ d⋅:=

ηi 100%:= vg
c
nr

:= αi 20cm 1−
:=

τ 1ns:=

αm
1

2 L⋅
ln

1
R1 R2⋅

⎛⎜
⎝

⎞⎟
⎠

⋅:= αm 60.199 cm 1−
⋅=

τp
1

vg αi αm+( )
:= τp 1.444 10 12−

× s=

g_th
αm αi+

Γ
:= g_th 336.075 cm 1−

⋅=

Nth
g_th

a
N_tr+:= Nth 4.361 1018

× cm 3−
⋅=

Ith
Nth

τ
q⋅ Volume⋅:= Ith 13.954 mA⋅=

(f) ηe
αm

αi αm+
:= ηe 75.062 %⋅=

ηe0 ηe
h_bar ω⋅

q
⋅:= ηe0 1.07

W
A

⋅=

(g) Δλ
λ

2

2 neff⋅ L⋅
:= Δλ 0.546 nm⋅=

2 (a)-(c): See Lecture Notes 232-13

R1 30%:= R2 30%:= nr 3.5:= N_tr 1018cm 3−
:=

a 10 16− cm2
:= λp 1.55 μm⋅:= Γ 50%:=

β1 10 3−
:= L 300μm:= w 1μm:= d 0.1μm:=

ηi 100%:= ηr 90%:= V L w⋅ d⋅:= vg
c
nr

:= αi 10cm 1−
:=

A 2 108
⋅ s 1−

:= B 10 9− s 1− cm3
⋅:=

τ N( ) A B N⋅+( ) 1−
:=



g N( ) a N N_tr−( )⋅:=

αm
1

2 L⋅
ln

1
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⋅:= αm 40.132 cm 1−
⋅=
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1

vg αi αm+( )
:= τp 2.329 10 12−

× s=

g_th
αm αi+

Γ
:= g_th 100.265 cm 1−

⋅=

Nth
g_th

a
N_tr+:= Nth 2.003 1018

× cm 3−
⋅=

Rsp N( ) B N2
⋅:=

S N β, ( )
β Rsp N( )⋅
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⋅:=

imax 300:=

i 1 imax..:=

Ni
ln i( )

ln imax 1+( )
Nth⋅:=

Pi
1.24eV μm⋅
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Nimax

Nth
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Currenti I Ni β1, ( ):=
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2. j 0 2..:=

βj 10 1− j−
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Ii j, I Ni βj, ( ):=
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