Spring 2017 EECS 232: LIGHTWAVE DEVICES Prof. Ming C. Wu

HW #2
Due 3/2/17 in class.
Use your favorite program (e.g., Matlab) for numerical calculation and plotting.

1. Refer to the diagram on the right. Under biased
condition, both conduction and valence bands are
populated. The electron distribution in conduction band
is described by Fermi-Dirac distribution, fc(Ez2), with
quasi-Fermi energy Fc. The electron distribution in
valence band is described by Fermi-Dirac distribution,
fv(E1), with quasi-Fermi energy Fv. Here, E1 and E2 are
related by an optical transition (i.e., they have the same
k). The optical matrix element is
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a. Use the energy reference below (i.e, Ev = 0 and Ec = Eg, the bandgap energy), find
E:1 and E2 as functions of the photon energy, Aw.

b. Derive f-(E,) as a function of Aw.
Derive f,,(E;) as a function of hw.
d. Assuming Eg=1eV, Fc-Fv=12¢eV, m =0.1m,, m =0.4m,. Calculate and plot

the emission probability f,(E,) = f-(E,)[1 — f,(E;) ] for photon energies from 0.8
to 1.5 eV. Plot for two temperatures: T =0 and T = 300 K.

e. Repeat part d) for the Fermi inversion factor: f, (E;) = fc(E;) — fy (Eq) .
f.  Plot the gain spectra for T=0and T = 300 K for the condition given in d).

g. Plot the spontaneous emission spectra for T =0 and T = 300 K for the condition
given in d).




