EE 232 Lightwave Devices
Lecture 7: Absorption and Gain Coefficient,
Bernard-Duraffourg Inversion Condition,
Lineshape
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E
When CB and VB are partially filled: CB \f 2

Absorption Condition: VB is occupied, CB is empty ~ AW\~

Absorption probability = fV(El)(l - fC(Ez)) m1
VB

Ru(hw):%z 27”‘["[;%, 25(Eb -k, —hw)}f,/(l—fc) R, < f, (l_fC)

Emission Condition: CB is occupied, VB is empty CB E,
Emission probability = f . (Ez)(l -/, (E1))

R, () = %E "S(E, - E - ha))}/c (1-7,)

.
VB

R, OCfC(l_fV)
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Absorption Coefficient
Ramt®  Net absorption rate:

R(hw) = %E

.

2(5(Eb-Ea-hw)][fV(l-fC)-fC(l-fV)]

- 272
=—H[; 2f 2dk S(E +hk*_
h ¢ (271’)3 £ Zmr

2y 2 ¢ 2dk 2k
h i f(ZJt)35(Eg ' 2m _hw)[fV(k)_fc(k)]

ho)| f, (k)= £, (k)]

%

—(ha)—Eg)Z”

v

)
-=|#, [ p,(ho-E,)

- J.| E, +(ho-E )=

*
h

A — |2
e'Pcv

a(hw)=C,

p,(hw-E)|-f,(hw-E )]

Fermi Inversion Factor:

Eg +(ha)—Eg)Zr

*

- [-{po- )%

*
mh

f.(ho~E )= f.

*
e
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Fermi Inversion Factor

i
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fg(hw_Eg)=fC(E2)_fV(E1) f(E,)<0.5
E,=E +(ho-E, )" ™ (E.)>0.5
m
< , ¢ E
- _ _ mr A/.IV(EI)<O°5
El_ (ha) Eg)m;: V\fV(El)>().5

EE232 Lecture 7-4 - Prof. Ming Wu



2

o, (hw)=C, |e- Por

p.(hw-E)

a(hw) = ao(ha))[— £, (hw - Eg)]

g(hw) = —a(ho)
g(hw) = a,(hw) f,(ho - E,)
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Optical Gain Coefficien
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gl w)=0,( 0)f,( ©-E))

Bernard-Duraffourg

Inversion Condition

AF =F,—F, > E,

Spectral Range of Gain
E, < o<AF=F.-F,
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Optical Gain Coefficient versus Bias
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Lineshape Broadening

2

g(ha)) = CO ; _I;cv

[dEp (E)S(E=hw-E,)f,(E)

Lineshape broadening due to intraband scattering of electrons

— Replace delta function by a Lorentzian lineshape function:

5(E=ha)—Eg)eL(E—(hw—Eg))=l hilz,

7T (E—(ha)—Eg))2 +(if2/rm)2

FWHM =F=2—h

T.

mn

7. . intraband relaxation time ~ 0.1ps

2 ] hit
dEp (E)|— e |/ (E)
J e T(E-(ho-E)) +(hi7,)

e'Pcv

g(hw)=C,
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Source: Coldren & Corzine, p.133
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Material Gain {cm-?)
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Lineshape Functions and Gain Spectra
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