ECE 440: Lecture 7
Temperature Dependence of Carrier Concentrations
Lectures 6 and 7: How to get electron (or hole) densities at:

· Any temperature
· Any doping level

· Any energy level

In Lecture 6 we derived:
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Where
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And





NV  =
So the intrinsic carrier concentration at any temperature is:
What does this tell us?

Note, mn* = 1.1m0 and mp* = 0.56m​0
These are ________________________ effective masses in Si.

Not to be confused with _________________________ 

Does the band gap EG change with temperature?
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[image: image4.emf]
Plot log10 of ni vs. 1000/T. What do we expect?

What is this (simple) plot neglecting?

Keep in mind ni is very temperature-sensitive!

Ex, in Silicon:

· While T = 300 → 330 K (10% increase)

· ni = 1010 → 1011 cm-3 (10x increase!)
Also note:
· Now we can calculate the electron (n0) and hole (p0) concentrations at any temperature

· Now we can calculate the Fermi level (EF) position at any temperature

Ex: Calculate and show position of Fermi level in doped Ge (1016 cm‑3 n-type impurities) at -15 oC, using previous plot.
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Assume Si sample doped with 1015 cm-3 n-type impurities.

How does the electron concentration change with T?
Recall the band diagram, including the donor level. Note three distinct regions:
· Low-T

· Medium-T

· High-T

Another way to look at it (vs. T not 1/T):
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So far, we assumed material is either just n- or just p-doped, and life was simple. At most moderate temperatures:
· n0 ≈ 

· p0 ≈ 

What if a piece of silicon contains BOTH dopant types?

This is called compensation.
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Group V elements are __________ and introduce _________

Group III elements are _________ and introduce _________

When you have both, additional electrons and holes will 

____________ until you have n0 ≈ ND - NA
What if I introduce ND = NA dopants?

The materials once again becomes ____________

Number of electrons n0 =
More generally, we must have charge neutrality in material:

Positive charges = Negative charges

=

So more generally n0 = 

But clearly if (say) n-type doping dominates ND ≫ NA
Then n0 ≈
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