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Absorption Coefficient

When CB and VB are partially filled:

Absorption Condition: VB is occupied, CB is empty
Absorption probability = f,, (E])(l —fC(Ez))

“S(E,-E, —hw)}/V (1-1.)

R (hw) = ;E[%’”‘Hb

k

Emission Condition: CB is occupied, VB is empty CB E,
Emission probability = fC(EZ)(l - fV(El))
227y, p A
R21(hw) = ;E[?‘Hba 6(Eb - Ea - hw)]fc (1 - fV)
k E,
VB
R21 x fc (1 - fV )
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Absorption Coefficient

" Net absorption rate:
227,
R(hw)=;2[7ﬂ‘H}m S(E,-E, —hw)}[fy(l—fc)—fc(l—fV)]
k

2wy, P ¢ 2dk k>

=Sl 2 et ~ho)[ £, ()= 1.(0)]

2wy, p o 2dk w2k

LA P (Eg+2m:—hw)[fy<k>—fc(k)]

pk SR m m
=7‘Hba p,(hwo-E )| £, —(ha)—Eg)m—; - f. Eg+(ha)—Eg);l

A — 2
a(hw)=C,|e- Pes pr(ha)—Eg)[— fg(hw—Eg)]
Fermi Inversion Factor :
m* m*
f,(ho-E)=f, Eg+(ha)—Eg) - —fy(—(hw—Eg) -
me mh
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_ Fermi Inversion Factor
,« E
f(ho-E )= f.(E,)- 1, (E,) cB\ Fe %_/__fc(&ko.s
E2=Eg+(hw—Eg)m—i | Se(E2)>0.5

m

. E
E)<0.5
E =~(ho-E,)" L | Fv hge—hED<
“m, \%-f,(E,)>0.5
And k =k VB
1

fC(E2)= E-F, AF=]7C_FV

1 B
B )=—5% Je(haw-E,) T=10K
l+e T=150 K

EE232 Lecture 7-4 bt Prof. Ming Wu




Optical Gain Coefficient

sx10%

Joint 0
DOS 1044,
A= 2 1x10%4
aO (hw) = CO e PCV pr(hw - Eg) 1 1‘.2 14 1.6 1‘.8
a(ho) = a,(ho)[-f,(ho-E,)] Fermi
Inversion ' o
Factor
g(ha))=_a(hw) 7“1 12 1‘4 1.6 1‘8

g(hw)=a (hw)f (hwo-E )

Absorption

- 1.5x10%

L
1 12
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Optical Gain Coefficient versus Bias

Joint a0t
Dos (1044,
g(hw) = o, (hw)f,(hw-E,) it
Bernard-Duraffourg Fermi 1 ' \
Inversion Condition Inversion /
Factor
|AF=FC—FV >Eg| ! 1 I‘Z 1‘4 1‘6 1‘8
Spectral Range of Gain e
Gain —
[E, <hw<AF = F.-F,| /m AF=1.5eV
{ AF= 1.55eV
N AF= 1.6eV
Absorption
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Lineshape Broadening

g(hw)=C,|e- Po i [dEp (E)O(E =hw-E,)f,(E)

Lineshape broadening due to intraband scattering of electrons
— Replace delta function by a Lorentzian lineshape function:

S(E =hw—E,) > L(E-(ho-E,)) =~ hiz,
3

(E— (how - Eg))2 +(/‘1/‘rm)2

FWHM =I‘=ﬁ
T

in

T, : intraband relaxation time ~0.1ps

1 hltT,

. 7. 2
T(E-(hw-E,)) +(n/7,)

g(hw)=C,

*[Jazp, )

@
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Source: Coldren & Corzine, p.133
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