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PHYSICS 244 NOTES

Lecture 39

Photodetectors and LEDs

Detectors

In the third quadrant, we have

-I proportional to g, the generation rate, and if IL >>I0, we find –I proportional to gL.

[[DIAGRAM]]

So we just need to measure I in order to detect incoming light.

As in the solar cell, the gap must be chosen to match the energy of the in coming photons.  In contrast to the solar cell, the two other design criteria are speed (short response time) and sensitivity (big change in I for small change in g)

For speed, the junction is usually engineered so that the absorption takes place in the depletion region itself.  The response time τ will be roughly W/vd, where W is the length of the depletion region.  The area should be large for maximum sensitivity.  To obtain high vd and low loss, the actual depletion region is often taken to be an intrinsic material – this is called the p-i-n configuration.  Note that the voltage is not so crucial for the detector as for the solar cell, since I is more or less voltage-independent in the operating regime.  An exception is when very low levels of light are to be detected.  Then an avalanche photodiode is often used.  For this we need a very uniform system, and care must be taken around the edges of the system, in order to minimize noise. 

LEDs

The principle of the LED (Light-Emitting Diode) is very simple.  We operate in forward bias, so the current is dominated by diffusion.  Then in the junction itself there are both electrons and holes diffusing in large numbers.  Since their wavefunctions overlap, there is the possibility of recombination.  This produces light at the frequency ω=Eg/ħ.  The main point with LEDs is to get the right frequency light out.  The range of bandgaps goes from Eg = 0.18 eV for InSb to Eg = 3.8 eV for GaN.  [The visible range is from about 1.4 (red, λ=0.7μm) to 3 eV (violet,λ=0.4μm)].  Of course infrared is often useful for communications – optical fibers usually operate at λ = 1.3μm, (ħω = 0.95 eV) or λ = 1.55μm (ħω = 0.8 eV).  Because of the difficulties of working with GaN, semiconductor lasers that operate in the blue have only become available relatively recently.  Bandgaps can be tuned continuously by alloying.  For example the series GaAs1-xPx has Eg(x=0) = 1.4 eV and Eg(x=1) = 2.2 eV and everything in between.

Semiconductor lasers

Turning up the voltage in the forward direction, we see that a population inversion can be achieved right in the junction – the states in the conduction band being the upper lasing level and the states in the valence band being the lower lasing level.  The main design trick here is to get the electrons and holes long enough in the junction itself so that the inversion is achieved.  This is often done using a heterojunction.  A common set-up is to have p-AlGaAs, p-GaAs and n-GaAs in series.  This is a p-n junction, but the gap of 

Al GaAs is 2 eV, while the gap of GaAs is 1.4 eV.  Thus as the electrons diffuse from the n side, they are caught at the potential step at the boundary between the p-GaAs and the p-AlGaAs.  This allows the device to operate at a much lower current.            

