ECE 440: Lecture 12
Quasi-Fermi Levels; Photoconductivity
Ex: Assume p-doped GaAs sample with 1015 cm-3 acceptors. Flash light (on/off) to initially produce Δn = Δp = 1014 EHPs/cm3 at t=0. Recombination lifetime τ = 10 ns. How do p(t) and n(t) evolve with time?
Generation processes:
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Recombination processes:
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Thermal equilibrium: generation = recombination

Steady-state: all time derivatives = 0

Ex: A sample of Si doped with NA = 1016 cm-3 boron, with recombination lifetime τ = 1 (s.  It is exposed continuously to light, such that electron-hole pairs are generated throughout the sample at the rate of 1020 per cm3 per second, i.e. the generation rate GL = 1020/cm3/s.
a) What are equilibrium n0 and p0 (before light is on)?
b) How many extra δn and δp are there with light on?

c) What are the total carrier concentrations with light on?

d) What is the np product?

So far: Fermi level (EF) has been an equilibrium quantity which gave us n and p, like:

Q: What does the Fermi level look like when we have excess carriers (from light), and hence non-equilibrium?
A: 

But we like similar (easy) equations, so we define quasi-Fermi levels Fn and Fp:
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Ex: Calculate and draw quasi-Fermi levels from the previous example.

Last but not least. We have all these excess carriers with the lights ON. Does the conductivity (resistivity) change?
Remember: σ = q(μnn0 + μpp0)

Often before, with lights off, we could neglect the contribution of the minority carriers if the sample was reasonably doped n- or p-type.

But with lights ON, we have extra carriers δn and δp such that n and p are affected:

Photoconductivity = change in conductivity due to excess carriers (EHPs) from lights being turned on:
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