ECE 440: Lectures 16-17
P-N Diode in Equilibrium
So far:

· Energy bands, Doping, Fermi levels

· Drift (~n*v), diffusion (~dn/dx)

· Einstein relationship (D/μ = kT/q)

· “Boring” semiconductor resistors (either n- or p-type)
· Majority/minority carriers with illumination

Today, our first “useful” device:

· The P-N junction diode in equilibrium (external V=0)
· Remember, in equilibrium Fermi level must be flat
How is the P-N junction fabricated?
1) Start with, say, n-type Si wafer

2) Then dope by p-type ion (B-) implantation:
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Figure 5.5

(a) Schematic diagram of an ion implantation system; (b) schematic of ion beam path through mass analyzer
magnet. (Courtesy of Applied Materials.)




3) Result:
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Figure 5.2

Impurity concentration profile for fabricating a p-n junction by diffusion.




For more details please:

· Read Streetman book section 5.1

· Wikipedia

· Take ECE 444

Back to p-n junction.

What happens if I bring a p-type and n-type piece of semiconductor together?

We already have the tools to analyze this together. Draw isolated band diagrams:

What happens to the (huge) electron and hole concentrations on either side of that junction, immediately after they are brought together?

What is required of the Fermi level in equilibrium? (why?)

So draw the p-n band diagram in equilibrium:

What do electrons and holes leave behind at the junction, after they recombine and equilibrium is established?
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Figure 5.11

Properties of an equilibrium p-n junction: (a) isolated, neutral regions of p-type and n-type material
and energy bands for the isolated regions; (b) junction, showing space charge in the transition region
W, the resulting electric field ‘€ and contact potential Vj, and the separation of the energy bands;

(c) directions of the four components of particle flow within the transition region, and the resulting
current directions.




A: 

(this is called “space charge”)

What is required of the currents at equilibrium?

What is the built-in potential V0?
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Can you measure the built-in potential with a voltmeter?
Easy to calculate V0 for an abrupt P-N junction:

1) First, calculate EF – Ei on each side of the junction:

2) Notice qV0 = (EFn - Ei) + (Ei - EFp)

Recognize that, say, on the p-side majority carrier: pp = NA
(nn = ND far into the n-side of the junction)

Using np = ni2 on the p-side, minority carriers there np = 
From the built-in voltage:
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This relates the majority/minority carrier concentration on either side of the junction. Which becomes more useful next lecture(s) when we apply an external voltage.

Example: P+N junction with NA=1020 cm-3 and ND=1015 cm-3.
Calculate Fermi levels and built-in potential at equilibrium.










Illinois ECE440
Prof. Eric Pop
1

_1252913954.unknown

