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Arsenic (As) in Si: 4 electrons for bonding with neighbors.  

But, how loosely bound is that 5
th

 electron that As brought 

into the Si lattice? 

 

 

Use approximation from N. Bohr’s model: 

 

22

4*

2 K

qm
EB 

 

 

(be careful with choice of m
*
 and K) 

 

 

 

On homework: calculate Bohr radius, a.k.a. fuzzy electron 

orbit radius around donor atom. 

 

 

 

The real numbers for donors and acceptors in Si: 

 

Donor in Si P As Sb 

Binding energy (eV) 0.045 0.054 0.039 

 

Acceptor in Si B Al Ga In 

Binding energy (eV) 0.045 0.067 0.072 0.16 
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How do these donor & acceptor binding energies look like in 

the band diagram model? 

 

 

 
 

 

 

 

Recall: thermal agitation energy ~ 3/2 kBT 
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Extrinsic: 

N-type semiconductor = 

P-type semiconductor = 

 

 

 

Ex: What are the electron & hole concentrations in a Si 

wafer doped with 10
15

 cm
-3

 As atoms (at room temperature)?  

Is this n- or p-type Si? 

 

 

 

 

 

 

 

 

How much has the resistivity of Si changed from intrinsic? 

 

 

 

 

 

What if I increase the temperature by 60 
o
C? 
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ECE 440: Lecture 6 
Doping, Fermi Level, Density of States 

 

Last time:  np = ni
2
 

 

 

 

If (say) NA = 10
19

 cm
-3

 then what are the hole and electron 

concentrations at room temperature & thermal equilibrium? 

 

 

 

What if I turn the light on? (Qualitatively) 

 

 

 

 

Today: How do we calculate electron (or hole) densities at: 

 Any temperature 

 Any doping level 

 Any energy level 
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Key concepts we need: 

 

1) The parking lot (or stadium seating) concept for density of 

states 

 

 

 

 

 

 

 

 

 

2) The Pauli Exclusion Principle (electrons are Fermions) 
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1) Density of states in Silicon conduction and valence bands: 

 

Counting states (stadium seats) in 3-D, see Appendix IV: 
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Where the most important thing to remember is E
1/2

 (more 

states at higher energies). 

 

 

What is E with respect to? (any states in the band gap?) 

 

 

What is m* here? 

 

 

What is the meaning of N(E)dE 

 

 

(Extra credit: What about in 1-D or 2-D?) 
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2) Fermi probability function for electrons & holes 

 

= The probability of finding a spectator in a seat as you go 

up from the bottom edge of the stadium (how many people 

per seat, i.e. electrons per state?). 
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What does this look like? 

 

 

 

What is the meaning of the Fermi level, EF ? 

What are k and T ?
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So how can we calculate electron & hole (spectator) 

concentrations knowing the density of states (density of 

seats) and probability of occupation? 
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This is the density of electrons in the conduction band. What 

about holes in the valence band? 

 

 

This is usually a tough numerical integral, but we can do 

some approximations if EF is well inside the band gap. 

 

kTEE

C
FCeNn

/)(

0


  

 

Where 

2/3

2

*2
2 










h

kTm
N n

C



 



Illinois ECE440 Prof. Eric Pop 6 

 

Where is EF in intrinsic materials? 

What happens with EF when we start doping it? 
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Similarly, for holes: 
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And so the product: 
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Is there an easier way to write all these? 

Recall: if material is intrinsic, EF = Ei = where? 

 EC - Ei = EG/2 

 

So write ni with NC and NV as above. 

But we know ni ≈ ______, so it’s easier to re-write: 
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Is the product as it should be?
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Sample problem: 

 

Silicon doped with 10
16

 Boron atoms per cm
3
. What are the 

hole & electron concentrations at room temperature? 

(assume lights off). Is this n- or p-type material? Where is 

the Fermi level EF with respect to the other energy bands? 

 


