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Free Electron-Hole Transitions

electrons in a radiation field

A = ê A0 ei(k·r−ωt) ê = polarization vector

⇒ H = H0 +
e

m
A · p +

Z
Z

Z
Z

Z
Z

Z
Z

e2

2m
|A|2

absorption coefficient

α (ω) =
energy absorbed per unit time and area

energy flux of the radiation field

∝ Wv→c(ω) (transition probability v → c)

Fermi’s golden rule

Wv→c(ω) =
2π

~

∑

c, v
kc,kv

∣
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∣

〈

ckc

∣
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A0 eik·r ê · p

∣
∣
∣ vkv

〉∣
∣
∣

2

× δ[Ec(kc) − Ev(kv) − ~ω]

dipole approximation

eik·r = 1 +
XXXXXXXXXX
ik · r + . . .

⇒ kc = kv
valence band

conduction

k

E

band

finally

α (ω) ∝
∑

c, v,k

fcv(k) δ[Ec(k) −Ev(k) − ~ω]

fcv(k) =
2

m [Ec(k) −Ev(k)]
|〈ck|ê · p|vk〉|2

(oscillator strength)
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Free Electron-Hole Transitions (2)

often fcv(k) ≈ const(k)

⇒ joint density of states d = dimensionality

α (ω) ∝
∑

c, v

fcv · [~ω − Ec(0) + Ev(0)]
d/2−1

α(ω)

ωh

α(ω)

ωh

α(ω)

ωh

d = 1 d = 2 d = 3

selection rules

fcv 6= 0 ⇔ 〈c|ê · p|v〉 6= 0
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2D Excitons (strictly 2D)

assumptions

− ignore perpendicular motion of electrons & holes

− parabolic energy dispersion

(
p2e

2m∗
e
+

p2h
2m∗

h

−
e2

ε |re − rh|

)

Ψex(re, rh) = EexΨex(re, rh)

∼ 2D hydrogen

effective Rydberg R∗ =

(
e2

2 ε

)2
2mr

~2
=

mr

m0

1

ε2
· R

effective Bohr radius a∗B =
2 ε

e2
~2

2mr
=

m0

mr
ε · aB

where
1

mr
=

1

me
+

1

mh

excitonic absorption

fex =
2

m0Eex
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Ψex(k) 〈ck|ê · p|vk〉
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Ψex(k)
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=
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∣Ψex(r = 0)

∣
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Effective Rydberg and effective Bohr radius

effective Rydberg R∗ =

(
e2

2 ε

)2
2mr

~2
=

mr

m0

1

ε2
· R

effective Bohr radius a∗B =
2 ε

e2
~2

2mr
=

m0

mr
ε · aB

where
1

mr
=

1

me
+

1

mh

H ZnSe CdTe GaAs InAs InSb

mr/m0 1 0.103 0.0683 0.0453 0.0156 0.0092

ε 1 8.66 10.23 12.87 14.6 17.9

R∗ (meV) 13.6 · 103 18.68 8.876 3.722 0.996 0.389

a∗B (Å) 0.529 44.5 79.3 150.3 495.0 1032.9
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2D Excitons 3D Excitons

En = −
R∗

(
n+ 1

2

)2
En = −

R∗

n2

n = 0,1,2 . . . n = 1,2,3 . . .

fn ∝
1

π a∗2
B

(
n+ 1

2

)3
fn ∝

1

π a∗3
B n3

S(E) ∝
eπλ

cosh(πλ)

λ =
√

R∗/E
E > 0

S(E) ∝
π eπλ

sinh(πλ)
E > 0

α(ω)

ωh

α(ω)

ωh
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2D Excitonic Absorption:

Simple Picture
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k

each subband pair (e, h) contributes independently

to absorption coefficient α(ω) =
∑

e,h

αeh(ω)

hω

(ω)αeh
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Optical Spectra

Experiment

Oberli et al.
PRB 49
5757 (1994)

Theory
GaAs QW
165 Å

Winkler
PRB 51
14395 (1995)
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2D Excitonic Absorption:

“in real life”
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Ψex =

Coulomb coupling
︷ ︸︸ ︷

∑

c

︸ ︷︷ ︸

HH-LH coupling

∑

v

∫

dk2 Ψex
cv(k) ψc(k) ψ∗

v(k)

fex =
2

mEex
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Ψex
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v(k) 〈ck|ê · p|vk〉
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