EE 232 Lightwave Devices HW#4 Solution Prof. Ming C. Wu

h_bar := 1.05459-10 >*.J.s q:= 1610 P.c mo:= 9.11-10 kg
m_e:= 0.067-m0 eV = gV meV = 10 JeV
KB:= 1.38:10° 23& = 300K KB-T = 0.026-6V
e0 = 8.854.10° 2.F 0o = 410”2
m m
1 a(x):= [x-5.6533 + (1 — X)-6.0584]-0.1nm
_2a(0.47) - a(x)
A= a(0.47)
Eg(x) = (0.36 + 0.505:x + 0.555-x2)-ev
ac(x) := x-(=7.17eV) + (1 — x)-(-5.08eV)
av(x) := x-(1.16eV) + (1 — x)-(1eV)
b(x) := x-(-1.7eV) + (1 — x)-(-1.8eV)
C11(x) = [x-11.879 + (1 - x)-8.329]- 101 D
cm
C12(x) := [x-5.376 + (1 — x)-4.526]~1011dy—nze
._ e [1 - S1200 )
Ec(x) := Eg(X) + 2-ac(x) (1 Cll(x)j e(x)
— 2avea[1 - S ). . CL2() ).
Ehh(x) := 2-av(x) (1 Cll(x)j e(x) + b(x) [(1 + 2 Cll(x)j e(x)}
v [ 1 = SR oy . CL2() ).
Elh(x) := 2-av(x) (1 Cll(x)) e(x) — b(x) Kl + 2 Cll(x)) s(x)}

Ec(0.7) = 0.876-eV
Ehh(0.7) = -0.035-eV

EIn(0.7) = 0.072-eV

Lz := 10nm

~1(x) := x-6.8 + (1 — x)-20.4
~2(X) ;== x-1.9+ (1 — x)-8.3
~3(x) := x-2.73 + (1 — x)-9.1
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mO
YL1(X) — 2:42(x)
mO0
~L(X) + 2:42(x)

me(x) := [0.067-x + 0.023-(1 — x)]-mO
2 2 2 2
Eethi(x) = Ec(x) + 1= (lj - [Ehh(x) _ _hbar (lj }
2-me(x) \ Lz 2-mhhz(x) \ Lz

h bar2 2 h bar2 2
Eell1(x) := Ec(x) + —= (lj _ Ehh(x)_—_(lj
2-me(x) \ Lz 2-mlhz(x) \ Lz

mhhz(x) :=

mlhz(x) :=

Ee1h1(0.7) = 0.993-eV
Eell1(0.7) = 1.051-eV

mo0
o m hht(0.7 0.7
MR = 150 + 200 %(o) — 0.068 % _ 0.054
miht(x) = —m° miht©.1) _ 0,142
YL1(X) = 2(x) m0
-1
mr_hh(x) = (me)™ L + mhhteo ™ 2) wgon - 0.03
m
-1 )t mr_Ih(0.7)
mr_lh(x) := (me(x) + miht(x) ) ——0 = 0.039
m

Peak optical gain is proportional to the joint optical density of states, which is proporational
to the reduced effective mass in the quantum well:

mr_hh(0.7)

hh_Ih_Gain_ratio :=
- - mr_lh(0.7)

hh_lh_Gain_ratio = 0.77





