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Absorption Coefficient

E
When CB and VB are partially filled: cB z
. . . . . hv
Absorption Condition: VB is occupied, CB is empty AN~
Absorption probability = fV(El)(l - fC(EZ)) E,
2 @27, p ve
R, (hw) = ;E[;\Hm E,-E, - hw)}fv (1-7¢) Ry« f, (1= f¢)
k
Emission Condition: CB is occupied, VB is empty CB E,
Emission probability = /,(E,)(1- £, (E,))
2 of27),, P A
R, (hw) = ;E 7‘% S(E,-E, —ha))}/c(l— 1)
k E1
vB
R21 o« fc (1_fV)
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Absorption Coefficient

" Net absorption rate:
2|27,
R(ha))=;z[7ﬂ‘Hba S(E,-E, —hw)}[fV(l—fc)—fC(l—fV)]
k
2my,, p ¢ 2dk k>
=] S et g S 0= 1)
2wy, P ¢ 2dk nk
=Sl 2Bt ~ho)[ £, ()= f.(k)]
27, P m m
=7‘Hba p,(ho-E))| f, —(hw—Eg)m—; ~f. Eg+(hw—Eg)m; l
h e
A — 2
a(hw)=C,le- Pa| p,(ho-E)[-f,(hw-E,)]
Fermi Inversion Factor :
m* m*
f(ho-E)=f | E +(ho-E, )= —fV(—(hw—Eg) ;)
me mh
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Fermi Inversion Factor
4 _
f,(ho-E)=f.(E,)- 1, (E) CB Fe %fC(EZ)<O.S
E,=E, +(ho-E,)" "™/ (E,)> 05
mG
E=_(hw_E)if L] Ffv E/.IV(E')<°'5
! “m; Y1, (E,)> 0.5
And Kk =k, VB
fc(E2)= E,-F, AF =F.—F,
l+e ' , , ,

1 _
H(E)=—F=% Je(ho=E) T=10K
l+e ™' T=150 K
A A | T=300 K
e _e's
fo(ho-E )= Ey-F, E-F,
T -1r I
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Optical Gain Coefficien

5x10% T

Joint o'
DOS '
A — 12 1x10*
ao(hW)=C0 e Po Pr(hw_Eg) 9 12 14 16 18
a(hw) = a,(ho)[-f,(ho-E,)] Fermi
Inversion Lo
Factor ’
g(hw)=-a(hw) -

g(ho) = a,(ho)f, (ho-E,)

Absorption

— 1.5x10"
1
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Optical Gain Coefficient versus Bias

510" T

Joint ot
DOS (1044,
g(hw)=a,(ho)f,(ho-E,) g

15| T T T T
v;

Bernard-Duraffourg Fermi

I
Inversion Condition Inversion |

|AF R Eg| Factor

Spectral Range of Gain _
Gain _
[E, <hw<AF=F,—F)] m AF=1.5eV
! \

AF= 1.55eV
AN AF=1.6eV

Absorption

~ Lsx10°
1
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Lineshape Broadening

i [dEp (E))(E =hw-E,) [ (E)

Lineshape broadening due to intraband scattering of electrons

g(hw)=C,le Po

— Replace delta function by a Lorentzian lineshape function:
hlzT,
2 2
(E- (hew - Eg)) +(nrz,)

5(E=hw—Eg)eL(E-(hw-Eg))=%

FWHM =F=&

T, : intraband relaxation time ~0.1ps
1 hit,
7 (E-(ho-E,)) +(h/1,)

g(hw)=C,le- Po

fdEp (E)

_|£.®)
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Lineshape Functions and Gain Spectra
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Source: Coldren & Corzine, p.133
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