ECE 440: Lecture 13
Diffusion Current
Remember Brownian motion of electrons & holes!
When E field = 0, but finite temperature (T > 0) thermal agitation velocity vT =

But net drift velocity vd = 

So is net current Jd =               =
Now, what if there is a concentration gradient or a Brownian velocity gradient?
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Is there a net flux of particles? Is there net current?

Examples of diffusion:

One-dimensional diffusion example:
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How would you set up diffusion in a semiconductor? You need something to drive it out of equilibrium.
What drives the net diffusion current? The concentration gradients! (no n or p gradients, no net current).
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Mathematically:


JN,diff = 





JP,diff  = 

Where DN and DP are the diffusion coefficients or diffusivity.
Now, we can FINALLY write down the TOTAL current in a semiconductor:

For electrons: 
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For holes:
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And TOTAL current:





J = 

Interesting point: minority carriers contribute little to drift current (usually, too few of them!), BUT if their gradient is high enough…

Under equilibrium, or open circuit conditions, total current must always be = 
I.e. Jdrift = -Jdiffusion
More mathematically, for electrons:
So, any disturbance (e.g. light, doping gradient, thermal gradient) which may set up a carrier concentration gradient, will also internally set up a built-in __________________
What’s the relationship between mobility and diffusivity?

Consider this band diagram (see, these things are useful):
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Going back to Drift + Diffusion = 0 in equilibrium:
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Leads us to the Einstein Relationship:
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This is very, very important because it connects diffusivity with mobility, which we already know how to look up. Plus, it rhymes in many languages so it’s easy to remember.

The Einstein Relationship (almost) always holds true.
So we’ll assume this in ECE 440.

Example:
The hole density in an n-type silicon wafer (Nd = 1017 cm-3) decreases linearly from 1014 cm-3 to 1013 cm-3 between x = 0 and x = 1 mm (why?). Calculate the hole diffusion current.
PS: we’ve been surreptitiously neglecting something.
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