ECE 440: Lectures 10-11
Optical Absorption and Direct Recombination
Today, we turn the light ON semiconductors.
But before we do, recall that with the lights OFF, the number of carriers present in a sample are just given by:
(1) Thermal generation:

(2) Charge neutrality:

[two equations with two unknowns;

a little nicer when ND ≫ NA or NA ≫ ND]

When we turn the light on, we can generate electron-hole pairs (EHPs), depending on the light frequency ~ energy.

Consider sample of thickness L
[image: image1.emf]
How much of the incident light is absorbed/transmitted?
[image: image2.png]Figure 4.1

Optical absorption of a photon with hv > E,: (a) An EHP is created during photon
absorption; (b) the excited electron gives up energy to the lattice by scattering events;
(c) the electron recombines with a hole in the valence band.




Qualitatively plot I(transmitted) vs. incident photon energy
Photon intensity similar to electron current density:
I = (photons/sec)/cm2
or, if we mean radiation power
Assuming ћω > EG
[image: image3.emf]
How many photons absorbed in sliver dx?

dI = - α I(x) dx
So the intensity of  transmitted photons is
IT = 



Where α
= 


=

Plot the absorption coefficient vs. photon energy:

Keep in mind some of the material band gaps:

[image: image4.png]25 , B
3= 38 83
(] - —
Z = O m >
Infrared | Visible | Ultraviolet
GaAs GaP
InSb Ge Si | CdSe CdS SiC ZTS
....:::.............::Eg(eV)
0 1 2 3
1 i : : A (m)
753 2 1 0.5 0.35

Figure 4.4

Band gaps of some common semiconductors relative to the optical spectrum.




Semiconductors only absorb photons with energies larger than the band gap. (ћω > EG)
Recall, light absorption creates EHPs:
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Figure 4.6

Excitation and band-to-band recombination leading to photoluminescence.




What do excess EHPs do? They _____________ .

How long do excess EHPs “live” for before they recombine?

Remember direct vs. indirect band gap semiconductors?

They both emit light when they have excess EHPs (in excess of what?).

Which one is more efficient as a light emitter?

Direct EHP recombination occurs spontaneously, emitting a photon of energy _____________

EHPs can also recombine through traps
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Figure 4.5

Excitation and recombination mechanisms in photoluminescence
with a trapping level for electrons.




Trap (impurity level) energies in Silicon:
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Figure 4.9

Energy levels of impurities in Si. The energies are measured from the
nearest band edge (E, or E,); donor levels are designated by a plus sign
and acceptors by a minus sign.




Direct band gap generation vs. recombination rate:
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What is each term due to?

Excess carrier notation:

· δn(t) = δp(t) instantaneous excess EHPs at time t

· Δn = δn(t=0) initial excess EHPs at time t = 0, right after initial excitation (e.g. light flash)

n = n0 + δn         and        p = p0 + δp

How do the excess EHPs decay?

Assume n-type sample (n0 ≫ p0​) so holes are in minority.

Will majority carriers (electrons) be disturbed much? _____

What about minority carriers (holes)? __________________

Excess minority carriers (here, holes) will recombine with already existing electrons:
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Solution is a simple decaying exponential
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Where we’ve approximated the decay time τ ~ 

This is the recombination lifetime for excess EHPs.

More generally τ = 

Typical EHP recombination lifetimes in Si are ~ 
For direct recombination excess δn decay at the exact same rate as excess δp. (one electron + one hole = one photon).
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