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Absorption / Emission Rates
C

Consider transition rate for between a state in
valence band and a state in conduction band:
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Note: change of variable for delta function
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Net Absorption Rate from VB to CB

in the presence of carriers (from doping or pumping)

Now, for a semiconductor we have a continuum of final and initial states.
Upward transition rate considering the probability that the valence band state
is filled and the conduction band state is empty is given by

— Z (s’lcm'3)

Similarly, the downward transition rate,
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The total net upward rate is then,
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Relation between Absorption Coefficient
and Absorption Rate
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Absorption Coefficient
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Previously we used dipole approximation:
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Reduced Density of States:
(also called Joint Optical Density of States)
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Reduced density of states

Previously, we derived

Electron Density of States:
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Absorption coefficient

e-r
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a(hw)=C,
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absorption (cm™1)

E, photon energy (eV)

The absorption coefficient is proportional to

(1) square of matrix element (dipole moment);

(2) reduced density of states (related to effective masses);
(3) Fermi factor, (f — f))

EE232 Lecture 11-7 Prof. Ming Wu



Fermi factor
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Summary

a(hw)=Cle-r | p (hw)-(f - f)
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Comparison with measured data
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M.D. Sturge. Phys. Rev. 127, 768 (1963)
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Fic 3 Exciton absorption in GaAs; 0 294°K, 0 186°K, A90°K, e 21°K.

Absorption follows square root dependence fairly well at room
temperature. Our simple model did not include Coulombic interaction
between electron and hole which leads to excitonic effect and
enhancement of absorption particularly near the bandedge.
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